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FIELD OF THE ION

The present invention is related generally to a
serial port for an integrated'circgit and in particular
to a serial port for input and output of information to

30 a circuit external to the integrated circuit using a
single pin terminal of the integrated circuit.

DESCRIPTION OF RELATED ART _
As the number of functions performed by an

\ , 35 integrated circuit, hereinafter IC, increases,
typically the number of pins of the integrated circuit
-aldo increases. However, as a rule of thumb, a

————



typically the nunber of pins of the integrated circuit al so increases.

However, .@s a=tule of thunb, a : -2
packagedx—-i nt*é{;rat ed circuit with a Iazge nunber of pins is nore
expensive to fabricate than an IC with relatively fewer pins. Also, a
| ar ge nunber. of -pins adds to 'the cost of the board on which the ICis

to be 5 nount ehacRagkdgintedisated keizchit geithirbdargk pumbentof pinshe

peri phery cannqt %russﬂ?éﬁwé) tba%beica@@luf‘aﬁ #Prc wibh the board.
Packaged I Cs with 3 r OWs

5- f‘i Ionsid g tpher at the
bottom of the FECRM (¥e ‘!é“cfiuﬂ‘é’sadd fonft ]1% §‘uf"ﬁ BbRWP%nd i ncrease
10 conpl exi t)add‘s itot the ocortctaf dhet hoabd sond whitihe theni@ris to dde pi ns of

an | C can adso Mmaa a ba&égw ﬁd&ewﬂﬁﬁbérlar e Qiun&:\é?»c&f ﬁé*ﬂ can be
performed in t suc tl]éf ter 112A t hat

i nterfaces an |‘%t%tpe6&?ﬁﬁfyb‘ﬁ%‘m°é: S’ Egﬁg $es ﬁ8§ W Rer' s
system bus, e. gpn REHe board( FIKackbg)edJ §Cs w1tlmmﬂttaqblenrawpl ofj-pinshoard 110,

t he number of pj the &%' St hadBpt mjélgﬁ\_hjespggkaggnst rained in a
majority of cases st a a ter. I12A (F.G 1A &‘% nber of pins,
such as pins 1iEeduire) additional Jlayqrgyinga b &H‘:ﬁﬂﬁﬁ?er

read-onl y- mrmrqonfpﬂ_’b:dmy basimterconneepst onutlpe tbaid.waThe hemieemafter Bl OS

of ~host GP'Hpst b 1c can als@(%ﬁégée 4 R0 LBOWRGS nocded.

by sone host ters to sup ter rea onl ¥L menor 11. For
exanpl e, "36C70355(§§}nqt€°¥§cﬁh"?"eaﬁal}?@ﬁep§ﬁ ermpd i "'— C. Fut ure Donai n

Cor poration, 2801 MwHeawaAvEOesudh \désnBost adaﬁéﬂmm; thavenber 1993,

gl ue logic is intael b 4 &%%Y%“aa%“ze bl £l R B Bl XL L e
3-1). Durithg s"}%?ferﬁ%ﬁ'-?ruﬁ SYHeEN RU8e nfit §orPCT busty dfithelAbadt or .
read- onl y- menorgowifed @nc appbag+in board 13¢steite mamlier d£0plins qui ck access
by host needed by host adagter 112A is not constrained in-.a
majority of cases. Host adapter 112A (FIG. 1A) has a
number of pins, such as pins 112-1, 112-2, ... 112-N to

20 support an adapter read-only-memory 111 for basic
input-output software, hereinafter BIOS of host
adapter 112A. ' ‘

- External logic (not shown) is needed by some host
adapters to support adapter read-only-memory 111. For

25 example, "36C70 SCSI IC Technical Reference Manual® by
Future Domain Corporation, 2801 McGraw Avenue, Irvine,
CA 92714, November 1993, discloses a host adapter in
which "[a] minimal amount of external glue logic is
required to serialize the parallel ROM data"

30 (page 3-1). During system start-up, the information
from the adaptor read-only-memory can be copied into
system memory 170 for quick access by hoét
processor 161, sometimes referred to as
microprocessor 161. - ' _

35 In contrast, when a host adapter 112B (FIG. 1B) is:
mounted on a mother board 60 of a persohal computer, '



processor 161, sonetines referred to as - mcroprocessor 161. 35

In contr4st, _.when a host adapter 112B (FIG 1B) is nount ed on a not her
board 60»of " & personal conputer, o 3

the nunber of pins of host adapter 112B3can be linited to, for
exanpl e, 100 pins due to |less real estate avai | abl e on not her board
160 as conpared t board. 110. st adapter 112B e]i m nat es the
need for a 5 co (ﬂ"g'lbelrhaf ping,qf heptca !ﬂ_&ré‘srs B gangbg) Lipite

board. Host adapter for2RxgRPG:, 1B)0 @dos due tmiessi meal estabteaccess
adapter read- 0n|yafgimaﬁﬂe1$ﬁ m@tﬂbrlyoﬁ§dli30 as comp aréaztg lug- i 2- N of

host adapter 112 FI oS for , adapter oaded from
processor ?ﬁfﬁ} o 98"16?%[31? éilé% §5; e 9?:?%% .
for mcropr océssocrom&ptOThuhahom othepwise liedessary forl anpleg-im

performng only ogsdain BRstC aam_réf A8 (r10. hd@a dabe hhedSififs Det ween
system bus 120 and i nput - 2 !gaut bu ( l#’ ashost ad gféar s1128

cannot be 15 uséed cﬁsﬁgaflﬁpﬁ?)%r aﬁgniygmerjlq d3ttraBafit PRI 2~ does
not support a reatl dMl2r2renpr y112-N of host Aadapters 10@Ad€BIGor1A) linited pin

i nt ﬁgr at ed Cl?i‘cfsﬂfor %BQ?M ?ﬁ)ﬂl}-ﬁt&? 1grﬁgpi§r1&a]d%ﬁ %Q-oﬂsgr&ééé’%felsns _

such as a read-on

that the sangghos’fé/aaég'eé’g’ﬁé(ymeﬁﬁ'éaﬁ? that %fa %s‘ﬁﬂ‘t&’rnﬁof:ﬁ sﬁ%’f%r‘%ﬁ%rd and
a plug-in board. for micrepkhitédsdr 1FEE | ThEdlHdatd adapter 112R BEcor dance
with the principlpgnitled Qbsp&fmh \geahngnceﬁél%baa%pkaﬁcw&ﬁgrat ed

circuit, hencefqQrth host a ft§ as a novel g seri al
port. The serial a%; da r betyeen reYRGEIh Busp A0 ?’6‘? }PRMHsT er of
i nformati on fromargput bus 140 Such a host adapter 112B cannot be

15 used on plug-in board 110 e.g. if host adapter 112B

does not support a read-only-memory.
A way is needéd for a limited pin 1ntegrated
circuit, such as host adapter 112B to use resources,
- such as a read-only-memory, without increasing the
20 number of pins, so that the.same host'adapter 112B can
be used on both a mother board and a plug-in board.

SUMMARY OF THE INVENTION

In accordance with the principles of this
25 .invention, a host adapter integrated circuit,
henceforth "host adapter®, has a novel single pin
‘serial port. The serial port uses alsingle
bidirectional pin, for transfer of information from and
_ to a circuit, such as a support circuit that is
"30 external to the host adapter. The support circuit
contains resources that support certain functions that
are not available in the host adapter.
The serial port allows various modules of host
adapter, to communicate with the support circuit
35 through the single serial port pin. The serial port
also allows software on a host processor that is



to a circuit, such as a support circuit that is 30 external to the host"
adapter .~. The support circuit contai ns resources that support certain
functiorfs t hat are not available in fhe host adapter. The
serial port allows various nodul es of host adapter, to conmunicate with
the support circuit 35 through the single serial port pin. The serial
port al so al |evmnestfedviiretbe kodtosidapterebgoa symttem dbus to

4 connect ed ¢t dagst wﬁéﬁpi-é‘éo@&e% $HSEREN él&ﬁp&z‘% clrcﬁ%“““i‘
with resources in th,e Sli)%%m‘ circuit. seri al Ix_port Fﬁ'a no o
t

pins that are corfifect 8 no %ﬁfopﬁ'“ﬁl FRF 13%8 compe Fonth
transfer, such assuppptt cdrcpitsféorinfictraatiph srapsfiexr,osuchhas cont roI

cignale for Mgnsdaluntn died $9Eousl kel BihiATE: orncRragigBRt  the
synchronous with %’a‘-ﬁ‘%& f%& SW)E%HQFDFP BRI Gh B hatPoPRGi nat es
froman 10 osci Iétgbqﬂlmem.seqeelm atsghtler Bariak pmsi aaxcfapher buffers
the common clock signale %@cﬁi‘ﬁsﬁéeté}?ez@éfeﬁeh chron&lep%.tﬁ' @gah to vagqous

nodul es of the host "adapter, l{(gl n ge serl

-enbodi nent of a HEReH ptaeF°T“ﬂ€1‘ SH%?F ‘é’latﬁc?rffrf’ﬂpﬁ‘? out put
circuit thatlpecedsakllercrousA sequentess m@lduiegmltshé rlmatvadapua;rmdul es of
the host adapl £fe. AN b&ﬁﬁ Rr@léﬁk @ﬁaiogﬂ&%ﬁ?&“%ﬁ BaEEYfea

onto a serial pOI’t COITITB,I’I I S connecte serilal port

In response to arSiReF d"%’F’g‘?’réﬁ mosiylespaf the host,adapERErates a
comand byt e, fori:mmd:tng the sepiwhrpbrwite into a packet and then

transmts the ﬁh&%e&ﬁohgﬁeﬁ€r6fﬂ sE QH ter ncludes ? miffépl port

-forms a packet froma tes o rmati oh to transterred, such
as a comuandibyt esel?ﬁa %&PEEE 'B%@‘%F%%&Fat‘b% gqﬁfﬂé’d’&l N8TiC¥Eart bit
before the byte, fmtéwneld diymalpafidny Widionkt aodtbes of the host

adapter and drives bne or more command signals active

onto a serial port command bus that is connected to the
serial port. In response to an active command signal,

20 the serial port generates a command byte, formats the
command byte into a packet and then transmits the
packet on the serial port pin. |

The serial port forms a packet from any bytes of
information to be transferred, such as a command byte,

25 an address byte or a data byte by adding a start bit
' before the byte, followed by a parity bit after the
byte and a stop bit after the parity bit. After
transmitting one or more packets to the support
circuit, the serial port ﬁaits for an acknowledge
30 packet from the support circuit.

In response to active command signals, the serial
port generates and transmits a command packet
optionally followed by one or more address packets and
data packets'serially on the serial port pin that is

35 coupled to the support circuit. - The serial port

.



byte and a stop bit after the parity bit. After transmtting one or

nore packets to the support circuit, the serial port waits for an
acknow edge 3b packet “fromthe support circuit. - In response to
active command signals, the serial port generates and transmits a
command packet optlonally foll owed by one or nore address packets and
data packets ser |ra§d%z!.ven tlk sesparisegroiftropi hhé haippoxt3tircoipl enl the t he
support circuit. sasihal ¢ BPE tpin. 5
receives all responses om ort circuit on the _ sane serial port
pi n. - In one &%8&Fnﬁﬂ?°d’t‘gé‘tseﬁhﬁl sphiel SItuEzecytes aconmand

cycle to inpl enentonmase icgclpotd implementt pusebial rmbmic dnpot -euppuatk et
sequence speckfi Guidyddd - 6205 Qck t éa&ﬁnb,el Beli A5 S "tﬁ@ coﬁqéﬂéxanpl e,

in response to a commn g Wite ohe or two bits, such as a
conmand to turn RYEhdPeIPE FI?“ e’F‘r’ EQFt EXATPYS odd resP°BFe(‘2‘7 Bus
term nation of thsonmgnd sdghplit tbuerire tomeldr twedsits sHuaheaseai al port

| nput - output Gl T Climal R e Blhin on &l i EPREIREE L t{(éﬂltttlhaed§8aéal port
executes a bit wlte command ¢ ser | port I ncludes
the bits to be tr@shh @ tﬁri“h’éaE%‘?ﬁré?fd dnput- °u°(1?‘§ngh‘?t Qratﬁacket
cont ai ni ng the coresestd elavendeitbal ports 1hpntaauapxmmmge packeded

fol | ow ng transm g3i g, & pgoQ'E ERECRACK ¥ne serial port uegaegess bee 2

comand signal to wite a term ne

regi ster, in addi¥¥He t‘i?“‘mand erghenin t”f}%’?g’harggﬁcﬁ%?l%r&%tmlﬁﬁ 14de8 nmand
byt e, the 20 sethe|bimy ttcabeotransmaiE texl anpah&etommarﬁdalhyteg a data

byte and then valtsulgiidd's asknaul E55RAGk tne comand bykd BREPONSE to 2

command signal to wi r.exanple to
_an el ectricaflPy Walt%rfé%’%\l?fne aﬁ?‘BﬁY’hﬂﬁ‘ﬁ&)lR?qk@é’cde Wmﬁﬁaﬂ%é%ee. al
port 25 . transm &f theasoeketcont ai ni ng conmand byte, foll owed by

In response td a command signal to write a byte,
for example to a predetermined régister, in addition to
transmitting a packet containing a command byte, the

20 serial port also transmits a packet containing a data
byte and then waits for the acknowledge packet.

In response to a command sigﬁal to write a byte to
a specific address, for ekample to an electrically '
erasable programmable read only memory, the serial port

25 transmits a packet containing command byte, followed by

o one or more packets containing the address bytes, e.qg.
two packets for a 16-bit address, followed by a packet
containing the data byte and then waits for the
acknowledge packet, '

30 Similarly, in response to a command signal to read
a byte, for example from a predetermined register, the
serial port transmits a packet containing the command
byte and then waits for an acknowledge packet'that is
followed by a packet containing the data in the

3s 'register.

L]



one or nore packets containing the address bytes, e.g. two packets for
a 16- bi ty address foll onwed by a packet contai ning the data byte and
then waits for the acknow edge pac%gt. 30 "Simlarly, in
response to a conmand signal to read . a byte, for exanple froma

predet erm ned regi ster, the " serial port transmts a packet containing
t he command byt e Tandebdea ﬁmuﬂﬁbyterwandaﬁiaundnedgdrpaskzm that is

fol I oned by a paq&%ﬁoﬁonme |20 4 WarflBhdablebblncinry 68 8LFa1 port

6 To read a four %‘?e Wor Qm_an a?‘%ress in nrg such as
a random access- meASPitReaseackgt ;ﬁﬁ“ttammgr fiqmmand, byt e wed,i ng

t he conmand byt e bywltwowpdckets hyortainiagkthe addremiasnibyieshanddchiezss byt es
and then 5 vagts Jﬂtsa&oiwmoa\éﬁméa@@ksacieufwmm b9UEour packets
cont ai ni ng data gort circuit determ nes the nunber
of packet s e>¥r};’é§‘(e§5 FPBF‘T“%W%&"‘!% ¥5PB- of the host " adapter from
the contents of t he pdathleesuppotiigirmpithdetrmineseiihe bypmber @ft er
receiving all P&a&}l@éis“% é@& ﬁ?"f %esueei?ai §6:£t§lélft thk@hbse [ ransmi ssi on

of an acknow ransrrhttlafg( acknow edge
packet, perforns 3 ttﬁfelfﬁﬂ"oﬁh‘? rﬁﬁm& %ﬁﬁ&ﬁalﬁﬁ% ths,
conpl eti on oiot hecaonperal byte .t hRftidr renq&pdng a8l maxupgectednpackess,

‘transm ssion of the sﬁﬁgoggkgQﬁéﬁggfédgy%%eErgﬂgmfggggyﬂo&gagn the operation

transmts one or nore ta packets necessar%g The use of such
a serial port to %ﬁ#nqvﬂﬁtﬂlg@af’?ﬁ]ﬁ%t and whide; FraRsptting,theagapter to a
.support circuit |ackndﬂledgegpaéketunpenﬂmmmsenhetopnmatq@mldndacatednmgrated

cirouits because Llle il BREL | S RApRE1BHBE I operarBbfls e 2 host

adapter. Such_a host apt.er used on, a “in board wth a
‘support circhPt, SYRRPXscircull Lexminalbss §Faﬁﬁ?‘%s‘f’rﬁ5ht°foﬁpﬁut circuit that

provi des acknowledge packet and depending on the operation

transmits one or more data packets if neceésary.
The use of such a serial'port'to off-load various

functions of a host adapter to a support circuit is a

20 = significant improvement over prior art integrated

- circuits because the serial port reduces the number of
pins of a host adapter. Such a host adapter can be
used on a plug-in board with a support circuit, such as
a slave serial port input-output circuit that provides

25 various functions, such as support for an external
read-only-memory. Instead of a slave serial port -
input-output circuit, a programmable logic ecircuit or a
shift fegister can pass to the host adapter, for
example, a device identification byte and byte of

30 status of varlous resources accessible through the
ser1a1 port. The same host adapter can also be used on
a personal computer mother board to provide data
transfer functions, without a support circuit.

In response to an active bit in a serial port

35 control register, the serial port operates in a test

mode in which the serial port passes an internal signal



25 wvarious functions, such as support for an external :
read-onl y-nmenpry. Instead of a slave serial port | nput -out put circuit,
a programabl® logic cgircuit or a shift register can pass to the host
adapter, for exanpl e, a device i denti fication byte and byte of 30
status of various resources accessible through the serial port. The
sane ho'sfj agapteroﬁa&healmrbadfuﬁe&pﬂb the serfglspewd pienputrhe seiiwr board
to provide data t . [ : ort circuit.
In.Pesponse to ant3c i%/’gﬂ%lf t%hfnyggée@% O%H]ggéna%%érﬁe?ol regi ster, the
serial port operates |} #necgmoodimentyjdn thehpbReReR afed SUPPSFE passes an
igte[naltSi?Ral circuit,1fhe.seria1 port pin that i? ﬁb;ﬂéllyohs%Befb@Sé
adapter to se : seri e
oni'y when resgt . ihPoritiohcdand ey Mok \ed by, BRE Y mdpiey' 855 £TC0,
circuit, the seri@efpwlt internpdsignajor fchy agsburning powernfernhys on

tr aﬂsfer i s used byrhhwatien ondapdestf Oiwiich fudehed|ieduted itk sbﬁaﬁl )

such as turnin 0 tj.0 : , C t her
reduces the to%J argwe%ur% ;ﬁng pls'%‘gﬁ%&étagﬁgg{:gggﬁ%%‘{elntsﬁ?uﬁ? g'gjlén | ower
cost due to a smaFP8t dusitie aoemaiher nrumnhexofjping; amalder;sdey siaae .
production fap usana@nvelumd odieeion afoMkide on adfothéd Wpard Beawdll Such a

host adapter al so_take . pac a h d reduces the
overal | syst eﬁ%cosﬁl ‘f%'rms‘tr}%%gafi n%u%gtaa q%%tgngﬁg&?%%?a V\%el’n t%?ces system
bus and an i nput - 888uBPags; on 8 mother Thpand angi seureduces dhet overad
protocol in whichgystemOfsst HoRUEApLErEind WadtadltWansfeRi Beswein anot her

i ntegrated circui % e{ﬁi{ln' nates dpos_s!i]ai I'#A/ t__of\_“__c'%rllltsent ion for serial

port i nput-out put ¥PhHe -a%*? FE% 8P HEPSR P packets and so el in nates
need for cont¥%l |inesThe mge) ofdguchon predatigraingdr protprnl dm prdchi ne

bet ween a sebhal iRLédratfed cheshiadaDifys adta SEPPAdtdr CUI L.

integrated circuit ‘eliminates possibility of contention

for serial port input-output line avoids collision of

packets and so eliminates need for control lines, in
20 addition to serial port inmput-output line between a

serial port of a hosthadapter and a support circuit.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGs. 1A and 1B illustrate two prior art computer
25 systems that use a host adapter for data transfer
between an input-output bus and a system bus.

FIGs. 2A and 2B show illustrative high level block
diagrams of two embodiments of a computer system
including a host adapter of this inventioh..

30 FIG. 3 shows an intermediate level block diagram
for one embodiment of host adapter of FIGs. 2A and 2B.

FIGs. 4A-4I illustrate the sequence and timing of
various packets generated and received by the serial
port of FIG. 3. ’

35 FIG.' 5 illustrates modules of the serial port of
FIG.» 3. '
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BRI EF DESCRI PTI omh,gghezrdﬂﬁs : FI Gs. 1A and
| Gs. REPAAGED! 2B

‘prior art cotrputer hat use a host adapter fq
bet ween “an i put o a system bus.
~showillustrative eve bl ock Bi agrans of two

conputer system I ncluding a host adapter of this invention. 30
FIG 3 shows an i nt er nEx.atée showsl ab| iddlustirajisen low leéwel ddecknbodi nent of

host adapter of thggra’)ne\fy}dtg@ byte generatEE-Géf ﬂfg‘”sl | lustrate the
sequence and tim ng of pallc:]I %energ 3&% ved by the
seri al port of FITEC37 :? ows ‘an'i “Gtrg AYPus? eevse s of the -
-serial port of diagtr@m of the converter of FIG. 5.

FIG 6 shows an illustgad \6e shews! ﬁﬂe:i.lméiﬁlétlve gtaes méﬁaﬂ Egrbfﬁé -
generator of FIG n_illustrative |ow |l evel block

7
di agram of the coﬁgéﬁ"e’F ghate &ag]%"n% °tOVFIGqFI G 8 shows an illustrative
state di agram for the FIGssISN-96r itltsterate ribee taming ®f mignals Fl Gs.

9A-9C illustrate’ EBﬁtI:bﬂé}ﬁHérf tﬁleggﬁi&er steRR! mAkhede hyf ths shifter state

machi ne of FIG 8. an il | us rat I | evel bl ock"
10 diagramfor the pafk@t ]r%ﬁl]i'f’wﬁu?ﬁu’tvﬁlﬁﬁ’i‘a&”&r eve]Fq\é c%
FIG 11|l usto at ddagram| fompltheepaaket f ingutfHouput ctsxblhan mE ement. a

shifter stage in thg shift register of FIG 10. FIGs. 12A and 12B
illustrate two alternative enbodi-ments of th Ilnecnérollir of FIG
FIG 13 shows an illusF¥&tithk ililyRtratves 3 mEiplexer and £1ip-£

- used to implement a shifter stage in the shift register
of FIG. 10. __

15 FIGs. 12A and 12B illustrate two alternative
embodiments of the line controller of FIG. 4.

FIG. 13 shows 'an illustrative high level block
diagram for the slave serial port input-output circuit
of FIG. 3.

20 - FIG. 14 shows an illustrative state diagram for
sequencer module 1330 of FIG. 13.

FIG. 15 illustrates an appafatus and method for
imposing a single load on the PCI bus in one
embodiment. _ ' .

25. FIG. 16 shows an illustrative circuit diagram for
implementing host adapter plug-in board of FIG. 3.

FIG. 17 illustraies skew acceptable in the clock
signals of host adapter and the slave serial port
input-output circuit of FIG. 3.

30 ' FIG. 18 shows an illustrative high level block
- diagram of an embodiment of a computer system including '
a host adapter of this invention connected to multiple
slave devices.

FIG. 19 shows an illustrative high level block

35 diagram of an embodiments of a computer system
including multiple host adapters of this invention.



diagram for the slave serial port input-output circuit of FIG 3. 20

FIG 14 shows an illustrative state diagram for sequencer nodul e 1330
of FIG 43. FIG 15 illustrates an apparatus and nethod for

I nposing a single load on the PCl bus i n2one enbodi ment. 25 FI G
16 shows an illustrative circuit diagramfor I npl ementi ng host adapter
pl ug-in board of difarr®p pescripTION | G 17 illustrates skem/acceptable in

t he cl ock S|gﬁals'6T_ﬁ_“§;E%L_T d the s]ave s port.

i nput - out put circuit Jf PFEPT r"‘?!‘b‘"'tli'l %EPIEflqﬁﬁé;ﬁﬁM? ﬁﬁﬁﬁlustrative hi gh
| evel bl ock hreantdionef aanoeebadingdet pdh sexialppaat 2390t éRIEnARANMI ng

a host adapter ofy hm% h@\éﬁnih%%é%&fa%dt&f&ﬁiﬂ,p's%ch a hagave devi ces.
FIG 19 shows_an | ustratlve gﬁf ] ?E ck 35 di.a ag
enbodi nents of a P40y st BRFL2 pqu’fc i WEeFn tqlﬂ%&ehggflﬁ B s of

this invention. pin 241 of host adapter 240, for serigl transfBeETAf | ED
DESCRI PTI ON nquu&tﬁ%ﬁofgaﬁcﬁld“tt&" al ?ﬁr@ﬁiﬂ%ﬂ@%&fexﬁ:@rﬁal to

i nvention, a noveT si n pin_seri al ort 230 (FIG ncluded i n
an integrated cirieft @ giaé’é:ﬁr 240184 z?(faﬁf“@? %ﬁo‘ur%b’%tl é’lsop()r ﬁ%ol?lses a
single serial porin sha:;p wopttast twdthensopmal geéviaX oxrtethak transfer of
‘information hpom @*'?5‘15:&1 ?e&ﬁb#ﬁéstat@tléa%te’éh%é%lﬂé’ The'i@%hrédapter 240,

such as.support citcult shar ont ras t he_nor mal
serial port that %E)th?’i/d?}'t%ltf’ﬁa}eﬁ’ﬁ‘ﬂ?% oft 1P§§§Fa€?§e‘élﬁﬁur’r§ pl?ﬁe?%‘f‘ore

either the total hemb@ducnfd jort eddit bohali pdmist apengvatlable fioor pttered -or
addi tional pins a *éﬂne for .ot her functi ons. "~ Support

circuit 250 |ncIu ave serial port
upport circuit 250 1nc1udes a slave serial port-

15 input output circuit 254 that interfaces with serial
port 230, and that supports a number of functions using
various external résources such as resources 251, 252
.and 253. For example, serial port 230 can use support
'circuit 250 (1) to provide device identification data

20 from an initialization resource, for example a
programmable logic circuit, (2) basic-input-output
'software,.henceforth l"BIOS," from a memory resoufce,
for example read only memory, henceforth "ROM", and (3)
turn on and off a hardware resource, for example, a

25 light emitting diode, henceforth "LED." .

Serial port 230 interfaces with a master serial
port input-output circuit 210 within host adapter 240
which controls use of various_resoﬁrces in support
circuit 250 by various modules of data transfer

30 circuit 220. Data transfer circuit 220 transfers data
between system bus terminals 244 that are coupled to

. gystem bus 283 and input-output bus terminals 243 that
are coupled to input-output bus 284. Data transfer
. circuit 220 has a number of modules, such as input-
' 35 output bus module 221, FIFO module 222, sequencer
modulle 223, and system bus module 225 that are all



15 I nput output circuit 254 that interfaces with serial port 230,
and that, supports a nunmber of functions using various external
resources such as resources 251, 252 10and 253. For exanple, serial port
230 can use support . circuit 250 (1) .?o provi de device identification
data 20 froman initialization resource, for exanple a rograrrmabl e
logic circuit, (Xonnested tpueachitighler by as@ﬂmnﬁf@ﬁcbﬂér¥£5 ", "

‘froma nenory rewreﬂ: which s dsurbedr ea m&xemfey cbﬁéﬁ@iﬁt h

"ROM', and (3) and rd e re r le, a 25
light emtting di K os e, %mﬁ o???l"gr}_el’:%uhg V\Qéent sigti cgltlo ?Eﬁg%i)
interfaces with éluml’etouéﬁﬁaﬂ% entisiedi hputebkigant @Fﬁéu??ﬁ Hoeti t hi n
host adapter 840 Adaptémlxﬁhegﬁaéé&lcsim&tot fﬂédmﬁx rcﬁﬁ%éeeisynww,port

circuit 250 byv u of data.tr II‘CI Dat a
PR & Slalty FF 01 R e Terar) ipbbp8Edce

transfer circui t B i n%l s 244
that are coupl ed by referenget im biss ex¥Ireby. | momtnmshlm@%e;m nal s 243

t hat are coupded ﬁd)tteapafa@ﬁ;matd&@svagﬂouma&at 1%e8l that afé lCui t

220 has a nunber of dul such, as_ i nput - ut.put bus nodul e 221,
FI FO nodul e 222 %%eq%' r’-r‘“"’are @"%fg a ad i;st ‘bus nodul e 225 t hat

are all -When used with SuPPOI‘t cipcuit 25bHnhkested t o each ot her

by a data transfe&déweﬁaﬁoaaées not/decdl cekt§in s ndle Fo a&dmpme for
exanpl e, copendi

onmon ass.l atent appli c n seri aI
unber 07 964, 532 ESRT AEHTORL B34 o enotscart s kil L cARcpRBroe"
| ntegrated C r cuipins fﬁqze@csnsmmﬁarR% othep, contrqly pdng for otheber et

al . that is her ebyeddiaidi @h@0power hd @fzeﬁﬁacsm@ tHat QRlrerety. Menory
nodul e 224 :73/3 ‘%‘Jﬁed lo te orari B/ st(%e var h°s'i/\rﬁae‘#a vaI ues hat are
used by firnmadre ? %’é’&tf@né‘? Bty 2 PF1%0 ©support
circuit 250, hostsmallexiaymber2dd pins aldowsecude cef thdst md#@tefr024@xarrpl e
si xteen address pifSapsi it idabat RN Aot YRqEORE I'OM support, as
described below in reference to FIG. 2B. Also,'ﬁhe
smaller number of pins allows use of host adapter 240
20 in applicatiops where the number of pins is limited for
compatibility with other products.
Moreover, -the use of only one pin, e.g. serial
port pin 241, henceforth “pin 241" for serial
communication with support circuit 250 is a significant
25 enhancement over prior art host adapters, because
serial port 230 reduces the number of pins for serial
communication to the smallest possible number of pins,
i.e., one pin. As is known to those gkilled in the
art, as integration on a chib increases, one of the
30 limiting factors is the numbers of pins on the
integrated circuit. The smaller number of pins of host
adapter 240 facilitates smaller die size and smaller
package size which lowers cost as compared to prior art
host adapters. |
35 To utilize a resource in support circuit 250, a
module of data transfer circuit 220 instructs master



pins for accessing a ROM other control pins for other resources, and
power and ground pins that were 15 otherw se necessary in prior art host
adapters? The smal | er nunber of pins allows use of host adapter 240
in applications that do not require RONIédpport, as - described below in
reference to FIG 2B. Also, the . smal | er nunber of pins allows use of
host adapter 240 3erialnpexiplinpaiti-enspud ederduic nunbeOnoﬁasﬁer;ﬂnputFnited
for conpatlb redu t he use of
only one pin, e. lolult%MtV\%,ﬁQ ﬂdﬂl%‘are QQ Eé&iec%ed tzof g?'f:%b& I'n ZZfl" for-

seri al comruﬁl’-EﬁPi'-an%\?{ H:%&}S’SSPF Ehe Argowse Ehrgugh g‘l’ﬁ’ﬂaéant 25
enhancement over pbobrer 230t hhstrespopser 5o hettanstion sigralal fywer ta 230
reduces the nytbe 08512' 88 ﬁ&ét: Sﬁab%r 240, %IHEHF %@!’riQi‘ %&E hfn 1l | est

possi bl e nunber o B_ one As IS novvn 0 tho skilled
in the art, &% PHFe{j%’é‘E‘i‘% %}ﬁ’ Qr&Hf—‘g SERLAI cOMMBRE BEoRRs 30
limting factors lastiie annderimlofportninput tdwtput busnfegrebet circuit. The

smal [er nunber of fipacel beSial portad38!ES ARGk LER! Boreraldal. die

size and snualle kage, si ze which lowers cost as conpared to prior
art host ada;?f"é'r‘r"é‘ 851"’“1"- 210Fg ytilize a resource in support circuit
250, a moul e of dat sespemnsd ao ¢thecoomhmaiitd signialect senbsl er

serial port | nput ok plechLilde il AnaBelBSL RS (00N cs o Qlflla DUS 245

that is connected®o d cess e resource
t hr ough seri al pagket opbilonallw feddewed by irne %t PoResRrEREFRSfroma 5
nmodul e of host adajaicketa4@nd ndsiLpakietsl sgpialiym pin 24DUtimat X8 rcuit

210 drives oertal RgEANEosLagal cufggalz@oossgsae@e%ag%art NghOut put

bus 246 that con ects ser| er serial~port put -
out put circui}5 21@utput line SPIO- henceforth line SPIO-

To indicate receipt of the information transmitted
on piﬁ 241, support' circuit 250 transmits an
acknowledge packet on line SPIO-. Support circuit 250
can transmit one or more packets on line SPIO- only in

20 response to one or more packeté from serial port 230,
except that following a power-on'reset, support
circuit 250 transmits two packets containing
initialization information. Non-receipt of the two
initialization packets, within a predetermined time

25 after power-on reset, indicates to serial port 230 to
pass a default internalisignal on line SPIO-, for -
example for input-output bus termination powerlcontrol,
. instead of transmitting packets.

Serial port 230 can transmit on line SPIO- at any

30 time that support circuit 250 is not allowed to
transmit, for example after the two initialization
packets. Such a predetermined protocol in which one -
integrated circuit always waits for another integrated
circuit eliminates possibility'of contention for line

35 8PIO-, avoids collision of packets and so eliminates

.



10 In response to the command signals, serial port 230 generates

and serially transmts a command packet optionally followed by one or
nmore address' packets and data packeti serially on pin 241 that is
coupled to support circuit 250 by a seri 2 port input- 15 output l|ine

SPI O, henceforth line SPIO . To indicate receipt of the :
i nformati on transiddd bdr contpdl flinedl insaggbriomritec 1ine28BI0Of ansnits an

acknow edge packeﬁeﬁq‘%réé{ %grggi%?rtsilh%%g%hdcgﬁﬁﬁ&t 23Q%cuit 2680 transmt one

or nore packets on > %/ . response to one_or nore packets
fromserial port 230, Serialopegbt %%aﬁeqe&l"FS\/\Fﬁb TEIRRELS0 AT PBset, support
circuit 250 transgipgportveipaaket 5@ o ahei sgme pin i26l.i aburangon '

| nformation. Bon #EeBilor0be! e MnouledsB' bhdkdd Ad PinP2Ake! Seryhi i N 2
predeterm ned ti ne after power-on resét, 1ndicates to.serial port 230
to pass a dePeEh 230 AxiNer anAelmatiefgrdernes siggal actiygg om) e for
i nput - out put bus seridlngiorenippuerowtpuitr dus 246. instead of transmitting

packets. Ser ol yichsd 300 Ak LIATTE hoRfiok1diyeSBeeca! any 30

time that support circult I's not. al | owe 0 rgnsm.t, for exanple
after the two i ni$ignabamagter seripl | Raxt 18RER- R &F T -HedtPr ot ocol in
whi ch one - 10 i ndeived el commandt ackneyledge sdghal ambtsheommandgbased

circult ellm nat eg; AoediRldive of mEQL L MrgdR -bRkput Bued 2455860 . avol ds
col lision of packets and so elimnates ..

12 need for twdieajie |Ghatsthencomeand sycls Lenn gpqgress angethgen
serial port 230 apdsSupgoris Gus9li &.g5thot availabl&efonlanoihier230 recei ves

al | responses frogy nvﬁ?e ge%a%k’é%fl%o@%t%%ft Be SRt it LomidhdNg S

reception of the ackno a seri al port 230 drives
an acknow edd® def¥elesignal active on serial port input-output bus
246. I n resprFI@.0 2Bhefaet spschadnonsl egdegeatiirecif host

adapter 240 and support circuit 250, an oscillator 260
drives a clock signél CLK40 on both (1) host adapter
clock line 206 that is connected to clock terminal 242

20 of host adapter 240 and (2) support circuit clock
line 208, shown dotted, that is connected to support
circuit 250. Such a common oscillator eliminates the
need for a data clock signal from host adapter 240 to
support circuit 250. Clock terminal 242 of host

25 adapter 240 provides a clock signal that is buffered by
sequencer module 223 to all internal modules of host
adapter 240. So clock terminal 242 is not utilized
sdlely with serial port 230 as was done by certain
prior art host adapters. Support circuit clock

30 line 208 is not ngceésary if a bus terminator in
support circuit 250 is directly coupled to pin 241.

Execution of a command cycle by (1) generation of

packetes from command signals, (2) transmission of the
generated packets on a single pin 241, and (3) .

35 reception of the acknowledge packet on the same pin 241
eliminates the need for additional lines, such as one



signal, master serial port input-output circuit 210 10 drives a conmand

acknow gdge signal and a conmand busy signal active on naster

i nput - o4t put “bus 245 to i ndicate t the command cycle is in progress
and the resource i s busy, e.g. not ai l abl e for anot her comand
cycle, until conpletion of the current command 15 cycle. - In FILG

2A, for synchronmmpera@mm]oflmsst for traimmnn94®nm'mrpport circuit
250, an osci || at Gigals or otﬁiéx"@ﬁnﬁsﬁhﬂﬁﬁg% 21 eCalid0a OBLEGH i) host

adapt er i ne onnecte ta.c Kk 20 of
nost adapter 240 KW Poyiahndry 200 ER pagpery, Lreudf b6 A Tnee] Uog
that is connect ecfamlsngta serladl poutthaeing Just aneopdmwi24kci | | at or

elimnates the ngegdihgle %ﬂa@ﬁhmc oftm?d Harsoahaosavaﬁ%ég o#40 to
support circuit a% C.ock te q; " ng t‘%ﬁ g 8 ée%40 provides a
cl ock signal that S8 Bﬁf’?e?réaub‘i/ wo 1 853%?1'&%‘% dHEI52%%0 all internal

modul es of host circuitigpt tes®/KLB Stchl youting mireduced2tivimwt utilized -
solely with seri %on%%hlaée &6 dﬂﬁstld%'iﬁnai L¢d ¥ dte by ePithi)ﬁaLaién kst
adapters. Support LCcirguit clo %IUSS( 208 'i s_not neces i f a bus
termnator in - S%ﬁrp 5P St9% 32'56’°P§eﬁ??9cftq"§? S&B'f‘a tol"b?% 241.
Execution of1@ cowimedapgclewdy goWeryeegnitrenentsf, than gagketnsidnadm command
signals, (2) transdyisdi pBrek.the generated packets on a single pin

241, and (3) 35 reception of.the ow edge, packet _.on the sane pin 241
) 3 e et D oot e I POEE ya0.! NG SELE U4

13 or nore clgsordibeldi abovée orig rdwof seednin iappdicaptions iwiwgixdls or
ot her handshaki ngg‘gjlgﬁgl §°§nge§d.cgrgg}<.tdeh3§g is ddtOResRelal ggprt 230 to

support ci rcwt d thereb aci te seri al ort havi ng j ust
oo pin 241 15 ‘exanble GBI & Mpther HoRrd,850 B 2Bt ne TAbIAT b of

Iess pi ns on t he BIGS ifioire hosh nadamexi mﬂegnatkdaded from processor
ROM 291 that also dontains system BIOS for host
processor 281. In this embodiment, serial port 230
drives a default internal signal on pin 241. This

20 embodiment is accomplished within the IC package of
host adapter 240 by a bond wire 249 that connects a
serial port disable terminal 247 on the die of host
adapter 240 to a ground pin 248 of the die.

Disable terminal 247 is .coupled to serial port

25 command lines 323 and so inhibits serial port 230 from
reéponding to command signals from master serial port
input-output circuit 210 except for the default
internal signal.

In such an inhibited state, pin 241 is used only

30 by host adapter 240 for bus termination control, as
described below in reference to FIG. 12B. When disable
terminal 247 is left unconnected, serial port 230 is
configured to transfer data between master serial port
input-output circuit 210 and support circuit 250 as

35 described above in feference to FIG. 2A.

‘



- circuits, less PCB etch routing, reduced timng constraints of

nult|-5|gnal i nterface by elimnation of si gnal -t o-si gnal skew
concernd, feher signals, less 10 noise and | ower power requirenents, than
convent i onal serial ports. 14| n anot her enbodi nent, the sanme
host adapter 240 descri bed above, is also used-in appllcatlons i n which

support for read-onl y-Usemofythe saie neatcddapter 1310 omepkbheroan a not her

board 290 (FIG" I f 1dap | s | oaded
from pr ocegsor %ﬁat}ffé\/l%fg%@ %3§ ( 156 g?r’nf?f’ngﬁs&?téﬁag?’ogg%é%%t _
processor 281. |In{F¥fs %6&?\4%%‘?,“5@1‘?"’8?68? s to vodppges a defaul t

i nternal signal qsﬂm:t&zbh ofhass Myl e diedforenbotls wEEanpMogbedery t hi n t he
| C package of g t r a cts a
serial port d| sab dr’#ﬁ%? 25.92&98@% di gﬁg%&% <§igds%zteha 2%9£€§240 to a

ground pin 248 ofn‘E‘FRe‘le of terminals ang therefpre oRAT SPPtEs bUpPPEd to
serial port 25 ammrai-d iimporSamt arltexrianifiobi hse swr iaamophetr BS&rdr om

: di t t put
responding to Cop”%i&%@ %&%fg%oﬁé@sée‘%{uc%%r {:ﬁ{a <E’s9é£a]11 sys't@ﬂ”f:o&i:' p”

circuit 210 exce terna gD such
an inhibited stat®f Pispmppterssygeem AR JFICH,2RLs tPagnsEc o8k 0 for bus
term nation gontradaptsr 240 odeapiéedckbdichrenli astafertdimmecato FIG 12B. Wen

di sabl e ter ected, serial port 230 is
Aol bEAL 45600

configured to tr Wween er serial g_Eort I nput - out put
circuit 210 and supporin gespgnee2to warizus dasernpkEigmale P heserence to

FIG 2A adapter 240, such as a read ind#éruction signd3eo@fat he sane

host adapter 240 1&9 g%ﬂlegt tmnr'@% 0] 't}‘}%ﬁnd 2%91,&;4% “1%@11@ on a plug-in

board 270 (FI resultsin Wer cost o 0 Vo producti on
of a single dPe fEIXTHANE . LSKs SORBVRER kN dRtRoSTrangEgy «FirzadtaR36, hem
smal | er die-size, iasBhld®ion router 311 (FIG. 3) in master serial port

input- output circuit 210 passes the instruction signals
to a resource controller, such as hardware resource
controller 313, soft resource controller 314,

20 . initialization resource controller 315, and memory
resource controller 316.

For example, in response to an internal signallon

master serial input¥output bus 245 to turn on or off a
hardware resource, such as light emitting diode 350,

25 hereinafter LED 350, instruction router 311'passes a.
write instruction signal on hardware bus 311H to a
single byte write comménd controller, in hardware
resource controller 313. In response to such a write
instruction signal, the single byte write command

30 controller drives one or more command signals active,
e.g. a LED request signal  LEDREQ (not shown) active to
indicate a request for hardware resource LED 350 and a
LED state signal LEDSTATE (not shown) active to
indicate that LED 350 should be turned on, on serial

35 port command bus 323 that is included in serial port
input-output bus 246.



nunber of termnals and therefore | ower costs, all of ~ which are

i mportant criteria for use on a nother board. Host- adapter 240 also -
reduces the dverall system cost of a conmputer system 200B (FIG 2B),
because host 10 adapt er 240 occupies |148s real estate than a -
conventional host adapter. In response to various internal

signal s of host Ttapiand 8idgnake thaas axer speci fitd rtiecta aeseugeal or a
wite instruction;si fico . e ' , or software
in data transfer %;ftjf'cw di’%o,mfg’ﬁm m%&@ggbigﬁégo%t%{eﬁégﬂ G 3) in
nmaster serial porRumeral jthat: ig e premkinatdon of othe seqmmande thRst r uct i on :
signal s t 0 arescnrbee qangéener£l, fViClkeadubas VT e refedenece

troller 313, .cont 3 [ it 3l ' '
controllor 318, oluhefS 3R 160 Fhodioe aaudly eigidd For 2ebBiregoour o¢
exanpl e, in respohserekerance puperRl JREMD igna read gignal forj g

| nput - out put bus 2Zdsolscd W;n reflepéncé fnmeral XBENDVWSE ea radidier @@gnalich as

light emtting di .h I E iﬁ%gf e} uter 311
passes a Wi ?ggli’rsé%utﬁ% gr‘\ %‘gn%?é%xﬁé%éa?r g\%gggalbus 1%& taoB,élE?
single byte witestehdhntP aeePBreerX. i Hergigdr ean be any onec@LcBAM ol | er

313. In respanse BRDSUGHED A SEE hid SOFT, NierieCMROM" Sk giwbdserithe Si ngl e byte

wite command 30 rodd ehadihkV C g;tq@qgﬁ [ | s,active,
e.g. a LED requesFEgl?&rllaﬁ({’EDﬁgg %%?Ps eor\l(}-'rm %g(%?fivg §) Sl.o(l{]%d?ggfe a .
request for har dwAREPY cxenpesentsDLEB (330 "SEE" reprepents &efigdal LEDSTATE
(not shown) acti VEEPROM 380; RidCaSeFThategdddente 86Ptl fedvuridey 3ed.on, on

serial 35  Pport commpgd Riponsd E8%ctivd WoudRd bigRfld 2Rl bs Lep

| nput - out put bus 246. )
Command si gndiss t Keguest sismalf LEDREQ anddfih ekate sigealdEPSTRTSupport .
circuit 250 have goinghfd édietutor BROEERecUdEd a cofmsAdbEyeld Osueh hbe

command the a write command cycle. In the command cycle a byte

generator in command executor 320 first generates a
- command which in this embodiment is a command byte 410

20 (FIG. 4A).

In command byte 410, most significant bit R that
is shifted out first is set for a read command cycle
~and cleared for a write command cycle. Bits CO to C4
in .command byte 410 are command bits that are used to

25 encode various commands that can be transmitted by

- serial port 230 to support circuit 250. BAmong bits CO
to C4, bit CO0 is the least significant bit. Bits DO
and D1 are data bits and bit D1 is the most significant
bit in command byte 410.

30 A converter in command executor 320 formats the
command byte into a command packet, such as command
packet 420 (FIG. 4B). In this embodiment, a start
bit 421 is inserted at the start of the packet and is
followed immediately by command byte 410. Command

35 Dbyte 410 is followed by a parity bit 422 and then a
stop bit 423. A line controller included in command



resource. In general, for resource "X', reference 5 nunmeral XREQis a

resource request Si gnal for resource - X reference nuneral XREAD is a
read signal for . resource X referenc nuneral XSEND is a wite signal
for resource X; and reference nuneral- s a busy signal for

resource X. Herein X can be any one of RCM 10 BRD, LED, SEE and SOFT,
where "ROM' repr ez¥gfuior 32prpeialBlno trwtﬁebh%mn@oaﬁqkebmn ol logic

370; "LED' repiesent fstpt:ED SﬁouhattSEE' cbﬁﬁé&ﬁ@dlttﬁcls Eldlalve sertfgf’ROtV' 380;"
and " SOFT" repress e N, respgnse to active
.command signal s, ?EIB %%t%gb .éL Et%g—’]qt ?llﬁﬁafe{ t8n@5LED state si gnal
LEDSTATE, c OPRRARSE @%écepoaumtemmet; a5@orkmnrddney §PEO-such’ as

a wite commapd cycl e.1d Ithbhéxﬁﬂﬁm%ICI@DGBSObdéﬁcrlbed agaoeat or in

comand execut or n ich in_t

embodi nent is a c%%r“tgt“ang %S‘teggg aé%’s XesuEes, 3mbmt e compgn § of¥iEH byte
410, nost signifitambigh CRmFlﬁa@ executiog: 3RPf t‘-é@imtﬂf iar $EDj comwand or a
read command cyclgacket 481d (ehear£gh fvtata vkl h8es BRI --wcl 8 cEnhsnd0 to

4 in command, byt, Jace_ c nd bi ts that Q 25 ncode
various comrands 'g?na%l ?‘a(t);bjog %?5 ]gﬁ Ty Sf Jsgibgﬁzp&ﬁ B*8D support
circuit 250.1Anpneeds thitg)Co-C4 (BIG4 4A4)i,t the valueeof d&hHt ssagm ficant bit.

Bits DO - and glgrdle 1dMicaalrit $n ot DiditDboi &nd he dBHEtaRitgRI &l C&Nin
bit in conmand b et érﬁf% A converter in conmmand executor 320
te into

formats the a command packet, such as comrand
packet 420 -(FIG 4B) AIn memhrslenmmtnamhtexeaut;oaruo fornsi @ patkes, i nserted

at the start of t&ecmw%t cBRflahd packetf Olahowdréam‘;ddaé&l %rby ggegend byte
410. Oom‘randlg i,s fo

Stop bt ao315n | PAUet K dRREPEiRG 4 ahent, BibAdhq FTe. 48 "habity &
16 execut or Bixstardlalel ghatabs nfaldoved bynasccmmarkdyten an
address byte or a data byte respectively, followed by a
parity bit 422 which in turn is followed by a stop
bit 423 having a second value different from the first
20 value. In FIG. 4B, start bit 421 has a first value of
a logical zero, hereinafter zero parity bit 422 is
selected so that the transferred byte together with the
.parity bit has an odd parity, stop bit 423 has a second
value of a logical one hereinafter one, and packet 420 -
25 is transmitted on line SPIO-. Line SPIO- is pulled up
to a default value of one when line SPIO- is not being
driven either by serial port 230 or'by slave-
circuit 250. The identical value for the stop bit and
for the default value of line SPIO- provides active
30 negation that permits transmission of information
across line SPIO- at higher speeds than possible
without active negation. Active negation also prevents
' false detection of additional packets that can happen
if line SPIO- is left at zero with only the pull-up
35 resistor to take line SPIO- to one.

.




pin 241 (FIG 3) that is connected to a slave serial I nput - out put

circuit 254, also referred to as . SSPI CC 254 in support circuit 250, by
line SPFO-. 5 In the exanple for D 350 descri bed above,

command executor 320 executes a bit wite’ command cycle i n which
command executor 320 transmts a LED conmand packet 451 (FIG 4E) that

includes bit R "0", aAftemmndransmigsitm 'tlif@0period TIEDXFEHUAD) ,Si gnal
LEDREQ in Comnéhég is Gl ARtea P fldemidBion! 8@ & adal@ce“?:f LED state

si gnal LEDSTATE in_dat onst ant data bit DI.

In general, comiRY"aR ‘gc?ﬁ?ﬁ”t?f@ggr ’t?g‘é"@ePn e C%'ﬂﬁzﬂlda@’& €omand
packet, an addr ebeipgictxgculeda Gzapsmits midmcbyllaééresmgnadsltart b|t 421
(FIG 4B) hay ngpackets ds ddscrabeg béEdw Iam‘ e)aheweéoiaya@ FHHNL B a

n
60 005 byve o SLIRLE h iy VA1) s Ssihg i v O 2

di fferent from t beléwr sduing anl agknowrhedgeewmaowstame periot Tmhas a f i rst

val ue of a l(pgecakpyero, hereinafter zero parity bit 422 is
sel ected so that the ﬁansferred béteto ether with the parity bit has -
an odd parity, stop bft ZZ¥aRds €XeERERh oef PRE BECelYo G Edrsbne

her ei naf t er I®ne, bahdopaak eicktwleBge packetansithiinedcknowledgeSMitGdow Li ne

SPIO is pulled yhpe eri&i at'rfjet:éhunﬁndaé:&@cﬁoro'ﬁgov"géeslérﬁtSR}OQCK' s not
bei ng driven ei t ‘?% ser,i a port Cl rcw t 250.

The identi cal vallﬁeaPo?r’f BFt %?‘RF not Fg‘PwPhénd%*%ul%A N&tue of Iine
SPI O provi des asystem3bus mmig;dbl eR5td&mad tamiinatesr the neommaord cdycle

i nformation whEERSSn | 415, Rheradbs mwge%p%%%tt Pééb&?éé'
W t hout acti ve ngg_at i on. Act i Ve negation al prevents get ection

of additiond® paBFeFESENLI2¥an ifafpEncomman fpalclkﬁé'r gp?’éfm’r%terdeﬂn at’ zero
with only the pulpinup43Sorigigiattedr fromt @ keonnangd SEl Bosto one.

17 processor 281. In one embodiment, acknowledge window
time period Tn is eight clock cycles after command:
executor 320 drives a stop bit on pin 241.

20 In general, in response to a command packet, such-
as LED command packet 451, slave serial port input-.
output circuit 254 starts transmission of an
acknowledge packet 452 aﬁd performs the action
indicated by command byte 410 retrieved from the

25 command packet 420, for éxample send a one to LED 350
if the value of bit DO is one, while continuing to
transmit the acknowledge packet. On completion of the
action indicated by command byte 410, slave serial port
input-output circuit 254 completes transmission of

30 acknowledge packet 430. ‘

' In generai, slave serial port iﬁput-output‘circuit
254 waits for a first turnaround period of time and
after receipt of a stop bit of the last packet expected
from serial port 230, before transmission of an

35 acknowledge packet. Serial port 230 also waits for the
first turnaround time period to become sensitive to an



After a transmssion time period Tp (FIG 4D), that is associated with
transm ssion of a packet, ~ command executor 320, depending on the
command ‘cycl & bei ng executed, transnjts additional address or data 5
packets as described bel ow and waits for 8n acknow edge packet 430
(FIG 4C) that is described nore conpletely bel ow, during an

acknow edge w ndaettiveespgnabdoriiline SPEPG fxm) slave serial|poxtormand

executor 320 does; il -bRephY cfrdditSsil Bhé Sfrstn tagkhaevhadoeimacket
w t hi n acknow ed%)e Wi gﬁlow _ tine period.Tn é.orgmréc%.géecu or 320 sets a
bit NOACK i PeRtos Fap ’P%g?’élfa”e%ﬁﬁﬁﬁ“i‘ﬂ%‘? SHSWPSEACR) & 92851
syst em bus nodul elzitk sydleermwaatleck gyctesmen dny dther number @€ in turn

generates a targel1cHrOyc168sponse to host 15 processor 281, if the
command packet transmtfed.on '

n 241 originated from narain.d of host
processor 281. In one SSFB8Yi RRFY 23 MRdKPe %’égawsnecfc?v{/d tuTlgﬁéQ%erllomc? Tnis
ei ght clock cycl eenifadetoceandml commandepacket F2krear irneeeiptsebpabit on pin

241. 20 . | o From B14€S ISR Poft COMPRIVbURIIECLirsueh 254. as
LED commnd'pack& 451, sl.ave seri al ["):Qr?i ut _circuit 254

nput = out
starts transm ssi O §i€SgRd turnareund, éﬂ'&epﬁgﬁ?‘%tca}fﬁf%ﬁdgﬁef“f‘%r ns t he
action 1adi gatestetermiosdunine perivd0oneecloal ey dlreomtwhpec2sck conmmand

packet 420, for e} o2eRHy%othEr funbe? 380ciock dyclidi Vahugnef bit DO
is one, while cont’i.nu fransm.t the acknow edge

ng to packe On
conpl etion of thee“'b°‘il i ofiPe nE 8k dHERTe 'hﬁ"%ﬁeéqz? an IQ}% seri al
port i nput - cseqrd duroairoulditioenpestiod arantdgnttiaal end3ere
acknow edge packeiqfd0.to two clock |ydeieral, slave serial port :
input-output_circuit 254 Its for first, tur aun eriod of tine
and aft &P .recei ptI‘b1‘5”‘*él‘e§?£ﬁ;)1 Tﬁ'%fmﬁ‘fl g pagkehd etln(fgb’ el from
serial port 230, fifalr dittr 433nassi asexfondnb3s 433ckretdl ddgydngatket . Seri al

por t. 530. a't SO Wai L gnd OFiddtevalue £81Rdwdd!HY2ROAS- iR REId Bdviagbgcome
senstiive 1o an second value that is different from the first value.

Acknowledge packet 430 can include any number of
20 optional bits between first bit 431 and second bit 433
' all of which have the same first wvalue, dependihg on
the amount of time needed by slave serial port input-
~output circuit 254 to complete the action indicated by
command byte 410. In the embodiment of FIG. 4C, first
25 bit 431 and second bit 433 both have first value zero,
. and third bit 434 has second value one and a number of
optional bits 432 of first value zero are inserted
between first bit 431 and second bit 433.
In response to a start bit 431 of an acknowledge
30 packet 430 received at pin 241, command executor 320
drives an adknowledge detect signal ACKDET active on
acknowledge detect line 322 that is connected to each
of hardware resource controller 313, software resource
céntroller 314, initialization resource controller 315
'35 and memory resource controller 316. Command
executor 320 éontinues to drive the acknowledge detect’



18 active signal on“line SPIO fromslave serial port | nput - out put

circuit 254. The first turnaround tine period can be any predeterm ned
time period &.g. one clock cycle, twgqgcl ock cycles or any other number
of -5 clock cycles. Serial port 230 waits for a second turnaround
-tinme period to send a command packet after receipt of a packet from

sl ave serial porsigngphtachiveupncaeknowledge detectTheinge3@2duptiihar ound ti me
pleri Ed'can al Iso Becaipt KE _ﬁm&deﬁﬁf rdjxfchxlt piR @@ml ot eidcll pekneycle, two
cl oc cycl es_or any other nugber.of ¢ . e

embodi ment , "t he FPPEE™ Lﬁﬁﬁ%ﬁ&ﬁﬁdg?ﬁﬁ%Fﬁﬁﬁﬁ %%Kﬁﬁﬁf?éﬁ? d'elhe’(s%:gcond t ur nar ound
‘tine period are pigmal AOKDETIinpctive ang Alermingies cthseicompends. 15

In general, gckngykeslge packet 430 includes a first bit 431 and a
second bit 433, both havi,ng . the ficr.s | lowed by a third
bit 434 having a P%etc}be?u?x\?g%s F%%?ﬂ&s3 iof 8%%5’%@?4 %?ngotv%é frst val ue.
Acknowl edge packuesuouse 4o janc pgidvergcknawiedgst detechmicnad, bhes bet ween
fi lrSt bijt 435_ angiﬁ@:ﬁ@%&é&ﬁwﬂ@% comuaﬁd!cdhftfdj%éh_mvﬁbl.ﬁdﬁr@ﬁﬁ first

val ue, dependi ng_on t he anount T8 _nee Ve Ser, ort

i nput - out pﬁFs‘a’i”rﬁ%%i?c’%z?ﬁSrc% I‘i’flé' Fhé g%?il%}(nsf n%i@aat egh%}gs?
command byt @0410.(noh shewmhistiiventooindicgteqhati asgerinl mart431 and
second bit 433 bebhmlAd CcfdleStisVahUBrégFdss. WhedNckhbwlkdld détéchas
second val ue one _and iégunber OE. _ qg%ional bit; égg f Jffé¥53X§|“e zero
are inserted- S1gBRnedRTy i Y¥C e 483 S &EEERET BTt . I'n
response to a st drivestsdbusdy signsknSBIRRIdnagtipacked vty o ved at

pin 241, command ¢g¥epiOradidre instBhb¥Esn HighaiNevbRIdgstiRGlonsi gnal
ACKDET active on aﬁﬁjowl edge detect line 322 that is connected to each
of har dwar e PesodPUE®EoRttol | er 313, software resource control l er 314,

initialization resour#bitemespdndingl6038n ingtdusbionysigadiw ce control | er
316. Command  par@wBed! PEsRAR S @BhtPEEDet B 1 i1ke ihBenstkiewwdgaydet ect
' additional instruction signals, for example for -
changing the state of LED 350. State change

20 instruction signals for LED 350, that occur at a rate
faster than the speed of serial transmission of a
command packet-on pin 241 and serial receibt of an
acknowledge backet on the same pin 241, are lost. The
state of LED 350 at the end of a series of state change

25 instruction signals is the last state that was sent to
slave serial port input-output circuit 254.

In one embodiment, instruction router 311 receives
an internal signal LED- on master input-output bus 245
from a status switching circuit that is described in

30 copending and commonly assigned U.S. Patent Application
Serial No. 08/301,458, Attorney Docket No. M-2933, '
entitled "Status Indicator for a Host Adapter" of

. 8tillman F. Gates and Charles S. Fannin, filed on
~ September 7, 1994, that is incorporated by reference

35 herein in its entirety. In one embodiment, a hardware

modwle, or firmware or software of host adapter 240



19 signal active on acknow edge detect |ine 322 until | recei pt of

third b|t 434 on pin 241, at which point command execut or 320 drives
acknomﬁedge det ect -signal ACKDET in ive and term nates the comand 5
cycl e. In the exanple for LED ‘350 descri bed above, in

response to an active acknow edge detect signal, the single byte wite

command control | aruzim bar 8nWarSEf LED 8S0UAS edésutibeld €br3MBD dregissta set

busy si,dnal SETBRcid, 1tk fipubkageh Ke1o0. | ndhaal & 108Es unghal PO

command cycle is pro en ackno
i nactive, hardwaref ﬂ‘é’S’é&Fé@n%d*ﬂ‘hﬂ I"’@P—chlgarmus Fompagdseig as‘?‘ignal
SETBSY inactive eyaixeuartea B?I’master tdemaexpomtmmu-oatpuct i on signal from

nstruction 1o AU, Tables 2-8Mhig r&éﬁ%‘é’l@ﬂsthth%%féémt'on

si gnal , re resource contro 3 'S InsensitLve to an
addi tional instr R Ve¥iougnEeSistene dpaRBFEe¥ ggerial P@H&n@?ﬁﬁtt?ﬁﬁﬁﬁﬁate of .
LED 350. State chaingmiz0210i ns$émeicfothei phel definritibns3aAd sbahabdccur at a

rat e Lot e iibd, BRa8R06 el Ale LARPIS S0 alhefcan co SO

packet on pin 241 @and sertal fece et on the
same-pi n 241, archass depgeibed lfst".ﬂ]@ 6f37EEEF%§PSaNatsﬁéreﬁHn5¥eaC@érl es of
state change1@s scIS“lSlHdd:@:t Aaapse:grmlte B&okhprémiuﬁatz@t--epﬁbmsm fent to

sl ave seri al port eFéggpgta&g{f: %géwer %Rtec, InF LEEE § €g|nent

i nstruction router on nast er
i nput - out put bus Midpitas’ BPﬂbﬂV%ﬂ%iaﬂdsnﬁﬂﬁt@hlﬁﬁfiﬁrr@hat ifat is described

in 30  copendi ngiisipoRarenl by asstditeUnsre Bt B vAPRhLERELPD Seri al
No. 08/301, 458, Attorney Ebcket No. M2 IE 1 entitled "Status Indicator
for a Host Adapter" of Stillman F. es and Charles S. Fannin, filed
on Septegbe 8gmﬁgﬁ%gs %Hgi S |ncorporag&g%éggnreference 35 her nin
Its entirety.” In denen a_har dwarije nodul e, or_firmaregl or
software of host LEﬂiEQ (write) Turn on or off LED 350

STPWREQ (write) Turn on or off power to

I/0 bus terminators 360

'CHPRSTREQ (write) Reset slave serial port I
' input-output circuit 254

BRDREQ (read or write) Read from or write to'

board control register

BRDCTL in board control
logic 370.

20 SOFTREQ (read or write) Read from or write to
soft resource 340. _ |

EIREAD (Read) . Receive identification
byte IDDAT and external
resource status byte
ESTAT from SSPIOC 254




20 .turns on and off LED 350 as described for LED request si gnal

LEDREQ in Table 1 below. Table 1 |ists exanples of conditions under
whi ch various command signals are generated by master serial port

i nput-output 5 circuit 210. Tables 2-91list definitions of the bits

of various registers in master serial -port input-output circuit 210.-
Sonme of the bit ¢EffnrTions and stgmat valraes _oescriped fererm ane
sinilar or identilCammagd Sighdbse descri bed FYROLAPR- 7870 PCI Bus Mastfer
Single-Chip 10 FCSFTrosS—ROAprer Do DOgR=Prer T oo oT STt i

Decenber 1993 av4iROMRE® flread erapmide)l nc.
Boul evard, M I pitlas CA 95035, that is

inits entirety. . E1 1 Conmand {Si gnal
Functi on UEDREQ (write) Wmmﬂ‘oaﬂiiﬁﬁb

STPWREQ (write) rn_on.qQr.,off g rat .

I /O bus term nat ¢ rssk'-‘}?‘ﬁ]f:(‘.‘]2 (reIH Q (wri aeg £rom °r_wrﬁaesert° sl av

serial port | seninduEEBBOMuUt circuit. 2
BRDREQ (read or Tte) Read—fTomor wite to— :

board control register,, . . BRDCTL [n board
control Signal LEDREQ (TABLE 1) i5 agite-sgly -g&f‘h‘-&t_Q (read or
wite) Read fthath gonfrole the state of LED 350 that is connected tgpft

resource 340. 5 pifFiRPADhRESSHOC 254. Signal RESSHEGE chdeBhifisatd on

byte | DDAT and exéégﬁughrEe sources. A first source is automggigurce status

byte _ _
hardware action generated by changes in use state of
input-output bus 284 e.g. from not busy with data

10 transfers to busy or from not busy and available for
data transfer to bysy with data transfers, if slave
present bit SSPIOCPS is active (e.g. one) in external
resource status'register SPIOCAP in instruction
router 311 (TABLE 2) and bit DIAGLEDEN is not active in

15 register SBLKCTL (e.g., bit 7 in reg. 1Fh is zero) in
input-output bus module 221. In response to an LED
command byte containing a DO as a one.to indicate use
state charged from busy to not busy, slave serial port
input-output circuit 254 drives a signal on pin LED#

20 high. In response to an LED command byte containing
bit DO as a zero command to indicate use state charged
from not busy to busy, slave serial port input-output
circuit 254 drives the signal on pin LED# low. Bit D1
for an LED command byte is always zero.

25 A second source of signal LEDREQ is generated by
changing the value of bit DIAGLEDON in register SBLKCTL
(e.g. bit 6 in reg. 1Fh) in input-output bus
module 221, provided bit SSPIOCPS in external resource

. status register SPIOCAP is active (e.g. one) and

30 b;i.t"DIAGI.'.EDEN in register SBLKCTL (bit 7 in reg 1Fh) is
~active (e.g. one). Also in this case bit D1 is always



ESTAT from SSPI OC 254 _ . 21 Conmand

Si gnal : Functi on " ROVREQ (read or wite) Read ROM or
EEPRC]\/Irrermry : | ocation or wite to
EEPROM nenory -1 ocati on SEEREQ (re%%i or wite) Read fromor wite
to serial EEPROM : " Signal LEDREQ

(TABLE 1) is a weere- and yslavm alerialt paxt cioputebutpht cizguitof254ED 350 t hat

s connected 10 agseftdl thd Hibul) SRHOE itk 10% Geh LEDRN @AReR6I 0i Nat &
fromthree sources. % first_source 'Sdamt.z}mt rdware a

i 0
generated by chafigfs Phtg IAGLEDON, y %oﬁfﬁu$°51bs Onza %L'L V€t r om not
busy with data 1&ertialnpdxt sinputhougpot ¢xmunt012519uéy1m aamgnam enf or

gg}oﬁogagns‘c ers :OpEHSiEW higWajed H3eSHE' Ss d fondl @YE. bit {E:?&ﬁlﬁnm Ets

is active (e.g resolrce status register
SPIOCAP in instr ﬁ‘c?fgﬁﬁ ang%%?&%%ﬁéﬁTﬁLaE%e SRALBPPE A DEN i s not
active in 15 redust 884 SBs KO Husygandbbit DIAGLEDEN ifhaizenmyr o) i n

i nput - out put  bus nvdUhetﬁiiﬁd ddlirceS BeNa fgh) akDRED- is
containing a DO as a one to indicate us state cgaggtgfrom usyto
r

not busy, slave §éFf“¥(F‘rﬁo?’f s°fdt"’a‘irﬁpHF:‘B%t$erecldre5&fIF FITEIE si gnal
on pin LED¥ XD Miygle. tol put esprirde portak3t Eh comestdmbiee CHinisnitestg

bit DO as a Zeror{fsﬁ@”ﬁﬂ%ﬁ&é%&%ﬁs@ﬁelﬁé & P1aphedin £nd I@P ot busy to
busy, slave seri a ort ut - out circuit 254 _driv E(ihe signal on

pin LED# | ow. Bi (Cophand cygle ,pne B%&Hﬁﬁnﬁeﬁﬁlt‘@% ARGy EP L% 08 25 A
second source of usiedn &b  bEDRF@uUts igternal eslignals of host adapter 240

during system operation for real time debugging

15 purposes. Once SSPIOC 254 receives a LED command
packet with bit D1 at a one, the SSPIOC 254 stops
responding to all cdommand packets and simply passes the
signal on line SPIO- as the signal on pin LED#. |

.&

The test mode is exited only by a reset
20 signal RST# or by power-on reset. 1In the test mode,
- host adapter 240 multiplexes out internal signals onto
'line'SPiO— depending on the value stored in bits
TESTSEL [2:0] of register SPIODATA (1Dh), which bits
while in test mode are assigned the function name of
25 TESTSEL, with bits [7:3] reserved. The value of bits
: TESTSEL can be changed to select a different intermal
signal to drive line SPIO-. See TABLE 3 below for
definition of bits TESTSEL [2:0].
TABLE 3
30 Serial Port Test Mode Assignmenﬁ Definitions

. Value of Name of 1nterna1 51gna1 in data transfer
bits circuit 220
TESTSEL
. ' (SPIODATA
35 E2:0])




changi ng the value of bit DI AGLEDON in register SBLKCTL (e.g. bit 6in

reg. 1Fh) i n_input-output bus nodul e 221, provided bit SSPI OCPS in
ext ernal’ resburce status register I':;I OCAP is active (e.g. one) and 30
bit DI AGLEDEN in register SBLKCTL (bit inreg | Fh) is active (e.g.

one). Also in this case bit Dl is always

22 zero and i ort g t-output circuit 254 -asserjts the
signal on pin LE)# Iov?’f/men H% ero_. e.g. bits DI AG_EDC]\I ard

DI AGLEDEN are bofh oneg Slav¢ ne WEI al ‘port input-output circuit 2':4_
drives a signal ¢n_5 |n LE %CAh en bit DOis a one e.qg. bit D A®MEDEN
I.S a zero and bit DI AGLE TREL Or i nput-output bus 284 {i s not
busy .and bit D AGLEDE ¥ dA%H% Athird source of signal UFDREQ

i.'s generated by figmivare ft e N geaexslef i ned soft conmand
10 byte te put 4erial Ié,nnrr %M{%r%" am?éq?&éé gbﬁ] Ih?ggt pest mode Ptm

i ndi cated by settli ng bit Dl Qrgkegbeibe LED command cycle, and in fthis
test node, line $PLO s qu to bring out internal signals of hast

adapter 240 . dquringjisystemhmaami-i on for real tinme debugging 15
purposes. Once $SRPLQC 254 rgceives a LED comand packet—w-th-hbiti D1 at
a one, the SSPI O 254 tops | pevaEpending to all comand packets and
" Si n‘p|y passes th QIﬂan ohJline SPLO. _gs thg c_LnnaI oh n: A—-ED# |
The test node is exited onIy by a reset 20 signal RST# or by power - on

reset. In the test mRésh of thécahowaidmternalosignalsgliexeypplied e nal

signals ontojg aligle c%PltOm LRl ¢ 1erstibe Mﬁé@elsstlwchdba bats
TESTSEL [2:0] of register AT%_( 1%}22’§ mi C SW W Le c|)n t est
node are assi gned™® ’?t?r‘?&?? 1 Bt Bst FFSBePge Yo ot
reserved. The varxiteftdiregister SEONN, @alﬁtbeew@%d:om&rgélecﬂ#
different internghagges aS'stéJcté@ fHisthdll BegrEl Go 298.a1ABLEL3286! ow for
definition of bits TESTSE al %FSACHES indicates that there is data or
15 space of one selected cache line in FIFO module 222
that is used by system bus module 225 to select a
predetermined command for accessing system bus 283.
Signal DFCACHETHLA is a look ahead signal for
streaming cache lines to improve bus performance from
20 FIFO module 222. ' '
Signal PAUSE requests sequencer module 223 to halt
operations as described in the U.S. Patent Application

3

filed by Craig A. Stuber referenced above.
‘ Signal MREQPEND indicates that a memory request is
25. pending for access to system bus 283 by system bus
module 225 to transfer data between FIFO module 222 and
‘gystem memory 282. '
Signal FRAMEO- is an internal signal that is
active when host adapter 240 is acting as a bus master
30 and is the signal supplied to the PCI bus as
signal FRAME#. '
Signal DEVSELO- is an internal signal from system
bus module 225 that is active when host adapter 240 is



TABLE 3 30 Serial. Port Test Mode Assignnent Definitions

Val ue of, Name of internal signal in data transfer bits

circuit 220 TESTSEL ( SPLEDATA 35 [2:0])

23 7 or 6 Unassi gned 5 DFCACHES 4
DFCACHETHLA . 3 - PAUSE (not equal PAUSEACK)

MREQPEND acting as appgt@rget and is the s:.gnabEm:@.ed to

Each of the above:tienpemnhhssas}rﬁ]@ausnmgm#.ed on 10 a LED test si gnal “bus
LTSTSIGL that is inclyge r t - Qu r%#ﬁ
response to a Wi f&g tg%a:p:elclm t%aiég , rgesgu%c%lg lntf% er 314

passes a sel ect efleSFréPRE| a%‘?‘fﬁwal‘"hﬁﬁ §EY|‘a¢eFRﬁrtth236tatuS bits isgisghal
DFCACHES i ndisat elant bRt cbh@iaoxﬁ dat alave lSeridlaporef seacusateafiist@drcache

[ine I FIFO Moty 1y adlitle bScssdhitc S SRL0US IOGLE 2% (O

select a
Si gnal DFCACHETHIPAnl LER#) Bﬁkl‘éﬁwéci’d"§ﬁ§ﬂ£l¥fmdlca e tn error, such as

a parity error, provided that enable. LED error display
bit 7 is set. This feature can be used to aid in
10 system debugging. ' '

Referring back to Table 1, in response to command
signal STPWREQ, command byte bit D1 is set to the state
of bit STPWLEVEL in register DEVCONFIG of system bus
module 225 and bit DO is set to state of bit STPWEN in

15 register SXFRCTL1 of input-output bus module 221. This
command signal is issued after the first write of a one
to SCSI terminatior power write enable bit STPWEN.in
input-output module 221 and there after whenever
bit STPWEN changes state. Changing the state of SCSI

20 termination power level bit STPWLEVEL in system bus
module 225 does not cause this command signal to be
issued. Signal STPWREQ can only be generated when
bit SSPIOCPS in register SPIOCAP is one.

Following assertion of a reset signal RST# on

+ 25, system bus 283, SSPIOC 254 keeps SCSI termination' power

. control pin STPWCTL in a float condition (three state)
until the first command signal STPWREQ is received as
shown by Table 4. |

Thereafter, SSPIOC 254 controls SCsI termination

30 power control pin STPWCTL based on values of bits
STPWLEVEL and STPWEN. .

TABLE 4
Signal on SCSI Termination Power Control pin STPWCTL

. STPWLEVEL STPWEN STPWCTL
-t

35 )] Z (th;ee state)




stream ng cache lines to inprove bus performance from 20 FIFO nodul e 222.

Si gnal
described in the
r ef-erenced above.

PAUSE requests sequencer

modul e 223 to halt
U.S. Patent Application
Si gnal MRE

operations as

filed by Craig A Stuber
D indicates that a menory request
I's 25 pending for ‘access to system bus 283 by systen1bus

nodul e 225 to

transfer data beffween Fl 2 ;

Si gnal FRAMEC i gggé#ﬁ% ~ac ive eﬁéﬁgst adipt er
240 is acting as|a bus ny a S e stgnal Jupp 0 € | bus
as signal F VEA DEVSED- is 4n |nterﬁbl si gn from
system bus rfodule 225 that.1s acifve when host |adapter 240 'S

24 acting a4 a Hus target ahd is the sigﬂal suleled to? t he PCl
bus as signal EL I'n addy ti1on to the tfhree sogyces of ki gna
LEDREQ descrilbed "above, whern any one of the statys bits i's set 5 (an
OR-condition) in sla%@ seri al poyt statts regi.ster SPICSEAT I n SSPI CC
254, SSPI OC 254 (rives a kignal in LED# actije to visually inficate
an error, such as a parity error, provided that enable LED error

gl.z pl ay bit "ritss ipwL.EVES 51@&“9.'{'!‘&_'@%?&%956&&&&1 &d BsbPocsysd em
ebuggi ng. 0 Ta Q,C

si gnal  STPVREQ cb ﬁ?ﬁbﬁ""@%ﬁ?ﬁﬁ 1 s‘-”e?e‘P%FB PhicQIFIE =na E’&F gft’wm

STPW.EVEL i n regi &t ored3B¢@ONSKERCTLE whenmcommand sigrhll STPMBREQndsbit DO is

set to state of bisgedWRAMEN pAtlETPRENd i Wse&XEBCEéélﬁtéM out put bus

R TIHE d6her it 1L Bn

i-nput-output_nndumeedﬁd_tpuﬁeahéueaeéthus\Megmenstors 3¢9+ STPVWEN changes
Changi ng the stodgidfat$6R! power supplied by bus terminators 360

nodul e 221.
one to S

state.

15

20

25

30

er t he first

T ethe, Vol

to input-output bus 284 is turned on or off as
indicated by bit. STPWCTL based on the
STPWLEVEL and STPWEN listed in Table 4.

When SSPIOC 254 is not present or
(FIG. 2B) is present, pin 241 defaults to SCSI
termination power control function and causes the
output of pin 241 to float until bit STPWEN is written,
as described below in reference to FIG. 12B.

values of bits

if bond wire 249

Whenever a module of data transfer circuit 220
writes to a register SFXRCTL1l (not shown) in input-
output bus module 221, instruction router 311 passes a
signal to a single byte write comménd controller (not
shown) of hardware resource controller 313 to transfer
the current state of SCSI bus'termination'power level
signal STPWLEVEL and power enable signal STPWEN to bus
terminators 360 in support circuit 250. The command
cycle executed by serial port 230 in response to
command'signal STPWREQ for controlling bus
terminators 360 is similar to the sequence of actions
described above in reference to LED 350, except - that

.

%qlte of a



ThlSShee —— :
20 term nat t Has ¢d bit STPW.EVEL in system bus ¢ sheeTAIks BirmiS
not cause t nal to be i ssued. Signal STPWREQ mmLK'cﬂw be
gener at ed vvh | OCPS in reg:_g er SPI OCAP i s one.
Fol | owi ng assertion of a reset signal # on 25- system bus 283, SSPI'OC

254 keeps SCSI termnation power control "pin STPWCTL in a fl oat

condi tion (threebitst Bp and Dirin [thehcotmand hyfengentaipnbite SHANREQ i s
received as oH@EnhYs TOPHRLEVEL and STPWEN helspabtevel$SPl OC 254
controls SCSI termnatjon_3 0 rcﬁgﬂg&&cpéf1&§LPW&sbgggg n val ues of
bi ts STPW.EVEL angd ‘gna B

Si gnal on SCSI Teesudst pEnseeting Gkt CHPRET nimsmegdster HCNTRISTRVY EVEL

?TEWEN )5 SHMWEER b35 module &25, provided thatzslave present Z

three state

STPW EVEL ﬁmENSSPIOCPS lséﬁ¥W[ﬂEhe action of s%rlal poBt 230 is 0
0 2 differgnt for command signpal CHPRSTREQ than that 3

1 0. described above fdk signal LEBREQ. Rathei th&nb Bits

STPW.EVEL and STRPVEN are transmitied to. SSPI.OC 25 from STPW.EVEL
in register DEVC(ﬁﬁlgln@“‘&ﬁd % x8e Y’ﬁtt?esgti ar S5 ‘? %e-rl%-: ¥command
signal STPVWRED i dits sas:ssltmlrt B30 SIRPEX dum@ mgaeil ontRim 24110 '

termnators 360. ¢ Pid pptR¥EEMEnddYARbEe tbe & Yriedd@ermined number

of clock cycles. Specifically in response to an active
reset command signal CHPSTREQ, serial port 230 resets
all internal registers except for system gonfiguration
15 registers located in system bus module 225. Serial
| port 230 also executes a soft reset command cycle in
which serial port 230 drives a ‘signal on pin 241 to
logical zero for 12 or more clock cycles to reset slave
serial port input-output circuit 254. In response to
20 this reset packet SSPIOC 254 resets certain registers
‘ in SSPIOC 254 that are visible to host adapter 240,
such as registers SPIOSTAT, BRDCTL and SEEPROM.
Certain flip-flops that hold the address for BIOS
accesses are not reset. SSPIOC 254 also drives the
25 signal on pin. STPWCTL to the selected inactive state
"~ (bit STPWLEVEL unchanged and bit STPWEN inactive).
The reset packet is issued as soon as possible
after the leading edge of signal CHPRST by master
serial port input-output circuit 210. In all commands
30 except a soft command, SSPIOC 254 is reset on
completion of the current command, and soft commands
are aborted if the last command byte is still not sent.
Therefore, master serial port input-output
circuit 210 and serial port 230 provide a seamless and
35 .compatible interface between resources in support
cirouit 250 and various host adapter modules. Host




needed to deactivate bus term nators 360. Term nati on *power
supplied by bus term nators 360 to i nput-output bus 284 is turned on
or off as " indicated by bit STPWCTL, based on the values of bits 15
STPW.EVEL and STPVEN listed in Table 4.27 Wien SSPI OC 254 is not
present or if bond wire 249 (FIG 2B) is present, pin 241 defaults to
SCsI term naldapteRopst €@id @n hHACOEPMNGa@RUEASeé N@ifferentut put of

pin 241 to fl oat il Ircg it ﬂ_f\)@E%iaW E’}@r&mé’% °%§Pg§2‘t€£{'$$" t%%leow in

reference to FI G . enev I circuit
220 writes tldED 358gRBEdPussiemminaterdt3ahomeingnhapguare out put
bus nodul e 221, irgdouieel obnteolileir 313, paamda executdrgpab &mda single

byte wite co rEjetﬁ%ﬂt ;:8%9536%9{] Zim og;\ﬂ% f har dwar e resource

controller 31 rrans a e ‘of SCSI bus ternination
povwer | evel " si gndm S@die i aaﬁ@dﬂéﬁe%némﬁﬂ adapgRxEl 24TPYEN to bus
term nators 360 iwridepROBatE bEts ton?dataThEp@OBENB25, thaycie executed by

serial port 230 |é1 ree?g__%ﬁsgotg )%.te %gggnguélm,r §£P$§§ggf oL sond rolling

bus term nators IS sim hé Sequenceé o i ONns
descri bed above itransferchue 2%5Lliﬁ913§®:am33(%ele RUtding an address 1Dh

26 | g IT tP \S/\iEE\?Eim dghg_?g\?\ga&smr&ﬂ e§Ostar BROMTLS LAt Bardwardf
S|gna S an [ e i.vel

CHPRSTREQ (Tabl e HEEqUE G SBET 3L eIC% 1% é iimdtoid 1“&’1"1%0m%8“1: %%F ‘in
regi ster HCNTRL |¢has; 1%@99@%@%@ trmmwe°1225ad<blrw dug CHAPRsimbx}ﬁdasent

bit SSPI OCPS is ofi¢.datli¢ taahkfér Bus@deal pArie deS to suahfaew:emefor
comand si gnal PRSTR e f.or LEDREQ

t ha
ot hor it paon ! TS yiRees, Baed Wneror, SERSELES RARANS ReRidiiln FRED)
bits serial pbrt meﬁ 3y deivee s aﬁlgngﬂaacbh‘f@lqn ;_a411ardwar§-o a

predet erm ned volp@gesfidl dupledetSrdNipyRedne8R€Foller included in
hardware resource cdontroller 311, if serial port 230 is
available and if board control logic 370 exists on
support circuit 250. '

20. Instruction router 311 also determines the source
of an internal signal on master input-output bus 245
from the state of a sequencer source signal PAC2SPIO on
‘magter input-output bus 245. Depending on the source
of the in;ernal signal, instruction router 311 drives a

25 stretch signal, such as stretch sequencer ‘
signal STRETCHSEQ or a stretch host signal SEEBRDRDY,
to the source of the instruction, such as sequencer
module 223 or system bus module 225, to wait until the
command cycle is completed. On completion of the

30 command-cycle, instruction router 311 drives the
corresponding stretch signal inactive.

In response to an active instruction signal on
hardware bus 311H from instruction router 311, the
board controller in hardware resource controller 313

35 drives board request signal BRDREQ (Table 1) and board
write signal BRDSEND active on serial port command



of clock cycles. Specifically in response to an active " reset conmand

signal CHPSTREQ serial port 230 resets all internal registers except
for system configuration 15 regi sters_|l ocated in system bus nodul e 225.
Serial - port 230 al so executes a sof?sreset command cycle in whi ch
serial port 230 drives a signal on pin 241 to | ogi cal zero for 12 or

more cl ock cycl ebuso322setlrs|mesponse teractiveocomnandtsignadg BRDREQi t 254.
I'n response to 2Qng BRHSEMS EmraRAK 8ke QRFILOG 2454xEEEEES &Q&}ﬁtﬁé Rxfiegi sters.

in SSPI OC 254 that are visipble to host, a as _registers
SPI OSTAT, BRDCTL Sqf=3¢ Tnat 81 % o %PFoBét ’t%cﬁ°&““taﬁ‘ addr ess
for BICS aceysdesdeseriked abowe. fssmm:m exseptdrthats qommang

signal on pi s STRYCELC? 336 hitied Anasid (ackes! 62 subéé&derﬁTEWEVEa .
u i 1 s i ssu s
soon ag possi bl e FFARNSMEPELPR %qﬁﬁpﬂgp%%eet 421 Bﬁ Eﬁﬁﬁlﬁ%sf#soy Tast er |

serial port inputanoacpoowtedgeiipacked. 463 nfron ai@maﬁggla;b poxrtk dayputa sof t
command, SSPI OC 2pdple E€8&6it0ksa. . conpl etlon of .the current cormand and

sof t commnds are aborted if thg |.ast é#?T}Z%& o not. sent.
Therefore, master ser P2 PRI uf"ﬁ‘ﬂ‘f‘an g&a}c ancF F&Tal port
230 provide ®0 sea:rdae'slscant:erB reg:catpat BRD@TL ritre (S8R3ECha%4ee i our ces in

S gpport - ci rg&fg&nta%éo vagd %%ulaasrmé&ta&% %rdd'fﬁﬁld:c fﬁér bestd
adapt er u on an as ree differ
[ esour ces: EI ave Cé’é’rtrr&ﬁ' EB?%cu%"pﬁn eogt‘pﬁ? ctf Afse ngg prov"@%bbﬁaa(f and bus

term nators 360, amitmglhbitvVBRRCTL inr exbernal aasougiceer 313, conmand
executor 320 and I%g?l.%ﬁ:b@l S?%é}\ﬁ% %@tﬁv@' Qﬂ:hesd?tn c%ﬂ@nand enable I N
addition, a nodul.e”in _host adapt i cﬁ;ﬁéféﬁan dat a
i nput bus 32%5° t Rt [SOFTCMDER r?\?‘?‘f’%cehd:teglﬁﬁgr cifuded in
dat a t r ansf erirnagti¥26, When eb&mmlceeby patfrow hostaproeessanh2sl,
signal TRDY# on PCI' bus 283 is not returned by system
bus module 225 until the command is completed. When _
the aécess is from sequencer module 223, the sequencer
20 ' clock is stretched until this command is completed.
Board control register BRDCTL, that is defined in
TABLE 5, prdvides the capability to control reading and
writing of external device(s) interconnected to the
SSPIOC’s memory port which may be shared with EEPROM
25 and SEEPROM.
TABLE 5§
Register BRDCTL in SSPIOC 254 and in Hardware
' Resource Controller 313 '

Bit # | Definition

30 7:5 | BRDDAT[7:5].
4 BRDSTB.
3 BRDCS.

2 BRDRW.




10 of a nmaster board control register BRDCTL in hardware resource
control ler 313 on master input-output bus 245, - that is connected to a
write address bus CDADR i ncl uded . in data transfer-bus 226. In response
to such a wite to master board contPol register BRDCTL, instruction 15
router 311 drives a signal active on a hardware bus 311H coupled to a

board contrall erf | ne rce controlTer 311, 1
serial port 230 70" I ﬁegbpétﬁn@WFﬁgom rol |l ogic 370 exis{s on
support circuit 250 20 Instruction router 311 also determ nes the

source of an intglha HednglieoNs 's?pﬁke%é&'}wﬁ%% éiea from

the state of a sequencer SOUI’CG S| t er _i nput - out put

bus 245. Dependi REBNtEHe axsuCRLY gmm%‘ftec &9 R‘E‘E'Fn’é?['é'l%‘iéﬁf S1A¥Er uct i on
router 311 dii veseaifb poxtt r:mpmlu-sugpatt ,Cingntita254t wher tbite GEENSeis

si gnal STRETCHSEQCQE.%@ SIEALL BrBBRY S19 Wlt%EE@BQRGYen board Feklde source of

the instruction, such as sequen or sglstem bus nodul e
225, to wait untWFitgebit B m%nﬁ?c}% ?a?lfoﬁpFﬁt%%a tG"f’e‘co(r‘?pﬁetlon of
t he 30 command cy:eice) amd trhee virdtenuvalu K bdtisVBRDDAR is asseatedspondi ng

stretch signal gﬁc NE -MD[7: In response to an active instruction
signal on har %\are bu[s ﬂlH frominstruction router 311, the

board contrdi®er in h¥Remehis BEOBH i8 2o (a-gr 8BS JBits) ERADAT, axe
request signal BrEREQifabl ©rnk) embddbwent] of slawei bersagmdrtBalaﬁﬁllle active

on serial port cg bus 323.
I n-response to act egc%ﬁ%%l& 224 cfmnﬁw ts BRDD TB%SSIQND C(?lns

execut or 320 exe&@t d2:3] pyR e“ﬁq e curg 16’?3,4 gtartof RS nilar to the
bit wite comanéignalsysh epﬂ&smm HedsabomdmrerLEﬂoaaﬂnemamotslrahat

comand 5 exgeut 9,329 LEpISH Bulahe PACKAL 482 SURREAUSTH: O

transm ssi on of comran acke cknow edge
packet 463 from SREPBTLZ} i 8@ Bigy MD7npRe- comnects BRDDATIS:5] to SCHI
: cable detection input pins CBLDET and XCBLDET (not

shown) or SCSI termination detection input pins TRMSH1
and TRMSLO (not shown) depending on the state of bits
20 BRDSTB and BRDCS. _
Board strobe bit BRDSTB is coupled to pin MD4 when
bit SEEMS is active. When bit BRDSTB is active (e.g.
one) pin MD4 is asserted low. Normal use is to store
_ the desired write data in blts BRDDAT[7:5] and a one in
25 bit BRDCS and then store a one in bit BRDSTB to :
activate external pin MD4 of SSPIOC 254 at a low level
and start the strobe to write the data into the board
control logic. A zero in bit BRDSTB, ends the strobe.
Board chip select bit BRDCS is a read/write bit
30 connected to pin MD3 when bit SEEMS is asserted. When:
bit BRDCS is actlve (e.g. one), output on pin MD3 of
SSPIOC 254 is asserted low.
_ Board read/write bit BRDRW controls the output'
state of pin MA15 of SSPIOC 254 when bit SEEMS is
35 active. The state of bit BRDRW also controls the data
direction of bits BRDDAT[7:5]. When bit BRDRW is




output circuit 254, So, board control command si gnal BRCTLREQ

accesses 10 . board control register BRDCTL in SSPI OC 254. This conmand
si gnal i's issued when an address for boapd control logic 370, e.g. 1Dh
I s accessed provided board, control Bi't BRDCTL in external resource

regi ster SPIOCAP is active- and soft command enable 15 bit SOFTCMDEN in
ext ernal resourcelnasfiiveee.$P| 2304P bhis BRDDAT harhli \Are owppHttard igess i s

from host procesm]_sZag assertédgl.w elgDYZeps. PCl bus 283 i's not returned

by system ‘bus rmng ﬁé?j’fﬁ unt i a?- conman Ss eng\he t he
access is from sequencE®® WBYEGTan & 256 8f1 FHLE 5%t ched
until this commarkhusedcbipsecaxel. 1gnored Board control register BRDCTL,
that is defingd in -rheTABhEn :Riﬂ‘de@e&otéﬁté‘rﬁ&':lblﬂdsbﬁrbescﬂéltim readi ng

and witing xtern ce n nect e .SSPI OC' s
memory port whic "fﬂi%lﬁél gﬁa? %ﬁ'ﬁ(‘Fe)E ﬂ&ﬂ‘ %’ &‘%Eéﬁﬂogﬁ
TABLE 5 derwigied se b igRICTL BJH:SSSBE@%ZS&S amdijgateds dpay ealso

EGSOEVREGSTCB:OM rol gy udbd for boaﬁ!l tl&ﬁl@fcbﬁtitbpnlf Hbgired(: 5 BRDDAT[7:5].

. 29 1 0 Unused%EtF§ fgﬁ&*ﬁﬁiqf(ﬂqpmand pacE € 461, slave serial

port input-output circuit 254 waits for the data
packet 462 and then starts transmission of acknowledge
packet 463. Slave serial port input-output circuit 254
updates a slave board control register BRDCTL with the
data byte retrieved from data'packet 462 so that both

15 the maéter_board control register and the slave control
register have identical values. For convenience, the
same reference numdral BRDCTL is used for the master
board control register and the slave board control
register. Slave serial port input-output circuit 254

20 then completes transmission of acknowledge packet 463.

' The actions of command executor 320 and hardware

resource controller 313 subsequent to receipt of
acknowledge packet 463 on pin 241 are similar to the
actions described above in reference to acknowledge

25 packet 452 for LED 350. When the acknowledge detect
signal ACKDET goes inactive on acknowledge detect
line 322, the command cycle is cémpleted and hardware
resource controller 313 drives a board ready .
signal BRDCTLRDY active on hardware bus 311H that is

30 connected to instruction router 313. In response to
active board ready signal BRDCTLRDY, .instruction
router 311 drives the corresponding stretch signal to
the host or the sequencer inactive to indicate
completion of the write to slave board control

35 register BRDCTL.

R



Board data bits BRDDAT[7:5] are r'ead/vvrite.data. bits that are only
connected to pins MY 7:5] of slave 5 serial port input-output circuit 254

when bif SEEMS is active. Bits BR are wite bits when board read
wite bit BRORWdefined in Table 5 is ihactive (e.qg. zero) and the
witten value of bits BRDDAT is asserted on pins M) 7:5 VWhen

]. 10

bit BRDRWis active eily.respensg tQ BRI ofr @ master kpand Fontrel enhodi nent
of slave serial pegiste BRDCTL, thé padtiBnsCOift iRBYruatitec rdubiets3 BRDDAT
[7:5] to pins ,@@54 ' I 9]1&5] ,
signals on pins % :%e] %ﬁ%gf&gfg%%dﬂrgeﬁlt%%f g ave }Sétc?grglga{’ggort
input-out put cir8Rftsbave &§xiadt BORF  input-onRpRATEACYHF 754 RAB? and

connect s BRDBAT[ 8ihildn t9CShe actiomdldesiatidedd abovepin yeflerenBeDEd and

XCBLDET ( not L tl t i §e i ns TRVSHL
and TRMS(LO ( not gﬁ%v\n e %g)n |n§e%§££%1%@sdt°g{t%§g gf ?_%ﬁé\{%'ﬁ% B and BRDCS.

e
Board strobe bit® ghat conprRe eEePItPIVB20\RERCUtes &HiRyteErRAd) S
active. \Wien bit cORMTIB ¢yclac invehieh gcommand exerupon 3d¥ tranamiest &d | ow
Normal use is to ' he.desiLted i | L1S AT[ 7: 5] and
aonein 25 bhi tc%%daﬁmacfktetﬁe%]gt giﬁieéé %@e%?lr?d%?f?eggb%ﬁ%@ activate
ext ernal pi AOvD4agknoygiedge Packgt 472 owWwdididelfor a daky Rackat #¥fé-strobe to
wite the data i gbamahe dsdutor 320Cpassed a ldagiacbyte zostrievdd ErBRDSTB,

O et L9, Ragkes 17 brcBhaEALE Sl 5 BRGS0 ARMpUEALE 1!
is active (e.g. 6B}, TAEgHBIn Whichobn dfurn passep| tre aptyievedserted | ow.
Board read/witedhth BRERWIC @altaolifiphbebwsitIvg, that $hade Gmbydimbht5 of
0105 25 B! Ay 2y Dol S S I 2
30 data transfer bus 226, to the module that originated -
| the internal signal' to read data from master board
control fegister BRDCTL. One set of bit definitions
~ for a master board control register BRDCTL and a slave
20 board control register BRDCTL are listed in "AlC-7870
PCI Bus'Master'Single-Chip SCSI Host Adapter Data Book-
Preliminary" available from Adaptec, Inc. of Milpitas,
California that was incorporated by reference above.
Soft command signal SOFTREQ (Table 1) is only
25 issued as a result of access by a host processor 281 or
sequencer. module 223 to serial port control
register SPIOCTL and serial port data register SPIODATA
in soft resource controller 314. Before issuing a soft
command signal SOFTREQ, the firmware or software '
30 examines the external resource status register SPIOCAP
to determine whether soft commands are supported. The
command byte value. and number of bytes to be
transferred following the command byte is
register based and allows all values to be used. The
35 acknowledge detect signal functions the same as in the
" other command cycles.




I nactive e.g. zero bit BRDDAT[7:5] .are output and pin MALS is asserted

lowe.g, zero. Unused bits are always read as zero and wites to
unused bits are ignored. 5 The tighng provided to external resources
iIs a function of a software routine that matches the device S

timng. Bits SEECTL, as indicated, may, sdfor d gic
control if desired. 1P responge tp ph im aﬁr’ﬁl (?d'ﬁﬁﬁ#d PR ™ °%S‘E1L ave
serial 10 port idapattvamgpfer circuit 2% o writer Orhm%@téa packet 462

and then starts %aaaeeﬁswrh&ft ee!sae%ed:g@, ms@acﬁlseio&%u@za\aelserl al
port input-output CirFcui boar d.cont r.ql | ster

BRDCTL with the 9¥iV§§& ﬁ°’5§ﬁ§?‘?@f‘?‘?e§éﬁmﬁ’ orﬁcd-'zitvg SH RRET LS 1tlﬁ bot h
15 the nmast & bddndscdhl$ dthategiret epnnecteddosspfs teaeurte regi ster

have identical vadJheso1ter §ﬂ1ve&*hene§er£@ﬂ>n of %%EE teéeﬁ@we nurer al
BRDCTL is used for the %slave

d_cont.r.ol Lster
board contr ol °°P§§P%¥a’? 3{:'3 a?\?esé’g?ﬁ'ﬁf borkhs rﬂ?& ag u?Pmora}:rwt 254 20
t hen conpl et es t rcamsmrpidevnimfhandwazel edg@lm:mnwséler 313 The
actions of Commf&ése&ﬁsuaoab&?@e%@ Eai’:ﬂ&@r&xe act:.bﬁ%oafceoﬁ@nt roI ler 313
subsequent to recei pt of packet n simlar
to the &t (ﬁ?§°&§§8r?%ﬁr°§§'§\? 3?% ’é?e‘?%'ﬁc‘é’ﬁ& gkngb\? % packet
452 for LED 350. théhbgtehetanddhdu eegdstier c3RIOCTL thagnié MIQioes

i nactive on acknq\?_bqggg det ect i ne 322, the command cycle is
~conpl eted and har resource cong ol l er 313.dr.ives boar.d ready
si gnal .BRDCTLRDY act i $@EEnTREPURRS £OBGTCseH %’r%at“ﬁ"&“éﬁs 2ohHeR T ddt o

i nstruction rout efirdt3out| mem@gp@Eiement that. kfifiers bpatd theesy hyitgsal

BRDCTLRDY, 'fe”te;é'daea readr@f&.? sort! rdbbifse (4 GoF &eeseﬁgéngosetretch
signal to the host or th uencger 1 nactive t 85 g}iate
|

conpl etion of thésad t’-é‘sFButh% U Ao b ool Hl 01 Yo g

executor 320 buffers a fourth byte of data from spft

resource 340. _
The address of register 341 in soft resource 340
20 is identical to the addréss of the master board control
register BRDCTL and instruction router 311 selects
register 341 if a bit SOFTCMDEN is active in a
register SPIOCAP that is described in Table 2 above and
otherwise selects master board control register BRDCTL.
25 Prior to issuing a soft command signal SOFTREQ,
soft command enable bit SOFTCMDEN in external resource
status register SPIOCAP must be set. Soft resource
controller 314 is clocked only when soft command enable
bit SOFTCMDEN is active. Therefore, to conserve powef,
30 soft command enable bit SOFTCMDEN is set only when a
soft command signal is to be processed. Care should be
taken when the firmware in sequencer module 223 issues
‘soft command internal signals because of poésible
interaction between host processor software and host
35 adapter firmware in sharing soft resource

4



31 I'n response to a read of a master board control regi ster
BRDCTL, .the actions of instruction router 311, har dwar e resource '
controller 313, command executor 320 and sl ave serial port input-output
circuit 254 are 5 similar to the acti dds described above in reference to
the wite to master board control register BRDCTL, except that conmand
execut or 320 exe®pmgzodlpytI3l4 caThe fotdbowingl i/ cne soheme cls pniecit
executor 320 trany® tSad a semdpHyred packet 471 (FIG 4G and after receipt
.of 10 acknow edge pa&%e% 47 wai ts.for a data paraléit 473. Conmmand
executor 320 passes a-daF2®byiEWake A8, BEARTRGRT modyle 223 wantu 9 on

recei ved data |iri@sug2a soft econmanddsignaliatsequencer 8é@ulet22h in turn

passes the redri eiRmild £idat Schudie 10ek0BLiE 1, NPuUls b33t ﬁ_.hﬁ% d'cf!t one
ncl uded

enbodi nrent 15 is cgoupled to a destinatio at a buys _ CSDAT | n

data transfer bu?e%26l,%ef13e?ﬁ%r rﬂﬂ?f’fltl& ?%ﬁtfﬁéfﬁisr?&llé& port 230 b¥it er nal
signal to read daettingmlioektlsit Jo&odone incmertiadl poegi sbrtr®RDCTL. One set
of bit definitionggisterf 8p16cTRAL 28350 LMY )] TaBERSEL! BRDCTL and a

sl ave 20 board control register BRDCIL are listed in "A C 7870 PCl
Bus Master Single-Chip SCSI Host Adapt eFREE $2800k- Prelimnary"

avail abl e frbin Adapt ec, | nSericl olrpi tastrol regiasiteroSRIGCTIAt was

i ncorporated by reference abgyegoft resourceSebhtE &1 gnal SOFTREQ
(Table 1) is only 25 - issued as a result of access by a host processor 281
or sequencer nodule 223 to serial port control regi ster SPI OCTL
and serial port a r#el ter, SPI CDATA I'n soft resource controlljer
314. Before i ssuilfg a*spf F*°* 2% opmand si gnal SOFTREQ, the firmware {or

S
software 30 exaf E CXLernal TESOUTCE Status Tegrster o ochar to
det erni ne whethe sdft ESRRAANED are supported. The command byt e jval ue
and nunber of byffes 10 pe Translerred roftowng the comand byty i s

register bastd afd & 1 opkask|B¥kE E8)t0 be used. The 35 acknow edge [det ect

signal functions[The sa The ot ner comand cycl es.
Y ' (% TEogﬁ kL . : y

4 | Timer (T).

3:2 | Reserved. Always read as zero.

1:0 | Read (R[1:0]). .

20
~Send bit S is written active (e.g. one) after a
byte has been written into register SPIODAT at address
1Dh. After the byte has been shifted out to line
SPIO-, soft resource controller 314 clears bit S. When
25 é module in data transfer circuit 220 samples bit S
inactive, the next byte in the current command can be
loaded into register SPIODAT. After the last byte is
shifted out as- indicated by bit LB, soft resource
controller 314 begins sampling for a response for the
30 current command from line SPIO-.
Last byte bit LB is set when the last byte for the
current command is to be sent or received. After the



32 -I'n response to an internal signal.froma nodul e of dat a
transfer circuit 220, to wite or read a register in soft resource 340,
(nstruction router 311 drives correspondi ng signals active on soft
controller 5 lines 311S that are conneted to soft resource

controller 314. The operation of soft resource controller 314 is
simlar to the operts ihas beepoahifted omsneroin cthrouginddner 8P¥@sour ce

control ler 313 softe ¥dddede 28ONErANERPB1ENaled e 13 BREeObicOld 10
resource controll${‘3314i epgengrolled by the value of the byte stored
in register SPI That % PtrsPed in Tabl e 6. Soft resource
control l er 314 incl udds®ck bitsk-im-a read/write-bift withouy ap¥nent that

buffers up tosthrggrdyErRs fhbct 96n datidbdkeddef 1,008 S@fdd ysavsee 340 in

response to a [ i_n uction frominst ti router 311 Command
Cxebutor 390" but (RFSSEaz, 281 i Fesrieites BOaHFE £ 2" speidtnore T
The address of T ebP prevent]ovarwsiting eaghcetBean D) boths ofdshencigsue t he .

address of the nmagéet damiafidgQntAOsemaphorec@ibshet MHddel iEndefishedict i on
router 311 selects 1?:?é§g|ster 341 i f It SOFT Nis active in a
e

a
regi ster SPI OCAP Pode SOPFHRg" i"?‘?el'gf)’rfg FORBTE "and ot herw se
sel ects mast 8P board ®imerobitcli s & BRBETLe phner bit pProyided fesuing a

soft command si gngéssdrdaRage instid FORNBBELRaED | teineirt 1865 I CVPRRES N
ext er nal resourpeb. tatus.Egﬁést r. SPI,OCAP gyst be §gt. oft resource

control | er 314 isPtF ot REEHNFEY AEHE Gaftant! mEticallyi soeTovDEN
is active. Ther ef becomes inactdvee8powms afger tast kyherdid &Babbe bit

SOFTCMDEN is set gnéaredieR.g. last SBfte GFEBRAaRd Hilcduple@el§ Processed.
Care should 3 .ssues

sof t connandggnte?ﬂ%#géfgﬁgﬁgngéggﬁééégggég?ggﬁéﬁggfqg?%hggg ei%ﬁ°ﬁﬁtmeen
host processor sofigeak fnah BegueBéemdegiiude RRBmware in sharing soft
resource In one embodinment, instead of last byte bit LB,
read bits R[1:0] define how many bytes are to be _
expected in response to the current command. In such
20 an embodiment, after a byte has been shifted in from
line SPIO- and transferred to register SPIODATA, that
is defined in table 6B, soft resource controller 314
decrements the value of read bits R[1:0]. Software can
read the value to determine when the shifted in data is
25 available. Read bits R{1:0] can have the following
values: 0: No bytes expected; 1l: One byte expected; 2:
Two bytes expected; 3: Three bytes expected. In one
embodiment read bits R[1:0] are encoded as data bits D1
and DO in the soft command byte formed in response to
30 command signal SOFTREQ. - ,

When set, lock bit L in serial port control
register SPIOCTL prevents host processor 281 from
interjecting a request during a multiple byte command
cycle or when read data is expected. If send bit S is

35 set while a hardware issued command cycle is being
exeouted (e.g. due to automatic hardware action or PCI



33 controller 314. The following is one schene using | ock bit L as
a senmaphore. If the firmvare in sequencer nodul e 223 wants to

i ssue a soft command signal, sequencer nodul e 223 5 should first check |ock
bit L. If lock bit L is not set, seYiencer nodul e 223 | ocks serial port
230 by setting lock bit L to one in serial port control register

SPI OCTL ‘'t hat i s ReM/EERROM) atéBkE) f/the soft command signal cannot TABLE 6A
10 :9C r | I in soft
Cesour ce Controﬁ,égi%gﬂ{ttll S ehr{@!ﬁl %d?tﬁnaﬁa Eﬁie is term}natgd d(s). 15
6 Last Byte (LB). If host PS°°eE%%R %QB "ants to gain coptrgl ef) .
3:2 Reserved. Al paft resshme rentroller 314, hoBt peccedderl 28l1) firse0

Send bit Sig w : ) t eenswitten
into regist efs’ %D%\QI'S agé%u rCCeESSHOdﬂ?&ﬂ ta?laerax%l m%y} lgoﬂgs%lgegn é\,;n fted
out to Iine BpgEptel FRIOCILoyr L6 1Rt rlﬁtl Lr ig18et; eléﬂsst bit S. Wien 25
a nmodule in dataproeeséar 281 an-padfés ssamiencelri hodule 223 rmacd | ve, the next

Sbyte in the curf egirfOITRIG qalelCrine, ogfat e;ggfé GlotSELEDAT. After

the last byte is out as in |categ soft resource

control | er 314 bgﬁikgwéﬁﬂqﬂhﬁﬁgPF8F39F¥%ﬁRiﬁ¥9§tPo? ﬂ@§1°°k of serial

10 port 230. Host processor 281 does not rely on

automatic pause (AAP) action to access serial port
registers since sequencer module 223 can issue a soft
command and overwrite host prbcessor data.
In a soft command cycle, serial port data'register
15 . SPIODAT is used to transfer information to SSPIOC 254,
as shown in Table 6B.

t

Table 6B
Serial Port Input-Output Data Register
20 SPIODATA in Soft resource Controller 314

BITS | DATA FUNCTION ' '
m
7:0 Send command, address, or data byte when bit
S is active in register SPIOCTL

7:0 Read data when bit 8 is inactive in
register SPIOCTL

25 Although certain bit definitions for serial port
control register SPIOCTL and serial port data register
SPIODATA are described herein, these registers can be
used with other definitions. For example, when a soft
command cycle is used to put serial port 230 in test
30 mode, serial port data register SPIODAT is used as a
. control register to indicate which internal signal is
' ' to b? passed to pin 241. .



30 current conmand fromline SPIO . . Last byte bit LBis set

when the |last byte for the current command is to be sent or received.
After the 34 byte has been shifted
~out or in through line SPI O, soft source controller 314 clears |ast
byte bit LB along with bit S Lock bit Lis aread/wite bit

Wi thout any 5 har dwar E£f timetéammandobktéi in (regstsedSBIOPAEA has apr ocessor
2?% andfsgq?ﬁnc]cenrﬁgﬁé%e £ Zconmnd %63@p£@rd3.adfinegt anrgumh tup,ve.q.l Ebng Sa_c][l
ot her i oth o em i ssug mands. sepap qQt. needed |
sequencer rmaﬁngﬁzﬁe%b%%e‘ﬁ&%%H%Eggbf'f ’c%’mﬂ‘&ﬁasgggo& f.Oéﬁ‘ﬂ?ilr?er bit T
is a hardware tidefiped jmdldbled H.0r seriak dfankgséatiyageommrreRYCde a
SOItwa{_e t: lrr&J |9.Qpitg-§ll.8ﬁé_nted tob!abczggﬁa% V!’éfr:ifaﬁ.n aﬁf‘%@?&&bgi PB _
automatically. .beco i v ns_. r.last byte bi is
cleared, e.g. Ia§f“gf$§?8rg¥1§{:%d ??r&%m%ﬁatelsﬁafgs shifted out. The
timer is referencedisten SPIQSTAT [isckead when @mlcknewleddriencer nodul e
ﬁzf R1:0] f'l %i@ﬁﬁleﬁbﬂ@kB?ét‘tneth&ﬁ&&aﬁl%(ﬁede&ﬁinGYEE?b%ji:ad:tﬂcause; re?d
its ; efi ne_how nmany, es..al e xpected in response to
the current commdTd: ln?nrﬁ%’cﬂy%sspiﬁgggﬁoﬁﬁmﬂs, tg‘Ft g}lr’ée%?tsetaﬁ:a been
shifted in fx®m and wirihén@GR @nearted &r hitf ekeans thatehitt er SPI ODATA, that

is defined in table 6B, soft resource caapigl yer 314 decrenents the
val ue of read bits R 1:0]._ Sof tlware cag . reaq thgp%ﬁn'to determ ne -
when the shifted in data i 395! B4t §hPEVS 1REIF6Ft *0] can have the
fol I'owi ng val ues:im)slhvebpersak ottt duput-oruthyiacwipedbeéd; 2:

Two byt es expect gt . se—yt-e oTTe s ™ TTE
bits R1:0] are ¢
byte fornmed in r¢

| ock bit L imsselfial 7port D nle E eror iplay
6-3 Reserved.f
2 SPIOPARERR received data Parity Error
1 . | UNSUPPORTED command attempt
0 Reserved.

20
When bit ERRLEDENAB is set and either bit 2 or 1
is set, the signal on pin LED# is asserted, e.g. zero,
to indicate an error condition. Bit ERRLEDENAB
defaults to zero after power-on reset.

25 ; Bit SPIOPARERR is set when SSPIOC 254 detects a
parity error in the shift-in data. Bit SPIOPARERR is
cleared when a one is written to bit SPIOPARERR.

_Unsupported command bit UNSUPPORTED is set when
SSPIOC 254 receives an unrecognized or unsupported

30 ° command. Unsupported .command bit UNSUPPORTED is
cleared when a one is written to unsupported command
"bit UNSUPPORTED.

L]



regi ster SPI OCTL prevents host processor 281 from
request duripng a nultiple byte command
expect ed.

i s being
35

tic hardware action or PC

interjecting a

cycle or when read data is

If send bit Sis 35 set mhiézaa har dwar e i ssued comrand cycl e
executed (e.g. due to aut

ROM EEPROM access),

the soft command signal cannot begin until

the current command o%@mxianthépnrﬁQ;Qnﬁr SPIOSTAT, regdisten processor 281
wants to gain CoSsPPOERRGEN 1z§efsbxoesm cles %@&baeéa%y aﬂs%ndﬂ%hmﬁhacessor

281 first .5 pauses. s RLagines el
regi ster SPI OCTLSISJ?“"fgéctgﬁnlggQ rw?gige ?’6%%ssaore Tmand auses
sequencer nodul ecode %ﬂm#engtﬁ6tSPEQD%EAz#ﬂahlGr13 e, Whgn kiy @CRSblt Lis

not set.

sFol kewi ¢ dre anp&egedaée @smmm deBsiVeé Gderdfals poirél
port 230. Host P Qg

10

action to access g'l §S$u%}n§:[l CJ.I% g0£%{ er S sSItI’tll epggic':u’gncetlr CSODS%%% (ZQQF?:an

i ssue a soft

soft command cychfid §6'é:drdidels €Bbapafitysticieckdcidbh irf 9639@1t 0
transfer |nfornat|og 59 SSP OC %?F P bﬁ %ilshomn i n_Tabl e 6B.
nput t

Tabl e 6B

tb@nnmtarréra@ﬁmme@eomohmqoﬁ@é@ssbas cRNen parity

Ber i t;?utzeﬁgté Regi ster .20

SPI ODATA i n 18of t regsemnesmms SSRIOC 254 spLFSthe Mpemn tiyULET oN

7.0 Send commafde EHEr@Shendittdat gaeué@ He Bl parity and this i8 i S

active in reglst qu data when bit. S is inactive

in

15

20

25

30

35

SPIOCT
g f'rg?i‘ gﬁd&TLSee TABL

Command signal EIREAD (Table 1) is 1ssued by
initialization resource controller 315 following each
assertion of a signal on pin RST# (not shown) of host
adapter 240. Also, after being reset, SSPIOC 254
automatically sends' two initialization packets
containing bytes IDDAT and ESTAT to initialization
resource controller 315. While waiting for
initialization packets, any host processor access
causes a target abort response to be returned. In
response to the initialization packets, command
executor 320 passes byte IDDAT and byte ESTAT to
initialization resource controller 315, that in turn
writes byte IDDAT into a device identification
register DEVICEID1 (PCI configuration register 00h,
byte 3) in system bus module 225 that is used for all
communications with host processor 281, and saves byte
ESTAT in resource status register SPIOCAP (1Bh) that is
used by instruction router 311 to determine the
existence of various resources on support circuit 250.
Byte ESTAT when shifted over line SPIO- is active low.
Byte ESTAT is stored active high in register SPIOCAP.

. An acknowledge packet starting after the leading edge

of a reset signal no earlier than 4 clock cycles and no
later than 16 clock cycles precedes bytes IDDAT and

In a



25 Al t hough certain bit defi nitions for ‘seri al port control

regi ster SPIOCTL and serial port data register SPI CDATA are descri bed
herein, these registers can be used with other definitions. For _
exanpl e, when a soft command cycl e38s used to put serial port 230 in
test 30 node, serial port data register SPI CDAT is used as a contr ol
regi ster to indi ET8Twhi &h imiteiaidizabigRaresurce copgrgilen stk da8spi n 241.
36 | f ot cecehne dytlacknowlegdystpackdtl WAhAnhde élock val ue of a

command code as is L B, i€ 0 c egi SPI OSTAT,
whi ch register S&F%é‘%ﬂg %gtfé-@_mﬂ}e_ hed o ﬁd ab?fer‘y,% %?é-g?li.a?ﬁ;%i st at us
command cycl e 5 RSTH#aplBikinkiration gegourFe euralley, 813 kings out

. regi ster SPlI GSTARndSaessamepotliatstaai external egflatee rseSRRDSHAHt | tnpuad when an

acknow edge %é’%?%g g&g&é SdE YR ot Cediier M ne the exact cause.
1)

Readi ng register returns the_current status 10 _and witing a one
to a bit clears that Bpfil this initialization command cyghm) is7

Serial port ‘stat uomptetederafp ATARrget access idttempeedsesi Rbstpor t :
| nput - out put cirguy 4 . ' LN g, . DENAB
Cagila 5%§ 240 is re%ogﬁeag:b%iéetg%lg}lgl RETE‘Z to %ERR

Enabl e LED error ai . . Reserv .
recei ved dat¥0 ParihafF ppiyrthe shifted in byoeRBMDsc grraRged ke hast

processor 281 and existing external features have been
identified and enabled. '

When a slave serial port input-output circuit 254
is not used and device ID substitution is desired, an

15 external device, such as a shift register device or a
programmable logic circuit, provide bytes IDDAT and -
ESTAT. The rules for minimum time before driving line
SPIO- and start, parity and stop bits are followed by
the external device. However, if byte ESTAT is FFh and .

20 parity and stop bits are also e.g. one, the external

' device can stop driving line SPIO- after shifting out
bit 0 of byte ESTAT, and is implemented in an 8-bit
device in one embodiment. Allowing the external device
to stop driving the SPIO- early is oné reason for

25 choosing an odd parity scheme in one'embodiment.

During power-on reset of host adapter 240,
instruction router 311 passes instruction signals to
initialization resource controller 315 to receive a
device identification byte IDDAT_énd a resource status

30 byte ESTAT from slave serial port input-output

circuit 254. No command packet is sent by command

executor 320 on pin 241. Following reset, slave serial
port input-output circuit automatically pléces bus
terminators 360 in a float condition and sends

35 initialization packets containing bytes IDDAT and
ESTAT. Device identification byte IDDAT contains the



0 Reserved. 20 : V\hen bit ERRLEDENAB is set and either bit' 2 or

1 s sef, the signal on pin LED# is asserted, e.g. zero, . to
-indicate an error condition. Bit ERRLEDENAB defaults to zero after
power -on reset. 25 Bit SPI OPARERR 82 set when SSPI OC 254 detects a
parity error in the shift-in data. Bit SPI OPARERR is cl eared when a

one is witten tdebite SdctitARERRtion code to bespppvided! yohwesnd bi t

UNSUPPORTED i s s P . I ' a R} 48d or
unsupported 30 c%ﬁ#ﬁl ﬁn%ﬁ%%gr t%%l%gélnrmng Ibclkg"?ﬁllJNglilJ&P@PO?TED ié'g cl eared
when a one is w PEEeRSEd RhdQshoPregesdphedl- Whep; bytgSihddRYRbue

37 . Si nibafEy, tan riegerhal &GOFLET ABentdgication vals@PHEERRGEN in

SSPI OC 254 i's ac ed ' _ i | ) with
t he appropri g’t e ggﬁﬁéna‘?gg&&%ﬁg%?ga?e s? eﬁ‘?ﬁgg’?%EﬁTA lﬁ??fﬁt(g 1§lt) .'eLog/l\hen bi t
0is 5 set to 5RePENSHIRL LY rSSPPEﬁr:ﬁ%@,C@'ave serial port

| nput -out put circuit WRérd slaive seeipirpoyt hilputeoubptt cirduic 28dket
transmtted on || PL& i 13- e%eNaPaEL XEL Chisfet h parity -
check circuitry fﬁgggr*%l 'p\ér%t ?Z%&Wen _bl%{]ﬁséi@ggsﬁét to zé:r'oglnn 10
regi ster SSPI CERREEROWIsigeParkets dpsneherennivef beEveen ¢ claek the
transnitted jgackeychas andl yardlogkabgclés safteer sighhk RST#HHedondag See
TABLE 8. inQQHET@Qd SJ;rg chEgRE‘ép?,é II' x njd) ekﬁﬁ{x_iéi"eéjz&)%auses

initialization résource confroller 3 W _Nng eac assertion of a

signal on pin RSERitAslizdeinn nesoNsse contxgildarc315.80 e daf@ultpeing
reset, SSPI OC 254eviceaidemsifiicaitiynsesds, tv® st bydki ESTADIEPRFIGt S '
cont ai ni ng bytes T hpi tLallzati controller
315. Wiile waiti %QP@%E %Qs E?%néﬁﬁea [ g'gt iuéﬁé pac es?%?a%n?f o‘git'E g-'(raoocessor

. access 15 pin 241. -

When present, slave serial port input-output

circuit 254, on beinhg reset, starts transmission of an
acknowledge packet on line SPIO- thdt is connected to
pin 241 before command executor 320 times out. While
20 transmitting the acknowledge packet, siave serial port
input-output circuit 254 can take any amount of time
necessary to obtain the device identification code
from, for example, a programmable logic circuit 330 and
time required to assemble byte ESTAT by polling various
25 resources, such as LED 350, soft resource 340, bus
terminators 360, board control logic 370, SEEPROM 380
and EEPROM 390. After obtaining bytes IDDAT and ESTAT,
slave serial port input-output circuit 254 terminates
the acknowledge packet and transmits two initialization
30 packets that contain the two obtained bytes.

Support for each command cycle by SSPIOC 254 is
indicated by the associated bit being a zero in byte
ESTAT. The bit definitions of register SPIOCAP are
shown in Table 2. If the inifialization command cycle

35 times out or if byte ESTAT is FFh, none of
register SPIOCAP bits are set to one.



causes a target abort response to be returned. In response to the
initialization packets, command execut or 320 passes byte | DDAT and
byt e ESTAT to ini.tialization resource controller 315, that in turn 25
wites byte | DDAT into a device i dent i f i*®ati on _register DEVICEIDL (PC
configuration register 00h, byte 3) in system bus nodule 225 that is
used for all conFaatTact ioms rautar hdbl ganerasesr ingiructidrsaves byte
ESTAT in resourceighalibdSté eé;&éés%r aSBésEéPcé J&h)y alFRbr aeéélmifﬁq@ R¥e

instruction router 311 to

ok ogl ! gl " r?‘t nece of ¥ﬁ1l ouUs resources
on support circuft 258 l}%’ytr(? Egﬁﬁ' e pﬁﬂ ik $3%e sPio s
active | ow. IpptausEiNT FTanteroBad- detemnaq;nmsteagtp sefra SPI OCAP.

An acknow edgs p&@sahr&éaffw&ﬁéf Rr@.&u&th'ﬁ\?éj'd&z@é §6ndPng Bitd L@ Signal

I th k I nd 6 C ock c cl es
g?eggge;egytegnl E?OC C¥§Séﬁ}é% stagus reglék quaeAﬁ i y

If initializati orrqfeggedcéothzeteglst thaﬁ;ov.Sréeéim;i dm

acknow edge packefapdiet hi Beléw Cldtich as bPE'BRSITIAfFR bbhed  ésntabiedge of the
signal on pin RST# b |téak_ll|za i on_resource control Igr fé%ﬁ&?es out 5
and assumes t hat 19926« 2&P nal EXYSIPR sEFFﬁPr‘f)%ref 5 Fegister, rcuit
254 does notlkxi sis initializedjtd bytki BSTAT tafiex, seseh.command cycle is
conpl eted, any PCl target access attenpted t.o host- adapter 240 is :
responded to with signal RETRY to ensurgi?égE hat only the shifted in byte
~ | DDAT is accessed by host processor d existing external features
have been identifi e&egimtmamew in InstruMennaRs\Ilmﬂe ¥l i al port

i nput - out put ci r gord e crev i's
desired, an 15 ¢Bidy r#a 'eém:lttm efsﬁw@tx@guesta@rledbwee or 3
prograrrmabl e |l ogilc ci rc ' ovi de bytes | DDAT and ESTAT. The rJl es
for m nimum tine g . | Pl __and par and Ist op

bits are fol{owed by.g ] R \SOF'i‘[]_:O].

5 R/W | Soft Commands Enable (SOFTCMDEN) .
(Default "o".) -

ESTAT.

4 R | BRDCTL.
3 R | SEEPROM.
2 R | EEPROM.
20 1 ‘R |RoM.
0 R | SSPIOC Present (SSPIOCPS).

Bits SOFT [1:0] of register SPIOCAP (Table 2) have

_ no hardware assigned function, but allow .

25 softwére/firmware to be aware of external conditions on
a board to board basis to allow customization
flexibility. One or more ones indicate that external
support is present for perfbrming "gsoft" commands other
than pre-defined soft commands.

30 , Soft command enable bit 5 is written active



t he external device. However, if byte ESTAT is FFh and 20 parity and stop
bits are alsp e.g. one, the external device can stop driving line SPIO
after shlftlng out bit O of byte ESTAT, and is inplenented in an 8-bit
.device in one enbodinent. Allow ng the &t ernal device to stop driving
t he SPI O early I s one reason for 25 choosing an odd parity schene in one
enbodi nment . (e.g. One) by hoser poocessat 28f b@Sbe@ﬂbﬂl&ﬁ 240,

i nstruction rout ﬁlgdgié PRH &S elngﬁﬁ_éucgéﬂ{h oQﬂéh initialization
.resource control éf— é& regeliy evi ce |dent|?| cation byte | DDAT
u

and a resource s é'sES‘?ﬁﬁtW%'m e fetipiripng far @addEessut put
circuit 254. No dbhmand }Elkieste registerd\BRDOMA(Mfable 5)kXacliSBECRR0 on pin

241. Fol | owi ng r%smesé)avere%%behvel RéHen 'blilﬂubo G Gklive,
autonatical ly pl rm n& ors 360 (N oat condi t1on and

sends 35 initi gf‘ g?#b?‘ﬁ'b‘a?&?e??"c% Tesfer) 1R é§ | HEATRESd ESTAT.
Device identifi ca'agmatem 6SEIODATAC ¢Dallen 6B land Table 3) and SPIOCTL

39 device i QQ‘QB!I.E' @@)t | %e%gggg glpe FH&VIS%%CQ%Eﬁoﬁost pradapt er 240
fi

when register accesse gcessor 281.
Wien byte | DDAT 9‘ Ete bY §'}ﬁef fal ‘Pﬂtl%’rtnél ofcbrte ¥ i4tcdsi on val ue
is 5 used. 10Resrendéwsite Lfrdmy hesEFrdcexsumizel bpf sequéncey to be
stored in regist ghaarh B4¥ When sl ave serial port input-output
~circuit 254, a shift re ister, or a programrabl e deV| ce is absent, an
acknow edge packet is"HSR hﬂb@RPE@Lbé?v%é?F% ersernad 1egiq d€ and 16 cl ock
cycles after sigpxks@siitdammtred extermalddcard cbntsurmcagmsaao conmand

execut or 320 CausESesses tAliidadll LBRLAD SIAEE SABLIR|EAltS Lo use 2
def aul t device 1 dentification cod set te and
to pass the fef a&fiﬁpFﬁFe?%larﬁ @H&P“‘S‘?W@ﬂn’ tri?digecbﬁﬁ ‘EQLPOard Waen
present, sl ave sepnakroporégistert BRDCPLtin SSPIOC 254. When board
control register BRDCTL is a zero, writes to bit BRDCTL
are ignored and reads to board control register BRDCTL
return all zeros. |
20 When bit SEEPROM is a one, external logic is
present to access an external serial EEPROM. Accesses
to serial EEPROM control register SEECTL in host
adapter 240 are automatically redirected to serial
EEPROM control register SEECTL in the external SSPIOC.
25 When bit SEEPROM is a zero writes to serial EEPROM
control register SEECTL are ignored and reads from
serial EEPROM control register SEECTL return all zeros.
When bit EEPROM is a one and the ROM bit is alsoc a
one the external BIOS ROM support is also writable for
. 30 in place BIOS updates.
When bit ROM is one, external logic is present to
access an external BIOS ROM. Bit ROM when stored as a
one allows register EXROMCTL in the configuration space
of system module 225 to be read with the value one
35 written to bit ROM indicating PCI external BIOS ROM
suppert. When not a one, reading reglster EXROMCTL



circuit 254, on being reset, starts transm ssion of an acknow edge
packet on line SPIO- that is connected to pin 241 before comrand
executor 320 times out. While 20 transmitting the acknow edge packet,
sl ave serial port . input-output circdit 254 can take any anount of tine
necessary to obtain the device identification code from for exanple,
a programmabl e | agtumisr aubh BRluarichdicating meo regppiortdfov ampeardlue byte -
ESTAT by pol |'i ng yaideS t&OEXROMEAL ces, such as LED 350, soft resource
340, bus termnatQrs 360, board.c ic 370, SEEP 380
and. EEPROM 390. Aft er SOAVEi RFREEHy (& %%E/&-\&%% pre mglg"l" 2 serial
port i nput-out putthat QSPIOL5254 eigrigonnected to tpicn 2Mnendednables Kdie and
'lt)r?nsm' ts twogi ni_ﬁ,séﬁl is'qwt %Qﬁd3§PImk@o&m'dhhét<|:§@I‘éb @,isggila'esgggogpg aiged
ytes. upport .foor each comand cycle LS,
i ndi cated by the %%'gcﬁﬁt_atlédabP?l%'ei“ngqlgt%r ri%"%ﬁ/{ﬁaé“mal"?g E%ﬁ"r. “Fhe bit
definitions of regpestdro pRBECHR byte IDDATshown in Table 2. If the -
i nitialization conmancdyah 35hilBoMith 95 bhlPYidnedTAE hSrEBMLL none of
regi ster SPIOCAP bjts are set t0 one, . .
40 | nstPhi@ iRaPt BrPeesady i), ac5ee8 YRR Rt RN 1% signals to
access a resbr ceregisteaf ISPTOURP eisniatitriyet beg. onegy dsidnEXPBOMENeim esour ce

on support circuijg er Exnbﬁ?i'ﬁuféiéﬂiiﬁr@l}tﬁit?ﬁépﬂﬁ Jihnes exi stence of
a5 resource fromthe value of the-corresponding bit in ext er nal
f

| it in,an , ..
resource status rERFLStET SOMMRND 1s agiive apd @g&FQ?sa§s" wighiner
SPI OCAP" that is tledié®r&BRyte memdeylaidiessl spacedidtaediin BRDCTL for board

control | 00} &g 3Gy BBt resource status register SPIOCAP 10 is
initialized to byte ESTAT after re%sgé. L TABLE
2 1Regi st er QBPROWEMOFY FeRY (SAWRRA R¥eler e command packet

is followed by two address packets that identify the
double word to be dccessed in the external memory _
SSPIOC 254 uses 18 address bits MA17-MAO, to access
memory, such as ROM or EEPROM. Bits MA7-MAO are sent
20 in the first address byte, bits MA15-MA8 are sent in
the second address byte; and bits MAl17 and MAl6é are
sent in the command ﬁacket in bits DO and Dl1. See
FIG, 4I. Also, in a memory read command cycle
SSPIOC 254 requires that bits MAl1 and MAO always be 0.
25 SSPIOC 254 issues four ROM commands to complete the
double word requifed for host processor 281 ROM access.
In one embodiment bits [17:16] are used to access up
to 256K ROM.
If serial'poft 230 is busy, the host processor’s
30 ROM access is terminated with the PCI signal RETRY,
without generating a command signal to memory resource
controller 316. If the mémory port on SSPIOC 254 is
busy because the memory port has been reconfigured for
SEEPROM, the access is terminated with a PCI Target
35 Abort, without generaﬁing a command signal to memory
resource,cbntroller 316. The state of the memory port



Bit # Read/ Definition of function enable bits Wite 15 7:6.

R SOET[ 1: 0] . 5 RI'W Soft Conmands Enabl e ( SOFTCMVDEN) .
(Default "0".) 4 R BRquj_. 3 R SEEPROM

2 R EEPROM 20 1 0 R SSPI CC
Present (SSPI OCPS) . ' Bits SCFT [1 0] of register SPIOCAP (Table
2) have no leendher detexminas byussenbring kita SEEMS 280 sof t war e/ fi rmaar e
to be aware of e&@gﬁaagrcgmﬂuhgons on a board to board basis to allow
custom zation | bi or _nore on i_die t rnal
support is present fo?’z§ e‘F‘?‘Bmﬁ‘{ r{ea‘%&)f gonng%nn#)msﬁ. ﬂ ES%EQ hﬁ%%leg(tﬁ

pre-defined soft J@Omﬁﬁneé agm result abfa wﬁmceﬁasrezmtawq9§ witten

active 2815 when bit ROM in reg:.slter SPIGGAP is ac(:&vef (@r@) Dy, QOStW]
processor Or e t" commands. en
bit SOFTCMDEN i s | %’?ﬁgﬁﬁm Jhn rcﬁgmlée‘?l ons '{J@H’ 3 dra§§§'§8 iDh and 1kh are

regi sters BRDCTL RitaMSEAGEEN th SE@istes COMMAND é%fiCtﬁé’gpeéﬁqlv@%/ When
bit SOFTCMDEN i s sa@lesgeis withite tdrf icai KBPEe nenoraddaasess dpdiceind 1Eh are

stored in reglster EXROMCTL. For memory writes, in
10 addition to the above bits for memory reads, the EEPROM
bit in register SPIOCAP must also be an active e;g.
one. In the memory write command cycle, the command
packet is followed by two address packets and a data
packet containing a data byte that is to be written in
15 the external EEPROM.

All bits in the address bytes are used to identify
the byte being written. SSPIOC 254 writes the data
byte into the EEPROM, and after completing the write,
terminates acknowledge packet indicating that the write

20 ' is completed, so that host adapter 240 can assert PCI
signals TRDY# and STOP# to host brocessor 281 to
terminate the transaction.

In response to instructionhgignals on master .
serial input-output bus 245 to access a memory location

25 in a memory resource, such as EEPROM 390, or
SEEPROM 380, instruction router 311 passes an active
instruction signal on memory bus 311M that is connected
-to memory resource controller 316.

In response to an active instruction signal to

30 access EEPROM, a parallel memory'controller'included in
memory resource controller 316 drives a ROM request
signal ROMREQ (not shown) active on serial port command
bus 323 to indicate the request for memory resource
EEPROM 390;_ The .parallel méemory controller also drives

35 a ROM read signal ROMREAD (not shown) active or
alternatively a ROM write signal ROMSEND (not shown)



regi sters SPI ODATA (Table 6B and Tabl e 3) and SPI OCTL (Tabl e 6A),

respecti vel y. Bit SOFTCVDEN i s not. affected by the value of bit 5 of
byte ESTAT but is 10 read/wite from hgit processor 281:or sequencer
nodul e 223. When bit BRDCTL is one, external logic.is

present to control external board control |ogic 370. Accesses to board

cogt rol : rggltstgr 58?62(1 lod r)séi:@.%FL ﬂaértaéb?tﬂﬁaﬁfd 248 sr® woltionFicatal by

redirecte 0 boar conjro |ster 254. \When board

control register B%C“'I?Wéacifé’% G B B cﬁmf“g%ﬁé%l%c are ignored and .

reads to board cusspettiesiyst er BRDCTL return all zeros. 20 When

bi t SFEEEgl\?AOIVIS Z one, Iﬁxf@éﬂbﬂsel eel 61|1|§ct1ve Rigaad! ROMSENIE,e Sommandxt er nal

seria ccesses serial EEP

_ host adapt er e336uteE 3R (ﬁﬁftcu&SFI? TEL We%&g%i ?% %%EE | ndSEEEF-’%%O\/I

control register tBEECTe similar 4ot Shaarewsny byte2WritpSrmRandsEyPReM is a

zerg W][' tes to Saébéirlnfg@EEP%\éve forCQHérBéaf&@oﬁthlsﬁEéﬂéteﬁ‘ exagper ed and

reads from a contro iste E all zeros.

Wien bit EEPROM F82 Sﬂ‘B“‘%%M “tf?'&ﬂ 3?6 ranﬁm%g i é%#egﬁe ext er nal

Bl OS ROM suppor t pasketso48? i ancb|483f dFIGO 4H) bpetweer SPWEARMbdat es.

\é\lhtcag gOtVl RCBM' dsRogg%kegx;@ir@%d Idmﬂacphékefe@@nt to access an external
it whe tored as .a L&9 er L in the

configuration space ngeﬁfr%%’tvéﬁgnﬁaﬁlga%st g‘w;e rSe{%I&w E %e val ue one

35 witten to biserReM pout cinputroRCpubxeibrerit BSESsRERFS support. Wen.

no: a one, CLead:Qﬁah%gh§§§6nE%@«Qﬂiﬂewledg? packet 485 updates ' 42
returns. a val ue i ndi 0 support_for V. en to
EXROMCTL . é%‘é PEHEGR, ﬁ%ng’ﬁgl?% s t hat

SSPI OC 254 |3500ra1r1dnesd t:onpamemnnanddena%lm%ckqw 482 and 483 w1th
_the data contained in the data packet 484 and then _
terminates acknowlelge packet 485. In one embodiment,
slave serial port input-output circuit 254 uses two
data bits DO and D1 of command packet 481 as high order
20 address bits in accessing the memory location. The
' actions of command executor 320 and memory resource
controller 316 subsequent to receipt of acknowledge
packet 485 on pin 241 are similar to the actions -
described above in reference .to acknowledge packet 452
25 for LED 350. .

In response to an active ROM read command
signal ROMREAD, command executor 320 executes a memory
byte'read command cycle in which command executor 320
transmits a command packet followed by two address

30 packets 492 and 493. (FIG. 4I)

After receiving all packets 491 to 493, slave
serial port input-output circuit 254 starts '
transmission of an acknowledge packet 494 and while
transmitting acknowledge packet 494 retrieves a byte of

35 data from a memory location identified by the address
in address packets 492 and 493, completes transmission



5 LED, STPWand SPI ORST conmmand cycles. Bit- SSPI OCPS i s not set if a

shift register or programmable logic is . used to pass in byte | DDAT.
Command signal ROVREQ is only issued as,g result of a host processor
281 access when bit ROMin 10 register SPIOCCAP is active e.g. one, bit
EXPROMEN i n regi ster EXROMCTL is active, bit MSPACEEN in regi ster

COWAND i s acti veofanacbldﬂwledgespad:lseuMMi and tranidne et tKBytetﬂmd/daddr ess
spaced stored in I §t.e In a nmenory rea
comand cycl e, th%ata 4 %dg%aéket |s oFfowed by two address packets
that identify the Ony F§6eAPHPH daFa@agkebsi®dr GPmM3Bdext er nal menory
SSPI OC 254 uses Ilekextirroas32bi passdd tHéd\Qathobpte esstrievedEfbnydatalich as

ROM or EEPROM Blgécxw 4¥A0 ﬁﬁrfeééﬁcfd? tal mg@& iiﬁ:ga %Q@ﬁ%ﬁi%@a bi t s

MA15- MA8 are sent e_secon ress MA16
are sent in ’E%%l?ﬂ'&nd Eﬁc’R%ﬁP‘?”r?eotPstBB Bytesep receiyed 4.
Al so, in a nenorydatzad ineanaod, c:yetl:neved AsStR| tsudd 31¢aqwur|ieastbné bits. MAL

and MAO al'ways be :9: e §§ghf or a’%%lé%l Oyég%:%%ﬁngﬁo&ﬂ) CJ(_)rgrpI et e

t he doubl e mor U|re processor ccess
one enbodi nent blﬁlés‘{el"? nggdy %s%%ﬁ t"d-aaéé‘§§s°\&"pput lineg 386K REM
| f serial pond 23fhé senhitslimehbeohBIG praIcensst ' préfessdzOgBaceRpEctsS a

termnated with tf@_ngIyt%_l %gh Bg;ﬂ% ﬁb[ accg%ta?uﬁ?bﬂen%roat Pﬂgl conmand

signal to nenory resou oPt on SSPI OC
254 is busy HeRRARSsinE n@ﬁl'gﬁ ;Rﬁqkeﬁaé%eeﬂl?‘@:wlgﬂrweﬂor
- SEEPROM t he accehsputs-dutipiitnaieduin t3ncm idcretangettib addest, W t hout

generating a compud. Sl LAGPEHR Yackets: 1830ME 4P Wil bEy; 3085 e

state of the nenory p &can be
det er mi ned b}sexaﬁ‘ﬁ?ﬂ‘h?g Wf—te SEEELR nfrom EERROM: 290 SE@oTiIcompletion of

transmission of data packet 495, slave serial port
input-output circui't 230 transmits the second byte in
data packet 496, and similarly third and fourth bytes
in data packets 497 and 498. '

20 The actions of command executor 320 and retrieved
data router 312 in response to the second, third and
fourth bytes are similar to that described above for
the first byte. When all four bytes have been
assembled in the byte assembly register, retrieved data -

25° Trouter 312 drives a ROM ready signal SPROMRDY (not
shown) active to system his module 225 which -then .
indicates that all four bytes are available to host
processor 281.

Although the above description refers to a memory

30 resource EEPROM 390, a different memory resource, such

" as a battery backed SRAM, a flash EEPROM or a EEPROM
can also be used. Moreover, a ROM can also be used
except that instruction router 311 will not permit .

writing to a ROM based on bit EEPROM of status .
35 ' register SPIOCAP.

L



For menory reads, command signal ROVREQ (Table 1) Is issued as a result
of a host processor 281 access 5 when bit ROMin register SPIOCAP is active

(e.g. 1), bit EXROVEN in register EXROMCTL is active, bit MSPACEEN
in register COWAND is active, and the 46 access is within the 64 KByte
menory address space stored in regi ster EXROMCTL. For nenory wites, in

10 addition to the @B&M&x@léfgﬂaqr sﬁﬁﬁﬁ@y(faﬂdas,l)tEaaEEPB@éneratlaat in

regi ster SPI OCAP rrust aso be an nenory wite
command cycle, tRY B dres°ur§§cf8fl Fgf}% 30’We&sb§“?§g %J‘g}?e&s packet s
and a data péPeIk:eSEBBR@I&lm meaisieraShIOEAR Ha acsive ard\@afiten in 15
the external EEPRMmand enable Wit soFreMbENtiie radicess Hpieeamrig used to

identify the byte_ being wit en SSPI 4 he dat a byt e
nto th Eepiov TERYESYRer o Blgnan Shean) 1 1bBleh pd dhster
acknow edge packeeriadi EEPRON qmqlh@emster BEECTLs (2Ehp| bs eeritdent hat

host adapter 240 gzakedd8sewitP@he time¥ SHBRSY Pl edandn&ThE otie0St
processor 281 to etmnate the transaction. - - In response to

i nstruction si gnéﬁog‘mgﬁarrégt%pcess' serial input-output bus 245 to access a .
menory |ocation 25  Whea weerorequestodscEros idsta PTOERRENY 328, GAICI

SEEPROM 380,14 nStdl%hﬂ.OTRbﬂﬂtﬁé rﬁiltl rlRREEREJ A2l |t\h% commahdi'séiéa.(‘et ii@n

si gnal on nmenory busls;_ ylt onnect eﬂ % resource

control | er 316. compiete ;%W &efgey ’a%ﬁ‘i?é“ ﬁ‘?@??ﬂ ¥ on signal to 30
access EEPROM a mgaiudkel 623rretim ysasmencel| elo¢hcladsdetghed untishuthe
resource control l@mmdh8 eybyesid égaiglléegaest signal ROVREQ (not shown)

active on serial port co ndi.cate the est for
Temory T esour ce lﬁﬂfﬂﬁs%’cﬂnaﬂh%%%ﬁél Ferul ity SCOREPOFS LRI 0 dr i ves
35 a ROMreds sisprialREFREAD ¢ondiradhowgister | SEEQIL on SSRIQGr2B4.i vely a
ROM write signal J3gYoleNPshndhmedQWdly provides an acknowledge packet 44

for write or read d%mménts{ and in the case of reading
also immediately sends back as a real data byte the
contents of the slave serial EEPROM control register
20 SEECTL; which includes the SEEPROM control signals and
serial data out. _ . ’
Slave serial EEPROM control register SEECTL on
SSPIOC 254 provides the capability to control reading
and writing an external serial 1-bit EEPROM device that
25 contains a four pin interface (typical devices are
NM93C06/C46/C56/C66 that are available from National
Semiconductor). The SEEPROM is interconnected to the
SSPIOC’s memory port which may be shared with a
ROM/EEPROM or board logic devices. The data and clock
30 timing required by the external SEEPROM is provided by
a software routine that matches the device’s timing.
Due to the slow clock rate, typically 1 MHz maximum, a
hardware timer is provided in master serial EEPROM
control register SEECTL to ease software development
35 and provide portabilitf Table 8 shows the bit
definition of register SEECTL.



active on serial port command bus 323 to |[ndicate a read conmand cycl e
or a wite command cycle, - respectively. In response to an
active signal ROVSEND, conmand 5 exeu%.pr 320 executes a nenory byte
wite command cycle that is simlar to the menory byte wite conmand
cycle . descri bed above for the board control register except . t hat
command executor 320 transnits two addr €BBBLE 8 packets 482 and 483 (FIG
4H) between command 10 - packQipEbkéMABEnEAS R RpkeEr488ECTL, Af ter

receiving all packets 481 ;o 484, slave ser| i ort 1 nput-out put
circuit 254 starts tr’dhé?ﬁ“‘?yoﬁeﬁ?“ﬁ%%ﬁﬂﬂtg&g ega%k%ta 5, updat es
EEPROM 390 at t he- nenor pgliaveasenial ¢t finpdtbgutiet kSircaddr 254 cont ai ned
i n address packet may thre—data—contgrred—tnr—the—dai a
packet 484 an8 tde#it# Dedimihior swheark il SOFECHBENK et |4BILIAT 2614e
enbodi nent, sl ave $64id ahaBeitei D e sPIOEAD t] PAd gises two
data bits DO and |D1 of mﬁg%?’rdl pgf:ket 481 as hi gh order| 20 address bits.
in accessing the jnenoryll o 8n®’ The actions of |cormand execut pr 320
and nenory resour -

acknowl edge packet |#$5eg¥edin @41 are sinilar to tlhe actions
descri bed above iji Tefefence 10 Z 125 for TED—3%0.
In response to an active JREFFVESd=cdmand si gnal ROVREAD, commandl
executor 320 execlutes a|nenqQr DyT e,  reaq conmpnd dycl e i n wicn
command execut or [32 Selrﬁ'ﬁxsﬁf"t’%o% Wﬁwﬁﬁgeﬁ’écﬁﬁ fdi | oned by two _
address 30 packgts 492 |&88EM893. (FIG 41) After receivingjall
packets 491 to 493—st=ve ser+at—port—rptt—output—etreu-—254—-s{ art s
transm ssion of gn atkndWexdgéd EEERGM Resatiyabdtwhiker transmitting
acknow edge packegt 494 fedmErdY¥esS a byte of 35 data frloma nenory | og¢ation
identified by theg-addregs in address packets 492 dnd 493 _conpl efes

transmssionio | 3 |Serial EEPROM Chip Select bit SEECS
| SEECS. '

2 Serial EEPROM Clock bit SEECK. | MD2

1 Serial EEPROM Data Out bit MD1
SEEDO. ~ ' :

0 | Serial EEPROM Data In bit MD6
SEEDI. ' :




45 - of acknow edge packet 494 and transmts the retrieved dat a
byte in_a data packet 495. , On recei pt of data packet 495, command
execut or 320 passes the data byte retri e\ﬁed fromdata 5 packet 495 on

recei ved data lines 321 to retrieve datd&® = router 312. In response to the
data byte on received data lines 321, retrieved data router 312 wites
t he data byte int&exip}tEBERROM Mode Pedect iy FREMShAGNR in system
bus nodul e 225 Virkadiywiriedt it wHitds whéf. séb dékive)e egh0eh8pnér Gtk G 41,

host processor 28l expects a four_ _b rd fqr h access to ROM So,
duri ng transrﬁns?s?ié ﬁ'%bfed%t azeprfdké’ta%ég,m%f‘% %s?esr%?i%Fe ort .
i nput - out put ci r @ARtredderndterknisendhe xeguest to SSPIPERBEJEPR address

packets 492 and 4redadtbeLEERROS 3B0l2r &6CBS&rdYdchtdoldabaitr oo EEPROM
390. On conpl etign

f s 1SS A C 5 rial
port i nput - od p&%téP’Fc‘a.iﬁa%?‘ﬁ%%?‘rﬁg‘q?%% ‘?gecck%% Ié?t 'é‘erlilr’\%)_{%° at a
packet- 496, and digrialdowy SERPROM ggantredr PRt h§ERCTL to nedghdpepptih@ts 497
and 498. 20 .MD'[28 03C{(5e8STah1E W RRA A¥ELVAEs SIRIPRONO chep! s6Vast

data router 312 i,n,r se to_the se i T nd . fourt tes are
sinilar to that cpelstc%l%%gg gBBv%C‘f%&PS Jfoggﬁgw*r:&@tﬁﬁ 2oagfle a? °Your bytes
have been 10asskagiload PncehSEBERQM aodensejecedoitt SEEMSelipi ageertrd.a 25
router 312 drivesacedddVitbedthesi MEEHureRBOMRDY skt 254 s%BAVES ACkdwe tO

system bus nodul e 2 és_(%b h-then ... indicateg. all, four bytes are
available to hostandzi g’e%?o’r .tednungli §§é%é’ﬁd€hgeiﬁﬁge

descri ption ref erkitt SEEMSefigr in@ecivessour ce EEPROM 390, a different nenory -
resource, such as gariallt BEFROM GtRGySBAM sBekbvshs BERPREN sh1¢ ¥EHPROM

can 1 20,be yped MY Sined {HLHA 10aBE, HEEC 40, e STPhsME o8, o1
EEPROM of st at us 85ofitegiret tim&P| @R accessing SEEPROM 380 or board
control logic 370. ! Each time register SEECTL is . '
written, bit SEERDY goes inactive aﬁd_after a 800 ns or
longer delay when access to SEEPROM 380 is completed
20 becomes active, e.g. one. The state of bit SEERDY must
be read active before continuing to the next step of
addressing SEEPROM 380. :
Serial EEPROM Chip Select bit SEECS is a
read/write bit that is used to control SEEPROM chip
25 select pin SEECS of SSPIOC 254. When SEEPROM chip
select bit SEECS to active, e.g. one, can drive signal
active on pin SEECS only if bit SEEMS is active. Pin
SEECS can also be used to qualify the SSPIOC memory
interface lines as BRDCTL signals when both SEEPROM 380
30. and board control logic 370 are present. Pin SEECS
requires an external pull down resistor if SEEPROM 380
is present. _ '
' Serial EEPROM clock bit SEECK is a read/write bit
that controls the state of pin MD2 which is connected
35 to the serial data clock input pin of SEEPROM 380.

4



46 Commend signal SEEREQ (Table 1) that is generated by

menory resource controller 316 is enabled when bit SEEPROM i n register
SPI OCAP is active and soft conmand enabl e bit SOFTCMDEN in regi ster
SPIOCAP is 5 inactive. Command signal SEEREQ is issued when naster

serial EEPROM control register SEECTL (1Eh) is witten or read, with ‘
the timer .SEERDY expi r@ariald EEBROM Rata OutcbAtnSEEPO im eceesd/write When

the rquest lls fLsm hasde W&€9§§Qrtl?§]sta%@| oéo igi M Iat??#miswo: o
Cequencer | modiP IR £RLELE Agca, JuritoBi ST STURGRL SN Woehe O
comand cycle is bi.)tmﬂliﬂlmjand SEEMS aremciivesi gngl BEEREQnr MPll is in

accéss to slage lget &rd thEEEMOEBE rv&llt&ﬁgl &thitc %E-EGT 'sa%?n&@'%&? 254.
SSPI CC 254 |mTed|$te%FaEg: oVi de an a Wl%\ga%g‘e packet for wite or read

conmrents, and in Q&F r 85 dP eF nFRRRURSS) e AGdIBIRN as a
real data byte theo SEERROM 380s oFox haxagipdeebdtr SBEDEERROMec usedoas regi st er

20 SEECTL; whi chfda@ﬁ&wcie% ifcaaE bR P vhirel BLAAR atBbits Serial data
out . ,} PROM c roI reg| stf SEECTL on SSPI OC
& &5 rabfe

254 provi des the anﬂ’f? gtedyiRg ahd W EXPRBLant@xt er nal
serial 1-bit 1EEPR@M tte\da cuibbiet 025datm)ntm:ma fotwubitpiregimtrerf ane (typical -

devi ces are DHEROARIHe4RN CoELEP 3 Fdrat are aval I abI e from Nati onal

Sem conductor). The S nt er connec ed to SSPI OC s, menory
port which may be sharE%?f ﬂﬁEgR EP "”I b’d%uad 11‘*6‘&1 enf¥\Pes. The
data and cl ock 30that msqaedqbpr adcdnys tdaetaefremnsEEBE!!PBGm | sTheovi ded by

a software routi neailt@tomlehgmfer&ﬂ\e&% %h@ %me of pinPMBo! gnidg Sl ow
ardwar e tlrge I'sS provided in

clock rate, i cal
nmaster seri a%‘g PR?J\% nneCt@(SlnFPoF ?e%?":ﬂ é’ithEEC‘?Er‘P’cPae'%é’fsof twar e
‘devel opnent 35 aSEERRQMIIB® wbehabit iSBEMS LabhetB8vehows the bi t

definition of registeroRFREt of bitt definitions for a master serial
EEPROM control register SEECTL and a slave serial
EEPROM control register SEECTL are listed in YAl1C- 7870
20 PCI Bus Master Single-Chip SCSI Host Adapter Data Book-
Preliminary" available from Adaptec, Inc. of Milpitas,
California.

j

A module of host adapter 240 issues an internal
signal to access SEEPROM 380 by setting a serial EEPROM
25 mode select bit SEEMS in master serial EEPROM control
register SEECTL. 1In response to a read or write to an
address of a master serial EEPROM control register
SEECTL in memory resource controller 316, instruction
router 311 passes corresponding instruction sighals to
30 memory resource controller 316.
Instruction router 311 also drives a
signal SEEBRDRDY inactive for at least 800 nanoseconds,
and then continues to drive signal SEEBRDRDY inactive
until a signal from memory resource controller 316
35 indicates completion of the access to SEEPROM 380. 1In
response to a read or write internal signal for access



47 TABLE 8 . SEEPROM cont r ol

regi ster SEECTL I n menory resource controller 316 and .

sl ave serial port input-output circuit g? Bit# Definition when bit
SOFTCVDEN SSPI CC 254 nactlve in register SPIOCCAP I/ 0O

pin : _ - Table 2) 7 reserved = 0 6 reserved
=0 5 tSeISEEPREGHPREN) M]iéeaSEii.eﬁé dff tmemory resource SEEMS. '

4 S | EEP E
Serj al erE:EgRO\/I nggnggﬁggfp |§:'Ifél wgggag executor 3§'t:) QQEE&;‘% serla%. 2

Serial EEPROM C thiPPYETRYEPUt (gdrcuit 254 are siwdlax) terthen Data Qut
bi t MD1 - actions descrBiskiD@bove in refdrencBetbake&EPRMwidbita2 | n bit

MD6 5 fEdaster board control register BRDCTL.
In one embodiment, master serial port input-output
" circuit 210 and serial port 230 were implemented using
the VERILOG code of appendix C apnd microfiche '
appendix A in particular, the VERILOG subroutines shown
10 in Table 9. The VERILOG code in appendix C and
appendix A microfiche was synthesized using Synopsys
compiler version 3.1, that is available from Synopsys .
of Mountain View, CA to generate a gate net list used
in a host adapter'integfated circuit implemented in one
15 embodiment as 0.8 micron standard cell CcMos integrated
circuit.

The VERILOG subroutines shown in Table 9 utilize
and generate signals that are specific to a particular
_embodiment of host adapter 240. Tables 10 and 11

20 define signals to and from data transfer circuit 220
and serial port 230 respectively so that those skilled
in the art can implement the invention in other
embodiments.

_ . TABLE 9
25 VERILOG Code used in Modules of Host Adapter

VERILOG Code of Appendix C

Modules of Host Adapter and Microfiche Appendix A
W

Software Resource softetl, softentrl,
Controller 314 .| softcmdsm, softregs,
softtimer, spfifo,
spfifoctl, spfiforegs

Hardware Resource - | brdentrl, brdctlsm, sbwesm,
. 30 Controller 313 ’ sbwcctl, led, stpwr

A



48 " Serial EEPROM Mbde Sel ect bit SEEMS is a read/ wite bit

~which when set active, e.g. one, or set I nactive, e.g. zero, causes
menory resource controller 316 to send a request to SSPI OC254 for 5
access to SEEPROM 380 or to board contrdt | ogi c 370. An active bit
SEEMS reconfigures the SSPI OC nenory port to all ow SEEPROM control bit
SEECTL to redefifé prns NO[ Z- O] (See€ [Tapl €. 8] and actrvare QI:I:I-’RD\/I chip
sel ect bit SHECS for access of SEEPRQV $&®L 565ed o PP C | bgi c.

Once SEEPROM nodsg Meﬂel;es bmt I-BEI\/&daptass r taad, M:Lcroﬁmissappenduhep.
resources of SSPIs I
SEE(F;ROt\)/I node sel eauemory merSOSEEA/E i's i nackiymictl, spromct%$e§ééémﬁEPROV| .
Ready bit SEERDY |i 0] 't 15 t ardware tinef that
is used instead df éorﬁ:lrﬁa'%gf ?\%re tinmer %%eaccess PEPROM 380 or | boar d
control logic 37Q. e = te EERDY
goes inactive ang ?ﬁmltégggdl Héééﬂc o%%-%aﬂrl }c}d%}: e%é% agglé%lé&t SEEPROM
380 is conpl et ed |2EPPYRII RS 3 éEtlve e.g.| one. The state of bit SEERpPY '
nmust be read [aCTTVE DeT 0 Urng| to the Next._step of
addr essi ng SEEPR@\%W‘“’"‘”“ R°“te’Se?]i]al EPROV SRS e | §E§t5?'ECISEECS is a
read/ wite bit tHat is used to control S= ?Tafgﬁn|an353pswaeet pln SEECS of
SSPI OC 254. \When e : bne,
can. drive signal Retrmte&@aba RoutSEECS spi:c;mu:t b| t SEEI\/B | s act | ve Pin
SEECS can al so bgq 4¢4¢£d to qualify the SSA OC nmenory Interface |lipes as
. BRDCTL signals en both SFFPROM 380 30 d board control logic 370 afte
present. Pin SEE(Sgerial M@, ggtd@n exterggk?ﬂuﬁﬁnpomn resistor if SEEPROM
380 S presen&. . erial EEP clock bit SEECK is a
read/wite bit SRR ForntPol s the stafe of pin M2 which is connefted

35_ to the 36" 9 Serléi(gof%k bQH er.éé] 0 sé%%%?«g%éﬁf} spctlsm,

520 spentrl and spshft
TABLE 10

15 Signals to Data. Transfer Circuit from Serial Port

Signal

Nanie in.

VERILOG _

Code - Function From To
%
20 berren generate parity | System bus | Serial port
error to | module 225 230

exercise parity

| checking
circuit
chprstb reset chip System bus | MSPIOC 210
(initialize) module 225 | and serial
Xself o _ port 230

. resetting)
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Seri al

controls the, state of pin MDL. Pin MDL is
pi n of SEEPROM 380. When

MD1 is 5 set to a high |evel
SEEDO can be used wi th other

bit SEEDO and .SEEI\/B are active,
i nt o SEEPROM 380.
to SEEPROVI 380 For

for witing2a b

resources in addltlon

EEPROM Data Qut bit SEEDO is a read/write

bi

t that

connected to the data input

it

e.g.

one,

pin’
Bi t

exanpl e bit SEED@

to

t

L all UC uau as ad IUuI[II UI L ||| auu LIUII LU LIII
board data bits SRoBAT[ 7 5] that are lisffed in Table|5 for exanpl
10 wite a nibblle n&mgai,a |nto a four bit rlegister in board contyol
| goci 370. ' rial |EEPROM Data In bjt SEED is f read only b
that is used to - value of bit SE

ko
reflects the val U
term nal s of

he daf@ out p

EDI
t
et of

write data

225

bit definitions flal e : b giestial ﬁEECFL and
a’' sl ave seri al EEPROM cdn&{.ﬂl,r GEeSter (dhi&red | $8@ in "ALC /870
20 PCl Bus Mastler Single-Gh SCSI Hg)t Adpter Dat a Bpok- '
Prelimnary" availl abl e from/|A gf)’f €ingf| M | pi t'as, Cal i fornifp.
A nodul e of host Jadapter 240 repmnesechr(semfer hal sigpal to access
SEEPROM 380 by sgtting a ser s 25 npde select bit- SEEMS i n npster
serial EEPROM corjtrol reglster CTL. Ih response tb a read or ite
to an addr esy Qimasyrast ef 5@@@,} JdaeBROM Lot f Phvd£9i $istlquencesEE]QTL i N
menory resource dontroller 3% truction router 311 passes. .
correspondi ng indtruction si gﬁﬁ?%s & 30 mem)flﬁ # W 61-Fé? 3f6.
Instruction routdqr 311 al so [dbused2a is si pha2 SEEBRDRDWr msystewme fpr at
| east 800 nanosedonds, aggnt@elrbagpntl nups to drive $igRahoaBEBRDRDY
i nactive untli| "a signal| from nmenory respurce controlll er. 316 35
i ndi cates conpl etli on of the pccess to SEEPROM 380. In 22 esponse o a
read or write int eéﬂcaio stgn 45015H4§-Ccc.|.%sc?q Sequencer MSPIOC. 210
| for timing, can | module 223 and serial
. stay high to port 230
save power in
power down mode
cdadr_ part of data Sequencer instruction
5 [7:0] transfer Module 223 | router 311
bus 226, | or system '
destination bus module
write address 235
cddat part. of data Sequencer MSPIOC 210
(7:0] transfer Module 223 and serial
bus 226, or system port 230
destination bus module
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conmand_execut or
simlar to the

for master board
mast er seri al

t o SEEPROM 380,

port

the actions of nenory resource.
320 and sl ave seri al port

controll er

316,

| nput-output circuit 254 are

acti ons descri bed abgﬁg-in reference to read and wite 5

control register- BRDCTL.
| nput - out put

circuirt 210 and seri al

I n one enbodi nent, .
port 230 were

i mpl enent ed usin
appendi x A in pa
The VERI LOG code

ﬁ’t i Csdlgtélgﬁ

VHRT TOG code of appendr x C and
t He VERI LOG subroufi nes shown
i nNappeinli 4 C and appendi x A mi cr of

mcrotiche
10 i n Tabl
che was

synt hesi zed usi ng SyBRPENG conpiler versjon 3.1, thafy is available from
Synopsys. of Nbqu@?n Vilew, to,generafe a _gate ney |ist_used I n
a host adapter inftegrare r cui t UPp8Rent eld i n 698 15 | enbodTPrent 0.8
m cron standard ¢er] S TIregrated . CITEUit. - e Ve LOG
subrouti nes show d2t3 transfery gl Sequenger si gdrstrugaion k
specific to a pafticular bad@igrent of hpabdubaEasy P4outésbies 1P and
11 20 define signals to and §& 4%g- transfgr gl |t P20 and seria] port
230 respectively]so that thgse éﬁg égnl nt art cqn inplenent fhe
i nvention in othgr enbodVHttg enable bus module TABLE 9
25 : VERI LO¢G Code used |[in Modul es of Hoptk2#dapt er o
VERI LOG Code of Apperdi—G ModiH-es—of—Hos—Adapter——and M crofi ch
Appendi x A Sofddaar e Rgsdatazecransfer Sof Betthencaf t chitvelcrieved
Controller 314 [7:0] SO 6gESM e SYu8ES| module %23 qata r?uFer
Softtinmer, spfifq, - sprifogtl, spfitoreps
Har dwar e Resour cg br dcRédreshr det | sm | SBWBEFHe™0 | 3&3ntrol | er P13
sbweetl, led, stpw ' bus module
225
csren data t&ahsfer Sequencer retrieved
bus 226 source module 223 data router
read enable or system 312
drives CSDAT bus module
225
5 |1tstsigi | LED test bus Input Soft
[7:0] for test output bus | resource
configuration | module 221 controller
signals 314
mparcken enables parity System bus Serial port
checking of module 225 230
received '
packets
pac2spio Sequencer is in | Sequencer Instruction
control of bus module 223 Router 311
226
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Modul es of Host Adapter

VERI LOG Code of Appendix C
and M crofiche Appendi x A Menory Resource

ronctl, spronttl, seecntrl, -Cbntr(y4 er 316 seect|sm
spronmsm Initialization Resource. €l sm iddatestat, -sprstctl
Controller 315 5  Instruction Router 311 sprw, sprwctl, spstretch,
spcl kgen and spr\ €Giqnal etri eved Data Router spr pfnux 31

Serial Port, Byt gnat sdar borrux Cenerator 510 [0 Serial Hort,
Converter spcit , Napetin dpctlsm 52 _ - glpentr
and spshft VERILOG TABLE 10 15 Signals fto
Data Transfer Cifcuit, fyom Jerial.  Port |_gnal Nane ijn

VERI LOG derde Func%?gﬁgloq Fro%#%m berren

generate parity poggéé%n Reset System bus | Initial-
' module 225 ization
| - from PCI Resource
reset or Controller
chprstb 315,
' MSPIOC 210,
serial port
230 '
rstib_ PCI reset to System bus | Initial-
initialize module 225 | ization
varioug things Resource
Controller
315
MSPIOC 210
serial port
230
sled_ scsi bus busy Input- Hardware
sighal from P outpqt bus Resoﬁrce
SCSI led logic |module 221 | Controller
' 313
: rqmdec_ ROM decode goes | System bus Instruc-
true when bits module 225 tion Router
present, enable 311
are active and
. address is
valid.
"5 romadr Address of ROM | System bus | Instruction
' [15:0] location to be |module 225 | Router 311
. read. '




error to nodul e 225 - 230 exercise parity

checki ng . circuit chprstb . reset chip .

Syst em bus VBPI OC 210 (initialize) nodul e 225 and
seri al (self. 33 port 230

resetting) L : 52 - Si gnal . Nane
in VERI LOG SiaqnaiCodp ~ Functi o Frjom o
clrparerr_ clear parlqgg _ system bus sefial port '

. error that is nodigme 2B5 | 230 , currerftly being
reported (self VERILOG resetting) cr busy part of data
retrieved Se nc . trangfer dat a ut er
Modul e 223 | “Code us ZFi’émltsmn 312 From or srrgtem '
bei ng read S, npdul e ' .

225 J ka0 | T M bR @.k"nte Sequen¢ SYStem\Rps o DgFruction

for timng, can [mdul e 223 | camdardri al module 225 | Raouberhi3gh t ¢
port 230 ' Sapy e Ppone 1 n puvﬂe_‘l‘—dﬁ'\ﬁﬁ—ﬁﬂ)de
cdadr _ part j$tekeanb S€§Tcpeower dowmgImputton Instruction

bus termination | Output bus Router 311
{(control bit 0) | module 221 '

stpwlvlb SCSI power down | Configurati | Instruction
' bus termination | on Register | Router 311
level (control | in System

bit 1) bus
module 225
" <. N
iddat new device serial port .| System bus
identification 230 module 225
5 | csdat part of data retrieved Sequencer
[7:0] transfer bus data router | module, 223
| 226, source 312 ‘system bus
read data | module 225
eepromen EEPROM enable | serial port | register
L . : 230 SPIOCAP
idldrdy Indicates when | Hardware System bus
byte IDDAT has resource module 225
been stored in controller
register 313
DEVICED1
following a
reset
. ' noack Send target serial port | System bus

abort to host 230 module 225
processor ’




5 [ 7: 0]

bus 226, _
write address
210 [ 7: 0]
bus 226,

bus nodul e

53 Si gha
From To
‘bus 226,

or system

225 csadr _
bus 226, source
or system 312
225 csren_
bus 226 source
or system 312
225

t ransfer Modul e 223  router 311 .
or system ' destination bus nodule .
225 cddat part -of data Sequencer VBPI OC
transfer Mkl e 223 -and seria
or system: port 230 destination
. WTte data 225
Signgd e i n VER LOG Code Functijon
Namzlvien | dat a transfler Sequenicer instrygction
oopderides | router 311 estination
wijte enable bys nodul e
G968 tr4nsf eFuncti@hender FrPBiri
romrden ROM present
data trdnafsdie Sequendezzo retrieledgister
modul e -223 data router ga | ¢
dri ves CSDAT ‘bus mopd Sy SaP
bus 225
spromrdy 4 bytes of ROM mnemory system bus
data is resource module 225
available for controller
host 316 '
sspiocps SSPIOC is serial port régister
present 230 SPIOCAP
T ]
seems SEEPROM mode Memory Instruction
select signal; | resource router 311
only SEEPROM controller
and BRDCTL 316
operations
allowed (no
access to ROM,
LED, EEPROM
ete.)
spromclk_ | Clocks each Memory System bus
byte from ROM resource module 225
into a 32 bit controller '
| holding 316 '
register
spioparerr | Parity error Serial port | System bus
detected in 230 ' module 225
packet received
on line SPIO-




[7:6]

5 |t stsigi LED test bus | nput Sof t [ _
t est : . output bus resource configuration
modul e 221 controller signal's
npar cken enabl es parity Systen1bus 57Ser|al port
checki ng of nmodul e 225 230 recei ved _
packet s pacdSpr o, qUEﬂCET—Ts“Tﬁ“SEPuencer' FpstToctTon
control of bus rnxﬁﬂﬂ??éQS Rout er 311 ' 226
54 Si gnall Name dang| in VERI LG Code| Funct
From T4  verIROE _power. on feset Syst ¢m bus I nit
nodul e 225 | zat}i on ) : - |from PC
Resour ce Code Function bget Fgom - ntroFPer
chprstb 315,
210, spbrden Board enable Serial prnt |Register
230 rstib_ PCl resgt to Syst en) bys I nitiglsprocap
initialize nodul-e 2920 zation . Nvatious thi ngs
Resour ce spseeen - SEEPROM enable . Ser1a1 port i@tker
315 230 MSPI %CAP
spiobsy Serial port Host Instruction
access in adapter router 311
progress modules
313, 314,
315 and 316
stretchseq | Stretch clock Instruction | Sequencer
of cycles, Router 311 Module 223
sequencer
module 223
5 spioackdet Acknowledge Instruction | Host
' packet detected | router 311 adapter
- continue _ modules
command cycle 313, 314,
till 315 and 316
acknowledge
packet
completed
seebrdrdy | Board control Instruction | System bus
or SEEPROM _ router 311 module 225
related command and
cycles have seguencer
completed module 223

for

314

on
al -




serial port ' | : 230 sled_

scsi bus busy | nput - Har dwar e signal from

out put bus Resource ' SCSI led logic nodul e 221
Controller 58 313 " rondec_
ROM decode goes System bus I nstruc- true when bits
nodul e 225 tion Router : TABRE gblent , enabl e 311
are active and Slgnals to_Sefdsl &Srt ¥rom Data Transfer di%bhﬁt S

r onadr Addr ess__af System hus lLnstruction

| ocation to be nndggﬁaﬁz Router 311

read.
55 Si gnal Name i in - VERI LG} Cbks ' Functi on
From To F Ot ROM write Syst efn bus I nstrjucti on
comrand 5 mEREOE25  Router 311 st pwenb SCSI power jdown
| nput | nstjr ucktbaa Functlon bus term&a@tlon Qut ppgs bus
N0 ()

Router 311

———————————— Q -— - = e
SCSI power down |Coidddgur at Stépétéfuﬂl(ﬂl ' erial. Mégﬁ tern1nation
on Regi ster Routler 311 Ieve? zcontrol StEﬂ]'
acknowledge 0 ser1 port
packet detected, ' input-
output
circuit 210
xbsy X Resource Resource Instruction
controller is controller router 311

currently active
and seryvice for
a command Signal
is currently in

progress.
xread Command executor | X Resource Command
320 is to read controller executor

_data from ‘ 320
resource X. '

10 Xreq Service request X Resource Command
for resource X. controller | executor

320
xsend Command executor | X Resource Command

320 is to write controller executor
data to resource 320
X.




bit 1) bus , nodul e 225
| ddat new devi ce serial port. System bus
i dentification 230 modul e 2254 5 csdat part of data
retri eved Sequencer - [ 7: 0] transfer bus data router
nodul e, 223 226, source 312 system bus
read data . Qi nmodul e 225 eepronmen EEPROM enapl e
_ _ Signal _
serial port regifter . . . 30
SPI OCAP i dldrl§me 1n | hdj cates when  Hhardware st em bus
byt e | DDAT has I e¥BRIDGG | nodul e 225 ' been stored}in
control | er code redi $h8ktion 313 prom 7o .DEV] CED1
“following a reset noatk Sen
serial port System bus . -, aboft _to.hpst
nodul e 225 gﬁpfgtbsy §P8Be§§8?t 1s. ‘&nlgla izat ommand 56
Si gnal Namg| i n YERrreatly acti®@edeion Fundtexgrutor From
To ronr den ROM pr egent serial pebboustd OCAR 320
enabl e 230 regi ster _
controller
315
chprstreq | Service request Initiali- ‘Command
for chip reset zatiqn executor
resource 320
controller
315
clk40bl Clock s&gnai for Command
various parts of executor
host adapter 240 320
eiread Command executor | Initializ- Command
320 is to read ation executor
initialization resource 320
packets from controller
line SPIO-; this | 315
command signal
triggered by
signal RST#
5 ledstate | State of LED LED command
' ' controller | executor
in hardware | 320
resource
controller
313 .




and system - bus 225
spronr dy 4 bytes of ROM nenory ‘syst em bus dat a
i's resource nodul e 225 : avai l abl e for :
controller ' ~host 60 316 sspi ocps SSPICC i s
serial port register : pr esent 230
SPI CCAP seenp g o SEFPROM node Mefory [fnstruction
sel ect signal; resochp router 311 : only SEEPRCM
contral l er - Name in jand BRDCTL 316
oper ati ons VERILOG |allowed (no ' access to ROM
LED, EEPROM _ etcy) . spr pncl Cl odks eagh
Menory Systemct?ﬁise Célon byt e fr%rn?rhd\/l resour ce
nodul e 225 X Into a | con rod er
hol di ng . paesc Timeout Eez%‘iﬁ st peommand o JMFREIQC 238 i {y
err.or Serial port Systé¢megeipt of first | executdet ectled in 280
modul e -225 RAGKEE LRceived | 350 .o on line BPI O
57 ~ Si gna _
acknowledge
packet
rstspios_ | Power on reset Initializat | Command
ion executor
| resource 320
controller
315
selroma0d | Select 'first ROM | Memory Command
address resource executor
controller 320
316
selromal. | Select second Memory Command
ROM address resource executor
controller 320
1 316
5 stpe SCSI termination | Hardware Command
power enable resource executor
controller 320
313
stpl SCSI termination Hardware Command
power level resource executor
controller 320
313




14

Nane in VERI LOG Code Functi on From
To .Spbrden Board enabl e Serial port Register
230 SPI OCAP spseeen S%EPRCNIenabIe Serial port
Regi st er : ' 230 SPI CCAP
Spi obsy_ Seri al—pait .- Host lnstruction
access in A daftfial router 311 . pr ogr ess
nodul es - . 313, 314, _ -
315 and 316 sPPBBcHBeq Stretch cl ock Instructidn Sequencer
of cycl es, ROVEBILQ@1|{ Mbodule 223 _ sequencer
nodul e 223 5 Epi ydedet | Ackiiw-esgs | NSg4&gt i 0N Fb;&b
packet detected -
nodul es %5 31
till cddat P | Ceotifdha edgé
packet conwF%#@dnatl°n seeb*&ﬁ&FSfeBoard eFRTRENT
Instruction System bus address or $iuaRelk gpoiter 311
nodul e 225 Fe+at-ad—c-orand —and
cycl es have spiowdat | Data(tenber Data ceopt et ed
modul e 223- written into traggfer resource
soft resource. bus 226 controller
register 341 341
romadr Address of | Memory Command
memory location | resource- executor
to be accessed controller 320
in ROMt 316
xack Resource X Command Various
command executor resource
acknowledge has 320 controllers
been detected in master
T serial port
input- -
output
circuit 210
5 spnakabrt noack'sigﬂai to | Command System bus
' system abort executor module 225
logic 320 '
Signal xbsy remains true until the current command

10

service is completed.

Examples of signal xbsy include

brdbsy, chprstbsy, rombsy, sbwcbsy, seebsy, softbsy and

spiobsy.



TABLE 11 Signals to Serial Port fromData Transfer Circuit

Si gnal . . Nane in 5 VERI LOG code ‘Funct i on

From To ackdet Start _of Seri al Mast er
acknow edge port 230 seri al p&lzt ' _ packet

detected, - i nput - '

out put Slgnal ackdet indicates that a commandrpaicket? Ehd

xbsy. X Res%Hﬁpgddltlonafkﬁﬁﬂﬂégi yere 0644499 sent to slave
controller is caontrol I er rout e currently active
and service for 8e¥ia ' port input é"’&@?‘h"’rﬁﬁﬂr%‘?’g"naqs"“ i s
currently in Command sjgrma)r esxead triggersaignal r€adspiwl. execut or

X Resource  £omM@Badples of 31g?a1 xread2ntPud® ¥idaa, EBH&é&&'er

execut or

resource X. 10 Sbwgregd. seer%%q \ﬁ%férFéE}u@:%@ el’%?@esource Command
for resource X ‘conExambdes of xwigmadr xreq include brdreq, chprstreq,

320 xsend j egreqFO LY, oBrBPSG Wik srpbRagand
320 is to wite econtro eéjq execu 4 P data to resource
320 Lommand signal xsend triggers signal sendbyte

10 . Examples of signal xsend include brdsend, romsend,
seesend and softsend. | .
Examples of command signal xack include: brdack,
chprstack, ledack, romack, seeack, softack and stpwack.
To summarize, in responée to an instruction signal
15 from a module of host adapter 240, master serial port
input- output circuit 210 drives a command signal active
and in response to %the active command signal, command
executor 320 generates a command packet and transmits
~ the command packet serially on a single pin 241 that is
20 connected t6 a slave serial port input—output
circuit 254. Hence, host adapter 240 accesses a
resource connected to slave serial port input-output
circuit 254 by use of just one pin 241. So, host
adapter 240 can perform read.and write operations to an
25 external register or memory, in addition to turning on
and off various external resources, using a serial
. port 230 with a serial port input-output bus 246 that
interfaces to other portion of,ﬁost adapter 240 and
pin 241 that interfaces to the external registe;s or
30 memory. |
Host adapter 240 does not need pins dedicated to
access certain resources that were otherwise necessary
in prior art host adapters to access various resources
for example EEPROM 390. The use of only one pin 241
35 for serial communication with slave serial port input-
output circuit 254 is the smallest possible number of
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Si gnal

320 reduces costs as noted above.

9C ress na& éeuf:l&.act:we commang0 8191}1\%]5t0ré(§>51& of 240.

From .

currently active

resource 320

315

for chip reset

resource

315 cl k4ol

various parts of

320 ei read

320 is to reads

resource 320

line SPIO; this

triggered by

LED

execut.or

resource

313, 10
15
20
25

Name in
chprstbsy Chip.reset is

i on

chprstreq Service request

VERI LOG

execut or

controller
‘Command
pinsi bor serialexepmupication, and so this invention
controller

Initiali-

code _
I nitializat

Functi on
Conmand

serCalmpont cccomandr linest323, A& byt€ogemexhtor 510
(PHEONS) in confa®@UbREcutor 320 generateénétlb}?de' £3! ban

tgfgsmltted suchpaCket Sﬁw gy ﬁaﬁggt lg{éeré.m

Command byte filghdnckedgs four qomandt bits SEGt@ of LED
compaadeded by a read-write bit R and £ollowE@Nby AUdcSdata

bits D0-D1.

generator 510.

The specific o:ecgeﬁ
important to practicing this invention.

Byte generator 510 is sometimes

\égfase g’:?t?s is not

Table 12 lists
the command byte format used by one embodiment of byte

referred to herein as a command generator.

TABLE 12
A § .
Signal on Command Byte Format Addi- Res-
command (FIG. 4A4) tional ponse
request Bytes Bytes
line Bit R| Bits Bits to be
| COMMANDREQ _ 0 = Co-C4 sent
1 Write |
(FIG. 6) 1 = ) ' D1 DO
[PRIORITY 1 | Read i
= Highest]
RST# NONE 0 2
[1] when RST# becomes (IDDAT/
inactive, command is ESTAT)
automatically performed '




60 Si gnal Nanme in VERI LOG code Functi on

From . , To noack Ti meout before Command VSPI OC
210 _ recei pt of first executor . bit of an
320 acknow edge 64 packet rstspios_
Power on reset Initializat Conmand
ion execfut or - - T ESO[TCE 20
control |l er CHPRSTREQ All 11 bits zgmp s8R onhO 9Sel eft
first ROM Menory Cofeiapd addr ¢gsit of respurce
execut or : . controllel ,4320
. 316 selromg . Select sgcond " Menory ¢tonmand
ROM addr ess resource executor after
controller 320 : 316 1 st pe
SCSI termnation | Hardware Conmmand : zdiyel enabl e
resource execlt or : : contfoller B20
313 st pl SCSI terfination Hardware  |CH#kdhd
power | evel resource execyt or _
control | er 320 | ROMREQ 1 | o3h 217 | Alg{x2 addr 4
0 04h | A17|a16| 2 addr 0
5 and
[3] 1 data
BRDREQ 1 07h o | o 0o 1
4
(4] 0 07h 0] O 1 data 0
SEEREQ 1°t| O06h 0 0 0 1
10 (5] 0 06h 0 0 |1data| o
STPWREQ (6] 0 02h (a) | (b) ] 0
SOFTREQ (d) 10-1Fh | (d) | (d) (d) (d)
(71
) SOFTREQ o 01h i |lo}| o | o
15 | (test mode) _ o ) " A{e)
{71
SOFTREQ 1 1onh | o | 1 0 1
(SPIOSTAT?] ‘
0 10h 0 0 | 1 data 0
20 SOFTREQ 1 iih ] 1 o 1
(sPIO '
ERREGEN)
. (7] 0 1ih | © 0 |1 data 0




61 Si gnal Nare i n . VERILOG ~ code

Functi on . From To cddat Data for a
Conmmand destination 65 transfer execut or
addr ess bus 226 320 spi owdat Data to. be
Sof t . __written into transfer resource
soft resource ﬂﬁﬁ%&§?6 cont § ol : . riegl sfer 341
341 r omadr dress [of 0 (luﬁgmjr y0 _ ) | confran b
menory |ocation | resourcel8] | execufor . to accessed
controller 320 ROt 316 Xack
Resource X Co d Var,i.qu conmand
execut or ' resourcgnaﬁ state of bit igEWﬁgmﬁedge has 320
controllers 5 (b) stapecof duitte STEWLEVEL; - in master
serial port (c) change in status of input-output bus 2@@;?% c
out put
spnakabrt noack SI gnaﬁAGtLEDENd)?‘rr%nz(fro or SE?E? ?ﬁtﬁfst DI%GL%B&]
syst em abort bi RINGHEDEN isendie 225 | ogi
320 Si gnal (@§bsyof BEBESS dddl@tUBi e éﬁqlg‘éj,.rre'nt conmmand

10 (e) a real-time internal signal of data transfer

circuit 220 is passed to pin 241;

In response to an active write signal on a command
send line COMMANDSEND I in a set of command send

15 lines COMMANDSEND 1, COMMANDSEND 2, ... COMMANDSEND N,
within serial port command bus 323, command send logic
element 620 (FIG. 6), which in this embodiment is a
logic OR gate, drives a send byte signal SENDBYTE
active on one of control terminals 512 that are

20 connected to input control bus 521 of converter 520

- (FIG. 5). The signals on command send
line COMMANDSEND_I can be, for example one of
signals xSEND such as board send signal BRDSEND or ROM
send signal ROMSEND.

25 When a resource controller, such as a hardware
resource controller 313 (FIG. 3), drives a signal xREAD
on a command read line COMMANDREAD I, the same resource
controller also drives a signal xREQ active on one of
command request lines COMMANDREQ I in a set of command °

30 request lines COMMANDREQ 1 ... COMMANDREQ N within
serial port command bus 323. The set of command
request lines are input lines to command
prioritizer 630. If only one signal on one of command

. : request lines COMMANDREQ_I is active, command

35 prioritizer 630 drives a signal xACK active on a

comﬁand acknowledge line COMMANDACK_I, in a set of

Data_

Dat a



service is conpleted. Exanples of signal xbsy include br dbsy,
chprstbsy, ronbsy, sbwcbsy, seebsy, softbsy and 10 spi obsy.

62 Si gnal ackdet indicates that a command packet and ~any
addi tional packets were successfully seflP to slave serial port
| nput -out put circuit 254, Conmand signal xread triggers signal

readspi 0. 5 Exanptesmaxid sickmawlerdgadlined WOMMANDAGKR D, .OMOSNMMANDACK N
sbwer ead, Seereadﬁﬁ@féis'@%ﬁ%@seé@f&al active oﬁxéf%rﬁ%n‘af P%gﬁgﬂ% Xreq

i ncl ude br dr eq, stre ronre seere soft st pwreq.
Command si gnal xs% §E§Pgﬁa+nsaerﬁ?§y | copma 89yt sjgnal xsend
t ncl ude brdsend, lnmuenummmNDPEﬁaeSEnd aanQENDBENHZN Exanpl es of
command si gnak xack | NE Ylire lghq;;}cgne 1ine" RRY ghgcgetlgfj%ahgnack seeack,
softack and st pwack. nmari ze i n gfé} to an mitructlon
signal 15 from a¥AgieA% ]dfneﬁoﬁrﬁﬂ%f)t%? af)&}venﬁg S92 Foepa

i nput - out put Ci r cai ¢oddndimeguesh t imerggn ss iaghidive aceommand and in
response to the aghiyes COIRRdeSI(HTA] 6 QHIRAS activ€ Sfgilfils 3a0cHENCr Al oS

a comand packet transmts he command packet seriglly_on a single
pin 241 that is 26°‘“‘E%‘Fﬂwétﬂ“é’d""98daes¥’a’\‘;% and ithe pePRand RAnGHGdine
circuit 254. 1ldenceorhesporatiagt eo EHE higleste prdority camand eeqoesect ed to

sl ave serial portuﬂg%@gytﬁg an act £ Widnad>d R¥olifnd et tnBAg PN 241.

So, host adagt er can PSFmTead and write operations to_ an 25
external register ’ﬁeﬂuﬁéﬁl lings thaturArry ¥m acuveaﬁ&g&??‘ svari ous
external resour cesheueomgarai &mquabt line (COMMARBREQI I hhas Ittd dlighest

puL- QUL PUL BUS 2400LIeY. comnanl BELAER% I a8chrPOLL ! kiGhngiost adapter

240 and pin |nte S. to e external reqis s or 30

menory. 15 appiye a%rapﬁ%}maﬂéoaab%%w%ﬁﬂsenééaepmwa@a‘}%%&hﬁé is
part of status bus 322 and a signal active on a command
pending line COMMANDPEND I. Command prioritizer 630
prioritizes the command request lines in the order of
decreasing priority as listed in TABLE 12 above and

20 processes any-remaining active command signals
sequentially according to the priority of the active
command signal.

In response to an active signal 6n a command

) pending line COMMANDPEND I, command encoder 640

25 supplies an 8-bit command code on command code
bus CMDCODE to extension multiplexer 670.
Specifically; each active signal on a command pending
line COMMANDPEND I to command encoder 640 addresses a
different location in a command look-up table. The

30 byte passed through extension multlplexer 670 is
determined by the signal on a port busy line PORTBUSY
that is the output line of command busy logic
element 650 which in turn is driven by the signals on
command busy lines COMMANDBSY 1 .:._OOMMANDBSY;N. For

35 active signals LEDREQ or STPWREQ, command encoder 640
uses a LED state signal LEDSTATE, to encode bit DO, or



access certain resources that were otherw se necessary in prior art
host adapter.s to access various resources - for exanple EEPROM 390. The
use of only one pin 241 35 for serial comrunication with slave seri al
port input- output circuit 254 is Phe small est possi bl e nunber of

63 pins for serial comrunication, and so this invention reduces
costs as noted alithee SCSI terminatiipn popenstevel mignedi $EFPHoapdnthsi gnal on

one of seri algdaar tteeamepoﬂ gt r3édable byi Aerepat Qéséé@uéely (FIG
5) in command execut or eneDat b§£ t tran % uch as
a command byte 41 R?t 0 a&%m%& b%ee 195 fertae c nd
bits CO-C4 pr@meMOBymanteaabmmanﬁebbsY Foginl efl@lflieg%eGSlesvm ‘dat a
bits DO D1. Tge smfgq_id‘b@gggr of these bits is not 10 i nportant to

practicing this inven byte for
used by one enbodi rrenFllﬁ‘Feb§l?’e aﬁly'g@hf rﬁf’ 'I"h%ﬁi" °§eﬁg?a? |s
sonet i nes r dfusy ddnee Axre einacisive, c enbensiore myliiplexer1670

TABLE 12 péﬂéﬂ%akh8n51gnaﬂpQﬂPQﬂmﬁﬂﬁé ESddBins cMDE@BbE as Eﬁ@

conmand

{ A) 0
Byt es Byt es stlgn""cl:‘s PRphardwazg %mang ?@ga s BWCDAT {:ﬁgg pt® 2
COWANDREQ 100 =firs®Oi@put bus of writesdata multiplexer| 680. Theéte

(FIG 6) byte passellthi&igh writkePBRER! il dipiRsd 280 is= Highest]
RST# . determined by the signal on soft cé%le line SOFT that

is the output of soft data multiplexer 690 that is a

logic OR gate in this embodiment. Since initially,

15 signals SOFTACK and SOFTBSY of this embodiment on
command acknowledge line COMMANDACK N and command busy
line COMMANDBSY N are inactive, the signal on soft

. . cycle line SOFT is also inactive and write data
' multiplexer 680 passes the signals on hardware command
20 data bus HWCDAT as the signals on shift out bus SHFTOUT
that is coupled to shift-out byte terminals 514.
In response to an active send byte
signal SENDBYTE, on an input control bus 521 (FIG. 5)
that is coupled to control terminals 512, a packet
25 input-output controller in converter 520 formats the
byte received on parallel bus 523, that is coupled to
data terminals 514, into a packet and transmits the
packet serially on: serial data terminal 527 that is
connected to serial data line 532 of line
30 controller 530. Simultaneously, a shifter state
machine in converter 520 drives a control signal on
drive terminal 525 that is connected to a drive
line 531 of line controller 530. '
In response to an active signal on drive line 531,
35 1line controller 530 passes the signél on serial data
. line 532 to pin 241.



All 11 bits zero

[ 1] 'Wmﬁﬁﬁ iﬁﬁmed ' (| DDAT/ . - — . . .
t ESTAT) ' L€ Bk
s | T

bit of . - zero

after . When the signal on drive line 531 goegeinactive,

bits ROVRE(Qne controlier 530 GHops AtTvidyg &he? s3dHb1 on pin k41

0 ~04h  Al7 Al a O 5 . .

and oup a5 pin 241 via an input buqed.‘at(got shown B’F&')REQ

1 07h (FIG. ) to sepial data received terminal 536 that(is 07h

0 0 1 data connedted to a S&HHQdata recelaed 11né0@bz of O 0

0 1 10 onver Eg 0 06h dat a . 0
STPWREQ [ 6] ¢ t%§2h52% (a) (b) 0 o SOFTREQ

(d) | 0-1Fh (d) (d)In re@po;lse to axg @.)ct:.ve read signal oh7h command SOFTREQ

0 O1h 1 read) 1line COMMANDREAD & in a set of command read
: lines COMMANDREAD 1, COMMANDREAD 2 ... COMMANDREAD N
10 within serial port command bus 323, command read logic
element 610 drives a read serial port signal READSPIO
~active on one of control terminals 512 coupled to
‘converter 520 (FIG. 5). A read signal can be, for
example one of resource read.signals XREAD, such as
15 board read signal BRDREAD and ROM read signal ROMREAD.
In this embodiment, command read logic. element 616 is a
logic OR gate. L
In response to an active read serial port
signal READSPIO, a packet controller in converter 520
20 retrieves a byte from a packet of data received
serially on serial data line 522 and supplies the
retrieved byte on received data terminals 524 that are
coupled to received data bus 321 of command
-executor 320 (FIG. 3). - :
25 If the received packet is an acknowledge packet,
~during reception of the packet converter 520 drives an
acknowledge detect signal ACKDET active on transmit
status terminal 526 that is coupled to a transmit
status line 515 of byte generator 510. In response to
30 an active acknowledge detect signal ACKDET, byte
generator 510 disables an- acknowledge timer. If the
acknowledge timer times out, byte generator 510 drives
a no-acknowledge signal NOACK active on status bus 322
to abort the command cycle currently'being executed.
35 ) If during the current command cycle, additional
bytee are to be transferred, such as a data byte for a



15 (test node) (e) [7]

SOFTREQ . 1 . 10h 0 1 ,

(SPI OSTAT[ er r] 7] | e, o 0O 0 1 data

0 20 = SOFTREQ 1 11h 1 0 1

(SPIO ERREGEN) 70 11h 0 0 1 data
0 byte write command cycle;, the respddiiv@® resource( 01lh

0 (c 0 It

ST%W%N; . %é}oller, s?c%It éﬁ%&f&6%Lresource @%hti??i@tcglg)l

status of input- SREY®RS Bu8ignal; JELBYTE actiya@malect B E@r 1Rg Qﬁ‘ate of

bit D AGLEDO\I |f to irkiitcabeAGhEEhMhdrsl ayele extender 669) whbdcheoflefwaned at
time of use; addr aess( %&tee 5@%&41%5@&6&&&&& @ 39k dagackd ansfer

circuit 220 |s pa se I n response an active

write signal on at‘iﬂn?é’ﬁ'& on sgﬁhﬂl IR ERkARREZENS 118 £ L?e?a%?e omand
send 15 |ines CAvdViEhibSBNDcommail/NBNDIETOMR, (FIG. GOMVANDSENEN, a caseyi t hi n

serial port Comésg;ém 2 Bl EQFTEREL SR gl fes cndlsiGRRLaO8R (FIG 6),
which in this enbodi rrentozﬁl sua ogi C gg dtl} vesggl send byte signal
SENDBYTE extension command bus EXTCMD to hardware command data

10 bus HWCDAT because port busy line PORTBUSY has an

active signal.

The active signal on port busy line PORTBUSY is
generated due to an active signal on one of command
busy lines COMMANDBSY I related to the command cycle

15 currently in progress. Write data multiplexer 680
passes the data byte or the address byte,.that is
selected by the sidnal on select byte line SELBYTE, to
shift-out byte terminals 514. Converter 520 formats
the selected byte into a packet which is transmitted by

20 ° line controller 530 in a manner similar to that
described above for transmission of the command byte.

Instead of selecting a data bjte from serial port
data bus 325, byte generator 510 can supply a data byte
from serial port write data bus SPIOWDAT when the

25 current command cycle relates to a soft command. For a
soft command, when a signal on command acknowledge

. line COMMANDACK N and on command busy line COMMANDBSY N
‘goes active, soft logic element 690 drives a signal"
active on soft cycle line SOFT that in turn causes

30 write ‘data multiplexer 680 to couple the serial port
write data bus SPIOWDAT to the shift-out byte
terminals 514.

In one embodiment, in'responsg to an active signal
on a parity error check enable line in error control

35 bus 550, converter 520 checks the parity of every
packet received from line controller 530 and in case of



active on one of control terminals 512 that are 20 connected to input
control.bus 521 of converter 520 (FIG 5). The signals on conmand send
| i ne COVMWANDSENDI can be, for exanple o of signal s XSEND, such as
board send signal BRDSEND or ROM 'send signal ROVSEND. 25 When a
resource controller, such as a hardware ~ resource controller 313 (FIG
3), ‘drives a signa edeA) drivesm es:@mrlaadtimdoﬁim@a@ﬁmmmﬁu - the

sane resource teﬁmfarlolsbsrtﬂééoléirdo\fﬁacee | goade st byg ongone of

command request |1nes COMWANDREQ | n a set o coman reqguest lines
COVMANDREQ 1 ... XRFRIRGSREONARi 2FTHe 819*1§ér1>a|ap?harc&=ﬁ¥eﬁd b#8 323. The
set of command - line dguestoki cestirle busp860| | cesvdértexnZRandrives a

prioritizer 630. Aigrgnl xnaeel%gmlpmt%@r%rceml 529 ERGUESL |ines
COMVANDREQI Is activ commng riofitiger rrves a nal XACK
active on a o tRcRn H‘%d’g‘g %H%&Soémmmmreﬁ"&rse uping

66 command aekemwlisdgef] anesmEEMVIMOAEK 1f. convediieNBACKtdines and

al so drives-a si e | NDI in a
set of command pgér}gjf n%ﬁl \éifﬁgég m\ﬂn\%]\lglpoé ggbggpt f nn%cg%w

I'f nore than one ¥35ke 'ncf’ﬂge%?ro?z%dirﬁé(ﬁ& signak, AqtivengR Rarries an
active si gnalowherommasid)eatrogntermimalc @28aadtiequesit lisneopnestadito e,

command priorgdd a0 QEI G 6) drives active signals on the
comand acknow edge %&Le ana he command E)’Fndl ng_line 10 _ corresponding to

the highest priority &Bﬁwﬁﬁ‘ﬁ°ﬁéﬂ%%%t° converher#2q el udesagt Fhetteynal .
Assumi ng that anosiate machieec?ROB(EIG.eleshati apsatidmta tambgrasf active

si gnal, the oM @tmquegati%f%ww é@&etthe hi ghest
priority, conmand prioritizer es a sl gnal ctive on conmand
acknow edge tPne Pnthat s alsﬁaﬂ-f‘clﬁd%q A SHYETESY 320 a
signal active on In(mnnpmm@e to ‘an active signal SENDBYTE on input

- control bus 521 as 'illustrated in FIG. 9A at time-T1,
shifter state machine 720 transitions from an idle
_ state 810 ﬁFIG. 8) along a branch 812 to a send
20 state 820 and drives a serial port enable signal SPIOEN
active on one of packet controller terminals 726 that
are connected to packet controller bus 742 of packet
controller 740. In response to an active seriél'port
enable signal SPIOEN, packet .controller 740 passes a
25 byte of data received on parallel bus 523 éerially out
on serial data terminal 527, with a start bit preceding
the byte and a parity bit and a stop bit following the
byte, which is passed by line controller 530 (FIG. 5)
to pin 241 (FIG. 3) as illustrated in FIG. 9A between
30 times T2 and T3.
Shifter state machine 720 also drives a counter-on
signal CNTRON (FIG. 9A) active on counter terminal 723
(FIG. 7) that is connected to a counter input line 713
~ of counter 710. Counter 710 increments a count as lohg
35 as a counter-on signal CNTRON is active at a rising
edge of clock signa1 CLK40B. Counter 710 supplies




pendi ng | i ne COVMANDPEND | .. Conmand prioritizer 630 prioritizes the

command. request lines in the order of decreasi.ng priority as listed in
TABLE 12 above and 20 processes any renpjning active command signals
sequentially according to the priority of the active - command si gnal .
In response to an active signal on a conmand pendi ng |ine

COVWWANDPENDI ,  convantows czmmt 64fn@bs, INTO,i €NTAN E@NTY tareDCWTAdaEOEe on-
command code obus, QP of 8162k CARIIYR @ggégeg%&y %} mhich
a comman endi ng I"i'ne

Specifically, each active signal_on i
COMMANDPENDI t o cSAWRHeE it ap1GNIRAN dssastive. different location in

a command | ook-up t ablThe Hignals bhite thaiyged bbr anghdrisean PyoshiBtér pl exer

.670 is det ergiged eHile shen ; s | {ye PORTBUSY t hat
is the output |ine of coﬁ%ﬁh busyg*%gpg&egpl e?gﬁ%%tt%Bo which in turn is
driven by the signals on command busy ‘1ines COVWANDBSY 1 ....

COVWMANDBSYN. For 35 active signals LEDRE@LBr 1STPWREQ command encoder 640
uses a LED state signak LEDSTATE, to encode bit DO, or :

67 t he SCSI r level sigpal STPL and the SCS
term nati‘on power| ergla@rsi pnal STPE respect@?ﬁdTION to encode bits PO and
Dl of the 8-bit c LN the enbodi nent, command busy | oglc
, . ST I A R i
el ement 650 Il% a 5NOA%199' ¢ :Bogg{:f acket rece g&%i{ﬂtnl % .y’ a 0 he
n | Mes are | nactive,  ext

signals on the co DUSY S, ) ; Xtensi on nul tipl gxer.
670" - passes the signals pRredatrerRinesd&ipgsprenibiicraan: he si gpal s
on hardware co d data bupatithtwlleddeatvinBon &€dmedut St i nput bus of wite

data nul-ti pl exer pB8—he by-e—passed—t-hr-ough-w—i-t-e dat a-—mi-tiplexer
680 is det er nj RETO by t hENei gt iain zeafibnc yaf ermdtionSeetetikad s the
out put of soft- d HoHpeer—e90—t-hat—-s—a——+t-ag-6—R—gat-e—-h—-this
enbodi nent. Si nce|l RBAPSRIQ y| To read information on serial port pin

. Y

CNTRON Allows counter to increment

ACKDET Ack packet has been received

15 STRTDET Start bit has been received

SETNOACK | Drive signal NOACK active at rising edge

‘| ENEITO Enable signal EITO at rising edge
CNTO Counter has not yét incremented
CNT8 | | Counter has incremented 8 times
20 CNT9 ' Counter has incremented 9 times
CNTA Counter has incremented 10 times

SENDBYTE | To send a byte

BYTESENT | Byte has been sent

SPIOEN Enable output on serial port pin

25 [T0 | ((ENEITO) and (CNTO)) or ((ENETTO)) and
’ ((CNTA))




15 signals SOFTACK and SOFTBSY of this enbodi nent on command

acknow edge .| i ne COVWWANDACKN and command busy | i ne COVMANDBSY_N ar e

i nactive, the signal on soft cycle Ijne SOFT is also inactive “and write
dat a mul ti pl exer 680 passes the sig d's on hardware command 20 data
bus HWCDAT as the signals on shift out bus SHFTOUT that is coupled to
shift-out byte t ] to an active send byte

si gnal SENDBYTE, on an I n that is cqupled
to- control terni S VP € nput - ontrolTer 1n
converter 520 fo mmhe altby’ll@dﬂ%c%‘?‘?/édﬂ%ﬁaﬁg?ﬁll bus 523, thdt is
coupled to atatermrals 514, i 1z;lzpoarc"__kt:and téansmtsthe
packet serially QP& d ’%lwteetsr’r?ﬂﬁ 5 139 €99 onnected td
serial data line 1 troler 53( i mul t aneously, a ghifter
state nachi *W&gnve ﬁf"‘b‘& 3’26 8V|\L'/ % &ra % Pﬁ"g si gnal_on drive
termnal 525 that 1s connected to a drive line 531 of Iine controller
530. In resganggest Og %é}f:ta' YEmBeGE ﬁ@rﬁﬁ.‘svﬁrle'f' a35 line
controller 53% passes the S|gna on serial data I ne pin 241.
68 Wherf@th@ $rgRattion tremats‘sah@@egl gLt P Slgnalﬁ i ne

control |l er 530 stafes di:rlwnngctime,sn:g:eablgnaxs rax¥l 1 istedamepavaiped i n 241
via an input buf fLledfial «3BOWhdh gionBhE apd ddhridiedl Yok dsael vod

term pal 536 that" '“s ¢onnected t0 a serijal data recel ved [ine 522 of
converter 520. : he sigpaly greceddngntie i§1ash @28 §FLE3PTINY conmand
read |ine 'CCM)/AN[HE@Ien statsenactimomzantiordnailve the ishigaal®VIVANDREAD 1,

gg’m\/'TV‘:EgRrE/e*g d2I - Cﬁ@%ﬁ@éﬁ@&é& Wialh BbNwhés | Blo RAlgnat ORERES Prs 323,
g connected by an "=", a signal preceding the "=" goes

active when the 31gna1 following the "=" goes active.
In this.embodfhent, when counter signal CNT9-from
15 counter 710 goes active a generated output parity bit
PARO is sﬁifted out to line SPIOO, by packet
controller 740 and shifter state machine 720
transitions from send state 820 to stop state 830
" (FIG. 8). During transition, shifter state machine 720
20 drives counter-on signal CNTRON inactive, continues to
drive serial port enable signal SPIOCEN active. 1In
response to active serial port enable signal SPIOEN and
active byte send signal BYTESENT, packet controller 740.
clocks out a stop bit on pin 241 to complete the 11
25 bits for a packet. 1In responsé to inactive counter-on
signal CNTRON, counter 710 drives counter signal CNTA
inactive and counter signal CNTO0 active. '
Depending on the command cycle being executed, if
'send byte signal SENDBYTE is active when shifter state
30 machine 720 is in stop state 830, for example, to write
a data packet 462 (FIG. 4F), shifter state machine 720
transitions back to send state 820 (FIG. 8). During
the transition, shifter state machine 720 drives serial



el emen sdead serial port signal READSPI Qs sHEET HR8 BEEN gne of
' contro“, coupl ed to converter 520 -(
- can. be] | e one of resource .Haad signal s

| G BEPLAGEPead gi gnal
- S 15
board read si gnal BRDREAD and ROM read signal ROVREAD. In this
enbodi nent, command read |ogic elenent 616 is a | ogi c OR gate. t

In response to anP@Et|srable;@ignpl FPHEN activesanfAalsEArEveE® a packet
controller in congethtérot) signall ERTRON etdveyte fFésart Rulkekrofigat a

recei ved seri y §n serial data received |ine 522 and supplies the
retrieved byte on recei Ved data ternminals 524 that are coupled to
recei ved data bus 321 ¥ st®Pmesate 830.cddc & sradreeyRlcpat 25 I f

t hekr ecei ved Backeignﬁl REXDSPIOVM 8 dger PAL ot input  cohtrdlg H&lcsptl onTof t he
)acket converter rdwve g e t active
p : %%9? é) Sshi@tﬁr5§%§€{gtfa\gh§gg 79? ?%nésl s gK e

on transmit t'erm na 'S coug ransm
status |ine 515 oY’abS/t@’@'eﬁfﬂiﬁ' gtakes84P, 13t tdggoRde (FEHE3PB) .an acti ve

acknox egge detect s :c %lﬁfMBEItEbMé@:.ne 72@eaaﬁaapéo 55&:@1%§Bhe§r6tﬂ
acknow e ge timer, C n S enerator
di éii.(aete 81 1re8¥\ia¥ d%&’&ge%? att:’aet é% d399

510 drives a~fi6° acKhow e
to abort thel@onmmbranely 3l ddr ﬁ'—bﬁt rgad)ese:gaéxe@m:e:alm READSPIpf iduri ng

the current cormaadcwsj Eford @287 immedidtl9Sadtér teha 1 rc@nsf erred,
such as a data by

write commmand cycl!rgce%’ﬁe JEsE. AAFRE IR oR byte IRRAT g ,e%ﬁfﬂaés
har dwar e resourcerééﬂ'ti#‘@#Iﬂﬁat31§3byte ESTARs a signal SELBYTE active on

sel ect bé& e Ilng 661 While® smcin:eat st%ﬁe G&i&%ﬁé 056! £s Si&%ﬁi&i@—f@?%&ﬁi)(:[‘ of
two 5 -addre vyt on ort ress,hus e ata byte
3 g2 B%s"‘g‘g's S%slf% 9% & fiaghine ? §° e‘%f

on serial port dara &hmand bus
EXTCMD (FI G 6). aqkswlceQQQas@,dow signale AKFINnattiye eocerpa&?@tsuppl ies the

signal s on controller terminal' 726 (FIG. 7). In response to.the
active acknowledge window Eignal ACKWIN, packet

controller 740 waits for an active acknowledge detect

20 signal ACKDET that indicates receipt of a first bit of

"~ an acknowledge packet on serial data receive line 522.

byt e

In response to an active acknowledge detect

signgl ACKDET, shifter state machine 740 transitions

from wait-for-ack state 840 (FIG. 8) to end-of-ack
25 state 850 and drives signal CNTRON inactive.

While in wait-for-ack state 840, if shifter state
machine 720 times out, e.g. after ten clock cycles,
shifter state machine 720 transitions via branch 841 to
idle state 810 and drives set no acknowledge

30 signal SETNOACK, set initialization timeout
signal SETEITO aétive,'counter-on signal CNTRON
inactive, and acknowledge window signal ACKWIN inactive
during the transition. In response to an active set no
acknowledge éignal SETNOACK, signal synchronizer 730

35 (FIG. 7) drives a no écknowledge sighal active on

' stabus terminal 733 that is connected to a status



ext ensi on comrand bus EXTCMD to hardware command data 10 bus HWCDAT

because. port. busy |ine PORTBUSY has an active signal. : The

active signal on port busy |ine PORTBUSY%jS generated due to an active
si gnal on one of comrand busy lines NDBSYlI related to the command
cycle 15 currently in progress. Wite data nultiplexer 680 -passes the

data byte or the hiiecZal nf shifrer state machinet 220 hyat Hdhesingkbl on sel ect
]EJyt e line SELEYTEriéﬂng eddd it aOHIoQ&/tﬁg&ﬁ'l”b_ﬂﬁﬁﬁs 5&1t4at Q@_\étebhgteéé’go
ormat s the s ed hyte intg.a ich i rans. e
line controller 5 %)F%}r'lorg °?ﬁr?ﬁgfﬂsfmgf%§&to\€§fwenSb%le%sccﬁm&g °§b§\,¥% for
transni ssi on of 't KBI@omfnd byt e. I nstead of selecting a data
byt e L rom ser‘sa:c port In endldifaabKSsEate m,e-sagg%%%a&l%manégg@by a
data byte r ' ordt Wit us e
current command c§§+§f‘§% att%s 3"'5 é%f’?&%l%r#gng.n}é%rm V\a’fi %Cé(gﬁy conmmand,
when a signal on 26WHE M grkagwtedge dgtiess StamrNICHOET g9¢son comand
busy line COVNANDBﬁé{ng?. mal Spa_ﬁkéwg:&rﬁﬂfdlh 1e2gi740 ef@éaimesfi%ggnaye_st a
si gnal activg,on C l.pe at.in turn ¢ es wite
data mul ti pl exer §§8 ?%q_%:%euas%n?ﬁéeé% i_%afc-kp?t&r't also_r‘?/\#ﬁree aoaaﬁugthl OWNDAT
to the shiftl18ut bhied bit, pacikeharontualler 740 drives the askinowiledge, in
response to an acle¥ectigitplal ACKDED #nddivie), error check enable line in
error control 35 bus 550, converter_520 checks _the ryty of eyery

PR 2oSFE, FE: a8 paihi e, abhioRifdod deeett

packet received froml1

70 - - an error, SigNILACKIRYNAL zead \@ewinlapoati eyorak READSPICeimi nal 529
that is connect edih@ceivd UsHidted23tatd machih@sngasarwe@rha&fdwu@dgégnal on
rrves

2 ol ear err Ol | Gngo| 4050yl EOILRE DUR, OB FOINE S il 1 Veo,
line in status bustape. 8h\Nbreigy dranghr8Fl. Branch 851 is a normal
: ' transition for shifter state machine 720 for certain
command cycles, in which no further bytes are to be
: received, such as the bit write command cycles '
- 20 triggered by the command signals STPWREQ and LEDREQ.
In response to an inactive acknowledge detect
signal ACKDET, if read serial port signal READSPIO is
-active, for example, during execution of a byte read
command cycle illustrated insFIG. 4G, shifter state
25 machine 720 transitions to start state 860 (FIG. 8) and
- drives acknowledge window signal ACKWIN inactive, as
illustrated in FIG. 9C at time T6.
In start state 860, shifter state machine 720
drives a start window signal STRTWIN active as long as
30 a start detect signal STRTDET remains inactive. 1In
response to active start window signal STRTWIN, packet
controller 740 becomes sensitive to a start bit of a
packet. 1In response to a start bit, packet
controller 740 drives the start detect signal STRTDET
35 active on receive status terminals 526 that are coupled
to receive status bus 722 of shifter state machine 720.



execution of a command cycle, if converter 520.tines ~out, for exanpl e

due to .non-r.ecei pt of an acknow edge packet, converter 520 drives a

signal active on a 10 conmand error ‘terdyd nal 528 active that is connected
to status bus 322. One enbodi ment of converter 520 includes a
shifter state machine 720 (FIG 7) that creates a nunber of signal s

that control operationmiredppasketo ldn #@Alveobt&Ft dtddrat is al so included

in converter 520._. | 0 to, an active-signal SENDBYTE_on i nput
control bus 521 a%%ﬂﬁlusﬁtkérg@% iraﬁf(ﬁ C?agAsg‘E‘ngﬁes%L,e machipg; E?gr state
machi ne 720 trans®¥ives thepstanti dindow sigpait STRIWIN Hingct8yeahndg a branch
812 to a send 20 alsd areved0aaBEullféySn %i?ﬂ&ilabl\rﬁ&iﬁ KA3Rkeoni gnal SPI CEN

active on one.of et controller.ternjnals 726 that ar.e connected to
packet controPl erg%juiikstef4 e&?“lBgikz%:; and ggﬁlf‘?b%f%?s%ﬁ).rqal‘? f85Bonse to an
active serial porgtate &i0abiferseyamplessOlijlugbraeed ainttiolel 87 340 passes a
25 byte of data pmgeioeed on parallel bus 523 serially out on seri al

data terminal 527, with a_start bit_precedi ng, . th te and a parity bit
and a stop bit fol |pwi’%‘g R, datab?ﬁ%e Wchgf‘éfb%’éssee&?qyﬁy%cﬁén&oﬁ??o| ler
530 (FIG 5) dwivss thel coRntern idnaly SNTROR (RGtivel Gndalbet ween 30
times T2 andi183. drives a seBhishift- i af ikRehEAL] EPraheg, AckVe8 én

TN 1< e o ket S RS, T D SRR 1y,
Count er 710 i ncr esethtshiftcdoanidine Toh@mb waitsafeourauwtean siggadl CIENIRON i s
JEIVE 81 1310 g s g, GG i,
and 10 crggLogicfggﬁ%ﬁ%ﬁ%?Fﬁ@Lm @i%t%lﬁgn}ﬁ S‘TVlT”(?n 741 nBRERITRON i s
acti ve. 15 controller 740 clocks in serial port input signal SPIOI
' serially from serial data received line 522 into a
shift register (not'shown in FIG. 7).
Nine clock cycles after counter-on signal CNTRON
goes active, counter 710 drives counter signal CNT9
20 - active. At this point, packet controller 740 has
‘clocked in a total of ten bits from the serial data
received line 522, i.e., a start bit before counter-on
signal CNTRON goes active, followed by a byte, and a
parity bit after the byte.
25 In response to an active counter signal CNTS,
shifter state machine 720 drives set shift-in valid
signal SETSIVAL active to enable parity of the byte in
the received packet to be checked. In response to an
active counter signal CNT9, shifter state machine 720
30 transitions to check read state 880 (FIG. 8) and drives
counter-on signal CNTRON inactive, as illustrated at
time T8 of FIG. 9C. 1In check read state 880 the parity
is checked as described below, and if read serial port
. ' signal READSPIO is active, for example, during the
35 execution of a memory read command cycle illustrated in
FIG.* 4I, shifter state machine 720 returns to start

@



The si g_naT bnaHaStBeevTWelacedr are driven by. shifter 5 statp,iaehine, é?%

1%

listed in TABLE 1B REPLACE! |

FUNCTI ON No ack packet {ecel ved within a

predeterm ned tine peri od f-or' an acknowl edge wi ndow ti neout

El TO No initialization information recei ved READSPI O. To read
~information on segtate Y4 (MIR. 8). IiCI\l_’HgO}.Iea %E;aytnter to increnent

ACKDET Ack packet E recel yed %’FT bi t Jz"lgs been

recei ved Sﬁ’l%%%%ﬁ%% Ve N¥&ek R E R %rta TRGG188 92

ENEI TO Enabl eretuprs te 16let Stase rﬂgloadge Count er has

not. vet i ner enent ed Packet%?trollezcoﬂﬂlt §hchades n&rﬁ{ﬁtte%dCOS E' mes 20 -
i ncrement ed l{ teirf'ﬂtslag‘“JJL nc{O%%enNEB?T%a % §é‘r’f&uétb%\% In reﬁ%ﬁgﬁl\ﬁgs Byte
has been sent an a@HivweENend bpbél @ianalp FENDRYTEs ipdrigyrt pin 25 TO °
((ENEI'TO and (CNEQ-duf¥ 1doNELIE) tR@Gralue of signal SENTEYETAL) a

start bit in to send output register 1023,

In response to an active chip reset signal

10 CHPRSTBSY, périty circuit 1020 drives a serial port

output signal SP100 active (low) on serial data

terminal 527. In response to the active chip reset

signal CHPRSTBSY, line controller 530 passes serial

port output signal SP100 to pin 241 as illustrated in
15 FIG. 12B.

. In response to the active send byte signal
SENDBYTE, on the next rising edge of buffered clock
signal CLK40B a parallel input multiplexer 1012 in
shifter circuit 1010 passes shift out

20 signals SHFTOUT[7:0] on parallel input terminal D1 that
is connected to parallel bus 523 simultanedusly, in
parallel, one bit to each stage in a shift '
register 1014 also included in shifter circuit 1010.

Stages 1014_1, 1014_2, ... 1014_I, ... and 1014_N

25 of shift register 1014 are connected in series so that
a bit stored in a stage, such as stage 1014_N is
transferred to a successive stage, in the direction
from 1014 N to 1014_1 with stage 1014_N as the serial
shift-in stage and stage 1014_1 as the serial shift-out

30 stage on eéch-fising edge of signal CLK40B. 1In
FIG. 10, thére are a total of eight stages in shift
register 1014. On each rising edge of buffered clock
signal CLK40B, the bit stored in the last stage 1014 1
drives a-signal on output terminal 1011 that is coupled

35 to an input line 1021 of parity circuit 1020.

.



for ack, packet Drive signal EITO at rising edge REPLACED
STRTWN Wit art bit 5 . In FIG 8 when

signals are required or atransitipp or alternatively a nunber of
signal s are driven active, the signals are listed separat ed by a

comma ",". Wen signals are connected by a sl ash " gnal s

precedi ng the slash ar’@ PReggRPRAiRgNtyga ELPFE o SU, @S ﬁaﬁh?ﬁe 720 to drive
" the signals fatdges ngiahe, sl asin014_30 ishiwplemertiegndly aates toe
connected by an * "e t\fh]ﬁ;’ &@Lce?rﬂ."ﬁg (#d.hea) an@%%torag@céle\!ﬁeﬂ@en the

signal follow ng t Qes actiyv this énbodi nent when
counter signal Cl\ﬁ‘g:tfrac?m 4P~ éﬁﬂﬂtHZW'lOo@oSgcac’f’rVé‘%eggﬁeP ted out put
parity bit 5 PARFfereshiclibel signdb CLK4OBSPaGSignml fxomethe controller
740 and shifter %@%ﬁagscg:as "8fives LdraiBhL! 8% MRITApIL B L1620 (O

stop state 830 rlngtran,S|t|on fter statemahlne 720
20 drives count eP¥PLitRY SERFRONPPTLOPRE, s(’:gﬂ‘? RQT; Feceiveq 3t o
serial port enablpisizgialdrSPeeEbhacfirst dtage. Arshgpwisdrom dvpuve seri al

port enabl e_si gnajy, &0 AN ANd012 (r76! 34 AFiGesCOLRimNADIBYFESENT, packet
control |l er 740. v out a(sto %‘Pt on Eﬁn 241 to conpl.ete the 11 25

bits for a palketmulyiplexerodddOro M‘PI’ERR‘T% B ERRL SHIPBYTE AYR&I CONTRON,
counter 710 dri vesetminglerscsiofnahl Ciff¥exer 1ll0act Ineresmbrneeutbeactivmal

CNTO active. signal SHRRYTRY (L6 SUPRIY0CYLsEPUHY 23RS, 1T

terminal D1 to flip-flop 1120 and otherwise supplies

72 srmet Has Been Replaced FUNCTI ON ACKW N [ 1M tiEssiHmbomeEN

the signal on terminal DO to flip-flop 1120.

15 - . If read serial port signal READSPIO is inactive,
parity circuit 1020 passes a signal on input line 1021
to serial data terminal 527. Parity circuit 1020-
computes the parity of the signals on input line 1021.
In response to active counter-on signal CNT9, parity -

20 circuit 1020 clocks a parity bit on serial data
terminal 727 based on the computed parity for the
packet out parity bit. 1In response to an active signal
byte sent signal BYTESENT, parity circuit 1020 clocks a
stop bit on serial data terminal 527 to complete

N 25 transmission of packet. .

o When byte error enable signal BERREN goes active
on an error control-bus 550, parity circuit 1020 passes

' the incorrect parity bit to serial data terminal 527,.

and so exercises the parity -circuit in a slave serial

30 port input-output circuit 254. In response to an
active read serial port signal READSPIO after
completing the transmission of the packet shifter state
machine 720 drives serial port enable signal SPIOEN
inactive. 1In response to the inactive serial port

35 eénable signal SPIOCEN, line controller 530, three states
output driver 1220 (FIG. 12B), that is connecqed to




send byte si %m lacsd acti ve when shifter state 30 F%?“ Er URE BEEN
I n stop, stat le, to wite a data packet FLACED 4F) ,
shifter stat transitions back to send state R?ﬂ E-a—a
Duri ng t he transi t | on, shi fter stat@8machine 720 drives seri al

73 port enabl e signal SPICEN active and al so dri ves count er-on
signal CNTRON actiye to restart count r 71Q In stop
state 830, if .a rBH 2&ti al®poPrtBuUL ‘ﬂ‘ha’lmREﬁ d‘t*tl)baté:ﬁdv'é‘“t%n i nput
control bus 521 . pin Z41 Gs 3isabifi &8 can simpus Adne| eent2) ieraf3Pt vaiks t o t he

wai t-for-ack stateoB4fn ﬁkdddi%d%@ padiat Q%Zjlbe r?t?m%dl ﬁ!(agutter state
| e . state d’

machi ne 720 can al tion
wai-t - for-ack stat gggaéé\%@ R0 plBr harquPas]se{ihgs %%%P seril aIFﬁpo t s| gnal
READSPIO is 5 appubvehufifar @R28ple, imediately after reset, to

recei ve device identifﬁﬁéﬁiééhap Yyte! S¥HanHENDBYEENSS inactivRSOUr Ce status
byt e ESTAT

: | 1 & shi |ne720|s nvvaltfr-ack15
state 840, shi ftepas?at\{%in’ém % %?‘%gl%g‘% only %EW & sée]'”\:/L\/f’”ﬁdow
si gnal ACKW N act peetoinpuat keiignal SPEQhtfusin @erislnpont st Riige 322 |n
response to the paraghl dsufidgney ﬁﬂﬂezﬂ DAVt HeIRAbuAGIN e Facket
controller 740 waits for_an ae}é ?‘5? etdg}re ﬂggect 2 si gnal ACKDET
that indicatéed reBPEE LP14TN i9sF E ’6‘7’919 er IR cknow edge packet on
serial data received InneediRhse to ahnackiypmst ebifn-imtvalddacknow edge
det ect si gnalg;; é%?@méf\hfﬂﬁ onl b€ ME-% MQl&rPﬂ% t-j4qns an from

wai t - f or-ack state to end-of - ‘@é:l i ateg 850 drlves
si gnal’ CNTRON i nafuftput “‘“ltlp exer\;P16 siylhanepyplyciin Rara
shifter state pasaehbi the it + isiBftedt in efxpm @fmeﬂuem:tlanﬁr@ahes,

shifter stategdrachipg §£0ché ASdesBE ¥hOrP ¥ HYBt8411694 into an
eight-bit hold register 1018. Hold register 1018 in
turn passes the redeived bits as signals SHFTIN([7:0] to

received data_terminals 524. Shift register 1014 also
passes the received bits to output terminal 1011. When

20 shift-in valid signal SIVALID goes active, and if a
signal MPARCKEN is active on a parity error control
bus 550, parity circuit 1020 compares the computed
'parity with a received parity bit on input line 1021
and drives a parity error detected signal SPIOPARERR

25 active on packet error terminal 529 in case-qf errors.
When clear parity error signal CLRPARERR- goes active
on error control bus 550, parity circuit 1020 drives a
serial port parity error signal SPIOPARERR inactive
until the next parity error is detected

30 Although one embodiment of a parity c1rcu1t 1020
is,lllustrated in FIGs. 10 and 11, any other parity
circuit can be used in accordance with this invention.

One embodiment of line controller 530 (FIG. 5)

includes a control enabled output driver 1210

35 (FIG. 12A) that is controlled by drive signal SPIODRV
on drive line 531. In response to an active drive



idle state @'t no acknow edge 30 si gnal S m 7§85 BEEN
initiali zatl signal SETEITO active, counter-on shgn_qlcg HSNTRON
i nactive, ndow signal ACKWN i nactive during the—-

transition In response to an active set?2no acknow edge si gnal
SETNQACK, si gnal synchroni zer 730 35 (FIG 7) drives a no acknow edge

signal active on 1Sts@txuﬁnver6ﬂ e &33vkhaiais ﬁ‘a%fy&%%eg FPaP ptAl us

74 line 721 so]i‘gn: fter i gé R hi nev7201 51 next < ri'si ng edge.
of a clock si gnal®EB*eRR ePEﬁ &F@r 198 3P2cHBck signal
CLK40 driven by axigi [24at. orAQGmactl\(eFIdGAVQA#lg!Sal SPIODRVndéaabbés ack state
850, shifter statdy hu&gvzzolzlo & sb"PeSvidedlrd \fﬁg@&m@%ﬂ&@ £y ndow

si gnal ACKW .actl until_ac ed etect si I T goes
i nactive. Wheh pdtibf* oﬁfl of TRY 5%%%%%3?6&5??%8% 8igngl of the
acknow edge packereceiived onfpin 241 @saserhal 1port hmmlltbsb.gnpthEIOI

controller 740 driy/ gferile ag{-ggoﬂr%j@gz detect si gnal ACKDET i nacti ve.
I'n response to an inagtive ack no edag;aéFetect ACKDET, if read

serial port signal R PrEPPRse Fyge I&ﬁ)ﬁe@t §P§P€1n{a§lﬁ¢% 720
drives acknow eddeines coptmddbesiGithipasSEs dhe nak teightaddteraakitions to

idle stabe Qmu1a tl"ré‘i‘ﬁfcﬁﬁ[l? oﬁr zRak §§%é&&é&%§§ e val&é%ﬁ:s' tion

ch no

for shifter stat Cc er conman
further bytes ar }ltr% Eugg%SEL ?e%]reqcfﬁ‘f g’ﬁéha%%V?hé:%PPWFte command cycl es
20 triggered by dtizegoiiRand sImncdspoSEE\\BErhehdtEREEQED test s1gna11n

response to an i nagjmge 69%?9{{"{ &Pﬂﬁexd&tz%t passes Sdl‘@@el’éggggrlnéé

serial port signal, READSPI active, for exanple ring execut i on
of a byte read 8191?8771%8 BiRy?4% illustrated in FIG 4G shifter state 25
nmachine 720 1%ansiti ods respouse 11 ane aBElve Fpdrkje dmput sigdaives
acknow edge w ndoydil-ORdatACKVEAL4dPHy ¥BndPWire 249 of FIG. 2B, line

controller 530, drilves the serial port input signal

SPIOI inactive (e.g. one) irreépective of the signal on
pin 241.

20 In response to an inactive status signal SSPIOCPS,
line controller 530 uses two multlplexers 1230 and 1240
(FIG. 12B) and a flip-flop 1250 to switch the
‘connection of pin 241 to either (1) drive line 531 and
serial data line 532 or (2) default command bus 533

25 that carries bus termination signals STPWLEVEL and

. STPWEN, depending on whether or not status signal
SSPIOCPS on default command bus 533 is active or
inactive respectively, which indicates the pfesence or
absence of a slave serial port input-output circuit.

30 In the absence of a slave serial port input-output
circuit, line controller 530 drives a first bus
termination signal STPWCTL on pin 241 to control
turning on or off power to bus terminators of an input-
output bus as described above. |

35 - A slave serial port input-output circuit 254
(FIG. 3) is implemented in one embodiment using the



Illustrated in FIG 9C at tinme T6. In start state 860, shifter
state machi ne 720 drives a start w ndow signal STRTWN active as |ong
as 30 a start detect signal STRTDET remains inactive. In _ response to
active start w ndow signal -STRTWN, packet ° ‘control |l er 740 becones
sensitive to a start bit of a packet. In response to a start bit,

packet contr fIEOJ drives.the .start detect signal STRTDET 35
active on recei veﬁé‘%a us_%t%gﬁﬁl ﬂa'fusc@é'cﬁlﬁa?pg?lé&c’f) MR SYRoPEYE o ci ve
status bus 722 of Synieaizest yersior 1A de in26MOS gate array SLA 20000

75 | naverRmee fromagvee IdyiR etsdl tndet@Esan Jodkynéh. STRTDET
(FIG 90, shifter state_nmachine r#ggs%%h% start w ndow si gnal

720
STRTWN inactive and = Y5PESPEFi RS ft(?ng A reERFRARPETL i ve on
5 counter tePnm rngin 343 .ahereinatter ;iaveorinazdtatthat isscenne@i@l f or

exanpl e as ill usteatetherlsPionp d7siift reghbter 9310 in slave L8rigpd data
state 870, shifte tat e(?r‘rl%chi

CNTRON active and @l %0 af’}‘gé‘ét?gca‘sr&“%ﬂ%%egﬁ * ﬁ%lég ghagg% 3’?/!%
active on - setfxom falavie pinn34hlambsrapstery)theahiftedodpl data d-o set
shift-in line 74lgéqubntdbrt 33800 COMMEHRY eﬁtb_gaﬂi_eﬁ\frlgshié_lt_:sfz‘\% ﬁg‘gﬁf;ﬁ’ﬁ’ I'n
ShiTtoin | inddzarcrasieiie 1 biknon ths SHiBEa PRt &8 o port i npu
signal SPI O . segquengery 18306m sEhe dll Bdts coupriesl theneebB2vedto a
shift register (nedcldtOWndlAdbh& a Btart bit, a Sbmifard ®HHeCYa! Sarffy er '
count er-on Sl g_nalbia\l'l'lﬁﬁ\l ogls active, counter 710 drives counteér si gnal
CNT9 20 active. At it & 85f’ﬁt, ‘bﬁéitesgﬁﬁg?‘gléé‘?vemo a&his ¢ ocked in a
total of ten bitsenbodimens,swhenlallataf the Ledckiteddven&h®22aluee., a start
bit before ceyntefefd), sequehdBa! 153 ANIRSHACEAME tHL eQWEPelY a Dyte,
and a - | packet conﬁains a reset command.byte indicative of
signal CHIPRSTREQ ds described above.
_ In another embodiment, shift register 1310
. transfers 12 bits of the shifted in data to
20 . sequencer 1330. 1In this embodiment, if each of the 12
bits is'zero, sequehcer 1330 interprets the 12 bits as
the reset command byte.
In response to a packet from shift register 1310,
sequencer 1330 transitions thrdugh a seqﬁence of states
25 that is specific to the command byte.in the received
packet and generates control signals that drive command
executor 1370. In response to a packet that contains.a
reset command packet, sequencer 1330 that is waiting in
_ wait-for-start state 1420 FIG. 14) initializes all of
30 the state variables and continuous in wait-for-start
state 1420. _
In one embodiment, sequencer 1330 is encoded as a
"one-hot" state machine 1400 (FIG. 14) having £lip-
flops associated with each of 36 states as listed at
35 page 19 of Microfiche Appendix B.

L]
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parity bit after the byte. 25 In response to an active counter

si gnal _CNT8, shifter state machine 720 drives set shift-in valid

signal SETSI VAL active to enable parity of the byte in . t he received

. packet to be checked. In response to an81 active counter signal CNT9,
shifter state machi ne 720 30 transitions to check read state 880 (FI G 8)
and drives counteﬁ Si naI CI\FI'RO\I i nactiv ' ustr.atﬁg_’ at

time T8 of FIG 9C nchg O fateseg P, 8PI Fyresetl%"b Hed as
descri bed bel ow, @IG.i ﬂ.Sieiahhtsears Zoupded to a giegesl 1READSP| fystemctive, for

exanpl e, during tﬂﬁ% §§o eé@&l&'ta{&'i:h%f PéInSﬁ@r}tHeE%‘ia%”HBPﬂaP%ﬁ:
illustrated in shi f gge machi ne 720 returns to start

76 state 86'(9PC‘|§re?‘tE)‘t ‘rr‘i“}’ré'r 284 jid raagt sequencen A33%¢ADSPIO i s
i nactive, sh|5ter8t91r&5e1naamm Z2@et stabe k41 ,t dnigdlislizese 810.

Packet controll ervaMQbuasl 5 &o° @efsberaéxmoﬂerag@ staBd0129 @hparity
circuit 1020. resgonse nal SENDBYTE,

|
parity ci rcwst § FB%?“} i?é‘e\f"éﬂtﬁﬁ #)¥'?%|t§f?"|£ecéé ‘#E 168 a start
bit in to send outdemtifégation 023 IDDAT and extlernadspercurte statawt i ve

chip reset signal ESTRISEFS f&a%hﬁér%'ﬁrogi%ﬁm%l¥e§o§1éer' al port

out put signal SPI 00 ac;tlve (low) on sertal data termpnal ™ 527. In
response to the HEVEEARP: reset si‘gnal CHPRSTBSY, |ine controller 530
passes seri al por iInowepet aclgralleB8fe08tate (i4l124 beguentensi3dzx ed in 15
FIG 12B. alsd RahSSRORSERdALAR AALLIASRAI1BY0CS! B0A an

SENDBYTE, on the IS ng e byt fered cloc si.gnal CLK40B a
paral | el input m?r"sﬁ“&wé? ge 1P er‘h °n pms?\ﬂt%tfatcﬁscﬁioflplﬁﬁot‘basses shift
out- line SPIO- for as long as sequencer 1330 stays in reset

15 acknowledge state 1411. Sequencer 1330 stays in reset
acknowledge state 1411 for a variable number of clock
cycles depending or the time needed by ID-ESTAT
'detector’ 1375 which depends on, for example presence or
absence of programmable logic circuit 330 (FIG. 3).

20 - In response to a reset signal on pin 1501
ID-ESTAT detector 1375 clocks in bytes IDDAT and ESTAT
from a programmable logic circuit 330. While waiting
for bYtes IDDAT and ESTAT, if'ID-ESTAT detector 1375
times out, for example, due to absence of programmable

25 logic circuit 330, then ID-ESTAT detector 1375 uses a
default byte as byte IDDAT and creates byte ESTAT by
sensing the signals on various pins for presence or
absénce of pull up or pull down resistors on plug-in
board 270, as described below in reference to FIG. 16.

30 ID-ESTAT detector 1375 then signals sequencer 1330,
when bytes IDDAT and ESTAT are assembled andlready for
transmission to host adapter 240.

In response to the signal from ID-ESTAT
detector 1375, sequencer 1330 transitions to send

35 identification state 1412 and supplies signals for

' multiplexer 1360 to pass byte IDDAT to shift



20 signals SHFTQUT[7:0] on parallel input termnal Dl that I S

connected ta parallel bus 523 sinultaneously, in parallel, one bit to
each stage in a shift regi ster 1014 also included in shifter circuit
1010. Stages 1014_1, 1014_2, 82. 1014.1, ... and 1014_N 25 of
shift register 1014 are connected in series so that - a bit stored in a
stage, such as stage, 1014 N_i s transferr d t0, a successive stage, in
the direction P Ji8hT d2AON tﬁnﬁﬂﬁlaf%h %‘E%\fg’é”i(?fétﬁ 4812he serial

shift-in stage arﬂewlaxgmﬂ(ixaollaeps acke foal tehi dlodutcydlesst age on each

rising edge of signg ﬂéﬁ‘“iﬁ FI&D 14 by MxPon 1oyt refael of eight
stages in shift c 1014. Y eaqgﬁr | gnl:-ni‘q{cgca"’l %ff g?%rled cl ock

e 0
si gnal CLK40B, th‘él%ci"f lens?% ’tdfé’ttl Rk Efare 1412y, {Bs a signal
on out put ter A naserd lidentdificat tonpdtexte3i412¢ oslabft nEgistiere13081 of

parity circuit 102flbcks out b e IDDAT 1n an 1n1t1allzatlon p;Zket

one enbodi nent, a sta?q one sta 18114 N |s
i npl enented by a PR 1% noﬁﬁenﬁ';&?‘?cg‘l“%r' %qu}l gatea (82%r age
el enent such sisown)i pdripupes12Gd adoresch pantw@dgéorf aSbybaf f er ed

cl ock signal CLKAQE,r&y &ﬂ%&f&fp@&ig&r 1318" 8} QU1 i@ ki ves term nal
' I | npu al SPI O

DO of rrultlpl exer exce t“that serial_port %]r_l

recei ved at p+'Ff“?£’frtfr]1Yv§§b§ guent &o §P§g€1°9ﬁl‘ s‘ﬂ@fﬂfﬁ linr Fhptke

mul ti pl exer 1012 bytes idl@Btodedves termnal D1 of 10 nultiplexer 1110.
Mor eover, signal SENDEM, @’ehﬁ@ﬁcerﬁé’y r;_lrgﬁgl Dordd ?gfglsghgxer 1110. In

response to active mul t p exer passes the signal

on t er ni nal D‘_Ld‘?’bt’fﬁsﬁc%tF'PBpsii% 4@ SensrDf Xt S&atus (he s gnal
on term nal DO t ostate-1413) wa20s fidr twelve tlockadyclas d@urfiayt whignal

READSPI O i's hBact{ife smfbo%bﬂt&frféiot H82RsPASE Byt HAY a8Nal NPUL 11 ne
1021 packet on pin 341 and then transitions to wait-for-
start state 1420. !
In response to a signal from shift register 1310
indicating receipt of a start bit that is denoted in
20 FIG. 14 as "SB", sequencer 1330 transitions from wait-
for-start state 1420 to shift-in-command state 1421.
Sequencer 1330 loops back in shift-in-command
state 1421 for nine clock cycles while shift
register 1310 clocks in the rest of the packet from
25 pin 341.
If sequencer 1330 is unable to decode the received
command, sequencef 1330 transitions back to wait-for- .
start state 1420. .
If sequencer 1330 receives a command byte
30 originating from a valid command signal such as LED
request signal LEDREQ or bus terminator
request STPWREQ, sequencer 1330 tran31t10ns to write
data bits state 1430, and causes board control register
and monitoring circuitry 1374 in command executor 1370
35 to use bits DO and D1 from the command byte to drive
sigmals to the corresponding resources such as LED 350



to serial data termnal 527. Parity circuit 1020- conputes the parity
of the signals on input |ine 1021. In response to active counter-on
signal CNT9, parity 20 circuit 1020 clocks a parity bit on serial data:
term nal 727 based on the conputed parit§3for the packet out parity
bit. In response to an active byte sent signal BYTESENT, parity
circuit 1020 cl ocks a stop bit_on serlal data term nal 527 t S npl et e
25 transnission 8F Pugkkgrminators 360y, SiqIEANEPPRLY tnﬁﬁﬂQ?qﬁe§ngF @ERREN
goes active elsancauses anhﬂbm@bdgesmﬁlﬁlplpaerty3%¢rtnnqransmétpasses

Eﬂe ' “COt”eCt par thE)éthiecliéh SRidkek lgﬁt%:.ﬁ eidul, nabn58$mp1et1toxaraﬁk s;%eexgz1 ci sles
e parity circuit In a,slave or ut _ circui n
respgnse %/o an raﬁﬁ?‘?‘%%f‘?réﬁfeé:@e ﬁFk"b% ‘iﬁ %FkﬂgAD%ﬁ'ﬁ }%33

conpleting the traetnrasi oo wafltt-tf@rpat:aet)smef fl420st at e "~ machine 720
drives serial port enaple s %Blsﬁkbr comﬂdh@@ ph¥Rets response to the
I nactive serial port 35 enable nal I|ne controll er t hree

st at es outque&PFOE?rliﬁip(qg SlE?Eﬁs ﬁ?uﬁhq §°55ﬁﬁ83? {FQ(§ ate,

78 - pi n 241 sucBoasoutpie kytenabitr staxti rstate 1440 neéewwitelwaid-

pin 241 is usabl e,ag aaafgpgtséa& 3080 hh8Ce&UYI-Uali 8L 15w laddidss for
an acknow edge packet to

e returned . from SSPI OC §§4 towﬁéﬂ‘24l and
passed as sigifal SPREP B§705 The, fetigpps @f sepgncer 1330 send byte
si gnal SENDBYTE i stianast are, similampaoakhel actninns debtirpbed cabdd@d 2iron| y.

transfers serial SBO Lol Rite $1:483bs B! Qladd QW38T bibepOlddinput [ ne.
522 that is cou e

241, to_the i nput pin_of st age
1014- N of shift r &§AReBrexpl330 causes shiff ?é;ﬁﬁ%? 1§6°aﬁ a%i?%%ng
shift-in valid addditgoabkl Shddtesd o dataepaekeﬁapasnneaésdatynmm741, an

15 also causes command executor 1370 to perform actions-
indicated by the respective command bytes such as
writing or readingiinternal registers BRDCTL or
SPIOSTAT or memories ROM or EEROM.

: In one embodiment if there are any errors,

20 sequencer 1330 sets a bit in a status register and
causes command executor 1370 to turn-on LED 350
(FIG. 3). '

In one embodiment, command executor 1370 includes
board control register and monltorlng c1rcu1try that

25 detects the presence or absence of cables connected and
terminators installed for input-output bus 284 (FIG. 4)
and so there is no need for board control logic 370
external to slave serial port input-output circuit 254.

Command executor 1370 also includes an ID-ESTAT

36 ~detector 1375 that (1) receives device identification
byte IDDAT from a programmable array_logic, henceforth
PAL, and (2) senses signals on various pins such as
memory address pins MAlé and MAl7 (FIG. 16) for ROM, to
detect the presence or absence of various predetermined

35 devices on support circuit 250, such as EEPROM 390,
SEEPROM 380, board control logic 370, bus



out put multiplexer 1016 sinultaneously, in parallel, passes the bits
shifted in frompin 241 and stored in 15 . each of the stages of shift

regi ster 1014 into an eight-bit hold register 1018. Hold register 1018
in turn passes the received bits a84signals SHFTIN 7:0] to '
received data termnals 524. Shift register 1014 al so passes the

received bits to putput_term.nal _1 i ft-in_valid signal
SI VALI D goes acti €%, .‘a’haat"l’iff’né% angi%%%%i&&éﬂ S %&.P&g 8% 51 Al ty
error control sepigl FREL gaputyowtputiaircgip 28hpehals ishaocrwaply ed
parity with a receomesetr ity abpre@btértiitied ida0id@2darries,and deties a

parity error detegte ivﬁﬂa%l t__ﬁPI OPA RRmZiSn a %‘é%gg_ on &%%‘é%‘i; gLror
y S

. . Sl a e reqae
terminal 529 in cBs® of errorac P en clear pari err or nal

CLRPARERR- go08s agupmpert circyitepb@randran dmagtivessionad itoy indicate 1020

dri-ves a ser aBsefd lofPdhe! YPreaéOérminHi devPtoP AR dd¥abeldVBelow

until the next pagij t]\l( rreonrcei %odg,#gctf 30 Al t hough one enbodi nent
of a parity ci rcutf S fusttated in FIGs. 10 and 11, any ot her
parity circuit cafn mddisdon hoapredesrmingdt deviges i okderi on.

One enbodi ment  of gbiriGed i Ql1ls8r be3fefddd>and) controlléd Wieslaveont rol
enabl ed outp drgé/gr 112.10 ?f;5-o gﬁge ixlzxia‘t ngit | §oc0é1;£ rn?'ll ed.by drive
signal SPI B R ORERUE 3T & ponse o A& i V8 drive
79 si gnal SPregpense i roraandeSOHTRED JTabde 3) seerifll pexrt 230, out put

si gnal SPI QO fron§arséhd Golcdminan8 padkét® that Rhilsedlsld\Ve igeaahilvpodti ve
‘signal SPI ODRV di sabl es r, 1240 znd SO gr vi'des 2 i gh

i npedance to 5 pi ﬁnalﬁ‘-l'%‘h?ﬂtgm. lé%)‘ﬂl ;%gflrﬂﬁ“eﬁ& LeRAFHTE 4 ogﬁa|so recei ved
on pin 241 as serrafopree I4puinforpabiosmantained; pnspackatsixegelivad 722.
In response 41§ angagbéyfertttld ehe ebtfand lfddket. and soldT®wEoFukakkber 530
passes one of elgg§péﬂéfgﬂuﬁn the numbers and types of soft resources
~ .included in support' circuit 250 (FIG. 3)..
One examplé of a soft resource 341 is a debugger
. that is pélled-by sequencer module 223 during boot-up
20 and if present, sequencer module 223 loads in
additional firm ware or data or both firmware and data
from debugger 341, executes the loaded firmware and
writes status to debugger 341. '
In one embodiment, host .adapter 240 and slave
25 serial port input-output circuit 254 are coupled to
impose a single load on system bus 250, such as a PCI
bus as illustrated in FIG. 15. A reset input
terminal 1501 of slave serial port input-output
circuit 254 is coupled to a system bus reset line of
30 system bus 283 that carries signal PCIRST-.
In response to an active signal PCIRST-, slave
serial port input-output circuit 254 buffers
signal PCIRST- in input buffer 1502 for internal use by
flip-flop'lsos; for example to generate reset command
35 signal CHPRSTREQ. Slave serial port input-output
cirouit 254 buffers the buffered signal PCIRST- in



10 signals TSTSI GNI [7: 0] that is selected by the val ue of bits

TESTSEL{ 2: 0]+ descri bed above, to out put driver 1220. In response to the
active LED test signal LEDTST, output driver 1220 passes the sel ected
i nt.ernal signal to pin 241;. 15 85 |n response to an active package
I nput si gnal . PKGL- that is passed by bond wre 249 of FIG 2B, line

control | er 530, dsh¥Sise tﬂ?fff%%r UELE p&f& driRdk 81 BE RS%§P| &h 6&@@1& ve

(e.g. one). irrespective .o he_si gna

response to an i n&e W*f?]stlépﬁsfg? er@gil BEPSEY h°5t I"’idﬁ@t@Bn??%i |l er 530
usés two nul tipl exers I-mwasiaptefmo receives. sigidl ATIRSTRFi préhop 1250 to

swi tch the Céﬂﬁ*@“éé¥1aqu9k9 fﬁyuéiauﬁghgeélﬁédléﬂ?ﬁﬁeaE'Qgséél and
serial data | {ne 532 or that carries bus
termnation ngna?‘%p‘g;I' aﬁha RERRE GEYRIN fieFdadnPRREL her or not

stat us signal plISSHJOCPSoen dédpter Ao0pasdesusigdd. PCIRSTBYE Or
i nactive reSpeCtlt‘!ﬁéﬁ n?lﬂt' BiE£&E o552 anl Fasek e rsTIRDEENCE Of 2

ut circuit. 30 I'n e absence of a sl ave

sl ave serial port i ou
serial port input® %’ﬁf"’éut 230; ; Mastey sﬁéleaml’?’c”)tfullé}?‘%‘:;@“&?%es a first
bus t er m nat ¢imewsity2Alo 85885\ Lip+f Jnps 2541tm¢oniqmolto doublér ni ng on

or off power 0 besn&iBtdHinal ehe Pled il £ £043 35p4lescribed
above. 35 * yﬁ%lave]éerlaé po?t |%% ut, - ourom 1%#%&“ﬂh %%4 (FIG 3)
i s inplemented in one BhFSEPRBAE tRiFRy aqtdve Slg“al on reset

80 VERI LOG time RSTIB-GI sbriab ppe 230X rBset 4 a1y neptgSmachines

Synthesizer versi @9 chalsl NoSVOR Ot feal! nSkloBBRD o confiydly] 201 e from

SMXS Systens, Inc. San Jose onse 10 a start bit on
sl ave seri al ports"@ap}r @P%TEBSTREQeumJtaéT P§F§v§3ﬁb|$ﬁwte§h&t pagke®nnect ed
to line SPIO15 a stmfdimiey at eesédtlfonmarl avdeSEhatlresets slave

serial port input-output circuit 254.

As noted abové, slave serial port input-output
circuit 254 senses the presence or absence of various
resources from the signals on one or more lines

20 connected to the resource. For example, when ID-ESTAT
detector 1375 senses a low signal on memory chip select
line MCS# (FIG. 16), ID-ESTAT detector1137s determines
that there is no EEPROM 390 that is cbupied to slave

_ serial port inmput-output circuit 254. Similarly, when

25 ID-ESTAT detector 1375 senses a high signal on SEEPROM
chip select line SEECS (FIG. 16), ID-ESTAT
detector 1375 determines that serial EEPROM 380 is
absent. In the absence of EEPROM 390 or serial
EEPROM 380, memory chips select line MCS# or serial

30 EEPROM chip'select line SEECS is coupled for example by

' a resistor to a first voltage e.g. high or a second
voltage e.g. low respectively.

In one embodiment, in response to a high signal on -
memory chip select line MCS#, ID-ESTAT detector 1375

35 senses signals at a number of high address lines, such
as Pirst memory address line MA17 and second memory



port in put-output circuit 254 shifts data in serially from sl ave pin
341 and. transfers the shifted in data to ~ sequencer 1330. In one

enbodi ment, shift register 1310 10 transfers 11 bits of the shifted in
data to. sequencer 1330.. The 11 bit86conprise the received packet
ncluding a start bit, a comrand byte, a parity bit and a stop bit as

desor bed above.  Aaakilg 11ne yATROV FE D Rl Bbkeslof hELL MbbSaNEVeE the

val ue 15 zero, sequencer et ermnes
contains a reset &BYmMBHIPY GR ?HHFEdP‘FWYbfaddresssl%IW PRQTREQPa%
descri bed above. low signal loh aeebhérmendagdia@aressshind Mmegiest er 1310

transfers 12 bi tsy ﬁfE%Pﬁ%S&Htfrc%gr' f%??ttfette Qxes B ENGE s 1%%3% In this

efmbodi ment, if eacC Z€r o, se uencer interprets
the 12 bits a$ EEPROM 390de ophwnbl ikobytes. If IDTES'IFPé"sponse to a
packet from shiftdetgetsderidiEl@enses a deiglemignal3ch secid wemdsyt hr ough a

.Sequ.ence of stat -eédé?ess tﬂﬂ{e %%pegﬁél&‘{lﬁg qnargr%ds%ga& IOQ]. qus
as§ &

recei ved packet and generate$ contr I'Ve comran _
executor 1370. | Mepexy ipachdt? 9tat(2d oAt high gignal %§é?~‘s§om‘rand
packet , sequencerméxBBﬁytemﬁreis% Wahéi MALT N the sivei of fEEPROMIA9OSHat 828420

ol e RESB P o se kifos)els Maghaligggne oo T

wai t-f or - iment, sequencer, 1330
i s encoded as a " B C§RRONSE é@earﬂe&waien@logn(w@rn@rm| ng flip-

f1ops associ ated Mihé M, AfD-BSTArESSed o 113780d8¢ e dRindA3Ratda0f
M crofi che Append X

In response to a re§§t°g}3@naﬁm°gx 1éol\r'lelssetgo pnlef‘sﬁﬁ slave %ﬁréafilgf’rf:hat S
coupl ed to a resefinppheowpuly siggnit 254)415?8@@1“ than am BBRROMC| bus, the

sl ave serial ygort Fi®puls d1pEtrétés Wdrtdit varifeadnsinG sequencer 1330
circuitry by an asterisk "*", For example, a
programmable logic fircuit (PAL) 330 is directly -
connected to line SPIO- in the absence of slave serial"

. port input-output circuit 254 to provide device

20 identification byte IDDAT and external resource status
byte ESTAT, that is FFh ‘in this case. Programmable
logic circuit 330 provides bytes IDDAT and ESTAT
encoded in packets of the type illustrated in FIG. 4A.
In one embediment, device identification byte IDDAT and

25 external resource status byte ESTAT are visiﬁle to host
processor 281 as register 00, byte 3, and as -
register 1Bh respectively of host adapter 240.

In this embodiment, host adapter 240 and slave
serial port input-output circuit 254 operate

30 synchronously by using clock signals derived from the
same oscillator 215. Sequencer module 223 drives a

- signal CLK4OB( that is a buffered version of the same’
clock signal CLK40 used for timing by other modules,
such as system bus module 225 and input-output bus

35 module 221. When a power-down bit is set in an
internal reglster of sequencer module 223, sequencer



5 starts in a hard reset state 1410, initializes vari abl es, goes to
reset agcknow edge state 1411 and "signhal s command executor 1370 to

recei ve device identification byte | DDAT and external resource status
byt e ESTAT from for exanple, a programuaghe | ogic 10 circui-t 330.

In reset acknow edge state 1411, sequencer 1330 al so causes acknow edge
mul tiplexer 1320 to nd acknow ed et .on ] 34 that is
coupled to Ilr{'@‘%; %30?1%@§ &%&nﬁg gﬁ’a&)@%c rg}ﬁS E%?‘ay i¥-Teset 15
acknow edge st at e dewnl bitSidurersy, r33Teduag sPoven @onsumption cithdwistdge

state 1411 for a vaa{dp%lglrelﬂgg@gté& ciheakt 240. cycl es depending.on the tinme
needed by | D- ESTAT etector_ 4375 epends or_exanpl e
(Qllgxegfﬁ % Wg4ﬁ d:gl eQda 8 ?”’%@ &

presence or absen Cl reul 0 FIG 3). 20

In response toSa rldgw: S?iIQnaIaoﬁﬁlmai PoTt, 230 tharmmtéeﬁb@t'or 1375

\%} _Ofks in bytes | @fﬁ&a@%@rﬁﬁf&s can Hgﬁrggg?as@e&gr@gmgse bagi & 1<i<1a1d:un3 t7 5330.
ile waiting or tes a i t or

times out, for exat?ﬁﬂ ﬁ%ug to@%sr'err?crle of‘nA;r?r:([)Gra]ﬁ'%mb:i LAglgi §8£% 2czl]orcwt

330, then | D ESTATthast @e@@blﬁs7&%rséglaé?a<=ten€"ei%ﬁjIqafby)ﬂﬁéfea§ B?'@e | DDAT and

creates byte ESTATti?ﬂé Tsf aaanslmd hamel gRE| 8186 MaAisR¥atRansnfor presence

270, as descr thed Thlo’n PerBFEiee “%aﬁ?%@tl%%%*r‘#aﬂ%gmah&%%or

1375 then signals muaw@pumebrcult 25heanpgaerle FHANaINGPESTAAt ar e

assenbl ed and readyididlg edge TEa(SIG S%ﬂnoEOahéﬁécl@ 'l 2¢fen there
response to the signal fromID

det cto e
transitions to sertf 3% K& a'eﬁfll %‘%aﬁ-ﬁlo(ﬁ* §t1 ﬁ4‘1 a cf‘ag‘u c#f gf@ ﬂﬁgl s for
mul ti pl exer 1360 talawesseyiad pOUATInMtsiputput circuit 254

82 regi S&sr 1310. HoweweRd 40deTdvd igedlin@npsial thpktldutput

circuit 254 can have a positive skew or a negative skew

in its clock 51gnaf as compared to the clock signal of
serial port 230 depending on the layout of plug-in
. board 270. . Positive skew or negative skew can result
20 in EARLY IN CLOCK or LATE IN CLOCK respectively, with
the set up and hold times for fast characteristics and
slow characteristics centered around the respective
rising edges as shown in FIG. 17. So 'a serial port 230
that exhibits fast characteristics must output no
25 faster than a slave serial port input-output
circuit 254 that exhibits slow input characteristics.
Examples of timing characteristics are listed in
Tables 14A-14C. ' '



sequencer 1330 | oops back for ten clock cycles, indicated in FIG 14 by

"X10" for a total of eleven clock cycles in'send identification state
1412. In 5 send identification state 1412, shift register 1310 cl ocks
out byte IDDAT in an initialization packeggon pin 341. In one

enbodi nent, an exclusive OR gate (not shown) conmputes and stores a
parity bit for a byte stored in shift register 1310 on a clock cycle 10
i nredi at el y subsequent to the clock eyd?@q wifch t he byte is stored.
Then sequencer 1330 trandMifiimum timimgersuired bgealave gaintor23dt ate 1412 to
send external status state 1413¢ y&dd sdaPtelWhye clock cycles during
which 15 tinme shi ister 12310 clocks out b : t on

pin 341 and then t
I'n response to a
a start bit that

P 14 t i - - : :al 1
S05A1 Wb 3PP | s1ale sensdl Bdreoublelddlone
denoted in 20 FICBYCHAt ;254 gyrovidegiencer 1330

: t of
|

transitions fromwvwart- — Tor-staft state 1420 to shift-1n-comand ate
1421. SeqiendePet 34R: | R ®€ Bﬁcﬂ%'ﬁ3sﬂﬁft-in-connand . state 13&1
for nine clock cy S ITe shift register. 1310 clocks 1n the resf of
t he packet from 2 h }%PSéTfe ns 5.0 B8cquencer 1330 is unable to
decode the receive ; q I ons

ack to
wai t-for- start stafe 1420, _ .| f q e cejyes_a
command byte 30 ori.g?#lhéf"t ia%gzrgﬁ%:augleﬁll'fﬁsq8%13@%%33%%%%%%%@‘%‘!%@
request signal LEDREeImaRRIe dpgiqagicuit isrdgpectlisrommegtedefacpier
1330 tlransitimos tmwiﬂsécead ofdat 8104 settial epdASOinpiitd cidpaes chean Tk
control register and_nonitofi tr i,n. command execut or
1370 35 to use bi t%sbé%#&ﬂﬂfdﬁr%ﬁ?%y%aﬁé %gfé”tt& rqr%r'gagap%g%gnal s to
t he correspondi ng ##&ources such as LED 350

83

{  TABLE 14B _
15 Minimum timing provided to slave serial port
' input—dutput circuit 254

Serial Port 230 | Slave serial port input-output
circuit 254 requires: '

“set up: 3.38 ns .97 ns

I hold: 6.99 ns 2.07 ns
20 '

The above setup times in tables 14A and 14B are
based on a 40 MHz clock with 25 ns cycle and output
timing is measured with a 15 pF load.

25 In one embodiment, programmable logic circuit 330

passes bytes IDDAT and ESTAT into SSPIOC 254 after
reset. SSPIOC 254 then passes these bytes to host
adapter 240. Table 14C shows the timing requirements
imposed on programmable logic circuit 330 by

30 SSPIOC 254.

.



or bus terminators 360. Sinultaneousl y, sequencer 1330 al so causes

acknow edge nmultiplexer 1320 to transnit.an acknow edge packet on pin
341. on conpl etiion of the transm ssi on of the acknow edge packet,
sequencer 1330 5 returns to wait-for-starggstate 1420. _ I n response
to ot her command packets, sequencer 1330 transitions to the
correspondi ng state, such as wite 3%§ﬁ mg%? start state 1440
eewite-wait- | ow address state 146 B ead-wait-|l ow address 10
state 1470. The act ansadhs@qmeetezm g pprogepmmablet bogde qrigcyifi lar to
t he actions described above |n respect to Mﬁlte data bits state 1430
except that S @&t

addi ti onal addresi hulddata packets
executor 1370 to | 6

bytes such as s read|
SPI CSTAT or nenor tes=RoM-gi—L === g -
any errors, 20 sequencer 1330 sets a bit in a status reglster and :
causes command executor 1370 to turn-on LED 350 (FIG 3). In

one enbodi nent, comngngxgﬁyg@_{me},ygfi Qﬁtﬁg&s cucullgo%gocepié ollar)egl ster

and nonitoring circuitry that_ 25 detects e presence or absence of cables
connect ed and 199%PﬂFﬁa?oP%“W§ﬁﬁEﬂ PEds fﬂei qo@?ﬁﬁtlﬁﬂgtiﬁﬁFﬂﬁﬁ G 4)
and so there 16 neirveadtbor shokarab ESPIOC| 2568 SSPIOC 254Beandrnal to sl ave

serial port input o 26hECHAL 234 all connecte@%a'&ﬂeeéﬁﬁeté’érﬁaim al so
i ncl udes an | D- ESTAT 3Q detector recei ves Vi ce
%%Fgﬁ?an%ﬁ

i dentification  PoXyyfBPRBIRRCRYYL &8, eP Pl F gF®, Eenceforth
PAL, and (2) senseerdiadnpbstopiv@4lowd poas adaptexs 240. Reobrof adw ess
‘pins MAL6 and MALGy(RLGgel®d1 08 Bq}%utt‘lout put dc‘?itz"cﬁhttshﬁsﬂixesfé‘i}@ dHa

absence of various predeterm ned evices on sup ort CIrCUIt 250, such as
EEPROM 390, 15 sive ‘b‘b%r%?“t‘?oﬁé‘?ﬁﬁ‘ Pl 53 F5Kag, Erom

oscillator 260 that" is also supplied to host

adapter 240. Each slave serial port input-output
circuit allows host adapter 240 to access a resource
that is connected to that particular slave serial port

20 - input—output.circuit'similar to the above description
in reference to SSPIOC 254 and host adapter 240. For
example, host adaptor 240 can access resources 1810 and
1820 through SSPIOC 254A, resources 1830 and 1840 .
through SSPIC 254B and resource 1850 through

25 SSPIOC 254C. '

In the embodiment of FIG. 18, SSPIOC 254A has a
design identical to the design for slave serial port
input-output circuit 254 described above. Therefore,
slave serial port input-output circuit 254A sends two

30 initialization packets containing bytes IDDAT and ESTAT
to host adapter 240 following reset.

The other two slave serial port input-output
c1rcu1ts, SSPIOC 254B and. SSPIOC 254C are similar to
slave serial port input-output circuit 254 except that

35 SSPIDC 254B and SSPIOC 254C respond to command packets



84 termnators.360 and LED 350 (FIG 3). Any pin of slave seri al
port input-output circuit 254 that is normally connected to a

predet ermi ned device carries, an active si gnal when the predeterm ned
device is present on 5 support circuit 260 and an inactive signal to
indicate  absence of the predeterm ned device, as described bel ow I n

reference to FIG dfhraining mgﬂa%{ﬁég i EQ%H&@dﬁﬂéFe%df 6 €gS. ot her
devi ces can al so be sense contr av seria t - out put
circuit 254. For YBtHfR %tﬁ oﬁ% FRE@“%‘%Q le 3)
serial port 230, bytemlmndSaan@nomrmhqmcketrelhat Teusesmahdvbyser i al
port | nput - oWy Piile i ocwh&cﬁf?éaw 4R LeR2ER o0 pi@lbutpur eSOUTCE
341 |nfornat|on confal ned 1 n pack recei\e f fFFécyjen to t he
conmand packet 2andC¥eFuY FREPP ﬁr%ﬁ mut“ﬂéﬁﬁéﬁ§?5ﬁ? ngm%ﬁRptypes
of soft resources byte tgcdhicthdanotbempElavecserial @t (ibpGt-8htput

One "exanpl e of a Seiicﬁﬁ? e%%nﬁéllhsof’déie ggg fminate [ posshBil

sequencer nodul e 223 durl oot - up_ 2

_ sent,. séquencer uIe
223 loads in ki dron iop fRYbIRe cﬁPIéoat'aa{ﬁg @cﬁ?ﬂ-lfﬁsﬁ?%apé and data
from debugger 341,p&mkmnﬁ<and:balmmadeelﬂeednﬂmrecandrol linss.tes status to
-debugger 341. ;4 &E%e%"%@%b&'ﬁﬁént h%f%é&@épééha&‘l%p%dlﬁb&t‘!e 25

serial port input- output circult are_ cou ose a single
| oad on system busP9BPHt GixFudt gupk)as SSPI&(}'@';%QAl (F18t AXe®%in FIG 15. A
reset input t ssPIoed 91080 inefl udéave msnary ppot t intexfiaceluigfuthe

cirouit 254 is coupled dO.d sHEH O PFCIAFRIpd Bls Ofacilr SlNBHRILAYS 283

that carries S|gn response_to an-active sig

PCI RST-, slave  SCSE Hogt &&aptﬁﬁpa%t%mﬁh Brpleminaney i foFs

signal PCl RSTasi n expmblduffaeres15028fos s4aiar nal use by flip-flop
1505, for exanple to g rai e SI%?E% RR Sl ave
serial port input-out e{}g the e&'lg?’%tln I%S 2 chcqerg s?&nal

PCI RST- in SSPIOC 1910B are cdupled to host adapters 1920 and 1930

respectively and allow these two host adapters to share
one Or more COMMON Memory resources, such as shared
20 resources 1951, 1952 and 1953 through a shared bus
arbiter 1960. Computei,system 1900 (FIG. 19) also
includes a host adapter 1940 of the type described in
"AIC-7870PCI Bus Master Single-Chip SCSI Host Adapter
Data Book-Preliminary" referenced above that can also
25 access shared resources 1951, 1952, and 1953 via shared
bus arbiter 1960. |
- The use of a predetermined protocol as described
above in which one or more slave integrated circuits
always wait for a master integrated circuit eliminates
30 possibility of contention for the shared serial port
input-output line; avoids collision of packets and so
eliminates need for control lines in addition to the
shared serial port input-output line between a master
integrated circuit and the slave integrated circuits.
35 - Although the present invention has been described
in aonnection with the above described illustrative '



85 out put "buffer 1503 and drives si gnal PClI RSTB- on out put

termnal 1504 for external use by host adapter 240. Host adapt er
240 receives signal PCIRSTB- from sl ave serial port i nput-output .

circuit 254 at reset 5 input pin 1521 thd#lis different fromserial port
pin 241. Host adapter 240 passes si gnal PCI RSTB- t hrough i nput buffer

1522 and reset |i I port

i nput - out put %F‘P?éll-t% % utshees Iops fé%% %ﬁgﬁé ?oubl e 10
synchroni ze the ré?@FeEPgna?mfﬁiﬁﬂ Eutllﬁﬁﬁqa@r ofsaopin, a surfacen response
to an active si gnmbunn leadtcan bed mBedRSTWakiouschbdlifpeitict3@Gndesets all
state machi nes i I S nd

signal CHI PRSTREQ s ri afbﬁs ¢ %% ag’%g%a is Al&sreﬁ Bpéﬁt'ﬁ&é%sﬁ?zg% ning a
reset conmand %od&nFﬁﬁPa?%?%t%YstIh&véPPend%%rqlalmﬁort i nput - out put circuit
254. As noted above, slave serial port input-output circuit
254 senses t:he presence or absence of various resources fromthe
signals on one or nore lines 20 connected to the resource. For exanpl e,
when | D- ESTAT detector 1375 senses a | ow signak on nenory chip sel ect
line MCS# (FIG 16), |D ESTAT detector 1375 determ nes that there is no
EEPROM 390 that is coupled to slave serial -port input-output circuit

- 254, Simlarly, when 25 | D- ESTAT detector 1375 senses a high signal on
SEEPROM chip select line SEECS (FI G 16), |D ESTAT detector 1375
determ nes that serial EEPROM 380 is absent. In the absence of EEPROM
390 or serial EEPROM 380, nenory chips select line MCS# or serial 30
EEPROM chi p select Iine SEECS is coupled for exanple by a resistor to a
first voltage e.g. high or a second vol tage e.g. |ow respectively.

I n one enbodi nent, in response to a high signal on menory chi p sel.ect

i ne MCSH#, IDESTAT detector 1375 35 senses signals at a nunber of high
address |ines, such as first menory address |line MAL7 and second nenory



86 - address line MA16. If | D ESTAT detector 1375 senses a | ow
signal, on first nmenory address |line MAL7 and al so a | ow signal on
second menory address |ine MA 16, | D- ESTAT det ector 1375 determ nes
that the size of 5 EEPROM 390 is only 6%2kil obytes. |f |D ESTAT

~detector 1375 senses a high signal on second nenory - address |ine MA1G6,
and either (1) a low signal on first * menory address line MAL7 or (2) a
high signal on first - nenory address Iine MAl7, the size of EEPROM 390

is 128 10 kil obygeR ©A1,2% ! g@ﬁe% Wﬁ?ﬁ@ response
| | AFNERGRATERS S
ggtirn?ﬁgzlgﬂgt gn anﬁgg%ﬁgt 9SHE#§ Eo INALy| ave serial port

i nput -output circuit 254, rather than an EEPROM 15 FIG 16
illustrates certain variations in circuitry by an asterisk "*". For
exanple, a programmebl e logic circuit (PAL) 330 is directly

connected to line SPIO in the absence of slave serial, port

i nput -output circuit . 254 to provide device 20 i dentification byt e | DDAT
and external resource status byte ESTAT, that “is 'FFh in this case.

Pr ogr ammabl e logic circuit 330 provides bytes | DDAT and ESTAT

encoded in packets of the type illustrated in FIG 4A I n one
~enbodi nent, device identification byte |IDDAT-and 25 external resource
status byte ESTAT are visible to. host ~processor 281 as register 00,
byte 3, and as regi ster 1Bh respectively of host adapter 240.

In this enbodi nent, host adapter 240 and sl ave serial .port

i nput -output .circuit 254 operate 30 synchronously by using clock signals
derived fromthe sane oscillator 215.- Sequencer nodul e 223 drives a

signal CLK40B, that is a buffer V. i3|on gf Qge sane cl ock si gnal
CLK40 used for timng by other.
ristopher Burns

APPENDIX A



such as system bus nodul e 225 and i nput - out put bus 35 nodul e '221. When a

power-down hit is set in an I nternal register of sequencer nodule 223,
seqguencer _ _ 87 nodul e 223 cl anps

~ signal -Cl K40B hi gh, until the power- 93lown bit is reset, to reduce power
consunption in host adapter integrated circuit 240. When host

adapt er. 240 drlves a. S|gnal
exhi bitsk i B
tl me ThS té-{s: P 5% SRR RBRBseR 2 B =

fast chadacter stl CS can have a set time Tsf and a hold tinme Thf also
illustratgdyd,n 10 FIG 17. So either a fast or a slow slave serial port

i nput -output circuit 254 can sanple signal SPIO at ri sing edge Tr
(FI.G 17)Boarfl Loglo Eprtselk Br¢tigpraynand fifsetted wheaqver brdotl (1d)iswiil} skew in the cl ock
signals &f™&erial port 230 and sl ave serial port input-output circuit
254. 15 However, a slave serial port input-output circuit 254
can have a positive skew or a negati ve skew inits clock signal as
conpared to the clock signal of serial port 230 depending on the

| ayout  Ofceplebd@beResscscssecesB@@Feh-REGeneereREBik e aitew Or negative skew. can
result 20 in EARLY IN CLOCK or LATE IN CLOCK respectively, with - the-

set up arfbdiebrn  pakdet, ;{%‘P‘“’ Hﬂﬁ"’dbﬁféia@!ﬁﬂ“s‘ teqrst

s and sl ow
characteristic PébriduV ri sing edges as shown

in FIG 17. SO a serlal por t 230 that exhibits fast characteristics
must out pstamater FEBLY = T, ast er than a slave serial port input-output

circuit 254 thé&tgﬁgqphgém éﬁﬁﬂ%zgg@kacterlstlcs Exanpl es of 

HE.IJ‘ne SPL O

R RS .;:,: .;_ ";_:‘ K

"'D.

tining ch¥h Irdespios Tabl-es 14A-14C.
lnput (7:0] cddat, shitin;
autput  brdbsy; f1 brdeti command in progress
output  [2:0] brdett; #/ brdet] control bits
output [2:0]brddat;  //brdcti databits
output  brdread; /I read SPIO port
output  brdreq; . 17 request tor SPIO port
output  brdsend; 1/ shift out write data
output  brdctindy; .Jf no brdetl command active.
output  rstbrdetl; /1 reset brdatl logic
'I'I registered outputs

reg ‘brdread, brdreq, brdbsy, brdsend, brdctirdy;
reg [2:0] brdctt, brddat;

-
I intarnal signals

reg brdacts1; # sync

reg brdacts2; flsyne

reg brdract; {/ brdetl read active

reg brdwact; . I brdot! write active

wire readreq; © 1/ brdetl read request

wire rstbrdetl_; 11 reset all brdetl logic _

wire rstreqgen_; {l reset request generation bit !
wire writereq; I/ brdetl write request

wire sotread, wrdone, rdatval, setbsy, setsand;

J/}
# reset logic

assign rstbrdetl_ = rstsplos_ & brdctien;
assign rstreqgen_ = rstbrdcti__ & ~brdacts2;

/2
/ brdett ready control

always @(posedge cliviOb2 or negedge retbrdetl )
if (~rstbrdct_)
brdctirdy <= #FFDLY 1'00;
else



88 : - TABLE 14A M ni mum ti mi ng

requi red by slave port 230 of host adapter 240
Serial Port 230 Sl ave serial port input-output

circuit 254 provides: 5 set up: 0.6Qg4ns '8.33 ns hold: 2.48 ns
5.08 ns The above set-up tines are al so applicable when a
programmabl e logic circuit is directly connected to pin 10 241 instead of
a slave serial port input-output cirduit 254 to provide bytes | DDAT
and ESTAT to host adapter 240. ' TABLE 14B
15 M ninun1t|n1ng prOV|ded to sl ave serial port '

i nput - out put L;EI T

o 2, St 2y :(. .3.,. e
S % i S T
;.-};.’?"?-/f X SR

i nput - out put “*Qﬁ%ﬁigzﬁﬁg ; r%: e s R AR
3.38 ns .97 ns Hb‘l"JFD"YB""g'?'F?g“’“ 2.07 ns 20 The above .
setup tinmes inpt-abl-es—14A-and-148 are————hased on a 40 Mz clock with 25
ns cycle and odbpgiredster  tining is nmeasured with a 15 pF | oad.
#bits 75
always @(posedge cl40b2 or negedge rstbrdet( ) w,
if (~rstbrdcti_)
brddat <= #FFDLY 3'000;
alse

brddat <= #FFDLY rdatval ? shitin{7:5] : brddat;

i/ bits 422
always @(posedge wrbrdetl_ or nagedge rstbrdetl )
Hf (~rstbrdctl )
brdctt < #FFDLY 3'b000;
else .
.brdett <= #FFDLY cddat{4:2];

#/ bits 1:0 always 0"

II

II request gene ratlon

assign writereq = brdacts1 & brdacts2 & rdbrdetl
assign readreq = brdacts1 & brdacts2 & -rdbrdctl_,

slways @(negedge wrbrdetl_ or negedge rstraqgen_)
if (~rstreqgen_)
brdwact <= #FFOLY 1'b0
else
brdwact <= #FFDLY 1'b1

always @(negedge rdbrdctl_ or negedge rstreqgen_)
i (~rstroqgen_)
. brdract <= #FFDLY 1'b0;
slse
brdract <= #FFDLY 1'b1;

always @(posedye cli40b2 or nagedge fstbrdctl_)
if (~rstbrdetl ) begin
brdaclst <= #FFDOLY 1'b0;
brdacts2 <= #FFOLY 1'b0;
brdreq <= #FFDLY 100;
erd .
alsa begin
brdacts1 <= #FFDLY brdwact | brdract; .
brdacte? <= #FFDLY brdacis1;
brdreq.<= #FFDLY wdtereq [ feadreq | btdreq & ~brdack;
end

II

" reglstared outputs

always @(posadge clk40b2 or nagedge rstbrdetl )
ff (~retbrdetl_) begin
brdbay <= #FFDLY 1'D0;
brdsend <« §FFDLY 1DO;
brdread <= #FFOLY 1'b0;
end
- else begin
brdbsy <= #FFDLY setbsy,
brdsend <= #FFDLY setsend;
brdread <= #FFDLY eatroad:
end



25 I n one enbodi nent, programuable | ogic circuit 330 passes

byt es | DDAT and ESTAT into SSPI OC 254 after reset. SSPI OC 254 t hen
passes these bytes to host - adapt er 240. Table 14C shows the timng
requi renents |nposed on progrannablgslogrc circuit 330 by 30 SSPICC
254, -89

TABLE 14C For a shift register in a programmable logic circuit

hol d: -1.93 ns 5 set up: 8.86 n One
enbodi ment of support circuit 1800 (FIG 18) includes a plurality of

sl ave serjal port input-output 10 circuits, such as SSPI OC 254A, SSPI OC
254B and SSPI OC 254C that are all connected to the sane serial port
i nput - out | WSk bhabulsacoupbed Lo, 10 1l BOrt pin 241 of
host adapti J@“ ! %{%@%@% ey o £- hits
254A, 254B and 15 Pecerve THe oo RGP e O RR o
oscillator 260 that is also supplied to host ' adapter 240 Each sIave
serial port yinRktike Qdd-Rithine circurt allows host .adapter 240 to access a
resource p@;gat IS conq;;&ggatggigat partrcular slave serial port 20

i nput - out pus i t frdsied), in reference to
SSPI OC 254 and h@, &,,?‘W' qﬂﬁ‘:’ s'et'r‘:z % Ellhost adapt or 240 can
access resources shit setsend( PI'OC 254A, resources 1830 and
1840 through SSPIC 254B and resource 1850 t hr ough

aendmodule



25 SSPI OC 254C. : In the enbodi ment- of FIG 18, SSPI OC 254A has a
design kdentical to the design for slave serial port i nput - out put
circuit 254 described above. Therefore, slave serial port input-output
circuit 254A sends two 30 initializatio®éackets containing bytes | DDAT _
and ESTAT to host adapter-240 follow ng reset. The ot her two
slave serial port input-output" circuits, 'SSPI OC 254B and. SSPI OC 254C
are simlar to sl ave serial port input-output circuit 254 except that
35 SSPI OC 254B and SSPI OC 254C respond to commnd packets

90 _ Chnbabnhng.cormmndebybassabayabne FERLE Ty =‘ ”,, sﬂtal ues

B SRR CHR TR BN R R e R ST / ¥ 6> B

respecti ve[y “fhe cormand byte “val ues to Whl ch each sI ave seri aI port

i nput - out py L%a circuit responds is nutually exclusive fromthe command

byte to which another slave serial port input-output circuit responds

i n order t&ragiLoghiCaatiobstatdrancig@ssi bility of contention for line SPIO,

avoi d col lision of packets and elimnate need for control . lines. 10

I'n anot her enbodi ment, a slave serial port input- = output circuit such
as SSPI OC1910A. (FIG 19) or SSPI OC1910B i ncl udes a nenory port
interface of the type.described in "Al C 78?0PCI Bus Master Single-Chip’
SCSI Host Adapter-Data Book-Prelimnary”, at f 15 exanple, pages 5-18 to
5-21. mthM%(WM@l%ﬁbﬁetﬁhﬁdﬁ%r&ﬁEh@g1910A and . SSPI CC
1910B ar e coupl swiid, estrbasicidatent] sqliisig setsefi @loraxd 1930 respectively and al |l ow
t hese two host‘ %%BB} g.s to share one Or nNobre conmopn NMenNDry resources,
such as sh&F€q™ resources 1951, 1952 and 1953 through a shared bus

arbi ter 19fmeteiqeRut er Sy Sk §hopd@@fm(stateGnto 19) al so i ncl udes a host

adapt er 1940 of Tﬂﬁe e désteprtirpygitialiisiates
=3 # idle, waiting for brdack
cMDG 3'b010 {1 shifting command code -
RWAK = 3'b011, //read command, waiting for ACK
RDAT = 3D100, // reading data
WOAT = 3b101, # writing data
WWAK = 3b110, // write command, walting for ACK .
EACK = 3'b111;  // write command, watting for end of ACK

input . clk40b2, ackdet, brdack, bytesent, rstbrdcil_, rdbrdeti_, noack, sivalid;

output  setread;

output  rdatval; 1! read data velid

output  setbsy;

output  setsend;

output wrdone; If write command Is completed
I

Jl register declatation

reg satread, rdatval, setbsy, setsend, wrdone;

1.
"

/ internal signals

1l synopsys state_vector state
" reg 12:01 #/ synopsys enum state_info
state; If currant state
. reg f2:01 I synopsys enum state_info
next;  // nextstate : !

ll

II corrblnatlonal loglc

always @( state or ackdet or brdack or bytesent or rdbrdeti_ or noack or slvand )
begin .

sotbsy = 1°b1;
sotsend = 1'b0;
rdatval = 1'b0;
sotread = 1'b0;
wrdone = 1D0;

caso (stata) /! synopsys parallel_caso

TSTO: begin
next = IDLE:



" Al C-7870PClI Bus Master Single-Chip SCSI Host Adapter Dat a

Book-Preli mnary" referenced above that can also 25 access shared
résources 1951, 1952, and 1953 via shared bus arbiter 1960.

The use of a predeterm ned protocol af descri bed above in which one or
nore slave integrated circuits aays wait for a master integrated
circuit elimnates 30 possibility of contention for the shared serial port
i nput -output line, avoids collision of packets and so- el i'm nat es need
for control lines in addltlon to the shared serlal port i nput - out put

| i ne bet V\Bﬁi}" ; ; . oDk A gl N
circuits. @B

in connection Wt 3 i -
91~ enbodiQ@nts“mﬂﬁﬂhﬁresent invention is not limted t hereto.” For
exanple, instead of a pin, a surface - nount |ead can be used. Various

nodi ficati on @H@mmm ada tatlons of t he above. di scussed enbodi nents are 5

enconpassed by thel %ﬁ . 92 SERI AL
PORT FOR A HGhd ADA_ ER | EGF\’ATED CIRCU T USI NG A SI NGLE TERM NAL

CMDGC: begin
- | (bytesent) begin
next = rdbrdctl_ ? WDAT : RWAK;
sotsend = rdbrdctl_;
sotread = ~rdbrdctl_;
aend
elso begin
next = CMDC;
end
end

RWAK: begin .

if (noack) begin

hext = IDLE;

end

ealse bagin
next = ackdet ? RDAT : RWAK;
setread = 1'bY;
end ’
and

ROAT: begin
noxt = sivalid ? IDLE : RDAT;
setraad = ~sivalid;
rdatval = sivalid;

end

WOAT: begin

next = bytesant ? WWAK : WDAT;
o sotread = bytesent;
(-]

WWAK: begin
it (noack) begin
next = IDLE;
end

else bagin

naxt = ackdet ? EAGK WWAK;
end
end : '

EACK: begin
next = ackdet 2 EACK : IDLE
sathsy = ackdot;

wrdone = ~ackdet;
end

defauit: naxt = 3'boot;
endcase
“ond /! always

-
i state vector

always @{posaedge ¢ik40b2 or negadge rstbrdcti_)
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98

it (~rstbrdetl )
slate <= #FFDLY TSTO;

olse .
slata <= #FFDLY next;

1.
"

endmodule #f brdctism



93 : Function: Board Logic Control. Brdctl command is issued whenever

brdctl ¢(1d) 1s witten or read. nodul e brdentrl ( ackdet, brdctlen,
brdctirdy, brdack, bytesent, cddat, cl k4b2, noack, rdbrdctl _,
rstsplos_ shftin, sivalid, wbrdctl 99 brdbsy, brdct!l, brddat,
brdread, brdreq, brdsend, rstbrdctl_); paraneter FFDLY = 1; |Input
ackdet, brdctlen, brdack, bytesent, clk40b2, noack, rdbrdct!| _,
rstsplos S|vaI|d wwbrdctl , | nput [7:0]-cddat _shftln; output

br dbsy; ] : 22 5 ....¥.<..

[/ brdct| céatiss BEiss ERE 3 e gRt BTSNt put
br dir ead; =t L/ 60, SO0 L. QUERUL....bLdr €T /1 request
for SPIO pbrt output brdsend:; /1 shift out wite data out put

brdctlrdy. gunetionn // no brdctl_connand active output rstbrdctl _
/'l reset brdctl |ogic i

ESTAT/IDDAT &tate machine. Waits for IDDAT and ESTAT bytes. Aiter reading

or time-out, generate kdidrdy so that the PHOST can accept PCI commands.

d s

/
modula eism ( clk40b3, elto rstis_, sivalld setckes, sotckid, setread, enseito,

setidrdy );

parameter FFOLY = 1; {/ clock-to-q dalay

parameter [1:0] ] synopsys enum state_info
PU = 2’000, {f powerup
ID =201, I walting for IDDAT valid
£S = 2'010, J walting for ESTAT valid
DN=2b11; /! done

Input  clkd0b3;

Input efto; -

: input rstis_;
- input  sivalid; .

output  setckes; . f clockin ESTAT

output  setckid; # clock in IDDAT

output  setread; 1/ readport command from elsm

output  enslto; #/ enable ESTAT/ADDAT time-out

output  satidrdy; { set ididrdy

v ¥
/! ragister declarations
reg satroad, enalto, setckid, setckes, setidrdy;
' I/ synopsys state_vaector state
: reg [1:0) I synopsys enum state_info
. ) : state;  // cumvent state

reg {1:01 #/ synopsye enum state_jnfo
next; I/ next state

/]

1l combinational loglc

always @( sivalid or eito or stata) bagin

satraad = 1'b0;
enaito = 1'b0;
satckid = 1b0;
sotckos = 1D0;
setidrdy = 10;

caso (state) /I synopsys parallel_case

PU: begin
next = [D;
setroad = 1b1;
ond

ID: begin

onalto = 1D 1;



I
reg
/lsync reg
brdct|
readreq;

reset all brdctl
generation bit wire.
setread, wdone

[2:0] brdctl,

regi stered outputs:

reg

br ddat ;
br dact 52
read active reg
/'l brdctl
logic wre

writ

S T ———

. brdread, brdreq. brdbsy. brdsend, brdctlrdy

11 // Internal

/'l sync reg
br dwact ;
read request wre
rstreqgen_;
/1
d.

ereq;

signal s

reg

br dract:

r st
/1
br dot |

rstbrdctl
~brdact s2;
rstbrdetl
el se

N

/.
" endmodule

| f (aﬁﬁﬁbudﬁtl 2)
satckid = sivalid; :
¥ (alto)

next = DN;
olso
next = sivalld ? ES : ID;

and

ES: begin
next = sivalid ? DN : ES;
setread = ~slvalid;
sotckes = sivalid;

end

DN: begin -
next = DN;
satidrdy = 1'b1;
end

default: next = DN;
endcase
end #l always

I

If state latches

always @(posedge cli40b3 or negedge rsti
i Corstis ) gedge retls_)
state <= #FFDLY PU;
elee’

state <= #FFDLY next;

I elsm

brdctl _;

reset
wite request
'OQVPUW

y: R 2 -+ B s
brdctlrdy <= #FFDLY 1 bo

94

assi gn

brdacts1;

11

100, "hrdetl write active wire

Il

request



brdctlrdy <= #FFDLY wrdone 1 rdatvar. /1 ‘brdotl register [/ bits 7:5
al ways @ posedge cl k40b2 or negedge rstbrdotl-) I f (~rstbrdctl )

brddat <= #FFDLY 3' b00O; el se bl ddat <= #FFDLY rdatval ?
shftin[7:5] : brddal; // bits 4:2 alwapd @posedge vvrbrdactl _ negedge
rstbrdct! _ fof e . Y . ERLY 200000, |

brdctl <= 2t
aSSI gn let oo o ).. S pee Do 0 = 3 g G RIS X
brdactsl & brdacts2 & ~rdbrdctl _; al vvays @negedge wr brdct!| _ or negedge
rstreqgen_) Funet®m: (~rstreqgen ) brdwat <= #FFDLY 1 bQ el se

brdwact <= %Egngow&moner 4"1\@%‘? g‘%&ﬂ%{ﬁ%‘i ot I“am(.p'mg‘sl gedge rstreqgen_)

-1 f (~rstreqEaAdESTAT register

/

module Iddatestat ( cddalS,.clid0b3, &ito, parerrdet, rstis_, shitin, sivalid,
swretrdy, wrsplocap_, brdctien, eepromen, ekead enaito, iddat,
{didrdy, romeden, seactien, soft, softcmdan, spbrden, spseean,

ssplocps )i
perameter FFOLY = 1; T
paramater {7:0] DEFAULTID = 8°h55;
input cddatS, cik40b3, eito, parerrdet, rets_, sivalid, swrstrdy, wrspiocap_:
Inpurt [7:0] shitin;
output-  brdctlen; - {/ board control enable .
output  eepromen; # eaprom writable
output  elread;
output  enelto;
output [7:0] iddat; # IDDAT registger
output  Ididrdy; /l finishad loading IDDAT and ESTAT
output  romrdan; { external rom readable
. output seectlen; {l seeprom control enable
output  {1:0] soft; # soft command capabillity bits
- - output  softemden; Il soft command enable
output  spbrdaty; 1 brdctl register enabled
oulput  speeeen; #l seactl registar enablad
output  ssplocps; I external SSPIOC present
Ir
# declare roglstels
reg elread, softcmden, brdctlen, seectien, espromen, romrden, ssplocps, Idedy;
reg [7:0] lddet;
reg (1:0] sott;
# Internal signals
wire clidddat; # clock iddat
wire clkaslat; Il clock estat
wire setckid, satckes, setidrdy; '
reg ckes, ckid;

wire rstsoften_; # raset softcmden
wire catread; )

y/2
# enable seectl and brdat reglsters

asslgn spseeen = seaction & ~softcmdon;
assign spbrden = brdctien & ~softemden:;

I
{1 {DOAT register

{1 gated clock ' '
asslgn clidddat « ckid & ~pararrdet;

1/ ragister write



el se " brdract <= #FFDLY 1' bl; al ways @.posedge cl k40b2 or

negedge rsthrdctl ) If (~rstbrdotl ) begin brdactsl <=
#FFDLY 1' bGQ brdacts2 <= #FFDLY 1' bQ brdreq <=
#FFDLY 1' bQ end else begin . 102 prdactsl <= #FFDLY brdwact 1
brdract; - brdacts2 <= #FFDLY brdactsl; brdreq <=
#FFDLY witereq 1 readreq 1 brdreq & -brdack; . end //registered
out put s al ways @posedge cl k40b2 or negedge rslbrdctl ) | f
(~rstbrdt Q.{,,,}L a2 p, , h brdsend
<= #FFDLY & i 2 3 begi n
brdbsy <= HEEOL et
t9”5dread <= #Eﬁgeé@%@&d@mormgedwm_)begm

" ts"alddan <= #FFDLY DEFAULTID;

else

Iddat <= #FFOLY clidddat ? shftin ; iddat;
end / register

{l.
4

1 SPIOCAP reglster

' assign rstsoften_ = rstis_ & ssplocps;

I/ gated clock
assign clkestat = ckes & ~parerrdet;

Il register write for bits 7:6, 4:0 :
always @(posedge clk40b3 or negedge rstis_) begin
if (~rstis_)
{soft brdctien,seactien,eepromen,romrden,ssplocps}
<= #FFDLY 7'b0000000;
else
{soft brdctien,seectien,eepromen,romrden,ssplocps}
<= #FFDLY clkestat ? ~{shttin[7:6], shitin[4:0]}
1 {soft brdctlan,seactlen eepromen.romrden sspiocps}
end Ifblts 7:6,40

1/ register write for bit 5
always @(posedge wrsplocap__ or negedge rstsoften_) begin
if (~rsteoften.)
softemden <= #FFDLY 1'b0;
else )
softemden <= #FFDLY cddat5;
end ot s

/2
1 register state machine outputs

always @(posedge ¢lik40b3 or negedge rstis_)
if (~rstis_)begin -
idrdy <= #FFDLY 1D0;
ckdd <= #FFDLY 1°b0;
. ckas <= #FFDLY 1'b0;
: eiread <= #FFDLY 1'b0;
end

else begin
idrdy <= #FFDLY setidrdy'
ckid <= #FFDLY setckdd & (shftinl=8'hff);
ckes <= #FFDLY setckes; '
slread <= #FFDLY setread;

end
assign ididrdy = idrdy & svyrstrdy:

1.
"

I instantiate state-machine

alem elsm ( .clk40b3(clik40b3), .eito{elta), .rstis_(rstis_), .sivalid(sivalid),
setckas(satckas), .setckid(sotckid), .setraad(setread), .eneito{enaito),
.setidrdy(setidrdy) );

f/a
"

endmoduto



/] Instantiate state-machine brdctism brdcttsm (..cl.kd@2(cl k40b2),

.ackdet (ackdet), .. brdack(brdack). byt esent (bytesent).
rstbrdctl-(rstbrdctl ), .rdbrdctl _(rdbrdctl ). . noack( noack),
.sivalid(sivalid). .setread(setread), rdegval (rdatval), ’

.set bsy(setbsy), .setsend(setsend), .w done(w done)); endnodul e

96 ' Functi on:

¥
Function: _
ROM controt logic inside PHOST. interfaces to SPIO block.

=

s /

module fometi { belnadrdecd, belnadrdect, exadrdecvdd_, mwra, pelk, hpors_, regédo,
adrinreg, romdaci_, sploackdet, spromclk_, spromrdy, romadr, disextmr_,
romdec_, romdo, romedy, romwr );

parameter FFOLY = 1;

Input belnadrdec, bainadrdec1, exadrdecvdd_, mwrc, pelk, hpors_, spromrdy,
: romdeci_, sploackdet, spromelk_;

nput {7:0] reg8do;

Input [15:2] adrinreg;

output [15:0] romadr; 1/ rom address to SPIO

output  disextone_; il got ACK, disable excsedtimer
output romdec_; - #/ ROM access daecoded to SPIO
output  [31:0] romdo; J/ ROM read data to path_out
output  romrdy; I/ ROM ready 1o target cycls control
cutput  romwr; #f EEPROM write t0 SPIO

I

/intemal signals

reg [31:0] romdo;

reg [1:0] bytecnt; ,

reg romdec_, disextmr_, romrdy, waitdec, done, donel, done2;
reg disextmrs1, disextmrs2;

wire . rstdisextme_ retdone

wire beiken0,, belkent_, belken2_, belkend_y

/2

- II rom eddre§slng

always @(posedge pclk or negaedge hpors.)

¥ (~hpors )

. romdec_ <= #FFDLY 1b1;
olse

romdec_ <= #FFDLY romdedi_| exadrdeovdd_ .
but0104 ad_drvr_20 ( .Qromwr), A(mwra) );

buf0104 ad_drvr_02 ( .Q{romadd2]), .A(adrinregf2]) );
but0104 ad_drvr_03 ( .Q{romadt{3]), .Afadrinreg(3]) );
but0104 ad_drve_04 ( .Q{romadr{4]), Afedrinreg[4]) ):
buf0104 ad_drvr_05 ( .Q(romadr{s]). .Aladrinreg(5]) ):
buf0104 ad_drvr_06 ( .Q(romadr{6]), .A(adrinreg[6]) ):
but0104 ad_drvr_07 ( .Q{romadr{7]), A(adrinreg[7]) );
buf0104 ad_drvr_08 ( .Q(romadr(8]), .A(adrinreg(8]) );
but0104 ad_drvr_09 ( .Q{romadr{8]), .A(adrinreg[8]) );
but0104 ad_drvr_10 { .Q{romadr{10]), .A(adrinreg[10]) ); -
0104 ad_drvr_11 ( .Q{romadr{11]), .A{adrinreg{11}) );
but0104 ad_drvr_12 { .Q{rormedr{12}), .A(adrdnreg{12]) ).
buf0104 ad_drvr_13 ( .Q(romadr{13]), .A(adrinreg(13]) );
buf0104 ad_drvr_14 ( .Q(romadr{14]), .A(adrinreg{14]) )
but0104 ad_drvr_15 ( .Q(romadr{15]), .A(adrinreg{15]) );




R R I I I I I I I I LI

**xx%*x modul-e brdctism (cl k40b2, ackdet,. brdacK, bytesent. rstbrdctl _

rdbrdct!| _ noack, slvalid, setread, rdatval, setbsy, setsend,

wr done); paraneter FFDLY = 1; . par anet er 102: 0] /'l synopsys enum
state_info TSTO = 3' b000. // step through all states | DLE
= 3'b001, // lIdle, waiting for brdack CvMDC = 3'b010, // shifting
command coge 3 b011.. . L1 read. comsadewaddl-ng.f00. ACK

RDAT = 3' b}

[Twite commnd wat ting for end of ACK input clk40b2, ackdet, . brdack.
byt esent, FWMOMMFEI rras P thelnadrdegibaipadrdecd) J3HOPlY;  out put  set read; out put

rdatval ; [/ _read._data valid output. _setbsy; output setsend; out put
wr done; 1 disablele¥c¥éditimgr conmand i's conpl et ed /lregister declatation reg
setread, rdatval, setbsy, setsend, wdone; /linternal signals

I/ synopsy 85sigh SEeximics ppre g disexiny_ [ 2: 0] synopsys enum state_ i nf o

state; // Gk Radidt lid rdisextmr_ Y / Synopsys ~enum st at e_ info
-next; [/ neo(%g%;ﬁg& 77 ci’a’r?%“fn%t.osﬁa'f"‘{ logic always @ state or ackdet or.
br dack- or byt'ssseﬂmxtm1 «dﬁmt‘bo_ or noack or slvalid)

o

disextmrs <= #FFDLY 1D1;

always @(posedge pclk or negadge hpors_)
if (~hpors_) bagin
disextmrs2 <= 1'b0;
disextmr__<= 1'b1;
end
else begin
disextmrs2 <= #FFDLY disaxtmrs1;
disextmr_ <= #FFDLY ~disextmrs2;
ond

.
"

// byte counter

atways @{posedge spromeli_ or negedge hpors_)
i (~bpors.)
bytecnt <= #FFDLY 2'b00;
olse
bytecit <= #FFDLY bytecnt + 2'001;

[/
&

I'I generate byte clocks

assign belken0_ = (bytecnti=2'000);
assign belkend_ = (bytecnt!=2'b01);
assign belken2_ = (bytecntl=2'h10);
assign balken3_ = (bytecntle«2'b11);

nor02 gelk_0 ( .NQbcik0_), .A(spromelk_), .Bbclken0,) );

nor02 gelk_1 ( .NQ(bclik1_), A(spromcii_), .Blbclkeni_ ) )
+.nor02 gelk_2 ( NQ(bcli@ ), A(spromelk ), .Blbclken2 ) );
nor02 gelk_3 ( .NQ(clk3_), .A(spromelk_), .Bbelken3 ) )

nbul03 gelk_drv_0 ( NQ(belko), Afbclko_) ); \
nbuf03 gelidrv_1 ( NQ(belk1), Aclki_) ); S

nbuf03 gelk_drv_2 ( Nabeli?), Afbcik2)) );

nbut03 geik_drv_3 ( .NQ(belka), Albolia_) );

i
/f rom data registers

always @{posedge belkO or negedge hpors_)
¥ (~hpors_)
romdo(7:0] <= #FFDLY 8'h00;
elsa
romdo[7:0] <= #FFDLY reg8do; -

always @(posedge belk1 or negedge hpors_)
it (~hpors.)
romdo{15:8] <= #FFDLY 8°'h00;
olse
romdo{15:8] <= #FFDLY reg8do;



begin -

1'bG .. wdone = 1'bQ case (state)

TSTO. begin next = | DLE;

97 : setbsy= 1'bG 105 end
next = brdack ? CVDC. |DLE;

CVDC:. begin i f (bytesent) begin .

VDAT RWAK; setsend = rdbrdct|

-rdbrdct s

setbsy = 1'bl; setsend = 1' bQ rdatval = 1'bO;

always @(posedge bcli@ or negedge hpérs )
¥ (~hpors ) _
" romdo(23:16] <= #FFDLY 8'h00;
else
romdo{23:16] <= #FFDLY reg8do;

always @(posedge belk3 or nagedge hpors_)
if (~hpors )
romdo{31:24] <= #FFDLY 8'h00; -
olse
romdo{31:24] <= #FFDLY reg8do;

/2
{/ rom ready control

assign retdone_ = hpors_ & ~done2;

#/ 4 bytes transfemred - aysnc
always @(posedge spromrdy or negedge rstdone_)
- #f (~rstdone_)
done <= #FFDLY 1'b0;
olsa
done <= #FFDLY 1'b1;

always @(posedge pelk or negedge hpors,)
It {~hpors_) begin
donel <= #FFDLY 1°00;
done2 <= #FFDLY 1'b0;
waitdec <= #FFDLY 1'b0;
- romrdy <= #FFDLY 1'b1;
end aise begin
donel <= #FFDLY done;
done2 <= #FFDLY donel;
waitdec <= #FFDLY waltdec ? ~romdec_ : ~romrdy & done2;
romndy <= #FFDLY romdaci_ { waitdec | ~romrdy & done2;
ond .

endmodule

/'l synopsys parallel case

setread

| DLE: begin

set bsy = brdack;

end

next = rdbrdctl ?

T —— N




end el se begin next = CNMDC, " end

end - 'RWAK:  begi n If (noack) begin - : next =
| DLE; . end el se begin : ' next = ackdet ?
RDAT: RWAK; setread= 1' bilge end end
ROAT: begiy next = sivalid ? | DLE: RDAT;
setread = rdatval = sivalid, : end
V\DAT begl : s ""‘ﬁ""%"_.;:':”' e ?_}f‘_:@ Mehos . WY T 5 .
setread = yibsin: i%s?i%%@% v By .
begi n —_..Dnext '
next = ackdet ? EACK: WMK; end "~ end EACK: begin
next = ackEdie MU AY p E; L _ setbsy = ackdet;
~wrdone = ~dgkdefe: end defaul t: next = 3'bxxx;
not (NQ, A} -
endmodule

/A
”

module and05 (Q. Au Bl Gl Dl E):
inpt A,B,G,D,E;

output  Q;

and (@, A, B, G, D, E);
endmodute

1.
”

module nand03 ( NQ, A, B, C);.
input A, B, C;

output  NQ:

nand (NQ, A, B, C);

endmodule

)

module or02 (Q, A, B);
‘Input A, B;

output  Q;

or (Q, A, B);
endmodule

.
It

module and03 (Q, A, B, C);
input  A,B,C;

output  Q;

and (Q, A, B, C);
endmodule

.
I

module nor02 (NQ, A, B);
Input A, B;

output NO;

nor (NQ, A, B);
endmodute

i

module buf0102 (Q, A );
input A

output Q;
but (Q, A);
endmodule

1.
7

module inv01 (NQ, A);
Input A;

output  NQ;

not (NQ, A);
endmodule

4.
[y




endcase end [/lalways [/ state vector always @ posedge clkj40b2 or
negedge rsthrdcth ) ' :

98 if (-rstbrdct I'_) state <= #FFDLY TSTO el se state
<= #FFDLY next; endnodul e /110¥dctism.
99 i ' _ _

module btsg (Q, A, NE);
input A, NE;

output  Q;

bufito (Q, A, NE);
endmodule

-

module bushold (DUMMY, Z); «
Input DUMMY;

inout .Z2;

not (weak0, weak1) (Z, DUMMY);

not (DUMMY, 2);

endmodule

i

module bts1 (Q, A, NE);
input A, NE;
output Q;
bufio (Q, A, NE);
endmodule

1r-

module bts3 (Q, A, NE);

input A, NE;

outpit QY

butif0 (Q, A, NE); ;

endmodule . .

I

moduls and02 (Q, A, B);
input A, B;
‘output  Q;

and (Q, A, B);
endmodule

1f.
&

module nreit (QNQNS NR);
Input NS\NR;
output Q,NQ;

U_NRSLT instt (Q, NS, NR); . .
not inst2 (NQ,Q); _ .o

speclty
(NR 4+=> NQ) = (1,1);
(NS +=>Q) = (1,1); -
endspecify

endmodule

1.
Ll

. primitive U_NRSLT ( Q, NS, NR);
output Q; regQQ;
Input NS, NR;

table
#/ NS NR : Qt : O+t



Function: ESTAT/ | DDAT state machine. Waits for | DDAT and ESTAT bytes. - -
After reading or .time-out, generate |ldldrdy so that the PHOST can accept

PCl commands. - nodul-e el sm (cl k40b3, elto, rstls_, sivaild, setckes,
setckid, setread, eneito, setidrqﬁ;; paranmeter FFDLY = 1; /1
cl ock-to-q delay paranmeter [1:0] synopsys enum state_info PU =
2' b00, | Epower up D= 2" Db01 [ /.wai t A I d
ES = 2 b10. ol e RN o
| nput cl k40bi {;ﬁﬁﬁg‘% 'ﬁiﬁ _ s e AR LR
set ckes; oK~ ESTAF Out put  set cki d; /lclock In
| DDAT output setrledd; ? 3_’;,":"2‘?‘“‘ -eadport command from el smoutput .enelto;
/'l enabl e ESTAT/ I @D . b n&}mﬁsg@a put setidrdy, /'l set ididrdy
I/ register decl aratioon® :r.eg# Set ovegigdsiresatd, eneito, setckid, setckes, setidrdy
/] synopsys st at e_vegtop .state reg [ 1: 0] /'l synopsys enum state_info
state; // current State I eg [ 1: 0] /1 synopsys enum state_info

1 x: 0: 0; /indeterminate set and raset.

x 1:1: 1 . «

endteble .
. endprimitive

f/4
L

module mux41l (NQ,00,D1,02,03,80,51);

Input DO,D1,D2,03,50,51;
output NQ,

U_MUX41L inst (NQ,00,01,02,03,80,51);
endmodule

J/3
L4

primitive U_MUX41L (NQ, DO, D1, D2, D3, S0, ST);

input DO, D1, D2, D3, SO, §1;
output NQ;

#f FUNGTION : FOUR TO ONE MULTIPLEXER WITH 2 SELECT CONTROLS
i AND INVERTING OUTPUT

table
if DO D1 D_2 D3 SO0S1:NQ

27 0.

11
?2 00:0;
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next; // next state / | conbi nat i onal | ogi c always @ sivalid or -eito

or state) begin setread = 1'bQ enelto = 1' bQ setckid = 1'bQ
setckes =1'hO0; setl drdy= 1' b0 case (state) /'l synopsys
paral | el _case PU:. begin 109  next = 1D

setread= 1'bl; end | D: begin enelto = 1
b1; - i . 100
setread .= ~ L | | Ld, II ( el t o)
next = DN . |

RN

?21721172:0{

endtable
endprimitive
ff @(#) but0103.v REV 1.1 6/7/93

I
module bul0103 (Q.A);

Input A; < .
output Q; . ’

buf b0 (QA):
endmodule

[/3
"

module ndcOr (Q, NQ, D, C, NR);
input D, G, NR;
inout NQ;
output Q;
reg NOTIFY_REG; .

U_NDCOR_Q
inst1 (Q, D, G, NR, NOTIFY_REG);

inst2 (NQ, Q);

not

specity
(posedge C=> (NQ-:D)) =(14,1.3);
(negedge NR => (NQ +: 1'01)) = (0.4,0);
: (NQ => Q) = (0.4,0.4);
endspacily : '

endmoduls
U

primitive U_NDCOR_Q (Q, D, GP, RB, NOTIFIER_REG);

output Q; o

input NOTIFIER_REG,

D,CP,RB;

reg Q; ) '
/f FUNCTION : POSITIVE EDGE TRIGGERED D FLIP-FLOP WITH ACTIVE LOW
] ASYNGCHRONOUS GLEAR (Q OUTPUT UDP).

table

#D0 CP RB NOTIFIER_REG : Ot : Qt+1

1 (1) 1 ? ? : 1; / clocked data

0 (01} 1 ? A S | S

0 (01) x ? : ? : O; /pessimism

0 7?7 x ? : 0 : 0; #pessimism
1 0 x ? : 0 : 0; /pessimism

1 x (™) ? : 0 : 0; //pessimism



el se _ next=sivalid.? ES: ID end

ES: begin . : next = sivalid? DN  ES. setread =
~slvalid; . setckes = sivalid; end DN:

begi n next = DN . 110 Setidrdy= 1'b1; . end :
defaul t: next= DN, endcase end = // always /lstate | atches al ways
@ posedge cl k40b3 or negedge rstis ) I.f (~rstis)) . State <=
#FFDLY PU; . el se state <= #FFDLY next; endnodul e

/1eism : 101

: ' .-.:: ’@z&%ﬁ

R R R R

i pesslmism _ K

x 0 x ? : 0 : 0; /pessimism

x x () ? : 0 : 0; /pessimism

x 1 (™ ? : 0 : 0; #pessimism ..
1 (xt) 1 ? 1 : 1; #reducing pessimism

o (x1) 1 ? 0 : 0

1 (00 1 ? 11

o 0 1 ? 0 : O

2?2 0 ? : ? : 0; //asynchronous clear

? (20) 2 ? : ? : - lignore falling clock
?2 (i ? ? 1 7 @ - Hignore falling clock

R S ? 1 ? . -; llignore the edges ondata
?2 72 (M) ? T ? : - /tignore the edges on clear
? 7 ? . :? X

endtable

endprimitive



Function: ESTAT/ | DDAT controller. Contains the ESTAT/ DDAT st at e nmachi ne.

| DDAT regi ster and ESTAT register.: -nmodul e | ddatestat (cddat5, cl k4Qo3,
eito parerrdet, rstis_ shftin, slvalid, swrstrdy; wsplocap_,
brdcti en. eepronmen, elread, eneito, Idda’r11 _ i dirdrdy, ronrden,
seectien, soft, softcnden, spbrden, spseeen. ssplocps); paraneter

FFDLY = 1; paraneter [7: 0] DEFAULTI D =8' h55 i nput cddat 5, cl k40b3,
eito, parerrdet, rstis_, sivalid, swstrdy, wsplocap_ |nput [ 7: 0]

shftin; out pykusbrdeti.

eepronen; ﬁﬁ‘?‘ i

[7 0] |ddat, < ; g p, : RS ERIEE 3 ' & =

| oadi ng | DDAT and ESTAT out put ronrden; : // ext er nal ron1readab|e

out put  seectFHrstipn: /'l seeprom-control enable output [1:0] soft;

//soft comma ' /1soft command
~enabl e out put‘;%f:r‘,"G J&%ﬁfw%ﬁgﬁfoﬁaﬁds%Bizbbegjeang:smgﬁ%bl ed out put

spseeen; Eﬂ«ﬂ%ﬂ&eectl regi ster enabl ed output sspiocps;

[ Texternal S9ELOC DILEIR bommdn HEEMEIS G UabeE! Sarlof® ~ © read, sof tomden,
brdctlen, seeCti OromM&rias &iBSliost if DED ! GHanging Rid tdeCaR@the pdar dY; I eg [7.0] iddat;
reg [ 1: 0] softébusy./Thé ladt edlvaaiill ebiagida ssxewitm_:mh cl kl ddat ; /'l clock
| ddat STPW  SCSI term powar control state machine. Command is issued '

whenever SXFRCTL1 (02h) Is written. The associated term power

le:l:! and tarm power enable values are latched for later

ghifting.

module sbwectl ( ackdet, bytesant, cik40b1, ledack, noack,
" rstsplos_, slad_, ssplocps, stpwack, stpwenb, stpwivib,
ledreq, ledstate, sbwcbsy, sbwcread, stpe, stpl, stpwreq );

parameter FFDLY = 1;

Input  ackdet, bytesent, clik40b1, ledack, noack, rstsplos_
sled_, sspiocps, stpwack, stpwenb, stpwivib;

output ledreq; # request port for LED command
output  ledstats; - . I/ ladstate to be shifted out
output  sbwcbhsy; // LED, STPW or SPIORST command in progress
output  sbweread; #f raad SPIO port for ACK
output  stpe; /f STPWEN value to be shifted out
output  stpl; /1 STPWLEVEL value to be shifted out
- output  stpwraq; . #f request port of STPW command
7 -
I registared outputs

fog - sbwcread, ledstaté. sbwcbsy, stpe, stpl, ledreq, stpwreq;
I

#/ intemal signals
- if common : : ‘
wire retsbwe_; I raset sbwectt
wire setbsy; /] generate sbwcbsy :
wire shweack; ! combination ot ledack or stpwack
wire - setread;
i led . .
reg sleds; I/ synced sled_
wire ledchyg; 1l led lovel change
i stpw :
reg stpwens; : /! stpwenb synced
wire stpwenchg; // STPWEN bit Is changed

{f.
”

{/ resel logic




wire . clkestat; . /'l clock estat wire setckl d, setches,

setidrdy; reg ckes, ckld; wire stsoften_; /1 reset softcnden
Wre setread; // enable seectl and brdotl registers assign spseeen =
seectl en & ~softonden; assign spbrden = bittiztlen & ~softcnden; // | DDAT
register //gated clock assign clkldddat = ckld & -parerrdet; // register

wite _ ' . 102
al ways @ posedge cl k40b3 or negedge rstis_).begin if (-rstls ) .

i ddat <= #FFDLY DEFAULTI D eI se I ddat <= #FFDLY C| kI ddat ?
shftin: SRR SR e ;

assign retsbwe_ = rstsplos_ & ssplocps;
asslgn sbweack = ledack | etpwack;

i
/ led raquest logle

assign ledchg = sleds » ledstate; -

always @(pbsedge cli40b1 or negedge rstsbwc_) bagin
It (~rstsbwc_) begin

slods <= #FFDLY 100;
lodstate <= #FFDLY 1'b0;
lodreq <= #FFDLY 1'D0;
ond
else bagin
slads <= #FFOLY slod_;
ladstate <= #FFDLY slods;
ledreq <= #FFDLY ledchg | ledreq & ~ledack;
and .
end If always
-
11 stpw request logic

assign  stpwenchg = stpwens 4 stpe;

always @(posedge clk40h1 or negedge rstsbwc_)
it (~rstsbwe_) bagin
stpwens <= #FFDLY 10;
stpe <= #FFDLY 110;
stpwreq <= #FFDLY 1b0;
stpl <= #FFDLY 1'00;
end '

else begin
stpwens <= #FFDLY stpwenb;
sipe <= #FFDLY stpwens;
sipwreq <= #FFDLY stpwanchg | stpwraq & ~stpwa0k:

stpl <= #FFDLY stpwenchg ? stpwivib : stpl;
end ’

ll

II reglstered outputs

[y

always @(posadge clk40b1 or negedge rstsbwc_)
if (~rstsbwec_) begin
sbwcebsy <= #FFDLY 1'b0;
- shweread <= #FFDLY 1'00;
(-]

else begin
sbwebsy <= #FFDLY setbsy;

sbweread <= #FFDLY sotread;
ard

11.
"

I/ instantiate state-machine

sbwesm sbwesm ( .ackdet(ackdat), bytesent{bytesent), .clk40b1(cik40b1),
- noack{noack), .retebwe_(rstsbwc_), .sbwcack(sbweack),
setroad(eetraad), .satbsy(setbsy) );

o

endmodule



assign rstoften_ = rstis_ & ssplocps; //gated clock assign clkestat = ckes

& ~parerrdet; //register wite for bits 7:6, 4:0 always @ posedge cl k40b3

or negedge rstis ) begin if (~rstis)) _

_{soft, brdctien, seectien, eepronenronrden s%b?ocps} <=
#FFDLY 7bCIIIIII) el se )

{soft, brdctl en, seectl en, eepronen, ronr den, ssplocps} <=

#FFDLY cl kegtat 2 ~{shft|n[7 6] , shftln[4 0]]

{soft, brdct Een, seectlen eepronen ronrden ssplocps_h //b|ts 7:6.4:0
// I‘egl St er X G o ,:1'5:"' b & 3 IR R e 5 3 : ‘” 9302
rstsoften_ ) §#s S Sre i R s DO

el se f““”?b?ftﬂﬂen"T"“#FFBtY -cddat-5;- - end - //b|t 5 //reglster
state nachlggwﬁHtputs al wvays @ posedge cIk4Cb3 or negedge rstls ) i f
(~rstis_) begin I drdy <= #FFDLY 1' bO; ckid <= #FFDLY
1'b0 Single Byledite<Conmynkridichntfol iath hachine. Monitors the peigtessatla <= #FFDLY 1' bO; end
el se begin Singlebytewrite comgagdy <= #FFDLY seti drdy. ckid <= #FFDLY
setckid & (gl Nl =8' hff); ckes <= #FFDL¥.set ckes;

el read <= #FFDLY setread; end assign ldldrdy = idrdy & swstrdy;

01/15/94 JYL Firet rov.

s ) !

modula sbwesm { ackdet, bytesent, cli40b1, noack, rstsbwe,_, sbwcaclg setraad,

setbsy )i

parameter FFDLY « 1; _

parameter [1:0] . 1/ synopsys enum state_Info
D=200, . /XNIDLE
CC=2101,  //Command code
WA = 2110, {/walt for ACK begin
EA=2D11; " # walt for ACK end

input ackdet, bytesant, clk40b1, noack, rstsbwe_, shweack;

output  setread; {/ vead spio for ACK

output  setbsy; #1 LED command In progress
Ir

# intemnal signals

: 1 synopsys state_vector state
reg f10] - #synopsys enum state_info
state;  / cumrent state

" teg [1:0]  /synopsys enum state_info
next; Il next state

reg ' sotread, setbsy;

1.

'l'l combinational logic

always @( state or sbweack or noack or bytesent or ackdet ) begin

setbsy = 1'b0;
sotread = 1'b0;

case (state) I synopsys parallel_case

"1D: begin
next = sbwwcack ? CC : ID;
sotbsy = shweack:
and

CC: begin
next = bytesent ? WA : CC;
sotbsy = 1D1;
sotroad = bytasent;

end

WA: begin
¥ (noack) begin
’ naxt = ID; .
end -



/1 Instantlate state-nachine eién1eisn1(
.rstls (rst]ls ), .slvalid(sivalid).

-endnodul

e

Functi on:

nodul e ronct |

reg8do,
ronadr .

di

FFDLY =1;

set| drdy(setldrdy) );

(belnadrdeco bel nadr dec

olsa bogin
~ next = ackdat ? EA : WA;
sotbgy = 1'b1;

ond
~end

EA: begin
next = ackdet ? EA : ID;
sotbsy = ackdet;
end
default: next = 2°bxx;
endcase

end  /always

"

. ¢l k40b3( ¢l k40b3),

. ei

set ckes(set ckes),
set cki d(setckid), setread(setread). .eneito(eneito),

114

II state vector

always @(posedge clkd0Ob1 or nagedge rstsbwe_) begin
if (~rstsbwe_)
state <= #FFDLY ID;
else
state <= #FFDLY next;
end /l elways

I
endmodule

mw C

ch

to(eito),

103

ROM control 1ogic insi-de PHOST. Interfaces to SPI O bl ock
exadrdecvdd

hpors_,

S s



| nput bei nadrdecQO, bel.nadrdecl. exadrdecvdd_, mwmc, pclk, -hpors_,

spronrdy. » ronmdecl , sploackdet, sprontik ; Input [7:0] reg8do;

I nput . [15:2] adrinreg; output [15:0] romadr // rom address to SPIO
out put disextnr_; [l got ACK, di sablé exceedtl mer out put” rondec_;
/1. ROM ACLESS( . : .

pat h_ out

romzlo;- reg . [1L: 0] byt ecnt; reg romdec_, disextnr_, ronr dy, wal t dec,
done, donel, done2; reg . dI sextnmrsl, disextnrs2; wre rstdisextnr_,
rstdone_; Wuhdlon: bcI kenO_, bcl kenl_ bcI ken2_, bcl ken2_, bcI ken3_; [/ rom
addre55|ng al ways posed cl k or %ed e hpors ( hpors_)

r ondec ROM command tqwr

r omdecl. x%%e;% wgg‘%iﬂm %mnﬁiu‘“ %ﬁmi A(mNrC)) buf 0104
ad_drvr drsﬂaﬁlﬁlﬁm[a?cbhmand drvr

(. Q(ronadr[l$(1)+Aémm)nmag{r®}1§(2)+tbluﬁ@tm41ad°q!wvr 04 Q(romadr[4]) :
A(adri nreg[ +$09104 ad_dvr 05 (. Qronadr[5]). A(adrl nreg[5]); buf0104

ad_drvr_06 ( Q(romadr[6]) A(adrinreg[6]) buf0104 ad _drvr_07 (

. Qromadr [ 7] ). A(adrinreg[7]): buf0104 ad drvr_08 ( .Qronnadr[8]).
A(adrinreg[8]) buf0104 ad drvr 09 ( .Qronmadr[9]), .A(adrinreg[9]); :
buf 0104 ad_drvr_10 ( Qromadr[lo]) A( adrlnreg[10]): buf0104 ad _drvr_11 (.
Qromadr[11]). .A( adrI nreg[11])); buf0104 ad _drvr_12 ( .Qromadr[12]).
.A(adrlnreg[12] )

!

module seecntrl ( ackdet, bytesent, clk40b2, noack, rdseectl_, rstspios_, saeack,
seactian, shiting, sivalid, wrseect!_, cddat, rstseactl_, seectl,
seactirdy, seedl, seams, seerdy, seeread, seareq, seebsy, sgesend );

parameter FFOLY = 1;

Input ackdet, bytesent, clk40b2, noack, rdseectl_; rsteplos_,
seoack, seactlen, shitin, sivalid, wrsesct_;

Input [7:0] cddat;

output  retseact|_; I resat seectt logic

output  {2:0] seect!; J seectl (1ER) register

output  seedi; // SEEPROM input data

output  seems; JISEEPROM moda select

output seerdy; -#/ SEECTL road ready

output  seersad;

output  seereq; _
output  seesend; . : )
output  seectindy; 1/ SEEPROM command ready, used fo stretch PHOST or seq
It _

/ registered outputs

reg (2:0] seactl;
feg - seeread, seems, seondy, seesend, soedi, seereq, seebsy, seectirdy;

Il 1 .
{/ internal signals

reg {3:0] rdytimer; { SEERDY timer

reg seewact; // SEECTL. write active

reg seeract; I/ SEECTL read active

-reg soeactsi; /i sync

reg s608Cts2; {1 double sync

wire . cntO; /1 seardy timer expired

wire retsaactl; // resat SEECTL logic

wire writereq; 7 CIO write to SEECTL

wire . readreq; 71 SPIO read command is needed : ’
wire cloreadact; /1 CIO read active

wire noreadreq; /1 no SPIO raquest needad, cancel séectirdy,

wire  setread, setbsy, setsend, stritmy, rdatval, rstreggen_;

”



buf 0104 ad_drvr_13 (. Qronmadr[13]). A(adrinreg[13])); buf0104 ad drvr_14
(.Qromadr[14]), A(adrinreg[14D); buf0104 ad_drvr_15 ( . Qronudr [15]).
.A(adrinreg[15]); . : _

104 assign romadr[1: 0] = romw ? {b¥e nadrdecl. bei nadrdecQ: {2' b00};
/1 disable exceed tiner assign rstdisextnr_ = hpors_ & disextnr_: always
@ posedge spl oackdet or negedge I’Stdl sext nr ) |f (~rstdi sextnT )

* @1 ' ;&-: Y S BB RS :_ 2 B RO
di sextms[err] <= 1' bO di sextnr _ end el se
di sextmrs[err] <= #FFDLY di sextnrsl; di sextmr _ <= #FFDLY
~di sext nr s2;# resstipgip _

assign  retseectl_= rstsplos_ & seectlen;
assign  rstreqgen_ = retseectl_ & ~seoacte2;

u
/I SEEPROM ready signal

always @{posedge clld0b2 or nagedge rstseectl )
if (~rstsaoctl )
seactindy <= #FFDLY 1'b0;
else
seectirdy <= #FFDLY noreadreq | rdatval | strtmy;

i
1/ SEECTL register

always @(posedge wrseect|_ or negedge rstseectl )
K (~rstseectl ) begin
seems <= #FFDLY 1'b0;
seactl <= #FFOLY 3'D000;
end .
else bagin
. seems <= #FFDLY cddat[S];
seect! <= #FFDLY cddat[3:1];
end

always @{posedge clii40b2 or negedge rstseecti _)
i (~rstseectl )
soedi <= #FFDLY 1D0;
olse _
seodi <= #FFDLY rdatval ? shiting ; seedi;

I-
f request generation

asslgn writereq = seeacis1 & seeacts2 & rdsesct!_;
assign cloreadact = seaacts] & sseacts? & ~rdseect_;
asslgn readraq = cloreadact & ent0;

. asslgn noreadreq = cicreadact & ~cnt0;

always @(negedge wrseactl_ or negedge rstreqgen_)
i (~rstreqgen_)
saewact <= #FFDLY 1'D0;
else

seewact <= #FFDLY 1b1;

always @(negadge rdaeect|_ or negedge retreqgen_} - N
 H(~rstreqgen_) .
seeract <= #FFDLY 1'b0;
olse
saeract <= #FFDLY 1D1;

always @(posedge clkkd0b2 or negedge retseect! )
if {(~rstseectl_) bagin
seoactal <= #FFDLY 1'b0;
seoacts2 <= §FFDLY 1'b0;
seareq <= #FFDLY 1'b0;
ond '
_ elsa bagin .
sooacts1 <= #FFDLY seoract | coowact;
8002162 <= #FFOLY socactsl;
» seereq <= #FFDLY writereq | readreq | (aereq & ~saaack);
1] .



//byte counter always @ posedge sprontl k_ or negedge hpors_) I f-

. (~hpors¢)

4 byt ecnt <= #FFDLY 2' b0O; el se

bytecnt <=

#FFDLY bytecnt + 2'b01; // generate byte cl ocks assign bcl kenO =
(bytecntl =2'b00); assign bclkenl_ = (bytecnt}%2' b01);
(bytecnt| =2'b010); assign bol 'ken3_ (bytecntl =2"'bl1l);

. NQ bcl ko)
A(sprontl k&
. B(bcl keng

k

A(spr ot

%%

RO

T

. B(bcl ken0));

SEE R
nbuf O3 gc+~l(~--d-w«@-(mmh@é-bﬁ-k@.,....é.@bcl kO ): nbuf &3 gcl

A(bcl k1 );

nbuf B3 gcl k_drv_2 (. NQ bcl k2), A(bcl k2 );

norQ2 gclk 1 (.NQbclkl),

assi gn bcl ken2_ =
nor2 gclk_0 (

Nﬁ%bclkl)

k al’Vl 20
nbuf 8 gcl k_drv_3

. NQ( bcl k3) . #-AfBed-k3— ; —f-—rom-gat-a-regr-ster s  al ways @ posedge bcl kO or
negedge hpof ey generdin ( _hnors ) - . r ondo[ 7: 0]

el se

always @PaEbage cirddu2 &mé&ﬁ&&h&e&@ﬂwo al ways

negedge hpor g (~stssscti}t (~hpors_) ndo[ 15: 8]

el se

M

r 899ty <4 HTFBLY ¥hO; #FFDLY r eg8do
seerdy <= #FFDLY writeraq ? 100 : seerdy | rdatval;

EX

f/a
”"

/f seetrdy timer
assign cnt0 = (rdytlmer==4'h0):

always @(posedge clik40b2 or.nagedge rstsaecﬂ_) begin
if (~retseact )
rdytimer <= #FFDLY 4'h0;
else begin
H (strttmr)
rdytimer <= #FFDLY 4'ht;
alse
rdytimer <= #FFDLY cnt0 24'h0: rdyumer +4'ht;
end
end / always

/4 reglstered ou!put

always @(posedge clk40b2 or negedge rstseect] )
if {~rstssacti_) bagin
sesbsy <= #FFDLY 1b0;
seesend <= #FFDLY 1100;
soeread <= #FFDLY 1D0; -
end : '
else begin
sasbsy <= #FFDLY satbsy;
soosend <= #FFDLY setsend;
ond seoread <= #FFDLY setread;

I
f/ instantiate state-machine

<= #FFDLY 8' hOGO,

(

@ posedge bcl k1 or

<= #FFDLY 8' h0O;

soectism seactism ( .ackdet(ackdet), .bytesent(bytesent), .clk40b2(clkd0b2), .

rdseecti_(rdseactl_), .noack(noack), .seeack(seeack),
.rstsaacti_(rstseactl ), .sivalid(sivafid), .rdatvai({rdatvai),
setroad(satread), .eetbsy(satbsey),

.setsend(setsend), .stritmr(stittmr) );

1.
#

endmodule



105 al ways @ posedge bcl k2 or negedge hpors ) 1t ( hpors_)

rondo(23‘16]’<_ #FFDLY 8' hOO el se rondo[ 23: 16] < = #FFDLY
reg8do: - almays @ posedge bcl k3 or negedge hpgrs_) if (- hpors_)
rondo[ 31 :24] <= #FFDLY 8' hOQ, el se ronmdo[ 31: 24] < = #FFDLY
reg8do; /[l romready control assign rstdone_ = hpors_ & - done2; Il 4
bytes transferred - aysnc al ways @ posedge spromrdy or negedge rstdone )
if (~rstdone ) done <= #FFDLY 1' bG, el se _ done <=
#FFDLY 1' b1} ?T'W ' i : FREL 8151 S shibubenor
begi n bR T
wai t dec <= #FFQL

Function:

SEEPROM contro! state~machine.

- /
module saactism ( ackdet, bytesent, clkd0b2, rdseecti_, noack.-seeack. rstseoctl_,
sivalid, rdatval, setroad, satbsy, setsend, stritme );

parameter FFDLY = 1;

parameter [2:0] / synopsys enum state_info
TSTO « 3'b000,  // step all states for testablility
IDLE=3D001, /idle
CMDC = 30010, / shifting command cods
RWAK = 3011,  / read command, waiting for ACK
RDAT = 3'n100,  /# shifting in data
WDAT = 80101, /4 shifting out data
WWAK = 3b110, # write command, waiting for ACK
EACK = 30111;  / write command, walting for end of ACK

input  ackdet, bytesant, clk4Ob2, rdseacti_. noack, rstseactl_, seeack, sivalid;

outpit  rdatval; {/ read data is valid
output  setread; {f read SPIO port.
output  setbsy; #/ SEECTL command In progress
output  setsend; /I shift write data
output  stritmr; i/ start timer
I internal signels
' # synopsys state_vaector state

reg 2. {/ synopsys enum state_info
glate; fcumrentstate -

reg (2:01 {f synopsys enum state_lnfo
next; i/ noxt state

reg " rdatval, cetsand, setbsy, setread, strttmr;
7 . *

Il combinational logic - ' |

always @( state or ackdet or noack or sival‘d or bytesent or dseactl_
or saoack )
bagin

siritmr « 1'b0;
satread = 1'h0;
satsond = 1'b0;
gatbsy = 1'b0;
rdatval « 1'b0;

casa (state) ' # synopsys paraliel_casa

TSTO: bagin
noxt = IDLE;
ond



donel <= #FFDLY done; done2 c- #FFDLY .donel; wai t dec <=
#FFDLY wai t@dec ? -rondeo : -ronrdy & done2; ronrdy <= #FFDBDLY
rondeci | waltdecl -ronrdy & donez; end endnodul e
106 modul e nbut 02 (NQ A): Input 119 output NQ not (NQ A),
endnodul e nmodule and 05 ( Q A B. C. D, E); Input A B C D E
output Q and (Q A B C D E) endm)dule nodul e nandCB( NQ A B.
C) - 1 nput Y .' AT B e 55 .3-:-.;5}_-3;':‘-:;3-:-:-‘- :- :f; _.5} ’_,._,y e

.

S :*-M"‘"zﬁ-" ‘?f’f-"'

IDLE: begin
next = saeack ? CMDG : IDLE;
sathsy = saaack;

and

CMDC: begin
sothsy = 1D1; _
if (oytesent)begin '
noext = rdseectl_ ? WDAT : RWAK; .
satsend = rdseect!_;
sotread = ~rdseact|_;
end
olse bagin
next « CMDGC;
_end
end

AWAK: begin
if (noack) begin
next = |OLE;
end
else begin
sotread = 1'b1; .
next = ackdet ? ? RDAT : RWAK;
‘setbsy = 1'd1;
ond
ond

RDAT: begin
next = sivalid 7 IDLE : RDAT;
sotread = ~sivalid;
setbsy = 1b1;
rdatval = slvalld
end

WDAT: begin
noxt = bytesent ? WWAK WDAT;
setbsy = 1D1;
solread = bytesem

end

WWAK: begin
it (hoack) begin
next= (DLE;
end
olse bagin _
next = ackdet ? EACK : WWAK; .
estbey = 1'b1;
end :
end

EACK: bagin
next = ackdet ? EACK IDLE;
sotbey = ackdet;
stritme = ~ackdet;

ond

" defauit: next = 3'bxoos; -
endcase
end /! always

.
"

/ stato vector




nand (NQ A, B, C); endnodul e nodul e oro2 (Q A, B); input A. B; out put
Q or (Q A B); endnodule  nodule and®B (Q A, B, O; input A B, C
output Q and (Q A B, O; endnodule nodul e nor@2 (NQ A. B); input

A, B; output NQ nor (NQ A B); endnodgbpe modul e buf 0102 (Q A); input
A, output O0; but (Q A); .endnodule - nodule inv0l (NQ A); I nput A:. out put
NQ not (NQ A); endnodul e _ _

always @(posedge clk40b2 or negedgea rstsesctl )
if (~rstseact )
: state <= #FFDLY IDLE;

olse
state <= #FFDLY next;

1.
"

endmodule
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107 S mogl e bts9 (Q A NE); “Input A NE CQutput Q bufil0o (Q
A, NE); endﬁpdule modul e bushol d (DUMWY, 2Z)- | nput DUMWY; | nout
. Z; not"zﬁéako weakl ) (Z. DUMWY); not PUMW. Z) endnodul e - nodul e

btsl (Q A NE); input A. NE, outputlZl bufifO(Q A NE); endnodule

modul e bts3 (iQ A, NE). Input A, NE; output Q bqufO (Q A NpB);
endnodul e encens .5

::-‘4-*-::« -'vz-'c-:-t-: sSsstes

S

i :‘f'.-$ R

s A..::«’:;.-f.;_ 22 :,.'_
GRS '.-. SRR B ”

Soft command state machine.

-

et /]

module softemdsm ( ackdat, bytesernt, clk40bS, cntQ, cnti, lastb, ledtstact, noack,
rstsoftemd_, sivalid, softack, softsend, loadent, softabrtok,
setread, setbsy, setcliast, setcirsend, setledtst, wififo );

parametar FFDLY = 1;

parameter [2:0] / synopsys ehum state_info
IDLE = 3000, I/ walting for softack
SEND = 35001, //sending a byte
WNXT = 30010, #waiting to send the next byte
LSTB=3D011, /sendint the last byte
WACK = 3'b100, / waeiting for ACK
EACK =3b101, //walting for the end of ACK
ADAT = 3b110, /reading SPIO
LTST=3b111;  /ledtest mode

Input ackdet, bytesent, clk40b5, cnt0, cnt1, lastb, ledtstact, noack,
retsoftemd_, sivalid, softack, soﬂsend;

output  loadent; 1 loed read counter

outptt  setcldast; I clear last bit, clear fifo and set polnters

output  setbsy; #/ set soft busy

output setcirsend: # clear sand bit

output  eetladist; - il go into lod test mode

output  softabrtok; 1 ok to abort (SW reset) this multi-byte soft command

outpit  setread; J read SPIO port -

output  willto; I write soft fifo

-

1 register declaration for outputs

reg softabriok, setread, setcirsend, wifilo, loadent, setcirlast, satbsy,
sotledtst; .

b/t

# intemnal s!gnals

"if synopsys state_vector state
reg {2:0] If synopsys enum state_info
state;  // cumrent state
rog 2] 1 synopsys enum state_info
noxt; i/ noxt state

I
{] combinatinal logic

always @( stato or ackdet or bytesent or lasth or softack or noack or cnt0
begl or ledtstact or cntt or soltsend or sivalid )
n

satbsy = 1b1;
satcirast = 1'b0;
satcirsend « 1°H0;
wifio = 1H0;



modul e and®@. (Q A, B); Input A, B; output Q@ and (Q A, B); endnodul e

modul e nrsf t % Q NQ NS, NR) ; I nput NS, NR, . output Q NQ U NRSLT Instl
(Q NS, WR)-, “not Inst2 (NQ Q; specify (NR +a=> NQ =(1,1); (NS
+=>Q = (1,1); endspecify endnodul e

- primtive UNRSLT (Q NS. NR);
out put Q reg @ Input NS, NR tabhez // NS NR: Q¢ Q+1
108 , |

:'-‘

' 2% e - e BT _... otb s s
r.—“" SR
.-;.: 2Lz

“sasnaatdt bttt ie

loadent = 1'b0;
setroad = 1'b0;
softabrtok = 1'b0
sotladtst = 1D0;

caseo (state) i synopsyé parallel_case
IDLE: begin
it (softack) begin
next = lastb ? LSTB : SEND;

loadent = lastb;
end

elsa begin .
next = [DLE;
satbsy = 1'b0;
end
end

SEND: begin
next = bytesent ? WNXT : SEND;
setclrsend = bytesent;
softabrtok = 1'b1;

end

WNXT: begin
softabrtok = 1'h1;
¥ (softsend) begin
noxt = lastb 7 LSTB : SEND
foadent = fastb;
end
alsa begin

next = WNXT:
end
end

LSTB: begin

next = bytesent ? WACK : LSTB;
setread = bytesent;
and

WACK: begin
if (ncack) begin
naxt = IDLE;
setbsy = 1'60;
sotclriast « 1°b1; .
end ’ )
else 1 (ackdet) begin
next = cnt0 ? EACK : RDAT; '
setclrlast = 1'b1;

sotread = ~cmoO;
end

else begin
next = WACK;
sotread = ~cnt0;
and
end

EACK: begin
it (ackdet) bagin
next = EACK;
. sathsy = 1'b1; .
end
elsa bagin
noxt = focitstact 7 LTST : IDLE;
satbsy « lodistact; :



1 1: ?: _ /] Latch state. 10 ? . 0; /] Reset state. o 1 7

1;//set Skaté. 0 0: ?: 1;//Set overrides reset. 0o x:?: 1 1
x: 0 0:"//. indeterm nate set and reset. x 1:1:1; endtable

endprinitive nodule mux4ll (NQ Do, D1, B23D3, SO, S1); Input
DO, D1, D2, D3, SO, S1; output NQ U MUX41L Inst (NQ DO, D1, D2, D3, SO, S1);

endmodul e prinmitive U MJX41L (NQ DO, D1, D2, D3, SO S1); I'nput DO,
D1, D2, D3, S0, Si; output NG // FUNCTION. FOUR TO ONE MULTI PLEXER W TH
2 SELECT CONTRCLS // AND | NVERTI NG OQUTPUT table // DO D1 D2 D3 SO
S1 :NQ 0?7?72 0.0:1; 1?2272 00:0;

S2SAEs Cotcasasaesssenne et RIS S e

RDAT: bagin ‘
next = (sivalid & cnt1) ? IDLE : RDAT;
sotbsy = 1D1;
setread = ~(sivalid & cnt1);
wilito = sivalid; |
end

LTST: begin
next= LTST;
satbsy = 1b1;
setladtst = 1'b1;

ond

de(auh: next = 3ok
endcase
end // always

I
// state vector

always @(posaedge clk40b5 or negedge rstsoftemd_)
H (~retsoftemd_) '
state <= #FFDLY IDLE;
olse

. state <= #FFDLY next;

I

endmodule 4 softemdsm
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07 07 - 1 1?217?207?:0; ?20?2017?:
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Funetion:

Top lavel of solt command control loglc.

/

module softeritd  ackdet, bytesent, cddat, clk40bS, clk4@b6, ensoftcdat, istsigl, noack,

rdsplodat_, rstspios_, shitin, sivalid, softack, softcmden,
wrsplocll_, wrsplodat_, fedtst, ledtstsig, softebttok, softbsy,
softread, softreq, softsand, sploctiriQ, spioctic74, splordat, splowdat );

input  ackdet, bytesent, cliet0b5, clikd0b6, ansoftcdat, noack, rdsplodat_,
: retsplos_, sivalid, softack, softcmden, wrsploctl_,
wrsplodat_;
Input [7:0] cddat, itstsigl, ehftin;

output * ledtst, ledtstslg, softabriok, softbsy, softread, softreq, softsand;
output  [1:0] sploctir10;

output  [3:0] sploctir74;

output  [7:0) splordat, splowdat;

.
i

I/ bus daclaration

wire {1:0] readent;
- wire [7:0] kstsigl;

fl.
"

softct! softctt ( .clid0obS5(clid0bS5), .noack(noack), .1stspios_(rstsplos_),
serxdb(sendb), .setbsy(setbsy), .setclrlast(setclriast),
Satcirsend(setclrsand), setladist(setladist), softack(softack),
splowdat(splowdat), .softcmden(softcmdan), ledtst(ledtst),
Joditstact{ladtstact), .cldastb_(clrastb ), .rstfifo_(rstfifo_),
Jstsend_(rstsend_), retsoftomd_(rstsoftemd. ), softhsy(softbsy),
satread(setroad), .softread(softread), .soﬂmq(soﬂreq).
soﬂsend(soﬂsend) ¥

softcmdsm soﬁcmdsm { .ackdet(ackdet), .bytasant(bytesent), cﬂ(40b5(clk40b5),
cnt0(ent0), .cnt1(cntl), Jlastb(lasth), Jledistact(ledtstact),
-noack(noack), .retsoftcmd_(rstsoftemd_), .sivalid(sivalid),
softack(softack), softsand(softsend), Joadent(loadent),
softabrtok(eoftabrtok), .satread(satread), .cathsy(satbsy),
-selclrlast (sotcirast), .setclrsand(setcirsand),
setladtst(satledtst), writto(wrfito) )

spiifo spfifo ( .clk40b5(ctikd0bS), .clk40b6(cii40bE), Joadent(loadert),
-ensoftedat{ensoftcdat), .rdsplodat_(rdsplodat_), .readcnt(readent),
.rettifo_(rstiifo_), .retsottemd_{rstsoftemd_), .shitin{shiftin),
wrifo{wrifo), .cnO{cno), cnti{enti), sp!omlrw(sploctlrw)
.splordat(splordat) )

softtimar softtimer ( .clkd 0bS(clkd0b5), .cllastb_(clriasth_), i
fstsoftemd_(retsoftemd_), timar({timar), .rsttimar_(rsttimer_) );

sofiregs softrega ( .cddat(cddat), ledisteig(iedtstsig), stsigi(tstsigl,
-ensoficdat(ensoficdat), .reteend_(retsend_),
Jeteoftemd_(rsteoftecmd_), .rsttimer_(rettimar_),
wreploctl_{wreploctl ), wrepfodet_{wreplodat_), lastb(lastb),
feadent(readent), .eendb(sendb), .sploctir74(eploctir74),
" .splowdat(cplowdat), timar(timar) );

anvitnouisle

X
s



endtable - endprimtive //@#) but0103.v REV 1.1 6/7193 nodul e

buf 0103 (QA);3= I nput A out put - Q but- bO (Q A); endnodul e
nodul e ndcOr (Q NQ D C NR; Input D, C, NR i nout NQ
out put .Q reg NOTI FY REG : ULRBCOR Q instl (Q D
C. NR NOTI FY_RBE@psusimmimmtss Inst2 (NQ Q; -
speci fy (iﬁa et e @ (1 .4,1.3); _ (negedge NR =>
(NQ +:"1'b1)) = (0.4,0); (NQ =>Q = (0.4,0.4);
endspecify ul-.e-.....«.....«p-r-l-m-t-l-wemu- NDOQ?--Q (Q---D CP, RB,
NOTI FI ER_REG); out put Q

Filename: softctlv

Function:

Soft Command Control loglc.

module softct! { clkd0bS, noack, rstspios_, sendb, sethsy, setledtst, setclrast,
setraad, lodist, ladtstact, satcirsend, splowdat, softack, softcmden,
clasth_, retfifo_, retsend_, rstsoftcmd_, softbsy, softread, softreq,
sofisend );

parameter FFDLY = 1; )

nput  clk40b5, noack, rstsplos_, sendb, setbsy, setciriast,
setledtst, setclrsend, setread, softack, softcmden;

Input [7:0] splowdat;

output  clriastb_; {llast LB bit in softct! ragister

output  lodtst; 11 lod test command mode
output  ledistact; // led test command pending
output  rstfifo_; 11 reset fifo registers

output  rstsend_; "/ reset send and last_byte bits
output  rstsoficmd_; # raset soft command logic.
output  softbsy; 1/ soft command in prograss
output softread; - - It reed SPIO port

outpit  softreq; ) #f raquest for SPIO port
output  scftsend; /f sond a byte

I

# register declaration for cutputs

reg - lodist, ledistact, softreq, softbsy, sdﬂraad. softsend, cldastb_;

/!
/! intermal signals

reg clrsend_, softacts1, softacts2;
wire ratledtst

I s
I/ reset logic

assign rsteoftemd_ = rstsplos_ & softemden;

assign retfifo_ = rstsoftcmd_ & cilastb_;

assign retsend__ = rstsoftemd_ & cirlasth_ & clrsend_;
assign rstladtst_ « retsoftemd_ & ~noack;

i
# raquest logic

always @(posedge cli40bS or negedge rstsoftemd_)
it (-maoftcmd_) begin
eoftacts1 <= #FFDLY 1°b0;
softacts2 <= #FFDLY 1'bO;
softreq <= #FFDLY 1'D0;
. softsand <= #FFDLY 1b0;
softread <= #FFDLY 1D0;




I nput NOTI FI ER_REG, D,CP, RB, reg Q /1 FUNCTI ON:  PCSI Tl VE

EDGE TRIESGERED D FLI P- FLOP W TH ACTI VE LOV I ASYNCHRONQUS CLEAR (Q

ouTPUT UDP) . “ tabl e " // DCP RB NOTIFIERREG Q: Q+1

(01) 1 ? 0?0 1; //clocked da2& 0 (01)1 ?

0; 0 (01) x ? . :? 0; //pessimsm 0o 2 X
0: 0; //pessimsm 10 X ? . 0: 0; //pessimsm

(?x) ? :0: 0; //pessimsm

110 1 1 (?x) , 7 :0: 0; /1 pessi m sm x 0

:0: 0 ; //pe55|msm
(?x) ? z Doy
- ' e
end
else begin
softacts1 <= #FFDLY sendb;
softacts? <= #FFDLY softacts1;
softreq <= #FFDLY softacts1 & ~softacts2 & ~softbsy;.
softsend <= #FFDLY softacts & ~softacts2 & softbsy; ™
soltread <= #FFDLY setread;

X X (?X) ? 0: 0; //pessinism

end-

/2
{ reglisterad outputs

always @(posedge clk40b5 or negedge retsoftcmd_)
K (~rstsoftemd_) begin
cliastb_ <= #FFDLY 1'b1;
clreend_ <= #FFDLY 1D1;
softhsy <= #FFDLY 10;
ledtst <= #FFDLY 1'b0;

end
else begin
cirlasth_ <= #FFDLY ~setciriast;
clrsand <= #FFDLY ~sotcirsend;
soﬂbsy <= #FFDLY setbsy;
) lodtst <= #FFDLY setlodtst;
end :

i
- I test mode

glways @(posedge clk40ObS or negedge rstledtst_)
if (~rstledtst ) .
ladistact <= #FFDLY 1'b0;

ladistact <= #FFDLY ledtstact | softack & (spiowdat==8'h82);

olse

I
andmodule




(x1) 1 ? 1: 1; //reducing pessimsm 0 (x1) 1 ?

1 1 :
0 0, =1 (§k) 1 ? 11 O(0X) 1 ? :0: O ?
? 0 ? . ?: 0; //asynchronouscl ear ? (?0) ? ? : 0 ?
. -. I/ ignore falling clock ? (1x) 2127 ? . ? ¢ - Il ignore

falling clock * 2 0? ? ? . -2 [l ignore the edges on data

?0? (71) 2 L7 -y // |gnore the edges on clear ? 0?27

* S 543 i : 2t i on:

Si.ngl e byte W TERER : fE fgRNMear e genat ed
commands; LED"and"STPmr“ﬂmame"cvnnandS"mr?r“ﬁomeE“lssued unless sspl ocps
is "1". LED ncﬂA“_ssues LED command whenever |ed | evel changes. Earlier '

SPIO Soft Gommand Control ragisters (1D, 1E when soficmden==1),

& L 3 1 L3 * l
- module softrags ( cddat, tstsigl, ensoftcdat, rStsend; rstsoftemd_, rsttimer_,
wrsploctl_, wreplodat_, ledtstsig, lasth, readent, sendb, sploctit74,
spiowdat, timer }; .
parameter ?FDLY =1;

input ensoftedat, retsend_, rstsoftemd_, rsttimer_, wrsploctl_, wrspiodat_;
“input {7:0] kstsig, cddat;

output  lasth; ‘ I/ SPIOCTLbIt 6
output  ledtstsig; /! tod test mode output signal
output  {1:0] readent; # SPIOCTL bits 1:0
output  sendb; - N SPIOCTLDLRY :
output  [3:0] spioctir74; Il read data for SPIOCTL bits 7:4
output  {7:0] splowdat; /I contents of spiodat register
. output  tirner; // SPIOCTL bit4
/2
/ register declaration for outputs

reg [7: 0] spliowdat;
reg fadtstsig, lock, sendb, la.stb timer;
reg [1:0] readcnt;
reg [2:0] sploctl_k;
wire {2:0] wdat;

I
1/ led test mode slgna! select

assign wdat = splowdat[2:0];

always @(ltstsigl or wdat ) -

case (wdat) 1/ synopsys paraliel_cass full_case
3'b000: ledtstsig « Itstsigi[0]; .
3'D001: ledtstsig = Kstsigi{1]; L .
3'0010: ledtstslg = itstsigif2]; .
3'b011: ladtstsig = Ktstsigif3];
3D100: ledistsig = Hstsigif4);
30101 fedtstsig = itstsigi(5];
3'D110: ladietslg = itstsigi[€];
3'b111: ladistslg = Itstelgif7];
default: fedistsig = 1bx;

endcase

ll

Il SPIODAT (1Dh)

ulways @(poeedge wrsplodat_ or negedge rstsoftcmd_)
i (~retsoftemd_)
splowdat <= #FFDLY 8°'h00;
else
splowdat <= #FFDLY cddat;



commands can be lost if LED is changing too fast and the port IS
busy. The IasT value will alvays be issued, though. STPW SCSI term power

control staté machine. Command is issued whenever SXFRCTL1 (02h)
is witten. The associ ated term power 128 | evel and term power enable
val ues are latched for later - shifting. nodul e sbwecet |

(ackdet. bytes

3k40b1 Iedack noack, rstspl os_ sled

sspl oops, st ,5%‘3 """"" = sbwcbsy,
sbwor ead, St e FaG : i PRBOEE
byt esent, cl Id49b-3:——+—edae—k-— ~AOAEH— S-S P0G sl ed_, sepiocps,
st pwack, stp\lﬁ'ﬂS’cﬂs(‘EW vl b; out put Iedreq /1l request port for
LED command Quout Iedstate | edstate to be shifted out output
sbwcbsy; mays[@(p&E@e ? SBsshagonmand i n progress out put
sbwer ead; if (~thtbent] Q BehinS IOport or ACK output stpe; [l STPWEN
val ue to be shift exdndbre #BFRLY DO st pl ; /| STPW.EVEL val ue to be
shi fted out out ut“’%ﬁf\ﬁf Ll Y request port of STPW comand
/lregistered Bbgis red sbwcread, | edstate, sbwcbsy,' stpe., stpl.
| edreq, stpweq; sefdb<=BEROLMaddagAlgnal s // common wire rstsbwc .
/'] reset sbwcct| westie<= #FFRLY cHdali6): /'l generate sbwchsy
wre sbwcactd /1 corrbi nation of | edack or stpwack wre
setread; I1bktS, 1:0
always @(posedge wrspiocti_or negedge retsoftcmd_)
it (~rstsoftemd_) begin
lock <= #FFDLY 1'b0;
readent <= #FFDLY 2'D00;
end
else begin
lock <= #FFDLY cddat{S];
readent <= #FFDLY cddat{1:0];
end
fibk4
‘always @(posedge wrsploctl_ or negedge rsttimer_)
if (~rsttimer._)
timer <= #FFDLY 1'b0;
else
timer <= #FFDLY cddat{4];

. always @( ensoftcdat or sendb or lastb or timer)
if (ensoitcdat)-
splocti_{ <= #FFDLY {sendb, lastb, timer};

assign spioctir74 = {sploctl_I[2:1], lock, spioct!_I[O]};
pa— -

endmodkile 1f softregs



/[l led reg sl eds; ' /1 synced sled_ wre | edchg;

/1 led l.evelchange // stpwreg .St pwens; /1l stpwenb synced wire

st pwanchg; ° : /1 STPVEN bit is changed /Il reset logic

112 assign rstsbwec_ = rstspios_ &28pl ocps; assign sbweack = | edack
st pwack; /1l led request logic assign |ledchg = sleds [err] |edstate;

al ways @ posedge cl k4Obl or negedge rstsbwc_) begin IF (-rstsbwc_) begin
sl eds < = #FFDLY 1 bQ | edstate <- #FFDLY 1' bQ | edreq
<= #FFDLY 1' bO; end el se begin ' :

Soft command timer.

s - /

module softtimer { clk40bS, clrlastb_, rstsoftemd_, timer, rsttimer__ );
parameter FFDLY = T; '
input  clk40b5, clrlastb_, retsoftcmd,_, timer; -

output  rsttimer_; 1/ reset timer bit
T , :
~ Hnternal signals
reg {3:0] ent; 1/ softemd countar
reg [3:0] new_cnt; /- new count
reg rsttmtb_; I/ reset timer bit
/2
I counter loglc
always @( cnt or cldastb_ ortimer)
if (~clrlastb_ & timer)
new_cnt w 4°'h1;
eise if ((cnt==4"h0))
new_cit = 4'h0; -
else

new_cnt = cnt + 4'ht;

always @(posedge cli40b5 or negedge rstsoftemd_)
i (~rstsoftemd_)
cnt <= #FFDLY 4'h0;
else
cnt <= #FFDLY new_cnt;

1t
./l reset timer bit

always @(posedge cik4Ob5 or negedge rstsoftemnd_) ) !
if (~retsofternd_)
rstimrb_ <= #FFDLY 1'b1;
else
rstimrb_, <= #FFDLY (critle4'h);

assign rsttimer__ = rstsoftemd_ & rettmrb_;

f/2
"

endmodiile {/ softtimer



sl eds <= #FFDLY sl ed | edst ate <= #FFDLY sl eds; | edreq

<= #FFDLY Iedchg | ledreq & -l edack; end end /1 al ways [l stpw
request "l ogic assign stpwenchg = stpwens 73gtpe;. always @ posedge

cl k4Cbl or negedge rstsbwe ) - i f (~rstsbv\c ) begin st pwens <=
#FFDLY 1' bO stpe <= #FFDLY 1' bO stpweq <= #FFDLY 1

st pwens <= #FFDL‘;‘*%% L

st pw eq <= #FFDL e . Glireerrasares stpl <=
#FFDLY st pwenchg 2 stpW| vl b stpl; end // registered outputs

al ways @ posedge Cimibikilspativ anegoaiaey to aliewddtaime pudgsting problgmsrdgdirigwe ) begi n
sbwcbsy <= #FFDL Yogl syghests. sbweread <= #FFDLY 1' bQ end

el se begin . e SRS Yoee Sme e HREDL Yo 8 8L LS Yapeessseereneareny sbwcread <=
#FFDLY setread; end /] Instantl|l ate state-machine sbwcsm sbwesm (

. ackdel (ackdet), Mmyresertrttyresernt) ™ trRA0DITTTK4001)"
. noack(noack). .r tncstgvvc (rstsbwe_ ) . sbvvcack(sbvvcack)

Serial port arbiter. Prioritizes requests for SPIO usage and generates readspio
and sendhyte,

History:
00/00/00 JYL First rev.

vl

/

module sparbomux ( ackdet, brdbsy, brdread, brdreq, brdseid, cddat, chprstbsy,
chprstraq, clk40b1, elread, lodstate, ladreq, noack, romadr, rombsy,
romread, romreq, mmsend romwr, rstsplos_, sbwcbsy, sbweread, seebsy,
soaread, seereq, seesend, selromal, selroma0, softbsy, softread, softraq,
softsend, splobsy,_, spiowda! stpe, stpl stpwreq, brdack, chprstack,
ledack, readsplo romack, saeack, shitout, sendbyle. softack, sploackdet,
spnakabit, stpwack );

" parameter FFDLY = 1;

input ackdet, brdbsy, brdread, brdreq, brdsend, chprsthsy, chprstreq, clikdObt,
olread, ladstate, ledreq, noack, rombsy, romread, romreq, romsend, romwr, .
tstsplos shwebsy, sbweread, seebsy, seeread, seareq, sessend, selromao,
selroma1, softbsy, softread, soltraq, softsend, spiobsy., stpe, stpl,

: stpwreq;
input {7:0] cddat, splowdat;
input {15:0] romadr;

output  brdack # issue BRDCTL command
outmt  chprstacic 1/ issue SPIORST command
output ledack; #l 1ssue LED command

output readspio; # raad from spio port :
output romack; // lssue ROM read/write command
output ceeack; /f lssue SEECTL. command

output  sandbyte; # shift a byte out

output  [7:0] shitout; // data to shift out

output  softack; 1/ issue SOFT command

output  spioackdet; // SPIO ACK detected, disable exceed timér
outpuit  spnakabrt; 1/ NOACK signal to abott logic
output  stpwack; /f issue STPW command

I

/ register declaration for outputs

" reg sploackdet;
P '

/ intarnal signals

wire {7:0] hwedat; / herdware command data
reg {7:0] cmdcode; .# spla commend code

reg (7:0] extemd; // extended command data
wire soft; . /1 soft command

wire sendcmd; 1/ send spio command

wire req; #/ one of more ragquast lines active



.Ssetread(setread), .setbsy(setbsy)); endnodul e

113 ; o Function: Single Byte Wite Command control state machine.
Monitors the progress of a single byte wi te1 ommand. Hi story: 01/15/94
JYL First rev. nmodul e sbwesm ( ackdet tesent, cl k40bl noack

rstsbwe_. sbwcack setread set bsy); par arreter FFDLY = 1;
paraneter [1:0] 52 i RS tats zz= 2" b0O0.
/1 1 DLE 12' b10,
Il walt for ACK Qe

#/ SPIO port Is busy

/ pending command
wire rompend, brdpend, seepend, stpwpend, softpend, ledpend;

{I NOACK 1o abott PCl cycle, ACKDET to disable execaed timer

assign spnakabt = noack & { rombsy | seabsy | brdbsy );

always @(posedge cik40b1 or negedge rstsplos_)
if (~rsteplos_)
sploackdet <= #FFDLY 1D0;
else
sploackdat <a #FFDLY ackdet & { rombsy | seebsy | brdbsy);

I

assign portbusy = chprsibsy | sbwcebsy | rombsy | seebsy | brdbsy | softbsy;
assign req = ledreq | stpwreq | romreq | chprstreq | seereq | brdreq | softreq;
assign sendcmd = ~portbusy & req;

assign readspio = sbwcroad | eiread | romread { softread | seeread | brdread;
assign sendbyte = romsend | seesend | brdsend | softsend | sendemd;

1
i prioritizer

-assign rompend = ({chprstreq,romreq}==2'b01);
. assignbrdpend « {{chprstreq,romreq,brdreq}==31001); -
assign seepend = ({chprstreq,romreq,brdreq,seereq}==4'b0001);
assign stpwpend = {{chprstreq,romreq,brdreq,seareq,stpwreq}==500001);
assign softpend = ({chprstreq,romreq,brdreq,seared,stpwreq,softreq)==6'b000001);
assign ledpend = acmmmmquMrgégqiseemq.ﬂmq.someq ledreq}

assign chprstack = ~portbusy & chprstreq;
assign romack = ~portbusy & rompend;
assign brdack = ~portbusy & brdpend;
assign seeack = ~portbusy & seepend;
assign stpwack = ~portbusy & stpwpend;
assign softack = ~portbusy & softpend; -
assign ledack = ~portbusy & ledpend:

It
# output data mux

assign soft = soﬂad< | soﬂbsy;
assign shitout = soft ? spiowdat : hwedat;
assign hwedat = portbusy ? extemd : cmdcode;

if—
/f generate spio command code

always @( ledpend or stpwpend or rompend or seepend or brdpend
or romwr or epiobsy_ or ledstate or stpe or stipl)

casex ([ ledpend,stpwpend,rompend,seepend,brdpend,romwr.spiobsy_})
/f synopsys parallel_case

7'dxgooooc: cmdcode «= {100, Jedstate,5'000001,1°00},;
7'ox1x0000¢; cmdcode = {stpa.sipl,5b00010,1'00};
7bxx1i0¢0x: cmdcode = (2°D00,500011,1b1);
7'bochocix: cmdeoda = {2'b00,5D00100,100};

7’0 1xx0: cmdcode = {2'000,5000110,1D1);
7booctoct : emdcode = {2'600,5000110,100);



EA = 2'b 11; " /] walt for ACK end I nput ackdet, bytesent, cl k40bl,

noack rs(tsbwe sbwcack, output setread, /1l read splo for ACK

out put ‘set bsy /1 LED command in progress // internal signals

/'l synopsys state_vector state.reg [118%2 // synopsys enumstate _info
state; //current state reg [ 1: 0] /'l synopsys enum state_info

next; // next state reg setread, setbsy; /1 conbinational |ogic
al ways @ state or sbwcack or noack or bytesent or ackdet) begin - setbsy
=1' bQ ‘setdead = 1'bO; case (state) _ /'l synopsys parallel_case
| D: begin 5,. ' =
sbwcack; : isent ? WA
CC R AES e i 5

end . VWA Ue:gxxmxo undcoden{Z'bOOS'lioo(maad:}k) begi n

next= | D; 7bxeqtki: cmdcode = {2'600,5000111,1D0};

default: cmdcode = 8'hxx;

‘endcase
'I‘I

I selact extend command data

. - always @( selroma1 or salroma0 of romwr or romadr or cddat )
casex ({selroma1,selroma0}). /I synopsys parallel_case

2'b10: extemd = romadi[15:8];
2'b01: extemd = romadr{7:0};
2'b00,

2'b11: extemd = cddat;
detault: extemd = 8'hxx

endcase

I _
endmodule
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setbsy = 1" bk:
= ackdet ? EA:

I’IEXt

@ posedge cIk4QbI or negedge rstsbwc_) begin I f (-rstsbwe )

state <= #FFDLY | D; state <= #FFDLY next:; end

2bxx;

el se begin . next = ackdet ?EA: WA
' end end EA: begin next
| D; - setbsy = ackdet end defaul t:
endcase end /1 al vvayé /| state vector al ways

- . f

module spclkgen ( clk40, ididrdy, romdecs2_, rstbrdctl_, rstis_, rstseect!_,
softbsy, softcmdan, sspiocps, clk40b0, ¢clk40b1, clk40b2, c|k40b3

clk40b4 clkd0bS, clld0b6, clk40b? ); .
Input clk40; _ 11 40 MHz into SPIO block
input Ididrdy; { finished loading replacement ID
Input romdecs2_; - i rom/eeprom command active
input rstbrdetl_; H reset brdctl Jogic
input retis_; I extemal reset
input rateeact]_; 1 reset seect! logic
Input = softbsy; i soft command In progress, enabile fifo
Input softcmden; 1 soft command enebled
input ssplocps; /1 slave SPIO controller present
output  clk40bO; I butfered clk40: rsti_, softcmdens
output  clk40b1; . 11 gated by SSPIOCPS: sprstctl, arbomux, sbwectl
output  clk40b2; {1 gated by rstbrdctl & rstseect!: brdatl, seect|
output  clk40b3; /1 gated by Ididrdy: ddatestat
output  clk40b4; 1 gated by romact: romctl
output  clk40b5; I gated by softcmden: softentrl
. output clk40b6; 1/ gated by softbsy: spfifo

- output  clk40b7; i gated by ididrdy & ssplocps spantri

supply1 vdd;

but0101 drv_ini0 ( .Q(rstis1_), .A(rstis_) )

but0101 drv_ini1 (.Qyrstis2_), .A(rstis1]) );
buf0101 div_ini2 ( .Q(rstis3 ), .A{rstis2_) );
bul0102 div_ink (.Qnit_cllks), .A(rstis3_) );

{1
¥

1 clk40b0

bul0102 drv_bO (.Q(clk40b0), A(clk40) );
f/7i

I ctk40b1 N

invo1 drv_e1 ( .NQ(ssplocps_), -A(sspiocps) ) .
bts9 drv_b1 ( .Q(clk40b1), .A(cik40), .NE(ssplocps_) ). :
bushold drv_h1 ( DUMMY(dummy1), .Z(clk40b1) };

bts1 drv_i1 ( .Q(clk40b1), A{vdd), .NE(Init_clks) );

1.
L4

/1 clk40b2

nord2  drv_e2 ( .NQ{ensaebrd_), .A(rstbrdet!_), .B(rstseectl_) );
bts9 drv_b2 ( .O(clk40b2), .A(clk40), .NE{ensaebrd_) );
bushold drv_h2 {( DUMMY/(dummy?2), .Z(clk40b2) );

bts1 drv_I2 ( .Q(clk40b2), .A(vdd), .NE(init_clks) );

It

Il ci40b3

btsg drv_b3 ( .Q(clk40b3), .A(clk40), .NE(idfdrdy) ):
bushold drv_h3 ( .DUMMY (dummy3), .Z(clk40b3) );

/1 always




endnodul e ' 115
Function: SEEPROM controller. Issues SEEPROM command |f SEECTL is witten:
or SEECTL is read while SEERDY Is not set but SEERDY counter expires. The
800ns SEERDY del ay has two conponents: SE#RDY tinmer and command shift tine.
SEERDY tinmer is 16 clocks. Conmand shift tinme = start bit (1) + conmand
code (8) + parity bit (1) + stop-bit (1) + turn.around (2) + mn ack (3)=

16 cl ocks. 32*25ns = 800ns. nodul e seecntrl (ackdet, bytesent,

cl k40b2, noack, rdseectl _ rstspios_, seeack, seectlen, shiftinQ
~sivalid, wseectl _, cddat, rstseectl seectl seectlrdy, seedl ,

seens, seerdy, SEEE 5 o L LI L s O o = 1;

I nput  ackdet, 38
seeack, seectlen shi

" |

bts3  drv_b4 (.Q(clk40b4), A(clk40), .NE(romdacs2_) );
bushold drv_h4 ( .DUMMY(dummy4), .Z(clk40b4) ); «
bts1 div_i4 (.Q{clk40b4), Alvdd), .NE(intt_clks) );

N
I/,

/f clkd0bS5

ndcOr dtf_e1 ( .Q(softemdens1), .D(softcmdan), .C(clk40b0), NR(rstis_) );

ndcOr  dff _e2 ( .NQ(softcmdens2_), .D{softcmdens1), .C(clk40b0), .NR(rstis_) );
bts9 drv_b5 ( .Q(cli40b5), .A(clkd0), .NE(softcmdens2_) );

bushold drv_h5 ( .DUMMY(dummy5), .Z(clk40bS) )

bis1 div_i5 (.Q(clk40b5), A(vdd), .NE(nit_clks) ); -

-
# clk40b6

inv01  drv_e6 ( .NQ(softbsy_), Asoftbsy) );

bts9  div_b6 (.Q(clk40b6), .A(clk40), .NE(softbsy_) );
bushold drv_h6 { .DUMMY (dummys), .Z(clk40b6) );

bts1  drv_I6 (.Qclk40b6), Afvdd), .NE(nit_clks) ); -

i
#l clk40b7

- and02  drv_e7 ( .Q(enshit_), .A(ididrdy), .B(ssplocps_) )
bts9 drv_b7 (.Q(clk40b7), Alclk40), .NE(enshit } ); -
bushold drv_h7 ( .DUMMY(dummy7), .Z{clk40b7})); -

"endmodula



out put rstseect_; /] reset seectl |ogic output seebsy; output

[2:0] seectl;y // seectl (1 Eh) register output seedi,; /1 SEEPROM
I nput data out put seens: /| SEEPROM node sel ect output seerdy;
/| SEECTL read ready output seeread; outl@® seereq; output seesend,
out put seectirdy /1 SEEPROM command ready, used to stretch PHOST or
seq ./l registered outputs reg [2.0] seectl; reg seeread, seens,
seerdy, seesend, seedi, seereq, seebsy, seectirdy, /'l lI.nternal signals
reg [3:0] rdytinmer; [// SEERDY tinmer reg seewact ; /1 SEECTL
wite active reg seeract // SEECTL read active reg
seeact sl; ORI S AR VA Y —_— .
/1l seerdy ti@ Vi ;
wire - wut e.-r. eq«.. R e R R % N 52
SPI O read conmand i s needed wre cl oreadact; /Il QA Oread active
W re nor eadg@dion: /1 no SPI O request needed, cancel seecturdy_wre
setread, setbsy, setsend, stritnr, rdatval, rstreqgen_.
116 General purpose counter to suppon the SPIO shifter. When cntron 5 Inactive,

the count Is synchronously reset. When contron is active, the countar

increments evety clock.

. /

module spent ( ¢lk40b7, cntron, rstspios_, cnt0, cnt8, cnts, 6ma )

" parameter FFOLY = 1; # clock-to-q dalay
input clk40b7 1 input clock
Input _ # counter on
input rstsplos Il power on reset

. output cmo0; 1] count value == 4'h0
output cms; / count value == 4'h8
output  ¢cnt9; Il count value == 4'h9
output  cnta; /f count value == 4'hA

-/ Intemal signals
reg [3:0] cnt; #f counter value
b/

: 1/ decoded counter vaiues
assign cnt0 = (Chite=4'h0);
assign cnt8 = (cnt==4'h8);
assign cnt9 = (cnt==4"h3);
assign cnta = (Chte=4'ha);

I
elways @(posedge clkd0b7 or negedge rstsplos_) begin
it (~rstsplos_)
ont <= #FFDLY 4°h0;
else

cnt <= #FFOLY cntron ? cnt + 4'h1 : 4'h0;
end I counter

J/; : !

endmodule



Il reset logic assign rstseectl_ = rstspios_ & seectien; assign
rstreqggn_ =y rstseectl_ & ~seeacts?2; /| SEEPROM ready signal al ways
@ posedge dk40b2 or negedge rstseectl ) if (~rstseectl_ )

seectirdy <= #FFDLY 1'b0; - el se 136seectirdy <= #FFDLY noreadreq
rdatval strttnr; [l SEECTL register always @ posedge w seectl _ or
negedge rstseectl ) If (~rstseectl ) begin seens <= #FFDLY

1' b0 ; seect| <= #FFDLY 3b000; end el se begin :
seens <= #FFDLY--cadat-[-5]-:-rrmr-reveemrvem mseegphrranndgiffeecddat [ 3: 1] ; end

al ways @pose‘dgre cl k40b2 or negedge rstseectl ) " if (~rstseectl )

seedl <= #FFDLYYI95H; el se seedi <= #FFDLY rdatval ? shftinQ

seedi ; Il r e CHpRSlomPbREI S 1 thddiRe performs two operations:

1) serialize a byte and shiftoutand
2) raceive serial data from the SPIO port.

(1) Is performed when "sandbyte” bacomes active. .
(2) is performed when “readsplo” becomes active. I

“f

module spentrl ( berren, chpretbsy, clkd40b7, cirparerr_, enelto, ledtst,
ledtsisig, mparcken, sendbyte, readsplo, spiol, spioparerr, rstis_,
rstspios_, shitout, ackdet, elto, bytesant, noack, sivalid, spico,
splodrv_, parerrdet, shitin );

input clk40b7, berren, dlrparerr_. enheito, mparcken, sendbyte, readspio, .
laditst, ledtstsig, chprsthsy, splol, rstis_, rstsplos_;
input [7:0] shitout;

. output  ackdet, bytesent, elto, noack, sivalid, spico, spiodrv._, spioparerr,

) parerrdet; '
output ' [7:0] shitin;
Il internal signals '
wire cntron; / counter on
wire ont0, cnt8, ent9, enta; Il counter values

/3

#l counter

spent spent (.clkd0b7(clk40b7), .ontron(cntron), .retsplos_(rstsplos_),
cnt0(cn0), .crt8(cnts), .ontd(ontd), .cntafenta) );

spshit spshit ( .ackwin{ackwin), berren(berren), bytesent(bytesent),
<hprstbsy(chprstbsy), .clk40b7(cik40b7), .cntd(cnt9),
<lrparer_(ckparerr_), ledtst(ledtst), Jedtstsig(ledtstsig),
.mparcken{mparcken), .retis_(rstis_), .setsivai(setsival),
readsplo(readsplo), .sendbyte(sendbyte), .shitout{shitout),
.spioi(spiol), .sivalid(sivalld), .strtwin{strtwin), .ackdet(ackdet),
Jarerrdet(paremdef), .shitin(shitin), .spico(spioo), :
sploparerr{spioparerr), .stridet(stridet) );

speti spetl { .chprstbsy(chprstbsy), .cikd40b7(cik40b7), ledtst(ledtst),
rstis_(rstis_), .rstsplos_(rstsplos_), .eeteito(seteito),
setnoack(setnoack), .setsival(setsival), .sploen{sploen),
" .elto(elto), .noack({noack), .sivalid(sivalid), .splodrv_(splodrv_) );

spctism spclism ( .ackdet{ackdet), .clk40b7(clk40b7), .cnt0(cm0),
cnt8(crit8), .cnt9 (cnts), .cnta(crita), .eltofeito), .eneito{ensito),
.noack(noack), .retepios_(rstspios_), .readspio(readsplo),
stridet(stridet), .sendbyte(sendbyte), .ackwin(ackwin),
bytesent(bytesent), .setelto(seteito), .setnoack(setnoack),
.selsivai(setsival), .cntronfcntron), .strtwin(strtwin), .sploen(spioen)

endmodule



assign witereq = seeactel & seeacts2 & rdseectl _; assign cioreadact =

seeactal & seeactsz & -rdseect| _; assign readreq = cloreadact & cntO assign
noreadr‘eq cl oreadact & ~cntO~ al ways @negedge wrseect| or negedge
rstreqgen_ ) if (~rstreggen.) 137seewact <= #FFDLY 1' bQ el.se
seewact <= #FFDLY 1'bl; al wvays @ negedge rdseect| - or negedge rstrquen )
if (~rstreqgen_) seeract <= #FFDLY 1' bQ el se
seeract <= #FFDLY 1bl ; al ways @ posedge cl k40b2 or negedge rstseectl )
if (~rstseecl ) begin seeact al <= #FFDLY 1"'bQ seeact s?2
<= #FFDLY 1' bO seereq <= #FFDLY 1'bG ~ end el se begin
seeacts | <= #FFB'I'_'V Seer act -seewact ; seeact s2 <= #FFDLY
seeact s1; " Registers@mugnactrotfslalll mactind. t ereq | readreq | (seereq &
~seeack) ; end '
117

« ke brig ‘//

" module spctl { chprstbsy, cik40b7, ledtst, rstis_, rstepios_, sateito, setnoack,
setsival, spioen, elto, noack, sivalid, spiodrv_);

parameter FFDLY = 1;
input chprstbsy, clkd0b7, ledtst, wtis_, rstsplos_, seteito, setnoack,
setsival, spioen;
output  elto; W ESTATADDAT time-out
“output  noack; #/INOACK
output  shvalid; # shift-in data valid
output  splodrv_; {/ SPIO output enable
il
# internal signals

reg splodiv_, sivalld, eite, noack;

i
/ output FFs

always @(posedge clk40b7 or negadge retspios _)
if (~rstspios_) begin

noack <= #FFDLY 1'00;

eito <= #FFDLY 110,

sivalid <= #FFDLY 1D0;

end
olse begin
noack <= #FFDLY setnoack;
‘olto <= #FFDLY setelto;
sivalid <= #FFDLY setsival;
ond : '

always @{posedge ¢lk40b7 or negedge rstis_)
ff (~rstis_)
splodrv_ <= #FFDLY 1'b1; _ '
else :
splodrv_ <= #FFDLY ~(spioen | ledtst | chpistbsy);

[/
endmodutle Il spetl



/'l seerdy generation
(-rstseect! _

#FFDLY witereq ? 1'Db
(rdytl mer=4'hO;
(-rstseectl )
(strtinr) W%
rdytl mer <

al wvays @ posedge cl k40b2 or

seerdy <= #FFDLY 1' bQ
O seerdy | rdatval;

al ways @ posedge cl k40b38or negedge rstseect|

<T #FFDLY 4' hO;

negedge rstseectl)

el se begin

]

| f

el se seerdy <=
/'l seerdy timer assign cntO =
_) begin i f

i f

%/ al vvayé

/1 regustereu"ourpur*marway "@tpUSEUg@""ﬁfkﬂCb?"Ur negedgo rstseectl ) if
(-ratseectl begin seebsy <= #FFDLY 1' bQ seesend <=
" #FFDLY 1bQ, n seeread <= #FFDLY 1' bQ, end el se begin

seebsy <= #bfabort CoRttPStMe Machine.

seesend <= #FFDLY set send;

seeread <=THbmDIUY kaapb treh of the "senalyth” and "readspio” commands. It uses

an extemnal counter

for timing.

module spatism ( ackdet, clk40b7, cni0, cnts, cntd, cnta, eito, enaito,
noack, rstspios_, readspio, stridet, sendbyle, ackwin, bytesant,

setnoack, setsival, satefto, cntron, strtwin, sploen );
parameter EFDLY = 1;
parameter [2 0] /] synopsys enum state_info
IDLE = 31000,  /idie
SEND =3b001, //send abyto
STOP = 3'bo10. // stop bit
WACK = 3'b011, J//wait for ACK
EACK = 3'b100, // walit for ACK termination
STRT=3b101, //waltfor start bit
RDAT = 3'b110,  / roading a byte of data
CHKR = 3'b111;  // check whether to read again
input ackdet, clk40b7, cnt0, cit8, cntd, cnta, eito, eneito, noack,
rstsplos_, readspio, sendbyte, stridet;
output  ackwin; /1 ACK detection window
output bytesent; / finished shifting a byte
output = cntron; Ml tum counter on
output  cetelto; 1 set iddat/estat time-out
output  setsival; / early sivalid
output  setnoack; 1 generate NOACK signal
output  sploen; / anable serial port output
output  striwin; /1 window for start-bit detection
y/:
/ intemal signals
// synopsys state_vactor state
reg [2:0] / synopsys enum state_info
state; ./ state vector
reg {2:01 // synopsys enum state_info
" next;  //nextstate
reg ~ sploen; // enable SPIO output
reg sotnoack; 1/ sat NOACK condition
reg setelto; /1 set ESTAT/IDDAT time-out
reg sotsival;
/ registered outputs
rog ackwin, stritwin, cntron, bytesent;

I

{/ combinational loglc

always @( ackdet o

r state or sendbyte or readsplo or cnta or ent0

or noack or alto or enelto or strtdet or cma or cnt9 )

begin



// instantiate state-machine seectism seectism( .ackdet(ackdet),

byt esent (byt esent), .cl k40b2(cl k4Cb2) , .rdseect!| (rdseect ),
noack( noack), seeack( seeack), _ .rstseectl (rstseectl ),
.sivalid(sivalid).r

rdat val (rdstval 139 set read(set read)

A

set bsy(setbs 3
endnodul e i BRGSO Zihi ne.
nodul e seectism (ackdet. byt esent el k40b2 rdseectl noack, seeack,
rstseectl ackwin= 1'b0si val i d, rdatval , set read setbsy, setsend, strttnr);
par anet er FFBL“E'F}PO :
sploen = 1H0;
bytesent « 1'b0;
setnoack « 110;
seteito = 1'b0;
setsival = 1'b0;

case {(slate)
IDLE: bagin

| § (noackl eito) bagin
next = IDLE;
end )

olse begin

case ({sendbyte, readspio}) 1/ synopsys parallel_case
2'010: next « SEND; : |
2D01: next = WACK
2'b00,

2'b11: naxt = IDLE;

. defauit: next = 3o
endcase

cniron = sendbyte | readsplo;
sploan = sendbyle;

end
ond

SEND: begin
next=cnta 2 STOP : SEND
sploon= 1'b1;
chtron = ~cnta; .
bytesent = cnta;
end

STOP: begin

cese ({sendbyte readspio}) -ff synopsys parallel_case
2910: ' next = SEND; :
2b01; noxt= WACK
2'b00, )
2b11:  next = IDLE;
default: next = 3'bxo;
endcase

cntron = sendbyte;
sPlo«an = sondbyte;

WACK: bagin
ackwin= 1h{;
it (ackdet) bagln
next = EACK:
ond '
olse ¥ (onalto & cnt0 | ~eneito & cma
: next = IDLE; l ) begin #time-out
satnoack « ~onoito;
cotalto = analto;



par aneter. [2:0] . /'l synopsys enum state_info _ TSTO =

3'b000O, | /- ;step all states for testability | DLE = 3' b001, /1
idle ) CMDC = 3'b0O1O, // shifting commuand: code RWAK =
3'b011 // read command, waiting for ACKa0 ROAT =3' b100, //
~shifting in data AT = bR,

WMK = 3'bl10, / : 2 : @111,
/1 wite command, i EEHGIREEEEREVOT L K Tt ESERT . =

cl k4b2, rdseectl__ noack, rst sesctl seeack, si val i d; out put rdatval;

Il read data is vaI|d out put setread /'l read SPI O port. out put
set bsy; IIECTL command in progress output setsend; -

/[l shift wite dat}f’ 'blgtw,\@grttm [l start timer /1 1nternal
signal s cntron= 1Y1{ Synopsys state_vector state reg [ 2. 0]
/] synopsys enum sindte_ info : state; // current state reg

[ 2: 0] /1 synof®s enum state_ info next; // next state reg
~rdatval, setsend Igg Y, set read, strttnr; /1 conbinational |ogic
al-ways @ state oraomkah'bﬂr noack or sivalid or bylesent or rdseectl| _

or seeack) begin i (retispic) bagin= 1' setread = 1'bQ setsend =1 bQ
setbsy = 1' bO; rdatOﬁ‘F‘“k‘iW'E'@ s""".Ease (state) [l synopsys

paral |l el -case embegm

noxt = ackdet 2 EACK : IDLE;
ond-
ond

STRT: begin
noxt = strtdet 2 RDAT : STRT;
sttwin = 1'b1;
cntron = stridat;

end

RDAT: begin
next = cntd ? CHKR : RDAT;
cntron = ~cnt3;
setelval = crt8;

end

GHKR: begin . R -
next = readspio 7 STRT : IDLE -
end

default: next = 3HxxX;
endcase
end

Ir
/l state a.nd output FFs

always @(posedge clk40b7 or negedge rstsplos_)
it (~rsteplos )
state <= #FFDLY IDLE;

elso
stato <= #FFDLY noxt;

/!
endmodule Il spctism



TSTO begin next = | DLE; end

119 N . | DLE: begin next = seeack ? CMDC. | DLE;
setbsy £ seeack - end ¢ CMDC. begin . setbsy = 1bl;
if (bytesent) begin next I dseect!|  ? WDAT: RWAK;
setsend = rdseect!-; . setread = ~rdseect!| ; end
el se begin next = CMDC, " end end
RWAK begi n Lf (noacK) begin next = | DLE
end el se begin setread = 1' bl ;
next = ackdet ? RDE: RWMGy ' _
Function:
Soft Command read fifo.

=

module spfito ( clk40b5, clk40b6, loadent, ensoftcdat, rdspiodat_, readent,
rettifo_, rstsoftcmd_, shitin, wrfifo, cnt0, crt1, sploctir10, spiordat

)

input clk40b5, clik40bB, loadent, ensoftcdat, rdspiodat_, rstfifo_,
retsoftemd_, wriifo;

input [1:0] readcnt;

Input [7:0] shitin;

output oMo, cntt;
output  [1:0] spioctirt0;
output  [7:0] spiordat;

y//
/1 bus declaration

wire [1:0] rdptr, sploctir10;

I
# control

spiifocti spiifoct! ( .clk40bS(cik40bS5), Joadent(loadent), .readent(readent),
.ensoftcdat{ensoftcdat), .rdsplodat_(rdspiodat_), .rstiifo_(rstfifo_),
.retsoftemd_(rstsoftcmd_ ), .wififo(wriifo), .cntO{cnt0), .cnti(ent1),
.rdptr{rdptr), .sploctir10(sploctir10), .wilifoO(wriifo0),
Jwifito1({wrfitoT), wrfifo2({wrlifo2) );

I
11 registers

spiiforegs spfiforegs.( .cl40b6(cl40b6), .dptr(rdptr), .rstiifo_(rstfifo_),
) shitin{shftin), .wrfitoO(wrfifo0), .wrlifo1({wriifo1),
wiiifo2(wififo2), .splordat(spiordat) ); .

¥/ B
~ endmodule



end end RDAT: begin

*f

=

module spfifoct] ( cllk40b5, loadent, readent, ensoftcdat, rdspiodat_, rstfifo_,

rstsoftemd_, wiflfo, crt0, enti, rdptr, sploctir10, wriifo0, wrilfot,
wilifo2 );

parameter FFDLY = 1;

" decrememing logic

always @( rcnt or wriifo or readcnt or loadent ) begln

it (loadcnt)

new_cnt = readent;

elsa if (wmfo)

olso
ond

new_ocnt = rent - 2'b01

new_ocht = rcm: -

/f count registers
always @(posedge clk40b5 or negedge ratsoftemd_)
if (~retsoftemd_) :

else

ront <m #FFDLY 2'b00

rent <= #FFDLY new_cnt;

# fatch for CiO data bus
aiways @(ensoftcdat or rcnt)

input  clk40bS5, loadent, ensoftcdat, rdsplodat_, rstfifo_, rstsoftcmd_, wrfifo;
. Input {1:0] readcnt;

output cnt0; /1 no more byte to read

output cntl; {f one more byte to read

output  [1:0] rdptr; I fifo read pointer

output  [1:0] spioctirO; - M sploctl read bits 1.0

output  wififoD; Jwita first byte

output  writfo1; /1 write second byte

output  wrlifo2; {1 write third byte

I

/f register declaration for outputs

reg lfmnmusmmmno

wire  [1:0] readont

i

# Internal signais

reg {1:0] new_cnt; #/ new read cotift

reg [1:0] new_wrptr; # new write pointer

reg {1:0] rent; /f read decrement counter

reg {1:0] wiptr; : li write poirnter

¥/l :

/ read oounter

‘setbsy '=1"bl ; next =
slvalid,? | DLE: RDAT, setread = ~sivalid; setbsy = 1'bl
rdatval = sivalid; end . WDAT: begin next =
byt esent -? WMNK: WDAT,; set bsy:42' bl ; setread =
byt esent ; end . WAAK begi n i f (noack) begin
next = | DLE; end el se begin ' next =
ackdet ? EACK WMAKL selSYemnd ol end
end EACK begi n next = ackdet ? EACK: | DLE;
set bsy = ackdet; Function: strttnr = -ackdet; end defaul t:
next = 3, bxxx; endcase end /1l al ways /'l state vector

Soft Command fifo eomnol logic.



120 al wvays @ posedge cl k42 or negedge rstseectl ) if
(~rstseectl_) state <= #FFDLY | DLE; el se state <= #FFDLY
next ; endnodul e ' :

121 - Function: Soft command st at e1ldadchi ne.

if (ensoftedat)
sploctiriQ <= #FFDLY rent;

assign cnt1 = (rom==2'b01);
assign cnt0 = (rente=2"000);

f/4
"

I/ write polnter

# incrementing logic o
always @{ wiptr or badcent or wrfifo ) _
if (loadent) *
new_wiptr = 2'500;
olsa if (witifo)
nNeW_WIptr = wiptr + 2'b01
elsa

NEW_WIptr = wiptr;

/ pointer ragisters
"~ always @(posedge cilk40b5 or negedge rstsoftemd_)
" ¥ (~rstsoftemd_)
wiptr <= #FFDLY 2'000
else
wrptr <= #FFDLY new_wiptr;

// decoded write enables

assign wrfifo2 = wififo & (wiptr==2'110);
- assign wrfifo1 = wififo & (Wiptra=2101);

assign wrfifo0 = wififo & (Wiptr==2'100);

I/
# read polmer

always @(posedge rdsplodat or negedge tstﬂlo_)
if (~rsttifo_)
rdptr <= #FFDLY 2'b00

rdptr <= #FFDLY rdpir + 27001

olse

/g
endmodule 1 spitfoctl




nodul e sottcndsm (ackdet. bytesent,. cl k40b5, cnt O, cnt 1', | astb, |edt st act,

noack , ~ ; rstsoftcnd_, sivalid, softack, softsend, |oadcnt, softabrtok
setread, setbsy, setclriast, setcirsend setledtst, wfifo); paraneter
FFDLY = 1; paraneter [2:0] ' /| 1synopsys enum state_Info

| DLE = 3' b00O, /1 walting for softack SEND = 3' bO01. //
sendi ng a byte WNXT = 3b10, // waltingto send the next byte

LSTB = 3'b011, // ,seldidledds.l.asieyle creeedBCK 7..3D100.  // walting
for ACK EACK = 3' b101, /1 walting forthe end of ACK

RDAT = 3'bl110, // ruesdi ng SPI O LTST =3'bll1; // led test node

i nput ackdet, bytesent, clk4w5. cntQ, cntl, lastb, |edtstact, noack,
rstsoftcnd_ sival i $otCeAmeaatRead E6Pt send; output | oadcnt;: /1 | oad
read counter outputygeget cil ast; /'l clear last bit, clear fifo and set
poi nters ouput setbsy; /] set soft busy output setcirend,

/1l clear send bit O423R4JYL set Fistitewt ; /1 go Into |l ed test node out put
sof t abi t ok [ ookl Qe BRQAUL L RWLLES R D LN S ML YL € SOft command

out put setread; /1l read SPI O port output wkififo; Il wite

soft fifo // regwodie smerbgaiicisonsvadtQfatiifollishii, wiifc0 Sdfito1, witis®)f t abr t ok,
setread, setcirsend, w fepdat)] oadcnt, setcirlast, setbsy, _

set | edt st ; /1l Internal _si |'s /'l synopsys state_
vector state reg W”P??'SF'BL%% synopsys enumstate info - st at e;
Il current state input  clk40b8, rstfifo_, wrlifoO, wriifo1, wrlito2; '

input  (1:0] rdptr;
inpt  [7:0] shitin;

“output - [7:0] spiordat;

1
/f register declaration for outputs

reg [7:0) spiordat;

I
1/ internal registers

reg  [7:0] fifo0, fifo1, fifo2;

II-
i fifo registers

always @(posedge ¢lkd0b6 or negedge retfifo_)
if (~rstfifo_) begin
fifo2 <= #FFDLY 8'h00;
filo1 <= #FFDLY 8'h00;
d fifo0 <= #FFDLY 8'h00;
@

else begin
fifo2 <= #FFDLY wrfifo2 ? ehitin : fifo2;
fito1 <= #FFDLY wrfifo1 ? shitin : fifo1;
fifo0 <= #FFOLY wififo0 ? shitin : fifo0;

end

1
I output mux

always @( rdptr or {ifo0 or fifo1 or fifo2 ).
case (rdptr) i/ synopeys parallel_case

2'D00: splordat = fifo0;
2'b01: splordat = fifo1;
2010: splordat = fito2;
2'b11: spiordat = 8'h00;

default: splordat = 8°hxx;

endcase '

i~
endmodule /! spfiforegs




reg [ 2: 0] /'l synopsys enum state_ifno next; // next state
/[l conmbinatimal logic always @ state or ackdet or bytesent or lastb or

softack or noack or cntO - or ledttact or cntl or softsend or ,
sivalid) begin setbsy = 1'bl; . setasrlast = 1'bQ setcirsend =1
bO wifio = 1'bQ ’ ' )

122 | oadcnt = 1'bQ setread = 1'bQ softabrtok = 1'bQ setledst =

1' b0O; case (state) / synopsys parallel case : - I DLE: begin

i f (softack) begine e REXdrerimrede ASE e Reeks SEB.SEND; -

| oadcnt = | astb; end ' el se begin next

=| DLE; Function: :

Top-fevel of SPIO biock.

4

----- ] * -----:vl

module splo ( bamren, chprstb, cliparerr_, crbusy, clk40, cdadr_, cddat,
cdwen_, csadr_, csren_, ltstsigl, mparcken, pac2spio, por,
rstib_, sled_, splol, romdec_, romadr, romwr, stpwenb, stpwivib,
csdat, eepromen, iddat, ididrdy, noack, romrden, seems,
spromrdy, splodrv_, spico, spnakabit, sploackdet, spromolk_,
spbrden, spsaean, spioparerr, spiobsy_, ssplocps, seebrdrdy.

. stretchsaq);
input berren; 1/ generate even parity
Input chprstb; # chprst - HCNTRL {87h), bit 0
input clrpararr_; /I clear parity error
input crbusy; 1 C1O bus is being read
input clk40; 1 40 MHz clock (clidn)
input [7:0] cdadr_; /1 ClO destination address
input {7:0] cddat; # CIO destinationdata .
. input cdwen_; /1 CIO destination write enable
input {7:0] ceadr_; #1 CIO source address
Input csren_; /1 ClO source read enable
Input [70]kstsigh; = #led test mode signals .
inplt  mparcken; " {f enable parity chacking
Input pac2spio; /] pauseack to SPIO
Inpit  por; ' 11 power on resat
{nput rstib_; fl external reset
input sled_: . # scsi led level
Input splof; # Input from SPIO pin
Input romdec_; // ROM request from phiost
Input [15:0] romadr; #/ ROM address :
Input FOIMWI; . 1/ ROM write command
Input stpwenb; U SXFRCTL1 bt O
input stpwivib; ~ J/{DEVCONFIG bit 1

output  eepromen, ididrdy; noack, romrden, spromrdy, spiodtv_,
ssplocps, seems, spioo, spriakabirt, spromelk_, sploparerr,
. ‘sphrden, spsaeen, splobsy_, etretchseaq, sploackdet, §eebrdrdy;

¥i2

wire elto, sivaliid, efread, enseito, sendbyte, readsplo, spioi,
ackdet, bytesent;

wire [15:0] romadr;

wire [7:0] Rstsigl, splordat, spiowdat, shitin, shftout
wire [3:0] sploctir74;

wire [2:0] seectl, brdetl, brddat;

wire  [1:0] sploctir0, soft;

it
_ Il Instantiate sub-modules

spclkgen spclkgen ( :clk40(cu(40). .ldldfdy(ldld@. Jromdecs2_(romdecs2_),
rstbrdetl_(retbrdctl ), .rstis_(rstis_), .rstseocti_(rstseactl ), .
.softbsy(softbsy), .softcmdan(softcmden), .ssplocps(ssplocps),



set by = 1' bG end end SEND: begin next =

byt esent ? WNXT : SEND; setcrsend = bytesent; sof t abrt ok
=1 bl; . end V\NXT begi n softabrtok = 1'bl;

I f (softsend) begin : next 1z6l astb ? LSTB: SEND

| oadcnt = | astb; end : el se begin next =
WNXT end end LSTB: begin next = bytesent
? WACK: LSTB; setread = bytesent; end - ‘WACK: begin
i f (noack) begin cHid0bO{clkA0), Elﬂbh(cméﬂ%mmz(cmoba) setbsy =
1' bG ikiahB(elka0bl), .clk4bbaitcikaobe), clk40b5(clk4035)d else if
(acki et ) begi n - lk40b6(clidObE) alOLTIMNTY): 2 EACK: RDAT; '
‘setciriast = 1'bl; end

el se begin spratat sm;ﬂ'of“ - "“{R}@i gm'%&mp's“?’ &Q%o(c'mbobt read = -cntQ
end end ' EASK (re isbitabriok{sottabrtok), .sspiocps(ssplocps),

_.chprstbsy(chpretbsy), .chprstreq(chprstreq), swrstrdy(swrstrdy).
.retis_(rstis_), .rstspios_(rstspios_) );

softentri soﬂcmﬂ ( .ackdet{ackdet), .bytesent(bytesent), .cddat(cddat),
.clk40b5(clke4 0b5), .clkd0b6(clk40bE), .ensoftcdat{ensoftedat),
Atstsigi(itstsigi), .noack{noack), .rdspiodat_(rdsplodat_),
rstsplos_(rstsplos_), .shitin(shttin), .sivalid{sivalid),
softack(softack), soltcmdan(softcmden), .wrsploctl_(wrsploctl ),
wreplodat_(wrsplodat_ ), Jedtst{ladtst), Jedistsig(ledtstsig),
softabrtok(softabrtok), .softbsy(sottbsy), .softreaci(softread),
.softreq{softreq), .softsend(softsend), .sploctiriO(sploctiri0),
sploctlr74{spioctlr74), .spiordat(splordat), .splowdat(spiowdat) );

brdentrl brdntri ( .ackdet(ackdet), .brdctien(brdctien), .brdack(brdack),
Jbytesant(bytesent), .cddat{cddat), .clicd0b2(cik40b2), .noack(noack),
rdbrdctl_(rdbrdeti ), .rstsplos_{rstspios_), .shitin(shftin), _
sivalid(sivalid), .wrbrdctl_(wrbrdetl_), .brdbsy(brdbsy),
brdetifrdeti), .brdctirdybrdetirdy), brddat(orddat),
brdread(brdread), .brdreq(brdraq), brdsand(brdsend).
Jstbrdetl_{rstbrdct! ) );

soeecntrl seecniri { .ackdet{ackdet), .bytesent{bytesent), .clk40b2(cli40b2),
.noack{noack), .rdseectl_(rdseect!.), .rstspios_(rstspios_), ’
.seeack(sasack), .seoctien(seactien), .shitinO(shitin(0]),
sivalid(sivalid), wrseectl_(wreeectl ), .cddat(cddat),
Jstsoactl_(rstseectl_), .seacti(saactl), .seectirdy(seactirdy),
seadi(seadi), .seams{seoms), .saardy({seerdy), .seeread(seeread),
soereq({sesraq), .saebsy(seebsy), .ceasend({sassend) );

sbweetl sbweet ( .ackdet(ackdet), .bytesent(bytesent), .clk40b1(clk40b1),
Jedack(ledack), .noack{noack), .retsplos_{rstspios_), .sled_(sled_),
ssplocps(ssplocps), .stpwack(stpwack), .stpwenb(stpwenb),
stpwivib{stpwivb), .ledreg(ledreq), .ledstate(ledstate),
sbwehsy(sbwcbsy), .sbwcread({sbwcread), .stpe(stpe), .stpl(stpl)
stpwreq(stpwreq) );

sprw sprw ( brdetlen{brdctien), .brdctirdy(brdctirdy), .csadr_(csadr_),
.csren_(csran_ ), .cdadr_{cdadr_), .cdwen_{cdwari ), .clik40b0(clk40b0),
crhusy(ctbusy), .pac2spio(pac2spio), .por{por), .seactian{seactien),
seeclirdy(seectirdy), .softcmden({softemden), .rd1b{rd1b),
-ensoftcdat(ensoftcdat), .rd1d(rd1d), .rd1e({rd1e), .rdbrdctl_(rdbrdctl_),
rdseactl_(rdseactl ), .rdsplodat_{rdspiodat_), .spiobsy_(spiobsy ),
secbrdrdy(seebrdrdy), .stretchseq(siretchseq), wrbrdetl_(wrbrdetl ),
Jwrsplocap_(wrsplocap_), wreeectl_(wrseactl ), .wrsploctl_(wrspioctl ),
wrspbdu.(wrspbdat_) )

sprdmux sprdmux ( q:loctlrw(spioctlr'IO). sploctir74(sploctir74), -
-spiobsy_(spiobsy_), .spromcik_(spromelk_), .rd1b(rd1b),
rdid(rdid), .rd1e{rd1e), .brdctibrdetl), .brddat(prddat),
.seactl(seect]), .seedi(seedi), .seems{ssems), .seerdy(seerdy),
shitin{shitin), .splordat(splordat), .soft(soft), .rombsy(rombsy),
softcmden(softcmden), .brdctien{brdction), .seactien{seactian),
eepromen{aepromen), .romrden{romrden), .sspiocps(ssplocps),
.csdat(csdat) ); )

spromet! spromets (.ackdet(ackd&). bytesent(bytesent), .noack(noack),
Ssivalid(sivalid), .clik40b1(cli«40b1)}, .clk40b4{clk40b4),
_ romack({romack}, .romwr(romwr), .por(por), .romdec_(romdec_),



I f (ackdet) begin next = EACK; end

el se begin | , next = ledistact ? LTST: IDLE
setbsy = | edstact; 123 end
end RDAT: begin next4F (sivalid & cntl) ? IDLE RDAT
setbsy = 1'bl; setread = -(sivalid & cntl); ' wififo
sivalid; end LTST: begin next = LTST,
setbsy = 1'bl, setledtst = 1'b 1 ; end defaul t:
next = 3' bxxx: rombsy(rombsy), .romdecs, _(romdaecs2_), spromrdy(spromdy) _

- ' Tomread(romread), .romreq{romraq), .romsend{romsend),

solroma0(seiroma0), .selromai(selromat), .spromelk_(spromclic_) );

" . iddatestat kidatestat ( cddatS(oddat(S]). clk40b3(clk40b3). .sitofeito),
.parerrdat(parerrdet), .retis_(rstis_), .shitin(shftin), .
sivalid(sivalid), .swrstrdy(swrstrdy), wrsplocap_(wrsplocap_).
Jbrdetlen(brdctisn), .eepromen(eepromen), .elread(eiread),
.eneito{eneito), .iddat(iddat), .ididrdy(ididrdy), .romrden({romrden},
.seectien{seactien}, .soft(soft), .softcmden(sottcmden),
.spbrden(spbrden), .spseeen(spseean_). .ssplocps(ssplocps) );

spentrd spentrl ( betren(berren), .chprstbsy(chprstbsy), .cikd0b7(clk40b7),
.cliparemr_(clrparerr_), .enelto(anaito), .ledtst(ledtst),
Jedtsisig(ledtstsig), .mparcken(mparcken),
Sendbyte(sendbyte), .readsplo(readspio), .sploi(sploi),
sploparerr(spioparerr), .rstis_(rstis_), .rstspios_(rstsplos ),
shftout{shftout), .ackdet({ackdet), .eito(eito), ‘bytesent{bytesent),
.noack({noack), .sivalid(sivalid), .spioo{spioo), .splodrv_(spiodiv_),
parerrdet(parerrdet), .shftin(shitin) );

sparbomux sparbomux ( .ackdet{ackdat), .brdbsy(brdbsy), .brdread(brdread),
brdreq(brdreq), brdsend(brdsend), .cddat{cddat),
chprstbsy(chprstbsy), .chprstreq(chprstreq), .clk40b1(clkd0b1),
.elread(eiread), .ledstate(ledstate), Jledreqg(ledreq), .noack(noack),
somadr({romadr), .rombsy(rombsy), .romread(romread), .romreq(romreq),
Jomsend(romsend), .romwr(romwr), .rstsplos_(rstspios.), :
.sbwcbsy(sbwcbsy), .sbweread(sbwcread), .ceebsy(secbsy),
.seeread(searcad), .seereq(seeraq), .secsend(seesend),
selroma1(seiromat), .selromad(selroma0), .softbsy(softbsy),
softread(soitread), .softreq(softreq), .softsend(softsend),
splobsy_(splobsy_), .splowdat(splowdat), .stpe(stpe), .stpi(stpl),
stpwreq(stpwreq), .brdack(brdack), .chprstack(chprstack),
Jedack(ledack), .readspio{readsplo), .romack(romack), .seeack(seeack),
shitout(shitout), .sendbyte(sendbyte), .softack(softaclq,
sploackdet(sploackdet), .spnakebrt(spnakabrt), .stpwack(stpwack) );

endmodule



endcase.

el se
124

end
negedge,rstsoftond [f(-rstsoftcmd_ )

/| al ways state vector ' al ways @ posedge ci k40b5 or

state <= #FFDLY | DLE;.

state <= #FFDLY next; endnodul e ' /] soffcnmdsm

Function: Top |evel of soli48ommand control | ogic.

nodul e

softcntd ( ackdet, bytesent, cddat, clk40b5, clk40b6, ensottcdat, Itstsigi,

noack,
wr spi oct |

sof tread,

rdspl odat, rstsplos_. shfin. sivalid, softack,
_ wrsplodat__ ‘| edtst, |edtstsi g, sof t abrt ok, softbsy.
sof t r egrresUftsEndrSPT ot Lo SProerrrTaT$pl or dat ,

Function:

Serial port read mux to csdat.

e ettt atesaas ] .

module sprdmux (sploctlno sploctir74, spiobsy_, spromelk_, rd1b d1id, rd1e,
brdeil, brddat, seectl, seadi, seems, seerdy, shitin, spiordat, soft,
rombsy. softcmden, hrdctlen. seectlon, eepromen, romrden, sspiocps,
csdat); _

input  spiobsy_, spromelk_;

Input rd1b, rd1d, rdie;

Input [7:0] splordat, shitin;

Input  [2:0] seect!, brdctl, brddat;

input segoms, seadi, seardy;

input [1:0] soft, spioctirtO;

input - [3:0] sploctir74;

input rombsy, soficmden, brdctien, seectlen, eepromen, romrden, ssplocps;

output  [7:0] csdat; # read data to ClO bus

II

II internat signais

- reg {7:0] cloregs;
wire {70} spioctl, sprdbus, shftln. splocap, seactlo, brdctlo.

wire drvcedat _;

I
1/ csdat output enable

assign drvesdat_ = spiobsy_ & spromelk_;
assign sprdbus = rombsy ? shitin : cloregs;
assign #1 csdat = drvesdat_ ? 8'hzz : sprdbus;

/)

assign seectlo = {2'b00, seoms, saerdy, seecti[2:0], seedi);
assign brdctlo = {brddat, brdctl, 2'b00};
assign splocap = {soft,softcmden brdctien, seecllen eepromen romrden,ssplocps};
assign spioct! = {sploctli74, 2'b00, spioctiriO); * ,
always @( rd1b ot rd1d or rd1e or softcmden or brdctio or spiocap ot seeouo

or splocti ot spiordat )

sof t onden,

spl owdat ) ;

casex {{rd1b, rd1d, rd1e, soficmden}) - /1 synopsys parallel_case .

4'b1xxx; cloregs = eplocap;
4'bx1x0: cloregs = brdctlo;
4'bx1x1: cloregs = splordat;
4’bxx10: cloregs = seactio;
4wl 1: cioregs = sploctl;
defauit: cioregs = 8'hxx;

andcase

¥/t
endmodule



i nput ackdet, bytesent clk4Ob5, clk40b6, ensoftcdat, noack, rdsplodat _,

rstspios. sivalid, softack, softcnden, wsploctl _., wr spl odat

| nput - [7:0] cdcdat, Itstsigl. shftin; .output | edtst, |edtstsig,
softbrtok, - softbsy, softread, softreq. softsend; output [ 0] sploctir 10;
out put [3: 01 sploctir74; output 146 O] spl ordat, spl owdat; bus
declaration wre "[1:0] readont; wre [7:0] itstsigi; softcti

sofctl (.cl k40b5(cl k40b5), noack(noack). rstspios_(rstsplos_),
sendb(sendb), setbsy(setbsy), setciriast(setciriast),

. set ci r send( setint.s8ll) o Sebdaddlal Lol ladlslmw a0kl ackt (sof t ack),
. spl owdat ( spl owdat ), .soitcnden(softcnden), .ledtst(ledtst).
.l edtstact (| edtfeectiast ), cirlastb (crlastb ), rstfifo (rstfifo ),
.rstsend_(rsts %?argoh rstsoftcnd_(rstsoftcnd_), softbsy(softbsy),:
.setread(setrea LR (sof tread). softreq(softreq),
.softsend(softsend)); softcndsm softcndsm (. ackdet (ackdet),

. byt esent (bytesent). ..cl k4Ob5(cl k40b5), cntO(cntO, .cntl
(cnt 1). .lastb(l ast b) .l edtstact (Il edtstact). '

. noack( noack), -f-e«t«s-of-be«dm(-f'et-e@-f«t«@‘ﬁd«)«--'---s+*v&+-1-d-é-s«r,vaI id).
sof tack(softack), .soft send(sof t send) I oadont (I oadcnt),
.sof t abrtok(sof’{‘°&’iﬁ‘?‘ip ] (achdal yeRoteRagel e W bsy),
_setcirlast(setciriqapnpor S )§? p fomireq. romsend,
.setl| edts(setl edtst) wrf| : . spfifo spfifo ( .clk40b5(cl k40b5)
. ck40b6( cl k4Cb6v)af,ﬂm°t¢f@Mnt1(l oadcnt)

- CnoOT L COnt (nSgld B o SR e S 555

wfifo(wfi fo)qulputc nt O lmmﬁlso(nmmtdl)pmgresq)l octl rI 0(sp| octir10),

. spl or dat (spl ordfias) )ro i--tl W‘*‘”gﬁacl k40b5( cl k4b5), '
.cirlastb (mn%}gﬂb ,,omao ”““‘f ?rstsoftcmj) timer(tinmer),
.rsttimer _(rstdp@ersojgnal:

output  spromeii_; / clock data in romdo
output  romread;
output  rontreq; /f ROM request to arbiter
output  spromedy; - I/ ROM command finished .
/! .
I variable daclaration

reg rombsy, mmsend;

reg romdecs1; - #f synced romdec._
rag romdecs?2; :

reg romread, spromudy, romreq;

wire setread, setrdy, sethsy, setsend;

It
/ generate request

aiways @(posedge clk40b1 or posadge por)
¥ (por) begin
romdacs1 <= #FFDLY 1°00;
romdecs2 <= #FFDLY 1'b0;
end romreq <= #FFDLY 110; '
elsa bagin T
romdecs1 <= #FFDLY ~romdec_;
romdacs2 <= #FFDLY romdecs1
o rommq <= #FFDLY romreq ? ~romack : romdecs1 & ~romdecs2;
o

#
# combinational outputs

assign spromelk_ = ~{ roinbsy & sivalld ); '
assign romdecs2_ = ~romdacs?2;

1"
# registered outputs

always @(posedge clikdOb4 or posadge por)
# (pot) begin .




softregs softregs ( .cddat(cddat), .ledtstslg(ledtstslg),

Rstslgl (itstslgl), .ensof t cdat (ensoftcdat),
-rsteend_(rstsend_ ). .rstsoftcnmd_(rstsoftcnd ),
.rsttinmer_(rstltner ) 150 E
.wrsploctl _(wsploctl_).wspfodat_(w spiodat_), .lastb(lastb),

.readcnt (readcnt). sendb(sendb), .sploctlr74(spioctir74),
.spl owdat (splowdat). tinmer(tinmer)); :
. 125 - Fi | ename: . . Function: Soft Command Contr ol
| ogi c. nmodul e so{?;,."‘éfﬁf‘ﬁw&”&; noack. rstspios_, sendb, setbsy,
setl edtst. setciriast, romread<=#FFDtetiB®ad, | edtst, |edtstact, setcirsend,
spl owdat . softack soft @prenwdy<=#FFOLY 100; cjr| astb , rstfifo , ratsend_,
rstsoftcnd_ softbs g‘iée i1:1tread, softreq, softsend);  paraneter FDLY
1, Input cl k40b5;  n ~#EFSYse8sy; Sendb, setbsy, setcirlast,

set| edtst, setcirsend, roebidadFFoivkitsand; sof-t cnden; | nput [7: 0 splowdat; =
romréad <= #FFDLY sotread; . '
spromrdy <= #FFDLY sotrdy;
end

I
/ Instantiate state machine

spromsm spromsm { .ackdet{ackdet), .bytasant(bytesent), .noack(noack),
sivaiid(sivalid), .clk40b4{clk40b4), .romack(romack), .romwr(romwr),
Jpor{por), .setread(setread), .sethsy(setbsy), .setrdy(setrdy),
setsend(setsend), .selroma0(selromag0), .selromat(selromal));

/4
endmodule



output clrlasthb.. /'l 1ast
/1 led test cpmmand node out put
pendi ng output rstfifo_

/'l reset send and |ast_byte bits
command | ogi ¢ out put softbsy;
softread; /1

read SPI O port out put

LB bit In softctl register output |edtst;
| edt st act; /1l led test command -
/1 reset fifo regi sters output: rstsend_,

13Kt sof t cnd /] reset soft
/1 soft command in progress output -
softreq; /1 request for

out put

SPI O port output softsend, /1 send a byte //register declaratlon
for outputs reg | edtst, ledtstact. softred..sQftbsy., softread,
softsend, cirlastb” // Internal signals reg cirsend , softactsl
softacts2; wire Furdidredt st _; /]l reset logic assign rstsoftcnd_
rstsplos_ & softcnden; assign rstiffo_= rstsoftcnd_ & cirlastb_; assign
rstsend = rstsoftcﬁvd!lmrmwrﬂ&wmm&hlmrsend assign rstledtst =
rstsoftcnmd_ & ~noack. //request logic always @ posedge cl k40b5 or
negedge rstsoftcnd ) If (~rstsoftcnd_) begin softacts 1 <=
#FFDLY 1' bOQ softacts2 <= #FFDLY 1' bQ softreq <=
#FFDLY 1' bO softsend. <= #EEDLY. 1. hQueea , softread <=
FFDLY 1 bG

module spromsm ( ackdet, bytesent, noack, sivalid, ¢li40b4, romack, romwr, por,
selread, sotbsy, setrdy, setsend, selroma0, selromat );

parameter FFDLY = 1 _
parameter [2:0] I synopsys enum state_info

1D = 30000, if'\die

CC = 3001, {/ command code

A0= 3010, /f address low

© A1=3D011, 1/ address high

DO = 3'b100, Il data 0

D1 =3Db101, /f data 1

D2 = 39110, il data 2

D3 =3D111; // data 3

N input  ackdet, bytesent, noack, sivalid, clkd40b4, romack, romwr, por;
oulpt  setread; I read SPIO port
output setbsy; // rombusy true next clock
output  setrdy; 1f set romrdy next clock
oulput  sefsend; J/ send byte next clock
output  selroma0; 1 select addross low
output selromat; {1 salect address high
/2
{f dedclare registers
#l synopsys state_vector state

reg {2:0] # synopsys enum stata_into

statea;  / current state
reg {201 If synopsys enum state_info

next; If naxt state
reg setroad, satbsy, setrdy, satsend, selroma0, selromat;
" : : '
1/ combinational loglc

always @( state or romack or romwr or bytesent or ackdet or sivalid or noack )
begin

sotread = 1'b0;
sothsy = 1'b1;
-sotrdy = 1'D0;
satsond = 1'b0;
selroma0 = 1'b0;
sairomat = 1'00;

case (state) . -

iD: begin

// synopsys paraliel_case

noxt = romack ? CC : ID;
sethsy = romack;



126 "~ end el se begin | softaci s1 <= #FFDLY sendb;

softacts2 <= #FFDLY softactsi, _ - softreq <= #FFDLY softactsl &

-softacts2 & -softbsy;. sof teend <= #FFDLY softactsl & ~softacts2

& soft bsy; softread <= #FFDLY1S2tr ead; end /'l registered

outputs always @ posedge cl k40b5 or negedge rstsoftcnd ) I f -

(-rstsoftcnd_) begin cirlastb_<= #FFDLY 1'bl; clrsend_ <=
. #FFDLY 1' b1; ' softbsy <= #FFDLY 1'bO | edt st <= #FFDLY

1' bG, end - .el se begighy cirlastb_ <= #FFDLY -setclrl ast;

cirsend_ <= #FFDLY -setcirsend, softbsy <= #FFDLY set bsy;

| edl st <= #FFDLY set| ed¥sbegin  end /] test npbde
next = bytesent ? A0 : CC;
sotsand = bytesent;
end .

AOQ: begin
noxt = bytesent ? A1 ; AO;
selromal = 1'b1;
setsend = bytesent;

end '

Al: begin
next = bytesent 7 DO : AY;
selromal = 1'b1;
setsond = romwr & bytesent;
setread = ~romwr & bytesent;
end

DO: begin
if {romwr) begin
" next = bytesent ? D1 : DO;
setread = bytesent;
end :
else begin
if (noack) begin
next=I10;
setbsy = 1'b0;
end
else bagin
next = sivalid ? D1 : DO;
setread = 1'b1;
' end
end :
ond

D1: begin
if (romwr) bagin :
if (noack) begin
next=1D; -
- gotbsy = 1'b0;
end
else begin
next = ackdet ? D2 : D1;
end
ond else begin
next = sivalid ? D2 : D1;
sotroad = 1'b1;
end
ond

D2: begin
i (romwr) begin
next = ackdet ? D2 : ID;
satbsy = ackdet;
sotrdy = ~ackdet;
end
elsa begin
next = sivalid ? D3 : D2;
sotroad = 1'b1;
ond .
end

D3 : begin



al wvays @ posedge cl k45 or negedge rstledts ) if (-rstledtst )

| edt st act <= #FFDLY 1’ bG el se - | edt st act <= #FFDLY edt st act
sof tack & (spi owdat ==8' h82) ; endnodul e
127 Function: SPIO Soft Conmand58ontrol registers (1D, | E when
sof t cnden==1). modul e softregs (cddat, Itstigl, ensoftcdat, rstsend_.
rstsoftcnd_, rsttlmer_. wrspioctl _ wsplodat _|ledtstsig, |astb,
readcnt. sendb, sploctlr74. _ spiowdat, tiner); paraneter FFDLY =
1; input ensol t cdat , me&swaidi? ID:0D8t softcnd_ rsttinmer , wsploctl _,
wr spi odat _ | nput [ 7:0] setbsyt-swﬁ'i , cddat; T

setrdy = .

setread = ~sivalid;

end

default: next = 3, -
endcase

end 1/l always -

/I state vector

always @(posedge cli40b4 or posadge por)
# (por)
state <= #FFDLY ID;

else _
state <= #FFDLY next;

/4
&

endmodule



out put | astb; [l SPIOCTL bit 6 output |edtstslg;

/1 1ed test node output signal output [1:0] readcnt;. 1
SPICCTL . bits 1:0 output sendb; ' _ /1 SPIOCTL bit 7
out put [3 0] spioctlr74; /1 rE24 data for SPIOCTL bits 7:4 output
[7:Q spl ovvdat; /'l contents of spiodat register output

timer; /1 SPIOCCTL bit 4 /'l register declaration
for out puts reg [7:0] splowdat; reg | edt stsig, |ock, sendb, |astb,
tinmer, reg [1r-G-]-'"r'eadc'nt'-;---Tverg T2 0T SPIoCTT T Wi re [ 2: 0] wdat;
/1 Ied test node signal sel ect assign wdat = splowda[2: Q; always
@Iltstsigl or wdaf%® FEEEV wdat) - /1 synopsys

paral | el _case ful kypae 3"b0O00O ledtstsig = Itstsigi[0]; .

- 3'b001: ledtstsig = Itstsigi[1l]; 3' b010: ledtstsig = Itstigi[2];
3' b011: | edt st si gSerialpod tesst anjrel| - 3' b100: ledtstsig =
ltstsigi[4]; 3'bl0l: ledtstsig = Itstslgl[5]; : 3b110:
Iedtst5|g—ttstslg|[6] . 3'b 111: ledtstsig = Itstsigi [7]
def aul t: IedtstS| (v b it vy Entrase T USPrOORAT TIDA) al ways @ posedge
wr spl odat _ or neged rst tcrm M%&qé%&nd b spl owdat

- mo rsta ly! ssplocps
<= #FFDLY 8' h0O; ms&’chpm:}:’gm ; ﬂL“V} By
parameter FFDLY = 1;

input  chprstack, chprstb, clkd0b0, clkd0b1, rsthb_, softabrtok, sspiocps;

output  chprstbsy; 1/ chprst in progress
output  chprstreq; 1/ request for SPIO port
output  swrstrdy; /1 software reset ready
output  rstis_; I/ HW reset

output  rsisplos_; {1 HW/SW resat spio block
it

1/ register declaration for outputs

reg swrstrdy, chprstbsy, chprstreq;

f/4
9

I internal signals

reg {3:0] cnt, new_cnt; 1l reset counter

reg sstis1_, rstis2_, spchprst ; . /] synced reset signals

reg chprstpend, chprstpénds1, chprstpends2; // SW reset pending
wire rstswrst_, rstchprst_, ont0, strt_swrst; _ ‘
reg clrewrst_;

Ufremev

/ reset logic

always @(posedge clk40b0) begin
rstis1_ <= #FFDLY rstb_; .

rstis?_ <= #FFDLY rstis1_;
end

assignrstis_ = rstib_ & rstisi_ & rstis2_
assign rstchprst_ = rstis_ & sspiocps;
assign rstsplos_ = refis_ & spchprst_;
assign rstswrst_ = rstchprst_ & clrswrst_;

always @(posedge clkd0b1 or negedge rstchprst )
H (~retchprst )
spchprst_ <= #FFDLY 1D1;
alse
spohpret_ <= #FFDLY ~stit_swrst;

I
/ request Iogic

always @(posaedge chprstb or negodge rstapios_)
it-(~rstspios_)
chprstpend <= #FFOLY 100;
alse



128 [l SPIOCTL (I Eh) [/ bits 7:6 always @ posedge w spl octl of

negedge rstsend ) I f (~rstsend_) - begin sendb <= #FFDLY 1 bO

| astb <= #FFDLY "'bO end el se begin sendb <= #FFDLY

cddat [ 7] ; | astb <= #FFDLY cddps$ 6] ; end // bit 5. 1:0 always
@posedge wrspioctl _ or negedge rstsoftcnd ) If (~rstsoftcnd_) begin

| ock <= #FFDLY 1' bQ readcnt <= #FFDLY 2' bQ0; end el se begin
| ock <= #FFDLY cddat [ J eadcnt <= #FFDLY cddat[1 :0]; end //

bit 4 al ways @ posedge W@ﬁl“dcf"ﬂ:nb‘(‘hbgedge rstimer ) if (~rsttimer_)

timer <= #FFDLY Livafd@(posadge clkd0b1 o negedge rstchprst )
. ¥ (~rstchprst_) begin

chprstpends1 <= #FFDLY 1'b0
chprstpends? <= #FFDLY 1'b0;
chpretreq <= #FFDLY 1'b0;

end '

else bagin
chprstpends! <= #FFDLY chprstpend
chpretpends2 <= #FFDLY chprstpondst; .
chprstreq <= #FFDLY chprstpends1 & ~d1prstpends2 -

} chprstreq & ~chprétack & ~softabrtol;
end

assign stit_swrst = chprstack | chprstreq & softabrtok;

it
1 software.reset ready logic _

always @(posedge clkd0b1 or negedge rstchprst_)

- W{~rstchprst )
clrswrst_ <= #FFDLY 1D1;

else
clrewrst_ <= (ontl=4'hi);

always @(posedge dplstb or negedge rstswrst_)
" U (~rstswrst_)
swrstrdy <= #FFDLY 1'b1;
olse .
swrstrdy <= #FFDLY 1'D0;

-
/I busy loglc

aiways @(posadge cli40b1 or nagadge rstchprst_)
i {(~rstchprst )
o chprsthsy <= #FFDLY 1'b0;
.8

_ chpretbsy <= #FFDLY strt_swrst | ~ent0;

I .
/] qounler

assign ont0 = (chte=4'h0);

1 counting logic :
always @{ cnt or cnt0 or strt_swrst) t
it (strt_swrst)
new_cnt = 4’'h1;
olse
new_cnt = cnt0 ? 4'h0 : cnt + 4'h1;

il counter ragisters
~ always @(posedge clik40b1 or nogedge rstcl'prst_)
© i (~rstchprst )
cnt <= #FFDLY 4'h0;
eise
cnt <= #FFDLY new_cnt;

/1.
#

endmodule



el se timer <= #FFDLY 'cddat[4]; always @ ensoftodat or sendb or

| asb or timer) if (ensoftcdat) spioctl |I' <= #FFDLY (sendb,

lastb, timer}; assign sploct|r74 {spioctl_I[2:1]. lock, -sploctl_I[Q};

endnodul e Il sotregs 156 : _

129 Function: Soft command tiner. nmodul e softtimer .

(cl k45, clriastbh.  rstsoftcm . timer, rsttiner_); paraneter FFDLY. =
i, h N h R

Function: ' ..
- Read/write decoder

: !

modula sprw ( brdctlen, brdctirdy, csadr_, csren_, cdadr_, cdwen_, cik40b0,
crbusy, pac2splo, por, seectirdy, softcmden, ensoftcdat, rd1b, rd1d,
rd1a, rdbrdcti_, rdseectl -, rdsplodat_, spiobsy_, seectlen, seebrdrdy,
ettetchsaq, wrbrdctl_, wrsplocap_, wiseecti_, wrspioctl_, wrsplodat_);

input [7:0] csadr_, cdadr_;
input brdctien, brdctlrdy. csran_, cdwen_, cik40bO, crbusy. pac2splo, pot,
seectlen seactirdy, softcmden;

output  ensoftcdat, rd1b, rd1d, rd1e, rdbrdctl_, rdseacti_, rdsplodat.,
secbrdrdy, splobsy_, stretchseq, wrbrdctl_, wrsplocap_, wrseect_,
wrsploctl_, wrspiodat_;

sprwdec sprwdec ( .csadr_(csadr_), .csren_{csren_), .cdadr_(cdadr_),
.cdwen_(cdwen_), .crbusy(ctbusy), .por(por), .softcmden(softcmden),
rdib(rd1b), rd1d(rdid), .rd1e{rd1e), .rdbrdetl_(rdbrdeti_),
. © Jrdseectl_(rdseect! ), .rdsplodat_(rdspiodat ), .splobsy(spiobsy),
splobsy_(spiobsy_), .wrbrdctl_(wrbrdetl ), wrsplocap_(wrspiocap_),
wrseect!_(wrseect! ), .wrsploctl_(wrspioctl ), .wrspiodat_(wrsplodat_) );

spstratch spstreteh ( brdctlen(brdcetien), .brdctirdy(brdctirdy),
' .hostrden(hostrden), .pac2spio(pac2spio), por(por),
rdseebrds_(rdseebrds_), .seectien{seectian), .ssectirdy(seectirdy),
|

" seqrden{seqrden), .wrbrdetl_(wrbrdetl ), .wre L),
ensoitedax(ensoﬂodax), Sseebrdrdy(secbrdrdy), .stretchseq(stretchseq) );

sprwatt sprwetl ( brdctien(brdetien), .clk40b0(clik40b0), .ceren_(csren_), por(por),
.rdbrdetl_{rdbrdetl ), .rdseectl_(rdseecti ), .seectien{seection),

splobsy(splobsy), .splobsy_(spiobsy_), .hostrden(hostrden),
Jrdseebrds_(rdseebrds_), .seqrden(seqrden) ); _

endmodule



| nput cl k40b5. clrlastb_, rstsoftcm, timer; output ‘rsttinmer_

Il reset tiner bit /1l Internal signals reg [3:0] cnt;

/| sof t crd count er reg [3:0 new cnt; / Inew count reg rsttnrb_;
/] reset: tiner bit /1l counter logic abways @ cnt or clriastb_ or tiner)
If (~clrlastb_ & tiner) new_cnt = 4' hil, else if ((cnt==4'h0))
new.cnt = 4' hQ, el se -new_cnt = cnt + 4'hl; always @ posedge.

cl k45 or negedge JIstseftend.,) | IR e BECX =X 1 % X ' s DOR WU cnt <= #FFDLY
4' hQ el se cnt <= #FFDLY new-cnt; // reset tinmer bit always
@ posedge cl k4Cb5,.-u%b,pegedge rstsoftcmd ) If (-rstsoftcnd)

rsttnb_ <= #FFDLY 1' bl; el se rsttmrb_ <= #FFDLY (cntl =4" hf);

assign rattl neri_:ﬁqagf!@md?@m_ & rsnmttnrb_ endnodul e /] softtinmer

o e /
module sprwetl (brdctlen. ¢lk40b0, csren_. por, rdbrdctl_, rdsbectl_, seactien,
splobsy, splobsy_, hoslrden. rdseebrds_, saqrden);

parameter FFDLY = 1

input brdctien, clk40b0, csren_, por, rdbrdeti_, rdseactl_, seactien, spiobsy,
splobsy_;

output  hostrden; 1/ enable soft control read data for host

output  rdsesbrds_; .

output  seqrden; // enable soft control read data for sequencer

" :

I/ internal signals

wire rdbrdctl _, rdseactl_, spiobsy,
reg hostrden, seqrdan, rdseebrds_:

F/
L4

{/ stretch saquencer

always @(negedge clk40b0 or posedge por) .
¥ (por)

rdseebrds_c- #FFDLY 1D1;
else
rdsacbrds_ <= #FFDLY csren_
| (~seectlen | rdseecll_) & (-brdctlen] rdbrdctl_),

It
 hold softctl data for reads

il phost
always @(posedge clk40bo or negedge sp:obsy_)
¥ (~splobsy_)
hostrden <= #FFDLY 1b0;
else
hostrden <= #FFDLY 1Db1;

/1 SEQ
alweys @(negedge clk40b0 or negedge spiobsy)
it (~spiobsy)
seqrden <= #FFDLY 1b1;
else
" seqrden <= #FFDLY 1D0;

endmodule



130 Conbi nted sparb.v and spornmux.v to alleviate tine budgeting
probl ens durjng logic synthesis. ° Function: Serial port arbiter.
Prioritizes requests for SPI O usage and generates readspi o and sendbyte.
Hi story: OO OO 00 JYL First rev. 188dul e sparbonux (ackdet, brdbsy,

brdread, brdreq, brdsend, cddat, chprstbsy, chprstreq, cl k40b1l,
el read, |edstate, |edreq, noack, romadr, ronbsy, ronr ead, rornreq,
ronmsend, romm, rstsplos ,. sbwchsy, sbhwcread, seebsy. : seer ead,

seereq, seesend, fselromal, selromaQ, softbsy, sofiread, softreq,

soft send, spl obs;gum@,pl owdat stpe. stpl. stpweq, brdack chprstack

| edack, readsplo romack, seeaok shftout, sendbyte, softack spl oackdet,
spnakabrt, st pvva(sm)q-to-pptatempmnewwwmmer Autgmatically gamdkatket ,  br dbsy,
brdread, brdreq s&s&%e%ﬁmm@n m'"%%r%%%dc'(él‘ws ei read,
| edstate, |edreqg® nf’omead ronreq, romsend, romm,
rstsplos_. sbwcbsy, sbwcread, seebsy seeread, seereq seesend, selromaQ

w

module spshit ( ackwin, berren, bytesent, chprstbsy, clk40b7, cnt9, clrparerr_,
ledtst, ledtstsig, mparcken, rstis_, readspio, sendbyte, setsival,
shftout, spioi, sivalid, strtwin, ackdet, parermrdet, shitin, spioo,
sploparerr, stitdet );

para.meter FFDLY = 1;

Input ackwin, berren, bytesent, clk40b7, cnt9, clparerr_, mparcken rstis_,
chprstbsy, ledtst, ledtstsig, readsplo, sendbyte, sivalid, splol,
' setsival, strtwin;
input  {7:0] shitout;

output  ackdet; I ACK detegted .

. output  paremdat;  parity etvor datected -
output  [7:0] shitin; . I/ shifted in data
, output  sploo; {1 SPIO serial output
output  sploparerr; 11 SPIO parity error
output  stridet; {/ start bit detected
'I'l
1/ declare registers

reg sploparerr, parerrdet;
reg - [7:0] shftin;

Ir

_ Ill'intemal signals o
reg {7:0] shit; {f shifter register
wire pardi; If parity data in
wire paro; {I parity out
: reg parod; I parity out delayed
< wire rstparem_; /! reset parity error
" reg berrens1, bemrens2;
reg sp_shfto; 1l serialized output
I
// patrity generator / checkar

assign pardi = (readspio | sivalid) ? shit[7] : sp_shito;
assign paro = strtdet | sendbyte | (~pardi » parod);

always @(posedge cik40b7 or negedge rstis_) begin

it (~retis_) begin
betrens1 <= #FFDLY 1Bb0;
betrens2 <= #FFDLY 1D0;
parod <= #FFDLY 1'00;
paremrdet <= #FFDLY 1b0;

end ’

else begin
bermens1 <= #FFDLY bemn
bemrens2 <= #FFDLY berrens1;
parod <= #FFDLY paro;

-



selromal, softbsy, softread, softreq. softsend, splobsy ., stpe, stpl,
st pw eq; . i nput [7.0] cddat, splowdat; input -[15:0] ronadr; output

br dack /'l issue BRDCTL command out put chprstack; /'l 1ssue
SPI ORST command out put | edack; ’ 139 I ssue LED command out put

r eadspl o; /1l read fromsplo port output romack; [l 1ssue
ROM read/wite command out put seeack; /1 issue SEECTL conmand
out put sendbyte; /1l shift a byte out out put [7.0] shftout; /1
data to shift out jeutypert = sdftapiemnmnnpiepesyeSOET conmmand out put
spl oackdet ; /1 SPI OACK detected, disable exceed tiner output

spnakabrt ; /| K signal to abort | ogi ¢ output st pwack; /1
i ssue STPW comman reg

spl oackdet; // I%ﬁ?ﬁﬁ%ﬁ%ﬁ&s@ﬁ%ﬂ fifdig out RJ? Kmﬁ? /1 hardware
conmmand data reg andchedks Parly whenloadig; /1 spl o command code reg [ 7: 0]
ext cnd, /'l extended command data wre soft; o //soft command
wre sendcnd; /1l send splo conmand wre req; /1
one or nore request lines active «
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. '

moduls spshit ( ackwin, berren, bytesent, chprsibsy, clk40b7, cnt9, cliparerr_,
ledist, ledtstsig, mparcken, rstis_, readspio, sendbyte, setsival,
shitout, spilol, sivalid, strtwin, ackdet, pamrrdet shftin, sploo
sploparerr, stndet)

parametor FFDLY = 1;

Input ackwin, barren, bytasent, clik40b7, cnt9, clrparamr_, mparckan, rstis_,
chprstbsy, ledtst, ledtstsig, readspio, sandbyte, sivalld, spiol,
setsival, stitwin;

input {7:0] shitout;

output  ackdet; # ACK dategted

. output  paremdet; {l parity etror detected
output  [7:0] shitin; / shitted in data
output  sploo; /1 SPIO serial output
output  sploparerr; J SPIO patrity error
output  strtdet; {1 start bit detected
b/s
{1 declare registers

reg sploparerr, parerrdet;
reg [7:0] shitin;

-

1l intemal signals
reg (7:0] shit; /1 shifter register
wire pardi; # parity data in
wire paro; {I parity out
reg parod; 11 parity out delayed
= wire rstpararr_; - #f reset patity efror
" reg berrens1, bemrens2;
reg sp_shtto; 11 serialized output
I
# parity generator / checker

assign pardi = (readsplo | sivalid) ? shit[7] : sp_shtto;
assign paro = strtdet | sendbytae | (~pardi A parod);

always @(posedge clk40b7 or negedge rstis_) begin
it {(~retis_) begin
berrens1 <= #FFDLY 1'b0;
bamrens2 <= #FFDLY 1'h0;
parod <= #FFDLY 1'00;
paremrdet <= #FFDLY 100;
end
else begin
. berrens1 <= #FFDLY bemn
bemrens2 <= #FFDLY barrens1;
parod <= #FFDLY paro;



Wre portbusy; .y SPIO port |Is busy // pending command wire -
ronpend, , brdpend, * seepend, stpwend, -softpend, | edpend; /1 NOACK to abort
PCl cycle, ACKDET to disable execeed tinmer assign sprakabrt = noack & (
ronmhsy seebsy brdbsy ); ahvays @ postf8e cl k40bl or negedge rstsplos )
if (-rstsplos.) spl oackdet <= #FFDLY 1' bO; el se

spl oackdet <= #FFDLY ackdet & ( rombsy seebsy brdbsy); assi gn portbusy
= chprstby sbwcbsy ronbsy seebsy  brdbsy softbsy; assign req =

ledreq stpweq IoOMGHaChRiFBLY Snas SRR ed  brdreq  softreq; asslgn
sendcnd =~porthusy &udreq; assign readsplo = sbwresd elread ronread

softread seeresdend brdread; assign sendbyte = ronsend seesend br dsend
softsend sendcnd; /1 rioritizer gsssign ronmpend =
({chprstreq,rQnredf*gfmﬁﬁﬁjfm&?@?@%”ﬁ?&ﬁ%ﬁﬂ%é -

({chprstreq, ront eQuwaysdsPabdgs AidobDdrnogeageritpilers pepend =

({chprstreq, ronreq,it-epegrseer eq}==4' bQ00l ); assign stpwend -= [{chprstreq,
ronreq,brdreq,seerQ%?stﬁﬁﬁﬁﬁﬁﬂﬁgl®éﬁﬂﬂl); assign softpend =

({chprstreq, ronreq, Drdr i Lﬂff }==<6" bQ00001); assign

| edpend = ({chprstreq,r%ﬁ?%%ﬁ%?@?@h, ggggﬂ?ééﬁﬁgeq,softreq,Iedreq)'

==7b' 0000001) ;"' #sSt+gr—ehprstack—=—7pot-Busy-—-&-ehprstreq; asssign romack =
~ portbusy & ronpdsiifierassi gn brdack = ~ portbusy & brdpend; assign seeasck

= ~portbusy & see iG-St & 50 VRGK lodisr OhiMSY & St pwpend; assign
softack = ~ portbus §950f¢pen§;g' H $%E
always @(posedge clk40b7 or negedge rstis_)
if {~rstis_) begin
sp_shito <= #FFDLY 1D1;
shitf7] <= #FFDLY 1D1;
end
else bagin- -
{t (sandbyte) begin
sp_shfto <= #FFDLY 1'b0;
shit{7] <= #FFDLY shitout[7];
_end
‘oise begin
. sp_shfto <= #FFDLY ~chprstbsy
‘& (cnt9 ? ~paro A berrens2 : shit[0] | bytesent);
shii[7] <= #FFDLY splol;
. oend
end

always @({posedge clk40b7 or negedge rstis_)
- H(~rstis)

shft[6:0] <= #FFDLY 701111111,
else : . ]
shit{6:0] <= #FFDLY sendbyte 7 shitout[6:0] : shit{7:1};

/!
ff ACK and start bit detactor

always @(posedge clk40b7 or negedge rstis_)
f(~rstis)
shitin <= #FFDLY 8'h00;

else _
shitin <= #FFDLY setsival ? shit : shitin; *

assign ackdet = ackwin & ~shft[7] & ~ehit[6];
ass!gn strtdet = striwin & ~shit[7] & shit{6];

i

endmodule // spshit



assign | edack = ~portbusy & | edpend; /1 out put data.nux assign soft =
sof tack softbsy, assign shftout = soft ? splowdat: hwcdat; assign hwedat =

portbusy ? extcnd : cndcode; /'l generate splo command code always@ (

| edpend or stpwpend or ronpend or seepende@r brdpend _ or romwm or
spl obsy or ledstate or stpe or stpl) casex ({ |edpend,

st pwpend, r onpend, seepend, br dpend, romm , spl obsy_})

/'l synopsys parallel case 7' blxxxxxx: cndcode = {1'

bO. | edstate, 5 bC0001. 1' bG} ; 7' bxl xxxxx: cndcode = {stpe, stp

1, 5' b00010, 1'bC ;™™ TV oxx XX0X: - chdcode = (2 pAd, 5 b0011,1' bl);
7" boxx| xx1x: cnﬂc%.g&goi:{z bQ0, 5' bC0100, 1' bG; 7' bxxx1xxQ -
cndcode = {2' b0O b 6310,1' bl}; 7' bxxx1xx1l: cndcode = {2' b00
5'b0011, 1'bG; ReadAwrite timing control. Ajust sequncer timing and hold data for sploctl - 132

7' bxxxx1x0: cndoodeds {2' b0O, 5' b00111,1' bl); 7' bxxxxx1xl : cndcode =
{2' bOO, 5' b0011, 1*5)58})’ ' .

00/00/00 JYL First rov. w

module spstretch ( brdctlan, brdctirdy, hostrden, pac2splo, por, rdseebrds_,
seectlan, seectirdy, seqrden, wrbrdctl_, wrseectl_, ensoftcdat,
saeehrdrdy, stretchseq);

parameter FFOLY = {;

input brdctlen, brdctlrdy, hostrden, pac2spio, por, rdsesbrds_,
. seectlen, seectirdy, seqrden, wibrdctl_, wrseectl_;

output  ensoftcdat; / eneble soft control read data
outpit  seebrdedy,;
output  stretchseq; - { strech sequencer cycle

-
reg stratchseq;
wire act_seq_stretch, rst_stretch_;

/s .
/1 stretch sequencer

assign ac(z_seq_stretch =

rdseebrds_
& (~seactlon | wrseecti_)
& (~brdctien | wrbrdetl.)

)
& ~pac2spio;

always @(posedge act_seq_stretch or negedge rst_stretch_)
it (~rst_stretch_)
stretchseq <= #FFDLY 110;
olse
stretchseq <= #FFDLY 1'bT;

assign seebrdrdy = brdctirdy | seectirdy;
assign rst_stretch_ = ~{por [ seebrdrdy}; :

I
11 hold softctt data for reads

assign ensoftcdat = pac2spio ? hostrden : seqrden;
endmodule // spstretch



defaul t: cndcode. = 8' hxx: endcase sel ect 'extend command data always @

selromal or selromaO or romw or. romadror cddat) Lasex

({sel romal, sehromaG ) synopsys parall el _case : 2'bl0: extcnd
romadr [ 15: 8] ; 2" bA: extcnilez romadr[7:0]; 2' bOO,

2' b11: extcnd = cddat; defaul t: extcnd = 8' hxx; endcase

endnodul e : 133
Clock tree - '

“timescale 1ns/ins



nodul e spcl kgen (cl k40O, | di dr dy, rondecs2_, rstbrdctl ., rstis_ rstseectl _,
sof t bsy, softcnden. ssplocps, cl k40bO, cl k40bl, clk4Ob2, cl k40b3.

cl k4Cb4, cl k40b5, cl k40b6, cl k4d7); |nput cl k4G, [l 40 MHz
Into SPI O bl ock | nput | di drdy;. 13 finished | oading replacenent ID
| nput rondecs2_ [l rom eeprom comuand active | nput rstbrdctl _;

/1l reset brdctl |ogic input rstis_. /'l external reset |nput
rtseectl /'l reset seectl logic Input sof t bsy. _ /'l soft
command I n progress, enable fifo-lnput sof t cnden; /1l soft command
enabl ed | nput sspl ocps; / slave SPI O controller present output

cl k4obO, it a0 roRiACoB ! hpaSPER CIRABGRAMIPU! _ Cl k4001,

I'l gated by SSPI OCPS: @iHciEt lus IREDAMY XNGERVEERMINAL put ¢l k4Ch2;

/lgated by rstbrdctl & rstseectl: brdctl, seectl ‘output clkd4n3;

/1l gated by idldrdy: I|ddatestat output cl k40Ob4; /'l gated by
romact: roncttl output clk40b5; | /] gated by softonden: softontrl
out put ¢l k40h6; /'l gated by softbsy. spfifo output clk4Cb7;
/1l gated by ididrdy & ssplocps: spcntri suppl yl =vdd; bufO101 drv_ini O

(.Qrstisl ), A(rstis_); buf0101 drv_inl1 (.Qrstis2_), A(rstisl);

buf 0101 drv_ini2 (.Qrstis3 ). A(rstis2_ ); buf0102 drv_init (.Q
(init_clks), A(rstis3)); /1 cl k4O but0102 drv_ bO ( . cl k4O,

A(cl k40)); /] clk40bl InvOlL drv_el (.NQ sspiocps_), A(sspiocps)); bts9
drv_bl (.Qclk4Obl), A(clk40O, .Ne(ssplocps _); bushold drv_hl '
(..DUMW(dummyl). .Z(cl k4Obl)); ' '

‘Stillman F. Gates
Christopher Burns

M-2934-US
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bts1 dry I'1 (.Qclk40bl), A(vdd), .NE(Init_clks)); = // clkd4Ch2 norQ2
drv_e2 (.NQ(enseebrd_), A(rstbrdetl_) .B(rstseectl_); btsg ‘drv_b2 :
(. Qclkdw2), A(cl k4O, .NE(enseebrd_)); bushold drv_h2 ( .DUMWY(dumy?2),

. Z(cl k40b2) ); btsil drv 12 ( .Qcl k4®®2), A(vdd). .NE(init_ clks)); I

cl k40b3 bts9 drv_b3 ( % k40hS).. A(c! k40) .NE(1 di drdy)); bushold drv_h3
(. DUMWY( dunmy3) Z(cI kan3y)?
134 /1 clk4Ob4 bts3 sydewsbd, ( . Qck4Obd), A(clk40),

. NE(rondecs2_) ); bushol d-drvh4 (seBtNeW(dummy4d), Z(clk40b4));: btsl
drv_4 (. Q(cTka0ba), A(vdd), .NE(§N clks)): = // cl kachs

pshreg(4],
pshreg[3],
pshreg(2],
spioreset . )

sp_brdctl brdectl 1 (
// Outputs:

brddat?7,
brddaté,
brddat5s,
brdstb,
brdcs,
brdrw,

// Inputs:

sync_rst _,
brdctlen ,

clkin,

pshreg(81],
pshreg(7],
pshreg(6],
pshreg{5], -
pshreg[4],
pshreg(3],
spioreset Y

bobsense bobsense_1 ( clkin,
sync_rst_,
spioreset,

scsi_rst_in ,
termsense_b_in,
termsense _a_in,
Xx_connsense_in,
connsense_in,

seems,
brdcs,
- brdrw,

sensé_pfddat' )i

iddat iddat_1 (
// Inputs:
clkin,
sync_rst_,

reset_,-

idpal_in,
iddat_in,



ndcOr dff_e2 (

.NE(init_clks));

. DUMWY( dunmy6) ,
_NE(init_clks));
. B(sspl ocps_));

. ck40b5) |

.Z(cl kA6 itht s1

.pload_shift

.ackdata
.ackload_
.ackshift

.spioce

.addrdben_
.addrhen_
.addrlen_
.addrinc
.dataen_

.spioresét

.set_parerr
.set_unsup

. D(sof t ondens1).
A(cl k40 .

bi $d5

drv_e6 (

ndcOr dff _el (.Qsoftcndens 1), .D(softcnden), .C(clk40bO . .NR(rstis ) );

. NQ(sof tcndens2 ),
drv_b5 (
" drv_h5 (. DUMW(dumy5), ‘Z(cl k45));
I'l cl kdEhbra knvaA
drv b6 ( .Qclkams), A(cl k40,

. C(cl k4O,
. NE(sof t cndens2_));
drv_is5 (.

. NE(softbsy ));

(pload_shift),

(ackdata),
(ackload_ ),

" (ackshift_),

(spiooe),

(addrdben_},
(addrhen_),
(addrlen_),
(addrinc),

" (dataen_),

(spioreset),

(set_parerr),
(set_unsup),

7:0,

/1 cl kaeR¥iahe2 drv_e7 ( Qenshft_),
bt s9 drv b7 ( .Qclk40b7), A(clk40).
bushol d drv-h7 ( .DUMW/(dume¥ds) inZ(cl k40b7)); endnodul e
Functi on:
// Outputs:
id_done,
iddatbyte,
estatbyte )i
sequencer sequencer_l (
// Inputs:
.clkin . (clkin),
.sync_rst_ (sync_rst_),
.pshreg (pshreq),
.id_done (id_done),
.ledtest (ledtest),
. Seems {seems),
.brdrw (brdrw),
// Oﬁtputs:
.romcs__ (romcs_),
.romoe_ (romoe_),
JIrw (mrw),
.romcsoe (fomcsoe),
.romoeoe (romoeoe),
.mrwoe (mrwoe) ,
.maoe (maoe),
.mdoe (mdoe), - //
.seécsoe (seecsoe),
.ledoe (ledoe),
.stpwctloe (stpwctloe),
.readmuxsel (readmuxsel), . // 2:

.NR(rstis_
bushol d

Q cl k4bb) . _
.NQ(softbsy_ ), A(softbsy));
bushol d drv_h6 (
drv_I6 (.Q chk4(b6),
A(idl drdy),
. NE(enshit_))



General pur pbse counter to support the SPIO shifter. Wen cntron is
I nactive, the count is synchronously reset. Wen contron is active, the

counter increnments every clock. nodul e spcnt® (cl k40b7, cntron,
rstspios_, cntQ cnt8, cnt9, cnta); pargggter FFDLY = 1; /'l clock-to-q
del-ay | nput cl k4Qb7; - /1 1nput clock Input cntron

[/ counter on | nput rstspios_; /| power on reset output cntQ

/'l count value == 4'hO out Yt m6E¥yS; - (set mbusy), // count value == 4'h8

out put c¢nt9; * //count value ==4'R9 output cnta;, . /1
count value 4'hA // |nterhgdresegnal s fkagregen_J 3. 0] cnt; /1
counter value -~ // decoded'§e gli-gnr val u s ge e%i n cntO = (cnt==4'h0) assign
cnt8 = (cnt==4'h8); assign. g 1en 1 Cnt :mzﬁdﬁ e;n—%ssi gn cnta = (cnt == 4' ha),
always @ (posedge cl k40b7 .statnegfdge rsieoptéden)), begin if
(-rstsplos.) cnt <bdfFE@RIDY 4' h@dprregehse ); cnt <= #FFDLY

cntron ? cnt + 4'hl 4'hQ ‘end /] counter

" endmodule - _— -



endnodul e

Function: SPIO controller. This nodule perforns two operations:
1) serialize a byte and shift out and 2) receive serial data from

the SPIO port. (1) is perforned when "d&dbyte" becones active. (2) is

performed when "readspl 0" becones active. nodul e spcntrl (benren
chprstbsy. clk4b7. clrparerr_,

136

enelto, |edtst, | edt stsig,
npar cken, sendbyte, readspio. spiol, spioparerr, rstis_.
rstspios_. shftout, ackdet, elto, bytesent. noack, sivalid, sploo,
spiodrv_, parerrdet, shftin);

! i nput cl k47, berren, cirparerr_ enei t o,
mpar cken, sendBAREESELE eads Bty 10Ps

| edt st, |edtstsig, chprstbsy.
splol, rstis_. rstspios_ input . [7:0] shftout; output ackdet :
byt esent, eltos sraackoresvvail d, spi oo, spiodrv_, spioparerr,
par errdet ; /"

// This holds all the internal logic for SPIOC. Everything except the IO cells
// is here '

module spioc_core ( clkin,
reset_,

spio,
spiooe,
spio_in ’

led .,
ledoe,

stpwctl,
stpwctloe,

ma'
maoe,
ma_in,

md,
ndoe,
md__in ’

romcs_,
romcsoe,
romcs_in_,

romoe_, ‘ _ .
romoeoe, .

mrw,
nrwoe,
mrvw_in,

seecs,
seecsoe,
" seecs_in,

idpa 1l _in,
iddat_in,
esbrd_in,

scsi_rst_in_,
termsense_b_in,

+ - - termsense_a_in,
x_connsense_in,
connsensée_in Vi

input clkin;

input reset ;-

output spio;

output spiocoe;

input spio_in;

JuLput . led

°
_



output - [7:0] shiftin; _// internal si-gnal's wre

cntron;
/1l counter on wre cntOQ c¢cnt8, cnt9, cnta; /'l counter. val ues
/'l counter spcnt spcnt (.clk4dQo7(cl k4Qb7), .cntron(cntron),
.rstspios_(rstspios_ ) .cntQ(¢gg0, cnt8(cnt8). .cnt9(cnt9)
.cnta(cnta ); spshift spshft ( ackw n(ackwi n), berren(berren),
byt esent (bytesent). . ' . chprstbsy(chprstbsy) .cl k40b7(cl k40b7),
.cnt9(cnt9). ' :

.1 edt st (1 edt sPYP ¥ edt st si g8

rstis_(rstis_guepiget sival (sepeéesgl ),
sendbyt e( sendbytipag . . shf t oudtpséfibeut ) .
sivalid(sivalid),.strtwin(strtwi n), ackdet(ackdet).

.cl rﬁarerr_(ci rparerr_),

par er r det ( par @¢P8Et )17 Qhf®¥ n(shftin), spioo(spi 00).

“spi opar er r (SPYHAr a6 )1e; it Rhdet (strdet)): spetl spetl (

.chprstbsy(chprstbsy), .clkZ&Ob7(cl k4db7), |edtst(ledtst),
.rstis_(rstisSoytputr si7s@i osmd;r st spi os_), .seteito(seteito),
. set noack( set petawk) ,[7:8kt sdpgF (set si val ) . spl oen(spl oen),
ceito(eito), ipR¥ck(Hodkk)™£Pialid(sivalid), .splodrv_(splodrv );
“spctism (. acggggu(,_ackdet) » romfes KAQO7( ¢l k40b7), .cntQ(cnt O,
okfh@(CNt 9), ra&dbde;(Ccnta). .eito(eito). .eneito(enelto),

. noack( noack) inpwt spl os_(rsémepiios;), .readspl o(readsplo).
strtdet(strtdet).

. byt esent (byt @8&HY) | | set eF?%Qsiet eito), .setnoack (setnoack)

.cnt8(cnt8),

.setslval (set SPHY | . cnt r 8UTCERTT on) |

endnodul e

sendbyt e(sendbyte). ackw n(ackw n),

output mrw;

output mrwoe;

input mxw_in;

output seecs;

output seecsoe;

input seecs_in;

input idpal_in;

input [7:01 iddat_in;
_input esbrd_in;

input scsi_rst_in ;
input termsense_b_in;
input termsense_a_in;
input x_connsense_in;
input connsense_in;

LOLLLLIIIEIEHILELLIEI 2008 00L0000000000000010101000000087
// INTERNAL WIRES

wire

wire
wire

wire

wire

(7:0] iddatbyte,
estatbyte,
readmuxout,
rom _md;

{11:0] pshreg ;

(2:0] readmuxsel ;

seecsbit, seems, stpwctloe,

brddat’7, brddaté, brddat5, brdrd?, brdrdé6, brdrd5,
brdrw; .

[6:5] sense_brddat;

reg spio ;

seedibit,

8%t stsig), . par cken( mpar cken) ,
. readspl o(readspl 0),
.spiol(spiol),

spctism

.strtwin(strtwi n), .sploen(sploen)



137 Function: Registers output signals from state machine.

nodul e spctl, (chprtbsy, clk40b7, ledist, rstis._ rstspios_., seteito,

set noack, setsival, spioen. eito, noack, sivalid, splodrv_ );
paranmeter FFDLY = 1; i nput chpr st bsy | k40b7, ledtst, rstis_,

rstspios, seteito, setnoack seﬂ?ival, spl oon; output elto;
/| ESTAT/ | DDAT ti me-out output noack ;- _ /1 NOACK out put sivakid;
/1l shift-in data valid output spiodrv_; /1 SPI O out put enable //
Internal signals reg spiodrv_. sivalid, eito. noack; [l output FFs
al wvays @ posedge cl k47 or negedge rstsplos ) If (~rstspios_) begin
noack <=//HEEAWNIAMY@I11711111111111 11800 1 K421 BHFFAN N /14115 O, "sivalid

/<
<= #FFDLVH]-GJaQate 'sﬁ@_dst_"... it can assert at any time, but
// will always deassert right AFTER a clock

reg reset_ff 1,
reset_ff_2;

always @ (posedge clkin)

beqgin
reset_ff 1 <= §1 reset_;
reset_ff 2 . <= #1  (reset_ff 1 & reset_ );
end
wire sync_rst_ = reset_ff 2 & reset_;

auauuuaipaniinue

assign seecs = seecsbit.& seems ;

assign brdrd? = seems
assign brdrdé = brdrw
assign brdrdS = brdrw

md_in{7] : brddat7 ;
sense_brddat (4] : brddaté ;
sense_brddat (5] .: brddat5 ;

w W W

> assign seedibit = md_in{0) ¢ seems;

// input select logic for shift register .

readmux readmux_1 ( -out (readmuxout),
.in0 (md_in[7:0]), _
.inl ({ 2’b01, seems, 1‘’bl, 'seecsbit, seeck, seedo, seedibit }),
.in2 ({ brdrd7?, brdrd6, brdrdS, brdstb, brdcs, brdrw, 27b00}),
.in3 ({ errledenab, 4‘b0, spioparerr, unsupported, m.embusy n,
.in¢  (iddatbyte), ' .
.in5 {estatbyte),

.iné ({ 7'b0, badpar 1),

.sel (readmuxsel)
shregl2 shregl2 1 ( .pshregout (pshreqg) .
.reset_ - (sync_rst_).,
.clkin . (clkin),
.spio_in (spio_in),
.spiooe . (spiooe),
.pload_shift (pload shift),
.badpar " (badpar),

-pdatain (readmaxout) ¥i



el se begin noack <= #FFDLY set noack; eito <= #FFDLY

setel to;, , slvalid <= #FFDLY setsival; end always @ posedge

cl k47 or negedge rstis_) if (~rstis)) splodrv_ <= #FFDLY

1' bl; el se spl odrv_ <= #FFD79 ~(spi oen | edt st chpirstbsy);
endnodul e [/ spctl _ o

138 ~ Furfdt PAE ™3ekq £P9 oPtAighia ABETOSIANE YRRERIIED "Phi Yifbidll P Rets
track of the S yte" and "readspi 0" conmmands. it uses an external :
counter for dreonMx4 gtech mi®ul € spctigm (agkdst, cl k4@7. cntO, cnt8, cnt9
cnta, eito, eneito, noack rsteépl os (pskregdi@lpi-o, strtdet, sendbyte,
ackwi n, bytesent. set noack, s® sivdpckdagalito, cntron, strtwn,

Spl oen) : : .a3 (spio), :

.sel0 {ackload ),
.sell  (ackshift ),
.out (ackin) )i

always @ ( posedge_clkin or negedge sync_ﬁst_ )

*x

begin
if (!sync_rst_) spio <= #8 1'bO ;
else spio <= #8 ackin ;
end
rom_addr rom addr_1 ( .out ' (ma),
: .reset_ : (sync_rst_)},
.addrdben_ (addrdben_),
.addrhen " (addrhen ),
.addrlen_ (addrlen ),
.addrinc . (addrinc),
.clkin (clkin),
.in (pshreg[9:2]),
.seems (seems),
.brdrw (brdrw) ) &
regen8 rom data 1 (. .out {rom _md),
.reset_ (sync_rst_),
.enable_ (dataen ),
.clkin (clkin), _
.in (pshreg(9:21) © ) ;

// Choose EEPROM WRITE DATA or SPECIAL JUNK SIGNALS
// to be sent out to "pad_md",

// still subject to .the whims of md en [7:0], of course

assign md{7] = seems ? brddat? : rom md(7];
assign md[6] = seems ? brddaté6 : rom _md(6];
assign md{5] = seems ? brddat$ : rom md[S];
assign mnmd[4] = seems ? ~brdstb © : rom_md[4]);
assign md{3] = seems ? ~brdcs : rom md{3];
assign md[2] = seems ? seeck : rom_md{2];
assign md(1] = seens ? seedo - ¢ rom md{l];
assign md[O0] = rom nd (0] ;
stp stp_1 (-
. // Output:
.stpwctl - (stpwctl),
// Inputs:

.reset _ - (sync_rst_),



parameter FFDLY = 1; paraneter [2:0] /'l synopsys enum state_i-nfo

| DLE = 3b0O0, [l idle SEND = 3' bQ01, //send a byte

STOP= 3'b010, //stop bit WACK = 3'bA I, //wait for ACK

EACK = 3'bl 00, // wait for ACK term nak7bn STRT = 3' b101, I
wait for start bit RDAT = 3'b 110, reading a byte of data

CHKR = 3'bl 11;. // check whet her RB’CFE%&;L agal [,“f)put ackdet, cl k47,
cntO c¢cnt8, cnt9, cnta, eito, eneh ﬁyréH) ck, (pshr t8:7)y,Stspios_, readspi o,
sendbyte, strtdet; output ackw, Bpioreset E%seru'ﬁt ectipn w ndow out put

byt esent ; /1 finished shifting a byte out put cntron; /1
turn count er on output setelto; /1l set iddat/estat tine-out output
" setsival; spiostafnedespiostatrehill § output set noack /| generate
NQACK si gnal out put  spl oeny oueputs: /'l enabl e serial portoutput output
strtw n; /[ /window for start-bit detection // internal signals
/'l synopsys state_vector state reegledenad,2: O] /] synopsys enum
state_info state; // SPXREr¢EGtor reg [ 2: 0] /'l synopsys
enum state_info next ; ““mzppﬁé‘iﬁd'state reg spl oen;
/1 enable SPI O output reg eﬂr g@i&'k, [/ set NOACK condition reg
set eho; /] set ESTAT/|DDAT tirne-out reg setsival; /1
regi stered outputs reg //ampwtan, strtwin, cntron, bytesent; /1
conbi national |ogic :
_ clkin,

sync_rst_,

set_parerr,

set_unsup,

set_mbusy,

spioreset,

statregen_,

pshreg(8},

‘pshregf{3:1] )i

badparreg badparreg 1 ( clkin,
sync_rst_,
spioreset,
bdprregen_,
pshreg(l],

.badpar );

ledreg ledreg 1 (
// Inputs:

clkin,
sync_rst_,
spioreset,
ledregen_,

- pshreg{8:7],
errled , '
spio_in,

// Outputs:

led ,
ledtest );

sp_seectl seectl_1 (
// Outputs:
seems,
seecsbit,

seeck,
seedc,



al wvays @ ackdet or state or s'endbyte or readsplo or cnta or cntO

or noack or .elto or -enelto or strtdet or cnt8 or cnt9) begin

139 ackwin = 1'bQ strwin =1 bO cntm= 1'bQ sploen = 1" bQ
bytesent = 1'bQ setnoack = 1'bQ seteito = 1' b0 setsival = 1'bQ case
(state) | DLE: begin I f (noack eito) begin

next = | DLE; end di72e begn case ([sendbyte,
readspi 0)) /'l synopsys paradel case 2' b1O next
SEND; e ' pb01:_ next = WACK; 2' bOO,

2'bl1l: next témﬁsf)ﬁf; %"S/%ps default: next = 3" bxxx;

endcase

module readmux ( out , in0 , inl , in2 , in3 , in4 , in5 , in6 , sel ) ;

output [7:0] out ;

input [7:0]) in0
input [2:0] sel
wire (2:0) sel ;

wire [7:0] out ,

, inl , in2

.
14

in0 , inl , in2 , in3 , in4 , in5 , inputo ,
input2 , input3 , input4 , input5 , inputé , input? ;

assign input7 = { 1'bl , in6{7]
inQ(7]) 1} ;
assign input6 = { 1’bl , iné6[6]
in0([6] } ;
" assign input5 = { 1’bl , in6{5]
. in0[5] } ;
assign input4 = { 1’bl , in6{4]
in0(4] 1} ;
assign input3 = { 1°bl , in6[3]
in0([3] 1} ;
assign input2 = { 1;b1 , in6{2]
in0{2] } ;
assign inputl = { 1°’bl , in6(1]
inOf{1] 1} ; '
assign input0 = { 1‘bl , in6(0}
in0[0] } .;
assign out (7} = input7{sel] ;
assign out [6] = input6(sel] ;
assign out (5] = inputS[sel]_;
assign out (4] = input4[sel] ;
assign out [3) = input3(sel] ;
assign out(2) = input2{sel] ;
assign out[1l)]) = inputl[sél] H
assign out (0] = inputO{sel] ;

endmodule

, in3 ,

P in5[7]
+ in5[6]
, in5(5]
, in5[4]
, in5(3]
., in5[2]
., in5(1]

, inS[0]

ind4 , inS5 ,

r

ind (7]

in4 (6]

in4[5]-

in4;4l
in4 (3]}
in4 (2]
in4[1}

in4 (0]

L4

iné ;

in3(7]
in3[6]
in3[5]
in3([4]
153[3;
in3(2]
in3[1]

in3(0)

’

inputl

in2({7] ,

in2[6] ,

in2(5) ,

in2(4] ,

in2{3) ,

in2(21 ,

in2[1] .,

\

in2(0] ,

r

151(7] .
inl(e6] ,
ini[5] ;
inl(4] ,
inl(31 ,
inl(2] ,
inl(1] .,

inl(0) .,



“cntron = sendbyte readsplof spl oen sendbyt e; end

-end - SEND: - begi n next = cnta ? STOP: SEND; spl oen =
1'bl; cntron = ~cnta, bytesent = cnta; end
STOP: begin case (sendbyte, readsplol) /'l synopsys
paral | el _case 2' b10: next = SEND; o 2' bOL: next
= WACK; input 2b@eecsoe; . 2bl1: next = |DLE;
def aut next = 'pxxx; . Qgpase cntron = sendbyte;
spl oen = sen(ﬁ g,&, é’ﬁ aid%;n;' "WACK: begin ackwin = 1' bl;
I f (ackdet) begin _ ~ next = EACK; end else if
(eneito & cntigput - efixio 0 fadniddptbegi n [1time-out
next = | DLE; output [7:0]  iddafefippack = - enoeito; seteito =
enei to; input pad_esbrd; '

output esbrd_in;

input pad_scsi_rst_;

output scsi_rst_in ; .

input pad_termsense b; '

output termsense b _in;

input pad_termsense_a;

output termsense_a_in;

input pad_x_connsense;

output X_connsense_in;

input : pad_connsense;

output connsense_in;

buf ( clkin , pad _clkin ) ;

buf ( reset_ , pad_pci_reset_ ) ;

@

buf ( pad brd reset_ , reset_ ) ;

buf ( spio_in , pad spio ) ; )
bufifl ( pad_spio , spio , spiooce ) ;

bufifl ( pad_led_ , led_, ledoe ) ;

bufifl ( pad_stpwectl , stpwctl , stpwctloe .) ;
buf ( ma_in([17), pad_hi ma[17] );

buf ( ma_in[16], pad hi ma[l6] );

bufifl ( pad_hi_ma[17] , ma[17] , mace ) ;
bufifl ( pad hi ma(l6] , ma{l16} , mace ) ;

bufifl ( pad ma[l5] , ma[15] , maoce ) ; :

bufifl ( pad ma[l4] , ma[l4] , maoce ) ;

bufifl ( pad ma[l3] , ma([l3]}°, mace ) ;

bufifl ( pad_maf{l2} , ma{l2] , mace ) ;

bufifl ( pad ma[ll] , ma(ll] , maoce ) ;

bufifl ( pad_ma{l0] , ma{l0] , maoe ) ;

bufifl ( pad ma[9] , ma(9] , maoce’) ;

bufifi ( pad ma(8] , ma(8] , mace ) ;

bufifl ( pad ma{7) , ma(7] , maoce ) ; :
bufifl ( pad_ma(6] , ma[6] , maoe ) ; ’
bufifl ( pad ma(5] , ma[5] , mace ) ;

bufifl ( pad ma(4] , ma(4] , mace ) ;

bufifl ( pad ma{3] , ma{3] , maoe ) ;

bufifl ( pad_ma(2] , ma{2}] , mace ) ;

bufifl ( pad ma[l] , ma([l] , maoe ) ;

bufifl ( pad ma[0) , ma(0] , mace ) ;

~

-
’

buf ( md_in(7) , pad_md(7)



140 : end ' el se begin next = WACK;

cntron = 1' Rhl;

end end _ EACK: begin ackwin =1

bl ; if (readspl o) begi n next = ackdet ? EACK:
- STRT; - end el se begln 174 next = ackdet ?

EACK: | DLE;

end

nt6] , pad_md[6]
strtdet ? RD%Q $§’;M5] . pad md Zfﬁvﬁ n.

STRT: begin next =
| ' bl; cntron = strldet
cnt9 ?. CHKR: RDAT;

(3] , pad _md[4] pext

cntron = ~cntf ( md_in(3) , sad sdyal )= cnt 8; end CHKR:
begln buf ('mdyxin(2) etk pHo SURT | DLE; end def aul t

uf ( md_in(1] , pad md(1]
next = 3 laxxxg £ ( md_in[0] , pad md{0]

bufifl
bufifl
bufifl
bufifl
bufifl
bufifl
bufifl
bufifl

~

.
z

pad_md[?] » 'Md[7]
pad_md{6] , md[6]
pad md[5] , md(5]
pad_md(4] -, md{4]
pad_md[3] , md(3]
" pad_md{2] , md(2]
pad md{1] md[1]
pad md[O] md (0]

mdoe [7]
mdoe [6]
mdoe (5]
mdoe (4]
mdoe {3]
mdoe (2]
mdoe {1)
mdoe [0]
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buf ( romcs’ _in , pad romcs_ ‘) ;

bufifl

‘bufifl

( pad_romcs_ , romcs_ , romcsoe ) ;

( pad_romoe_ , romoe_ , romoeoe ) ; -

buf ( mrw_in, pad_miw ) PR

bufifl

buf (
bufifl

buf

o~

buf
buf
buf
buf
buf
buf
buf
buf

buf

—

buf
buf
buf
buf
buf

o~ S~

seecs_in, pad_seecs );

.iddat_in[5)

( pad_mrw ,  mrw , mrwoe } ;
L}

( pad_seecs , seecs, seecsce ) ;

idpal_in , pad_idpal ) ;

iddat_in(7]}

_ pad_iddat [7]
iddat_in[6]

pad_iddat (6]

pad_iddat (5]
pad | iddat (4]
pad_iddat (3]
pad_iddat [2]
pad_iddat [1]
pad_iddat [0]

iddat_in{4]
iddat_in[3]
iddat_in[2]
iddat_in[1]}
iddat_in[0]

LY T U L T S )
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esbrd in , pad_esbrd ) ;

scsi_rst_in_, pad scsi_rst_ );
termsense_b_in, pad_termsense_b );
termsense_a_in, pad termsense a );
x_connsense_in, pad x connsense );
connsense_in, pad_connsense );

endmodule _ : .



endcase end

rstspios_) , if (-rstsplos_)

state <= #FFDLY next;
141 File:

endnodui e

state <= #FFDLY .| DLE;
[l spctism

spfifo.v

Function: - $9t Conmmand read fifo.

el se

spifo (cl k45, . cl k40b6, |oadcnt, ensoftodat, rdsplodat_. readont,

input
output-

input
output
output

inout
output
input
input

output
input
input

putput
input
input

inout [{17:16]
output [(15:0]
output {17:16]
input {17:0]

input

inout {7:0]
output .{7:0]
input (7:0]
input {7:0)

inout
output
input
input

- inout
input
input

inout
output
input
input

inout
cutput
input

pad_scsi_rst_,
scsi_rst_in_,

pad_termsense_b, -
termsense_b_in,

pad_termsense_a,
termsense_a_in,

pad_x_connsense,
x_connsense_in,

pad_connsense,
cohnsense_in )i

pad_clkin;
clkin;

pad_pci_reset_;
reset_;
pad_brd_reset_;

pad_spio;
spio_in;
spio;

spiooe; -

- pad_led ;
. led _;
ledoe;

pad-stpwctl;
stpwetl ;
stpwctloe;

pad_hi ma;
pad_ma;
ma_in;

ma;

maoe;

pad_md;
md_in;
md;
mdoe;

pad_romcs_;
romcs_in_;
romecs_;
romcsoe;

pad_romoe_;
romoe ;
romoeoe;

pad mrw;
mew_in;
new;
mrwoe;

pad_seecs;
seecs_in;
sSeecs;

state and'outpui FF8 always @ posedge cl k4Ob7 or negedge

nodul e



rstfif.o_, rstsotcnd_, shftin, wififo, cntO, cntl, sploctirlQ splordat
“Input ., cl k45, cl k46, |oadcnt, ensoftodat, rdsplodat_, rstfifo

rstsoftcmd . wrififo; input [ 1: 0] readcnt; Input [7:0] shftin;
out put cntO cntl; out put [ 1: 0] spieggl r1G out put [ 7: 0] spiordat;
/1l bus declaration wre [1:0] rdptr, spioctir 10; /1 control

spfifoctl spfifocti ( .clk4nbo(clk4d@S), .| oadcnt (| oadent),
.readcnt (r eacfd‘ﬁ'ﬁc.a&e ‘msg.o.%%nsof t cdat (ensoft cdat).
.rdsplodat _(rdspldat_), .rstfifo_(rstfifo_) :
.rstsoftcmd_{rstsoftcmd_) .wfifo(wfifo). .cnto(cntQ, .cntl(cnt 1),
.rdptr(rdptr)) BERAYEORAL rarpien|SBEAG ferOffersyfjf oO(wr fi f 00),
wfifo 1l (wfifo 1t), .wfifo2(wfifo2)); /lregisters s
Spfi foregs( nehdURBLAKIQDE) , pDLLGEAPLT), . rStTifo_(rstfifo),
shftin(shftin), .wfifoOQ wififein wfifol(wfifol),
wififo2(wfifo2), splordat(spiordat)); endnodul e

pad_pci_reset_, -

reset _, - -

pad_brd reset_ .

spfiforegs

pad_spio,

spio_in,

spio,
spiooe,

pad_led ,
led ,
ledoe,

pad_stpwctl,
stpwctl ., '
stpwctloe,

pad_hi_ma,
pad ma,
ma_in,

ma,

maoe,

pad_md,
md_in,

14
ndoe,

pad_romcs_,
romcs_in_,
romcs_,
romcsoe,

pad_romoe ,
romoe _,
romoeoe,

pad_mrw,
mrw_in,
nrv,
mrwoe,

pad_seecs,
seecs_in,
seecs,
seecsoe,

pad_idpal,
idpal_in,

pad_iddat,
iddat_in,

pad_esbrd,
esbrd in,



142 Function: ~Soft Command fifo control | ogic. nodul e
spfifoctl (cl k45, |oadcnt, readcnt, ensoftodat, rdsplodat , rstfifo_
rstsoftcmd_ wfifo, cntQ, cntl, rdptr, sploctir 1 0, wfifoO wfifol,
wfifo2); paraneter FFDLY = 1; Input 17 k45, | oadont, ensoftodat,
rdspl odat _, rsi f,l,,gmogygg;,sg;éugmn eWfifo; |nput [ 1: 01 readont; utput

cnt G /1 . no nore byte to read out put cntl
/1l one nore bytq,ees;agereaqn,m;,out [1:0} rdptr = /1 fifo read
poi nter output  [1:0] sploctr 10; ' /'l splocti read bits 1:0 output
w fifoQ nodule sequencer ¢/ / Write first byte output wfifol;
/1 wite second byte output wrfifoz2; [l wite third
byte // register declarattd for outputs reg [1:0 ] rdptr,
spioctirl0; wre [ 1. 0] reacdodns.,; syec kel nternal signals reg [ 1:0]
new— Cnt ’ // ne\&:“;?@,d }.chgegnt seems, brdrw, ) .
/4 Outputs... l .

romcs_, romoe_, MIw, =

ndoe,

seecsoe, ledoe, stpwctloe,

readmuxsel,

pload_shift,

ackdata, ackload_, ackshift_,

spiooe, -
addrdben_, addrhen_, addrlen_, addrinc, dataen_,
spioreset,

set_parerr, set_unsup, set_mbusy,

ledregen_, stpen_, seectlen_,

brdctlen_, statregen_, bdprregen )
input . clkin, sync_rst_;
- input (11:0) pshreg;
input id_done, ledtest, seems, brdrw;
output romcs_', romoe _, mIw; °
output romcsoe, romoeoce, mMrvwoe;
v output maoe;
output " (7:0]} mdoe;
output seecsoe, ledoe, stpwctloe;
output (2:0] readmuxsel;
output pload_shift;
output ‘ackdata, ackload , ackshift_;
output spiooe;
output addrdben_, addrhen_, addrlen_, addrinc, dataen_;
output spioreset; '
. output set_parerr,. set_unsup, set_mbusy;
output ledregen_, stpen_, seectleén_;

output brdctlen_, statregen_, bdprregen_;.



reg [1: 0] new wptr; "’ [l new wite poi'nter reg - [21:0] recent;

/'l read decrenment counter reg [1.0] wptr; [l -wite
poi nt er /1l read counter // decrenenting logic always @ rcnt or wfifo
or readcnt or ioadcnt) begin if (oado . new cnt = readcnt;
else if (wmfifo) new_cnt = rcnt- 2'bd; el se new_
cnt =rent; end // count registers always @ posedge cl k45 or negedge
rstsoftcnd ) if (-rtsoftcnd) . rent <= #FFDLY 2' bQO; el se
rent <= #FFDLY new cnt; // latch for Cl O data bus al ways @ ensoftcdat or
rcrt) _ _ . 143 | f

(ensol tcdat) sploctirl O <= #FFDLY rcnt; assign cntl =
(rcent==2'b0l); assi.givesnidy/ony seguence?’. 1 (0) ; : ‘ 2

//I/I/.I//l///l/l/l//////////////////I//I'//////////lII/I/////
/o .
// FLIP-FLOPS

req f36:0] state; .
reg {1C:0) - timer;
req spLooe;
req . romcs_,
romoe_,
mrw;
reg stpwctloe;
regq rom_mndoe,
romabort,
addrdben_;

reg  [2:0] readmuxsel;



/[l wite pointer |1l Increnmenting |ogic. always @' wrptr or |oadcnt or

wr fifo), if (loadcnt) new wptr = 2' b0G else If (wifio)

new wriptr = wptr + 2'b0L1; el se : new wptr ="wptr; // pointer
regi sters always @posedge cl k45 or ngggdge rstsoftcnd ) if
(-rstsoftcnd ) wrptr <= #FFDLY 2' bOG, el se wfptr c<=

#FFDLY new wptr, //decodedwite enables assign wfifo2 = wfifo & .
(wptr==2'bl0); assign wififol = wfifo & (wptr==2'"b0L); assign wfifoO =
wfifo & (wptr==2bQ0) ; /1l read pointer always @ posedge rdspiodat_or
negedge rstffifgveriloglon3—sepbides.y " rdptr <= #FFDLY 2' bOG@, el se
rdptr <= #FFDLY rdptr +2' bQL; endnodul e [l spfifoctl

JEEIIITIIIETEILEEELILLIIERELLILE2ELL000EL10180007107
17

// These below will not be flip-flops, but are set up
// as REGs for programming (Verilog)

reg {36:0) next_state;
reg clear_timer; a
reg d_spiooe,

. ld_splooe;

req d_romecs_,
' d_romoe_,
d_mrw;
reg d_rom_mdoe,

d_romabort,
ld_romabort,
d_addrdben_;

reg {2:0] d_readmuxsel;’
reg 1d_readmuxsel;

xeg pload_si\i fe;

reg ackdata,
ackload_,
ackshift_,

addrhen_,

addrlen_, °
addrinc,

dataen_,

set_parerr,
set_unsup,
set_mbusy,

ledregen_,
stpen_,
seectlen_,
brdectlen_,
statregen_,
bdprregen_;



144 Function: Soft Command Read FIFO  History: 04/22/94 JYL _
First rev. ., nodule spfiforegs (cl k4Oo6, .rdptr, rstfifo._ shftin, wfifoQ
wfifol, wfifo2, " splordat); paranmeter FFDLY = 1; Input
cl k46, rstfifo_, wfifoO wfifol, wfipgg 2; input [1:0] rdptr; input
[7: 0] shfin; output [7:0] splordat; [l register declaration for
outputs reg [7:0] splordat; // Internal registers reg [7. O]
fifoO.fifol., fi/ve@ilog/gu3f sdquendeegrsters always @ posedge cl k4Ch6 or
negedge rstififo ) If (~rstfifo_ ) begin fifo2 c= #FFDLY
- 8" hQOO, 110110818 At 1 2wt 1A EADL Y1 1B 1 YDy 11120022707 000007 T 1 T00 <= #FFDLY 8' h0O;
end // Internal wires. _ )
/7 ... which later became regs to try and get this turkey up to.speed
reg badpar1ty,
leddec,
stpdec,
rocmrddec,
romwrdec,
seedec, .
brddec, )
spiostatdec,
badpardec, N
spioreset;
alway§ 4 (posedge clkin)
begin
badparity <= §) ~~pshreg{11:3};
leddec <= §1 ( pshreg[8:3) == 6°b00001_0 );
", stpdec <= #1 ( pshreg[8:3) == 6b00010_0 );
romrddec <= #1 ( pshreg(8:3] == 6’b000l1_1 );
romwrdec <= #1 ( pshreg(8:3] == 6°b00100_0 );
seedgc <= 1 { pshreg[B:4] == 5'b00110 );
brddec " <= 1 ( pshreg(8:4] == 5'b00111 );
spiostatdec <= #1 ¢ pshreg{8:4] == 5’b10000 3;
badpardec <= #1 ( pshreg{8:4] == 5’b10001 )};
spioreset <= $1 ;ledtést & ~|pshreg; // Not a single 1l in there
end .
// vwire badparity = ~“pshreg{10:2];
// wire leddec = ( pshreg(7:2] == 6°b00001_0 );
// wire stpdec = ( pshreg{7:2] == 6°b00010_0 );
// wire romrddec = ( pshreg{7:2} == 6°b00011_1 );
// Wwire romwrdec = ( pshreg{7:2) == 6'b00100_0 );
// wire seedec = ( pshreg(7:3] == 5’b00110 );
// vwire brddec = ( pshreqg{7:3] == 5'b00111 ); -
// wire spiostatdec = ( pshreg(7:3] =; 510000 ); .
// wire badpardec = ( pshreg[7:3] == 5/b10001 );
wyire readdec = pshreg{2};
// assign spioreseﬁ = ~ledtest & ~|pshreg; // Not a single 1 in there

LILIE2LTELELLE 008002028002 000 0000008000008 2772028078014¢7
// Jutput enables:

assign ledoe = sync_rst_;

assign seecsoe = sync_rst_;

assign romoeoe = sync_rst_;

assign romcsoe = sync_rst_;

assign mrwoe = sync_rst_;

assign maoe = sync.rst_;

assign mdoe([7) = rom_mdoe | (seems & ~brdrw & sync_rst_);
assign mdoe(6] = rom_mdoe | (seems & ~brdrw & sync_rst_});
assign mdoe{5] = rom_mdoe | (seems & ~brdrw & sync_rst_);
assign mdoe(4] = rom_mdoe | (seems & sync_rst_);

assign mdoe{3] = rom_mdoe | (seems & synh_rst_);

assign mdoe{2} = rom_mdoe | (seems & sync_xrst_);

assiyn adoe{il) = rom_mdee i (seems & sync_rst_);



éke begi n fifo2 <= #FFDLY wfifo2 ? shftin: fifo2;

fifol <= #FEDLY wififo ? shftin : fifol; fifoO <= #FFDLY
wifioO? shftin: fifoGQ end [loutput mux always @ rdptr or fifoO or
fifol or fifo2) case (rdptr) 181 -/l synopsys parallel _case

2' b00: spiordat - fifoQ 2' bOL: splordat = fifol;

2' b10: splordat = fifoz2; _ 2'bll: splordat = 8 hQOQ :

default: splordat = 8' hxx endcase endnoduhl e /1 spfiforegs
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assign mdoe{0] = rom_mdoe;



nodul e splo (berren. dipitbh. drparefr_. crbusy, dk40Q '~ cdadr_, oddat.

cdwen_ csadr. , csren_, tstslgl, nparclcen, pac2splo, por, rtb_
sled , splol, rondec, romadr, ronmm, stpwenb, stpw vb, ) csdat
eopronen, lddat, idfdidy, noack ronrden,;geens. spr-onrdy, spl odrvy
spl oo, spnakabit, sploackdet, sprontlk, spbrden, spseeen,

spl oparerr, spiobsy . ssplocps, seebrdrdy, stretchseq); [|nput
barren; ../verilod/QR3 Geqdedcery.en parity | nput chpr at b; 6 n :
chprst - HCONTRL (87h), bit-0 Input crparer _ n/clear parity error

| nput CroushriiriiritireirriillGdR: s /h8mel Nng read | nput chk4;

f140 MHz cl ogk STt eefjnitiamsut [7.1 cdadr _ n 010 destination addres

| nput [ T. O /e dbakor. .. stardsldDCbdaSiel syahnktORle dalset i Nput cdwern . :

/0l 10destinatl onwite enabl e | nput [.71) csadr] 1010 source address
I nput csreU A/ G010 source read enabl e I nput 71] itstslgl;

- [ led test 'Afthe si gnaPe.baddmetet npar ¢cken; ° t enable parity
checki Nng | NPUkerinePAC28RpQ:_reser_ack Npauseack t oSPLO nput porn _
11 power on regee | nputsprocsendpd /[ external reset |nput

def ¢ : 3
sl ed. ; St Ys B &Y-TeVel input  spbo: n I nput from
SPI O pin | npl{gefmeror Nndepioc_wait_for_start n ROM requestg from phost | nput. 115: 0
ronadr ; t 199250 addr €88 ATE""F omar ; i ROMwite command
| nput Si p\/\e‘g{i}ne spioc_wkk&MHRCTLL bit O input  stpwhb; n
HE ine spi ck, 19 . H
DEVOONFI G bi t.5f;2out putsgijj_m@;t#dat , lddat; out pdt eepronen, idldrdy,
noack, ronr densti®pr ONT piocSHpt_OAr N_, sespl oops, seens, spl oo,
sphakabrt, sprgmil, _ splopereri, . spbrggn, spseeen, splobsy_..
stretcthseq, ea-ﬂackdetspiﬁgeh[dﬁquk_lo_l wWre .eito, sivalid, elread,
1 \de fane iqs re Yy _ack_lo 2 : . A y

enei | 0, sendbyiéne reade}gl{gg;re;jggygg_m_hi ackdéf, bytesent; wire
[ 1501 r omadr ; ‘define. spioc_read byte_shift 14

‘define spioc_write_byte wait_start 15

‘define spioc_write_byte_shift_data 16

‘define spioc_write_byte ' 17

‘define spioc_eeread_wait_lo_addr_start 18

‘define spioc_eeread_shift_lo_addr 19

‘define . spioc_eeread wait_hi_addr_start 20

‘define spioc_eeread_shift_hi_addr 21

‘define spioc_eeread_read 0 22

‘define spioc_eeread inc_addr 01 23

‘define spioc_eeread _read_ 1 249

‘define spioc_eeread_inc_addr_12 - . 25

‘define spioc_eeread_read_2 . 26

‘define spioc_eeread_inc_addr_23 . 27

‘define spioc_eeread_read 3 ’ 28

‘define spioc_eeread shift_3 : 29

‘define spioc_eewrife_wait_lo_addr_sta.l_:t 30

‘define spioc_eewrite shift_lo addr 31

‘define spioc_eewrite_wait_hi_addr_start 32

‘define spioc_eewrite_shift_hi_addr 33

‘define spioc_eewrite_wait data_start 34

‘define spioc_eewrite_shift_data 3s

‘define spioc_eewrite_write_data 36



wre 7:01 ietesgl, splordat, splowdat, stitin, shitout; wire ~ [3:01
sploctlr74; wre 12: 01 seectl, brdctl, brddat; wre [1 01 spl octlrIO.
soft; 11 Instantiate sub-nodules spcl kgen spcl kgen ( .cWAA(Q(ck4o),
.1didrdy(ldldrdy), .rondecs2_rondecs2j, 183
.rstbrdcltrnbtrdctl U rstlsrstisj. rstseect Urstseectul
.sof t bsy(soft bsy) sot | cnden(softcnden), .ssplocps(sspl ocps),
146 vemqwmatehmc» _cl k4obl (cl k40bl), .cl k40b2'(c| k40b2) .
. ¢l k4Ob3(cl k4033) .cl kb4(cl k40b4), .cl k45(cl k4hb).
.cI k40b6( cl k4@6?{;{"”@}’4@!@{1‘((/64/klzwb’i/)")”” sprsetcl sprstcl (
. chpr st ack( chpretack)"*"¢¥pr st b(chprstb), cl k4ChQ(cl | 4000, |
.cl k4ol (cl KAk s a few flip-flops hqrsfript (Ir stiably )00 varsgtyah AT RESHT foabr t oK) .

. SSPi OCPS( SSRIREPS) + posedge clkin or neGdd SHOSH( Ghpr st bsy),

. Chprstreq(chprst req) swrstrdy(sw strdy), .rstis_(rstls),
rtspl os_(rstspios'f; SOt softcentrl ( .ackdet (ackdet),

. byt esent (byl esent), cdelab(cddat) . ¢l k4@o5( cl k4b5), '

. cl k4o6( cl k4wb) , ensj&’,]"gcggat(enﬁoﬁtlcnat) « itstsigi(itstsigi)
. noack(noack), . rdspl odat _(rdspi odet _) - .rstspios_(rstspios_)

.shftin(shftin). sgiyalig, (sivalid). . sof tack(softack).

.sof tcnden(sof t cnden), spisbspi Oct | <=(sarisppoed b d_)_sp:l.ooe : spiooe;

. wr spi odat _( wr spi odast _5-"4°edt st (1 t=etbt Stopd9eedt st si g(| edt stsig),

.sof tabrt ok(softabrtok), softby(softbs) .softread(softread),

softreq(soft e sog]:tesc m(§ofetesend .. SRioctirlO(spioctirl0),
spi octi r74(sp](i)c?s|)er74f ‘ lr(g‘rda g ’23 ‘Rspl owdat ( spi ovvdat ));

if ('sync rst_) stpwctloe <= #1 1’'b0;
else if (~stpen_ ) stpwctloe <= $1 1°bl;

always & ( posedge clkin )

- if (isync_rst_)}
begin .
state <= #1 37’h00_0000_0001;
romcs__ <= #1 1l’'b};
romoe_ <= #1 1’bl;
mnrw ’ <= #1 1'b};
end ’

else begin

state <= #1 next_state;
romes_ <= #8 d_romecs_;
romoe ‘<= §8 d_romoe_;
mrv <= #8 d_mrw;
end

always @ ( pesedge clkin )

if - {~sync_rst_ | clear_timer) timer <= #1 11’b0;
else timer <= #1 (timer(9:0}), 1'bl});

always @ ( posedge clkin )
// These don‘t need a reset at all

teqgin .

readmuxsel <= §1 1ld_readmuxsel ? d_readmuxsel : readmuxsel;
romabort . <= #1 1ld_romabort ? d_romabort : romabort;
addrdben_ <= #1 d_addrdben_;

end



brdcntrl brdentrl (.ackdet(ackdet), brdctien(brdctien), brdack(brdack),
. bytesent (brytesent) .oddat(cddat), .clkd4®2(clk42), .noac(noack),
.rdrdct!l _(rdbrdctl ), .rstsplos (rstspios_ ), .shftin(shftin),
.sivalid(sivalid). .whbrdctl_(wbrdctl )184 brdbsy(brdbsy),
brdctl (brdcl), brdctirdy(brdctirdy). brddal (brddat).
brdread(brdread), brdreg(brdreq), brdsend(brdsenc). :
.rutbrd (rstbrdctl _); seecntrl seecntrl  ( .ackdet(ackdet),
byt esent (bytesent), .cl k4Oh2(cl k4h2), '
. noack( noack) , ..ri=eblxd/of3 depeeotdr.y, rtspios_(rstspios_). 8
. seeack(seeacK), .seectlen(seectien),.shftinQshftin[Q),
.sivalid(sival i/dé/,///./vwsreewhj/_!}(évt:vr/yeefc{/V/_;Z/H(/addaft/(/@ddat) ,
.rstseect| _(rstsEBCTI%Y 211 Lo SCFY (BBeTEY T HREMPP rdy(sectirdy),
.seedl (seedi) abewns(seens simerseer dy(seerdy). seeread(seeread).
seereq(seereq), .seebsy(SEEMEY).. seesend(seesend)); sbwecil sbwectl
(. ackdet (ackdet), byt esentstdsti@nsent), cl k4Cbl (cl k40bl),
| edack(| edack), .noack( nGacR LLesPrde:(rstspios_ ) sled_(sted.).
Sspi ocps(sspi ocps) . st pwaekd sénpwackyest osts@nenb( st pwenb),
stpw vl b(stpwtb), .| edredf ledtety)s oot %:dﬁ%?fgiéﬁﬁ%‘l%"g@ke%?dec

stpl).

sbwcbsy(sbwebsy), Sbmreadé?ﬂamrea " s°t°5esfstpe , st?)
st pweq(stpweq); brdct iggrggfigi:ggt l'en), brdctirdy(brdctirdy),

csadr_(csadr_) . C ’busy( crbusy), pac2spi o(pac2spi o). por(por),

. seectien(seect!| en) besn .seectlrdy(seectirdy) .softcnden(softcnden),
.rdlb(rdlb), .ensoftcdat (ensoftcdat), rdld(rdld), rdle(rdle),
rdbrdct!| _(rdbrdctl| _,77 set wp "aefaultg"dseect| (rdeectl ). rdspi odat (rdspi odat )
spi obsy_(spi obsy ), next stara€E€Drdiey( seebrdrdy), .strtchseq(stretchse) ,
.wrbrdctl _(wbrdctl LW spocap_(w splocap), .wseectl_(weeectl_)
.wrsploctT _(wsploct] , cteartimer G EBPodat (wrsplodat )); sprdnux sprdmux

(.sploctirl0O(spioctir 10d.spspeoctir= 24§;spi octir74).

. spi obsy_(spiobsy ), sprdfefi°{sprontél k_.rdib(rdlb),
.rdld(rdld) .rdle(rdle). drdetl (bractid:; brddat (brddat).

seect| (seeect ) . seed| (B, sejeijgziseems) . .seerdy(seerdy),
.shftin(shftin). splordat(splordat), soft(soft).ronbsy(ronbsy),
.sof t cden( sof t onden), . bR+ P¥EN(brdtt’en). ..seection(seectien),
. eepronen( eepronen), ronrder{eant den).po:sspi ocps(sspl ocps),

.csdat (csdat)) ;- spronctildsprdiftti T la¥kdet (ackdet), bytesent(bytesent).
noack( noack), d_addrdben_ = 1°Db1; ' _

d_readmuxsel = 3'b000;
1d_readmuxsel = 1'b0;

pload_shift = 1'b0;
ackload = 1'bl1;
ackdata = 1’bl;
ackshift_ = 1’bl;
addrhen__ = 1’bl;
addrlen_ = 1'bl;
addrinc = 1'00;
dataen_ = 1'bl;
set_parerr - 1'bb;
set_unsup = 1'b0;
set_mbusy = 1'b0;
ledregen_ = 1'bl;
stpen_ = 1°bl;
seactlen__ = 1'bl;
brdctlen_ = 1'bl;
statregen_ = 1'bl;

bdprregen_ = 1’'bl;



.sivalid(sivalid) .clk40bl(clk4Cbl). .clk4Ob4(cl kdCo4),

.romack(romack), .romw (romwm). por(por) .rondec_ (rondec ).

147 .ronbry(ronbsy). rondecs2_(rondecs2_), .spronrdy(spronrdy).
.ronread(ronread), .ronreq(ronreq), .ronsend@%onsend),
.sel romaQ(sel romaQ), .selromal (selromal), .sprontlk sprontlk. ); iddatestat

i ddat est at- ("GE‘HMWW v, cl k4h3(cl k4Cb3) .eito(eito), 9
. parerrdet (parerrdet), .rstls (rstl s ) .shftin(shftln),
.sivalid(sival rHY sp‘sw’!frt’r dy(swrstrdy), .wsplocap_(w spiocap_)
.brdctl en(brdctl en) weqs£€Pr omen( eepr orren) .elread(eiread),
.eneito(eneito), I dqaqt sk gtefldte)yoc_a et BF-dAEH dr dy:) "blir onr den(r onr den) ,*
.seectien(seect| en) e 0Tt (sOft), . sof t cmjen(soﬁ cmden),

. spbrden(spbrden), .spseeen( spseeen) . .Sspiocps(sspiocps)); spentri
spcnt ri ( .ber @gu(bgggﬁen) . chpr st bsy(chprt bsy), .clkd4O7(cl k4dw7),
.cirparerr_(cl rparerr 2 eneito(eneito). .| edtst(l edtst),

_ledt stsi g(1 edt st si g P HpRrckesi( rrparcken) sendbyt e( sendbyt e),
. readspl o(readrpl o), Sp|’0|"’(1Sp'P’G(f°f timer (3] . spl oparef f (spl oparerr),

rstl s_(rstis_) rst spl 0S_ (b2t s8RE OSpide_nara reset shf tout (shftout),
ackdet (ackdet), .eito(eito), =bty=t<tegem(s' t_eereme

. noack(noack), . sivalid(sivalid), spi bb“(‘éebl"B’(ff ha d ﬁe“a‘rv e Bdry ).
parerrdet (parerrdet), . SI’YVtOiIQQ(tSIhfr@I Rgmes).: - Spar borrux spar bomux (

- adeet ( adeet) ’ br dbsy( b&ﬂb&%}_/) bJQEf%Qéj(nbfﬁItQ@@%pwc hard_ reset] ‘& timer({3} );
brdreq(brdreq), brdsend(bkesend), . cdeada¢<ddat Jtatel ‘spioc_hard_reset] & timer(3] );

. chprst bsy(chprstbsy) Chﬂr? £eq( Chpféipicﬁg)m stQ.leMQQ;Lhmlr&/&&bJ Yimer(31 1;
.eiread(elread), .l edst at e[ edst | te),  ledreq(le reqt)‘ noack( noack) ,
.romadr (romadr), .ronmbsy(+HBPsy), - ?—é?ff"é*a'd(""r’b‘ﬁ’r -, 2 FeshH tq(ronrec).
.ronsend(romsend). .r oMW ELeamxdel .+ S{ SpdneSe) I StaS¢lit P bprd resetl;
sbvvcbsy( sbwcbsy), . sbwer eagd(shuwgread). seebsy(seebsy).

. seeread(seeread), seereq('seer€gksaamgeesend(seesend),
| ( {3{state[ ‘spioc_hard teset])} & 3'b100 );

next_state[‘spxoc_resec_ack]

= next_state(‘*spioc_reset_ack]
| ( statel'spioc_hard_reset] & timer(3) );

// ‘spioc_reset_ack :
// Wait here until id_done
next_state( ‘spioc_reset_ack]
= next, state[‘spzoc reset_ack)
{ { state(‘spioc_reset_ack] & ~id_done );

// Once 1d_done comes...

ackload = ackload_ & ~( state[‘spioc_reset_ack] & id _done );
pload_shift = pload_shift | state{ ‘spioc_reset_ack];
clear_timer = clear_timer | statel‘spioc_reset_ack}l;

next_state[‘spioc_send_id]
= next_state( ‘spioc_send_id]} ;
-1 ( state(‘spioc_reset_ack] & id_done });
// ‘spioc_send id :-
ackshift_ = ackshift_ & ~state[‘spioc_send_id);
1d_readmuxsel = ld_readmuxsel | state{ “spioc_send_id);
4 _readmuxsel = d_readmuxsel | ( {3(state[‘sproc_send_1d)}} & 3’blOl );
// wait here for timer(9]...
next_state| ‘spiroc_send_id]
= next_state(‘spioc_send_id]
i ( stata(‘'spioc_send_id) ¢ ~timer{9] );
// take off whaen t1mot(9] comes

petrad_stiifz = picad_shaft 1 ( state('spioc_send_1d] & tamer{¥j J;



.selomal (seiromal), .selromaQ(selromaO, softbsy(softbsy).
softread(softread), .softreq(softreq, softsend(softsend),
. spiobsy_(splobsy_). spiowdat(splowdat), .stpe(stpe). stpi(stpl).
.stpw eq(st pw eq) .brdack(brdack) .chprstack@ehprntack),
. I edack(| edack), .readspio(readspl o) .romack(amack), .seeack( seeack) ,
shftout (shftout), .sendbyte(sendbyte), .softack(soft ack)

. spi oackdet ( spl oackdet) spnakabr,t(spnakabrt) . st pwack( st pvvack))

endnndule ' 148

Funct ion: nrg'é’?mﬁs-pe&? #9®ad nux to csdat. nmodul e sprlﬁirrux
(sploctirl O spl octlr74 slpto Sy_.. SPI’OTTC . rdid, rd

brdct!, brddat, seectl, “S&edl" secricr-¥er 4y %tﬁﬁ‘ f‘i‘?f segfit ﬂr‘d'atf‘e”’édft
rorrbsy, jsoftcrrden, br dct*ﬁt*eﬁtﬂﬁslé@emsew eseepr onen, ronrden, sspl oops,

csdat); Input.  spiobsy , "SPrigHRl e e eﬁﬁifu;, . ohdkdb, ,,rdid, rdle:

| nput [7:0] splordat. shiftin; i nput [2:0] seectl, brdctl br ddat ;
| nput  seens, seedi spHEQLMYestac - | NPUL [1:01 soft, spl odirl O i nput

[3:0] spl octir 74; ,_

// 81t here shifting untxl timer{10)
ackshift_ ) = ackshift_ & ~( state(‘sproc_send_estat] & ~timer(10) };

next_state{ ‘spioc_send estat])
= pext_state[‘spioc_send estat)
| ( state(‘spioc_send_estat]) & ~timer{10} );

// When timer{10], bug out
ld_spiooe = 1ld_spiocoe | { state{‘spioc_send _estat] & timer({10] };
next_state(‘spioc_wait_for_start]

= next_state(‘sproc_wait_for_start}
| ( state{‘spioc_send estat] & timer([10) );

7/ ‘spioc_wait_for_start :
// Sit here until see pshreg(il] = 0 and no ledtest
next_state{ ‘spioc_wait_for_start)
= next_state(‘spioc_wait_for_start)
I ( state(‘spioc_wait_for_start]l & (pshreg(ll) | ledtest) ):
// See pshreg (= 0), this is not a test

clear_timer
= clear_timer | state(‘spioc_wait_for_start);

next_state{‘spioc_shift_in_cmd]
= next_state(‘spioc_shift_in_ cmd]
I ( state[‘spioc_wait_for_start] & ~pshreg{ll] § ~1edtest )i



| nput .ronbsy. sof tcnden; brdctlen, seectlen, eepromert ronrden, ssplocps;

output -[7:0] csdat; /1l read data to ClO bus [llInternal signals
* reg [ 7: 0] cioregs; wre [ 70] sploctl, sprdbus, shftin, splocap,
seectl o, brdctlo; Wre drvcsdat _; /'l csdat output enable
assign drvcsdat _ = spiobsy_ & spronclk_;3g7 assign sprdbus = ronbsy ?
shftin: cloregs; assi-gn #1 csdat = drvcsdat _ ? 8 hzz : sprdbus;

assign seectlo = (2bQ0 seens, seerdy, seecct[2.0] seedi]; assign
brdct| o =/Y$FtRI4PE3_teaERace=-v2b OO} assign splocap = {sdi*t , softcnden,
brdci enseect | eneepronen, ronrden, sspi ocps}; assign spioctl =
{spioctir74, 2'bo¢ “BSFEREHMHTS: always @ rdlb or rdld or rdle or
softcnden or brdctl o of/ sypirecdp: orerdeecot i o “or splotl or

spi or dat) caseX tfekd by sghsdlghiee (:(dln@, sof t onden)) /1
synopsys parall el _case = next_state( seipc_shfocexedli or egs  =_sp).ocap;

4bx1x0O cioregs = brdct] o; H e fl‘bxﬁl:‘- <(’:'i&gregs@:l'spl ordat ;

4' bxx10: cioregs = se&c¥i gre=t® ©° 4'bxxl 1: cioregs = sploctl;
defaul t: cioregs = 8' hsexsparerr - endcase endnodul e :

= set_parerr -
| ( state[‘spioc_shift_in_cmd] & timer(8] & badparity );

next_state(‘spioc_wait_for_start}
= next_state({‘spiroc_wait_for_start]
| ( state{‘spioc_shift_in_cmd) & timer[8] & badparity }; ,

1d_readmuxsel :
= 1d_readmuxsel | state(‘spioc_shift_in_cmd];

_d_readmuxsel
= d_readmuxsel
. I ¢ (3{(state{‘sproc_shift_in_cmd}

stpdec Y}l & 3°bO01 )
( {3{(state(‘spioc_shift_in_cmd]

& &

| & seedec YH} & 3°b00L )
I ¢ {3((state[ spioc_shift_in_cmd] & brddec )}l & 3°b010 )
I ( {3{(state[‘spioc_shift_in_cmd] & spiostatdec )}} & 3'bO11 )
1 ( {3{(state[‘spioc_shift_in_cmd] & badpardec ))} & 3’b110 };

next_state{‘spioc_write_dbits)
= next_state(‘spioc_write_dbits]
| ( state[‘spioc_shift in_cmd] & timer(8] & ~badparity
& { leddec | stpdec ) ); '

next_state( ‘spioc_read_byte]
= next_state(‘spioc_read byte) . .
1 ( state[‘spioc_shift_in_cmd]} & timer([8] & ~badparity
& readd & ( seed | brddec | spiostatdec | badpardec ) };

next_state{‘spioc_write_byte wait_start]
. = pext_state(‘spioc_write_byte wait_start])
. { ( state{‘spioc_shift_in_cmd] & timer(8] & ~badparity
& ~readdec & ( seedec | brddec | spiostatdec | badpaxdec ) );

d_addrdben_ = d_addrdben_ ) :
. & ~( state(‘spioc_shift_in_cmd] & timer{8) & ~badparity
& { romrddec | romwrdec } };

set_mbusy = set_mbusy "
| { state[‘spioc_shift_in_cmd) & timer(8] & ~badparity
& seems ¢ ( romrddec. | romwrdec ) );

1d_romabort = ld_romabort | state{‘spioc_shift_in_cmd};
d_romabort = d_romabort { seems;

// Go throgh ROM states even if SEEMS error

next_state{‘*spioc_eeread wait_lo_addr_start)
= next_state(‘spioc_eeread wait_lo_addr_start] .
| ( state(‘spioc_shift_in_cmd] & timer(8} & -badparity
& romrddec ); ’

next_state(‘spioc_eewrite_wait_lo_addr_start]
‘= pext_state(‘spioc_eewrite_wait_lo_addr_start)
1 ( state{‘sproc_shift_in_cmd] & timer(8) ¢ ~badparity
& romwrdec );

// In case of unsupported command...

st _ungup = set_unsup :
il statei‘spainc_snuft_on_cmal & tater(3) & cLagpariiy



149 Function: Serial port romcontroller. nodul e spronct|

(ackdet. byt.esent, noack. sivalid, clk4Obl, cl k4Cb4, ronack, rommw,
por. rondec_. ronbsy, rondecs2_ronread, ronreq. ronsend, sel romaO,
selromal, spronrdy. sprontlk.); paraneter FFDL? 1; Input ackdet,

byt esent, noawe,_.,,gby,@hgl uq&&égpln ck4Cb4; romack, romm, por, rofglec_

out put ronbsy ROM conmand In B gress out put rondecs2_;

/1 rom cormand decoded out put ronmsend; . -s:::::/ send a ROM comand byte
out put selromaQ, output selronal; outputs -spreonct| k /1l clock data
in rondo output ronread; output ronreq; :::;;‘:::,tdec// ROM r equest to
arbiter output ‘spronrdy; ' /1 ROM cosmmaecdet Ni shed. /1 variabl e
decl arati on : ¢ -romrddec

& ~romwrdec );

next_state{ ‘spioc_wait_for_start]

= next_state( ‘spiroc_wait_for_ start}

I { state(‘'spioc_ shxft in_cmd) & txmet[B] ¢ ~badpar1ty

~leddec
~stpdec
~seedec e
~brddec
~spiostatdec
~badpardec
~romrddec
~romwrdec );

LB B A A A A ]



reg ronbsy, ronmsend; rag rondecsl; /'l synced rondec_ reg

rondecs2; reg ronread, spronrdy, ronreq; wre setread, setrdy,
setbsy, setsend; // generate request always @posedge cl k4CObl or posedge
por) | f (por) begin rondecsl K89 #FFDLY 1' bQ rondecs?2

<= #FFDLY LQmeq <= #FFDLY 1bG. end el begi n
rondecsl &;_ve#g@ﬂ eﬂ‘w’ﬁ“‘ rondec2 < = #FFDLY rorr%gcel;

ronteq <= #FFDLY roprgg.” mt;mck rondecsl & -rondecs2; end //

conbi nati.onal outputs assign sprontlk = ~( ronbsy & sivalid); assign
rondeca?. = ~romdecs2: / FPef SYPUrEHYFoSHTRN 5 UPRAYY 1 BEElge cl k4Ch4 or
posedge por) i f (por Olégggqpnn = ledregen_ & ~( state{'spioc_write_dbits] ‘& ~readmuxsel(0} };
150 tpen_ - = stpen_ & ~( state([‘spioc_write_dbits] & readmuxsel(0) ); .

ackload_ = ackload_ & ~state(‘spioc_write_dbats);

ackdata = ackdata & ~state{‘spiroc_write_dbats];

1ld_spiooce = 1d_spiococe | state{‘sproc_write_dbits];

d_spiooe = d_spiooe { state{‘spioc_write_dbits]|;

“
next_state[ ‘spioc_ack_lo_l] .
= next_statef" spioc ack_lo_1] | st‘.at:e(‘sp:.oc write_dbits]);
71 ‘spioc_ack_lo_1 :
next _state( ‘spioc_ack_lo_2]
= next_state[‘spioc_ack_lo_2] | state({‘spioc_, ack lo_1];
// ‘spioc_ack_lo_2 :
ackload_ = ackload_ & ~state‘spioc_ack_lo_2];
next_state( ‘spioc_ack_hi]}
= next_state[‘spioc_ack _hi] | state[ ‘spioc_ack_lo_2];
// ‘spioc_ack_hi :
1d_spiooe- = 1d_spiooce | state(‘spioc_ack_hil;

next_state(‘spioc_wait_for_start)
= next_state(‘spioc_wait_for_start]) | state[‘spioc_ack_hi};



ronbsy <= #FFDLY 1' bQ ronsend <= #FFDLY 1' bQ ronr ead

<= #FFDLY 1' bQ spronrdy < =#FFDLY 1' bQ end el se begin
ronbsy <= #FFDLY set bsy, ronsend <= #FFDLY setsend;
ronread <= #FFDLY setread; sprogegy <= #FFDLY setrdy, end [/

Instantiate state machine spromsm spronsm ( .ackdet (ackdet),

Elyizégzzg di)gws sl f£noack), .sivalid(slvalid)

Torack(romack). .romm (romm), por ( po) .
se_t read(setread). sgt Q@g‘( s&k lgﬁy) .setrdy(setrdy),
. setsend(setsend), selromQ(sel romaO sel romal (sel romal ) endnodul e
151 Function: Ser{3l%%ort rZ)r:rj {f@jﬂ rol ¢ s%i€Rs: ﬁ&bm‘ﬁéﬁg::
. ld_spiococe = ld_spioce | state{‘splroc_read_byte];
d_spioce = d_spiooe | state{‘sploc_read bytel;

next_state( ‘sp1oc__read_-byce_ac'k_lo_f]
= next_state{‘spioc_read _byte_ack_lo_1] | state(‘spiroc_read byte};
// ‘spioc_read_byte_ack_lo_1 : ) : =
next_state[‘spi oc_zeéd_by'te_ack_lo_zi
= next_state{‘spioc_read_byte_ack_lo_2]
| state(‘spioc_read _byte_ack_lo_1]; -
// ‘spioc_read byte_ack_ lo_2 : '
pload_shift' = pload_shift | state(‘spioc_read byte_ack_lo_2];
. ackload_ = ackload_ & ~state(‘spioc_read_byte_ack_lo_2];
next_state[‘spioc_read byte_ack hil
= next_state{ ‘spioc_: read | byte_ack_hi] :
{ state(‘spioc_read byte_ack_lo_2];
// ‘spioc_read byte ack hi :
ackshift. = ackshift__ & ~state(‘spioc_read byte_ack_hi};
clear_timer = clear_timer |- state(‘spioc_read_byte_ack_hi];
next_state(‘spioc_read byte_shift)
. = next_state[ ‘spioc_read_byte shift]
| state[‘spioc_read byte_ack_hi];
// ‘spioc_read byte shift :
// Wait, s{xifting, antil timer{9)
ackshift_ = ackshift_ & ~{ state(‘spioc_read byte_shift] & -<timer(9} );
next_state{‘spioc_read_byte_shift]
= next_state( ‘spioc_read byte_ shift]
! ( state[‘spioc_read byte_shift) & ~timer([9) );
" // When timer{9]), move on
1d_spiooe = 1d_spiooe | ( statel‘spioc_read byte_shift] & timer(9S] );
next_state{‘spioc_wait_for_start]

= next sta\:e[‘spioc wait_for_start])
{ ( state( ‘sproc_. " read | byte_shift] & :imer(9] Vi



rmdul e spromsm (ackdet byt esent, noack, sivalid, clk40b4, romack, romar,

por, setread, setbsy, setrdy. setsend, selromaOQ selromal);
paranmeter FFDLY =.1; paraneter [2:0] /'l synopsys enum state_info
I D = 3'b000, /1 ldle CC =393, b001, /'l command code
AC= 3b010, /| address | ow Al = 3'b0O11, // address high -
DO =3'b100. . // data O ' D1 = 3' bl01, /1 data 1 D2 =
3" b110, .. /vekliofAh$2equencer,s D 3 = 3" blll; /'l data3,, | nput ackdet,

byt esent, noack, sivald, cl k4034 romack, romm, por; output setread,;
/1l read SPI O port out: m&_mset.ybsgm _elee ronbusy true next cl ock output setrdy
/1l set ronrdy next clock, Qgggg; msg;‘s&pg, lqmte‘”m// send byte next cl ock

out put sel romaG m/' t-ss“e ect ad Ic dress | ow out put .selroma 1; /1
sel ect address high L RV 1 TR R 2 o Il synopsys
state_vector state reg [ 2: 0] ' ¢ AU mimopteytytegiitimt Stiat ehepanfip):

state; // current stat e’ ragote when[sdrtQit comes/ SYyNOpsys -enum state_info
next; // next state reagartimerSetread, setbsy, setrdy, setsend, selromaQO
selromal ; . // conbinational " IFtg-Ener Alswvery @ ateret-srohack or romw -or
byt esent or ackdet or Sinynalstatie | GBrod) @RGL6)re RG] dika)

= pext_state( ‘spioc_\ vrite _byte_shaft_datal
I { state{‘spioc_write_byte_wait_start) & ~pshreg(il)] );

/7 ‘spioc_write_byte_shift_data :
// Just wait until timer(8)

next_state( *spioc_write_byte shift_data}
= next_state{ ‘spioc_write byte_shift_ data)
. I { state{‘spioc_write_byte_shift_data) ¢ ~timer(8] );

// Then branch per badparity, set_parerr if need be

set_parerr
= get_parerr
1 ¢ stat.e(‘:pxoc write_byte_shift_data] ¢ timer(8] & badparity );

next_state(‘spioc_wait_for_start)-
= next_state({ ‘spioc_wait_for start] .
. I ( state{‘spioc_write byte shift data) & timer{8] & badparity );
next_state( ‘spioc_write byte)
= next_state(‘spioc_write byte] - .
{ ( state(*® spioc writ;e _byte_: shift _data) & timer(8) & -badparity );

/1 ‘sproc_write byte :
seectlen_ = seectlen_
& ~( stne[‘spioc__wzite__bytel & (readmuxsel == 3/H001) );

brdctlen_ = brdctlen_
& ~( . state( *spioc | write _byte] & (readmuxsel == 3'b010) ¥

statregen_ = statregen_
& ~({ state(‘spioc_write_byte] ¢ (readmuxsel == 3'b01l1) );

bdprregen = bdprregen_
& ~{ state(‘spioc_write_byte] & (readmuxsel == 3'b110) );

ackload_ = ackload_ & ~statef‘spioc_write_bytel;
ackdata = ackdata & ~state(‘spioc_write_bytei;
d_spiocoe = d_spiooe | state[ ‘spioc_write byte);
1d_spiooce = 1d_spiooe | state( ‘sproc_write_byte);

next_state({ ‘spioc_ack_lo_1} '
. = next_state{‘sploc_ack_lo_l] { state{’sproc_write_ byte];



setread = 1' bQ setbsy = 1'bl; setrdy. 1 bQ setsend = 1' bQ

sel romaO = .1' bQ selromal = 1'b0 . case (state) .// synopsys .
paral | el _case | D: begin next = romack ? CC : |D
set bsy = romack 152 end CC. begin

next = bytesent ? AO CC; setsend = bytesent; end AO begin next =
byt esent ?.A1 AQ selromaO = 1'bl; 193etsend = bytesent; end Al: begin

next :_bxt,gﬁggg,’guggeq,é%“.vsei romal = 1'bl; setsend = romw & byt esent ;

// ‘spioc_eeread_wart_lo_addr_start :
// Wairt for pshreg{ll] to get a-start bit (0)

next_state(‘sploc_eeread wait_lo_addr_start}
= npext_state[ ‘sproc_eeread_wait_lo_addr_start)
I ( state[‘sproc_eeread_wairt_lo_addr_start) & pshreg(ll] );

// Then roll out

ciear_timer *x
= clear_timer | state[‘sproc_eeread_wairt_lo_addr_start}];

next_state{ ‘spioc_eeread_shift_lo_addr]).
= next_state[‘spiroc_eeread_shift_lo_addr]
| ( statae(‘spioc_eeread_wait_lo_addr _start] & ~pshreg[ll] );

// ‘spiroc_eeread_shift_lo_addr :
// Just sit here until timer(8)

next_state(‘spioc_eeread shift_lo_addr]
= next_state( ‘spioc_eeread_shift_lo_addr]
| ( state[‘spioc_eeread_shift_lo_addr) & ~timer{8] );

// Then hit addlen_ AND addrinc (special load and drop 1:0)
// contemplate setting parity arror and romabort, move on

addrlen = addrlen_
& ~¢ state[ ‘spioc_eeread_shift_lo addr] & timer(8) );

addrinc = addrinc
I ( state{‘spioc_eeread shift_lo_addr}) & timer({8] );

set_parerr = set_parerr
1 ( state(‘spioc_eeread : shzft _lo_addr] & timer{8] & badparity );

1d_romabort = ld_romabort
| ( state(‘spioc_; eeread shift_lo_addr) & timer(8) & badpar;ty )i

d_romabort = d_romabort | state[‘spzoc_eereaq_shift_lo_addt],

next_state(‘spioc_eerecad wait_hi_addr_start}
= pext_state{ ‘spioc_: eeread wait_hi_addr_start)
| ( state(‘spioc_d eeread | shift _lo_addr} & timer (81 );.

// ‘spioc_eeread_wait_hi_addr_start :
// Wait for pshreg(ll] to qe£ a start bit (0)

next_state{‘spioc_eeread_wait_hi_addr_start])
= pext_state(‘spioc_eeread_wait_hi_addr_start]
| ¢ state{‘spioc_eeread wait_hi_addr_start) & pshreg{ll)] );

.

// Then roll out

clear timer ’
= clear_timer | state[‘spioc_ eeread wait_hi_addr_start];

next_state| ‘spioc_eeread shift_hi_addr]
= next _state| 'spioc_ eezead shaft_hi_addr)
| ( state[‘spioc_: eeread wait_hi_addr_start) ¢ ~pshreq[11) );

// ‘sproc_eeread_shift_hi_addr :
// Just sit here until timer{8]
next_state(‘spioc_eeread shift_hi_addr}
= next_state[‘sproc_ eoroad shift_hi_addr]
t ( statae(‘sproc_ oe:oad shafe _bhy addr) & ~tamer(B8} );

¢t/ Then nit adéhen_, consider garity, and BAANCH per pazxty/tomabot:



setread = -romm & bytesent; end DO begin If (romwm) begin.

next = bytesent ? D1. DO - setread = bytesent; end el se begin
i f (noack) begin next = ID; setbsy = 1' bO0;

end el se begin - nexyg3 sivalid ? D1: DO

setread = 1' b1, end end end D1: begin If (romw) begin

I f (noack) begin next = ID; setbsy = 1' bQ

end el se begin _ next = ackdet ? D2: DI, end
end el se, Jogislog/on3_sequenddx¥ = slvalid ? D2: DI: setread = 1'bl,
end end D2: begin If, (ronqw) begin next = ackdet ? D2: |D
set bsy = ackdet; setrdy = -ackdet; end el se begin '

next = sivalid ? D3: Q2fdrhen = addmon

& ~( state({'sproc_eeread_shift_hi_addr] & timer(8) );
set_parerr = set_parerr

| ¢ state(‘spioc_eeread_shift_h)_addr]} & timer(8] & badparity );

next_state(‘sproc_wait_fur_start}
= next_state(‘spioc_wait_for_start]
: | (statel‘spxoc__ee:ead_shiftju_addrl & tamer{8] ¢
(badparity ‘! romabort) );
next_state({‘spioc_eceread_read_0)
= next_state(‘spioc_eeread_r<ad_0]
) 1 ( state{‘spioc_eeread_shift_hi_addr] & timer(8] ¢
’ ~badparity & ~romabort );
/7 1 don’t think it will hurt to clear timer w/o checking parity or romabort

clear_timer = clear_timer
| { state[“spioc_eeread_shift_hi_addr] & timer(8] );

// ‘spioc_eeread_read 0 :
// Do this stuff any time in this state

1d_spioce = 1d_spiocoe | state(‘spioc_eeread_réad_(ﬂ;
d_spiooe = d_spiooe | state(‘spioc_eceread_read 0);

ackload_ = ackload_ & ~state(‘spioc_eeread_read 0];
. // Do this until timer{8]) gets set .
ackdata = ackdata & ~( state[‘spioc_eeread_read 0] & ~timex(8) );

d_romcs_ = d_romcs_ & ~( state(‘spioc_eeread read 0] & ~timer(8) );
d romoe_ = d_romoe_ & ~( statef‘spioc_eeread read 0] & ~timex(8) );

next_state{ ‘spioc_eeread_read_ 0]
= pnext_state(‘spioc_eeread_read_ 0]
1 ( state{‘spioc_eeread_read_0) & ~timer(8] );
// ¥hen timexr(8) comes...
pload_shift = pload shift | ( state{‘spioc_eceread read 0] & timer(8] );
next_state(‘spioc_eceread inc_addr_01])
= next_state(‘spioc_eeread_inc_addr_01}
{ ( state(‘spioc_eeread_read 0} & timer(8] );
// ‘sproc_eeread_inc_addr 01 :
ackshift_ = ackshift_ & ~state[‘spioc_eeread_inc_addr 01);
addrinc = addrinc | state["spioi:__eeread_:.nc_addr_n1];
clear_timer = clear_timer | state(‘spioc_eeread_inc_addr_01);
next_state|[‘spioc_eeread_read_1)
= next_state(‘spioc_eeread_read_l)
| state{ ‘spioc_eeread_inc_addr_01};
// ‘sproc_eeread_read 1 :
ackshift_ = ackshift_ & ~state(‘'spiroc_eeread_read_ l);

* /7 Do this until timer(B] gets set

d_romcs_ = 4_romcs_ & ~( state( ‘sproc_eeread_read 1} ¢ ~tamer([8) »;
4_romoe_ « d_romce_ & ~( state(‘spioc_eeread read 1) ¢ ~timer(8) );



setread = 1'bl; end end D3: begin

153 . ; next = sivalid ? 1D D3; setbsy =1 b 1;
setrdy = sivalid, setread = -sivalid, - end

default: next = 3" bxxx; endcase endq // always /]l state vector
al ways @posed e cl k4Cb4 or posedge por) state <= #FFDLY 1D,

eI se og/Qu3 2 'g‘ Ynext:  endnodul e 18

next state( ‘spioc_eeread_read_1]
= next_state(‘spioc_eeread_read_1] ]
{ ( state(‘spioc_eeread_read_l] & ~timer(8] )i
// When timer(8] comes. . .
pload_shift = pload shift | ( state{‘spioc_eeread read_l} & timer{8] );
next_state[ ‘spioc_eeread_inc_addr_12] . .

= next_state| ‘sproc_eeread_inc_addr_12)
t { state{‘spioc_eeread_read_l] & timer(8] );

"~ // ‘spiroc_eeread_inc_addr_12 : «
ackshift_ = ackshift_ & ~state[ ‘spioc_eeread_inc_addr_l12);
addrinc = addranc | statef{‘spioc_eeread_inc_addr_12); .
clear_timer = clear_timer | state[‘spioc_eeread_inc_addr_12];
next state( spioc_eeread_read 2]

= pext_state( ‘spioc_eeread_read 2]
| state(® spxoc_eeread ine_addr_12);
// ‘spioc_seread_read 2 :

éckshift_ = ackshift_ & ~state[ ‘spioc_eeread_read 2];

// Do this until timer([8] gets set

d _romcs_ = d_romecs_ & ~( state[‘spioc_eeread_read_Z] & ~timer(8} );
d_romoe_ = d_romoe_ & ~( state[‘spioc_eeread_read 2] & ~timer(8]) );

next_state( ‘spioc_eeread_read_2]
= next_state{‘spioc_eeread_read_2)
. { ( state[‘spicc_¢ eeread read 2} & ~timer(8] ),
// When timer(8] comes...
pload_shift = pload_shift | ( state{ ‘spioc_eeread read 2] & timer(s] );
next_state(* spibc eeread_inc_addr_23]

= next state[‘spxoc eeread inc_, addr 23}
1 ( state{‘spioc_¢ eeread read_2} & timer(8] };

7/ ‘spioc_eeread_inc_add;;za :
ackshift_ = ackshift_ & ~state(‘spioc_eeread inc_addr_23);
addrinc = addrinc | state(‘spioc_eeread_inc addr_23];
clear_ timer = clgar_;imer | state{‘spioc_eeread_inc_addr_23);- ’
next_state{ ‘spioc_eeread_read_3] o

= pext_state{‘spioc_eeread_read 3]
| state(‘spioc_eeread_inc_addr_23);

// ‘spioc_eerecad read 3 :
ackshift = ackshift_ & ~state(‘spioc eeread read 3]}; .
// Do this until timer{8] gets set

d_romcs_ = d_romcs_ & ~{ stace(‘spioc_eetead_read_ﬁ) & ~timerfs8) );
d_romoe_ = d_romoe_ & ~( state(‘spioc_eeread_read_3) ¢ ~timer{8] );

naxt_state|‘spioc_eeread_read_ 3]
= naxt_state{ ‘sprcc_eeread_read_3)
§ { state[‘sproc_eeread read_3] & ~timer{8} );

// When timer(8] comes...



154 File: sprstctl.v Function: Seri-al port reset control.
nodul e sprst-ctl ( chprstack, chprstb, ck40bO cl k4Qbl. rstib_, softabrtok,.

sspi ocps, chprstbsy. chprstreq, swstrdy. rstis_, rstspios_ );
paranmeter FFDLY = 1; _ input chpr st ack, chprstb cl k40bO, cl k4ol, rstib_,
sof tabrt ok, sspiocps; output chprstbsi‘r /1 chprst In progress

out put chprstreq; . Il request for SPIO port output swstrdy;

/] sof t war e reaa;ﬁwgdxgg ter.Stis_; - [l HWreset ouyput
rstspios_ . Il HWSWreset spio Ihg_) 1 regi ster doclaration for
outputs reg swrstrdy, "‘Hﬁn’%’f'bsﬁ“’%ﬁ rsh‘éﬁf“[ For-cpiteeinR?! SFgHA'S reg
[3. 0] cnt, new cnt; clear_timer = clear_timer | ( sfstel’pir@iee@@Urrh®p] ¢ timer(s) );

- next_state[‘spioc_eeread shift_3)
= next_state[ ‘spioc_eeread_shift_3]
| { state{‘spioc_eeread_read_3) & timer{8} ); -

// ‘spioc_eeread_shift_3 :
ackshift_ = ackshift_ & ~( scate[‘sploc eeread_shift_3} & ~timer(10] );
next_state(* sploc eeread_shift_3)
= next_state( ‘spioc_eceread shift_ 3]
| ( state(‘spioc_eeread shift_ 3) & ~timer({10] );
1ld_spioce = ld_spiooce | ( state(‘spioc_eeread shift_3] & timer{10} }H
next_state(‘spioc_wait_for_start]

= next_state| ‘spioc_wait_for_start)
| { state[‘spioc_eeread_shift_3) & timer(10] );



reg rstisl_rstis2_ spchprst'_; /'l synced reset signals reg

chpr st pend, chprstpendsl, chprstpends2; /1 SWreset pending wire
rstswst , rtchprst ; c¢ntQ ’'strt_swst; reg cinswst ; // reset logic
al ways @ posedge cl k4O . begin rstisl_ <= #FFDLY rstb_; rstis_ <=
#FFDLY rstis 1 : end assign rstis_ = rstib_&rstisl & rstis2_; assign
rstchprst = rstis_& sspiocps; assign rstspios_ = rstis_ & spchprst_;
assign rstswst_ = rstchprst_ & cirswh%6: always @ posedge cl k40bl or
negedge rst hpr.st || (~rstchprst ) spchprst _ <= #FFDLY 1' bl;
el se Png?f(?g‘u?:rﬁ en®r-¥FFDLY -strt_swst; // request®logic al ways
@ posedge chprstb or negedge rstspios ) |1 ([err] rstspios_ )

chprstpend <= #FFO¥ ‘lpiodd¥rite_va] 15 Qadr_start :
155 Chpr St pe})dlnt EO!#ESEI‘QQ'_[X] ]tlca Qgt’ a start bat (0)

next_state(‘sproc_eewrite_wait_lo_addr_start)
= next_state[‘sproc_eewrite_wait_lo_addr_start)’
I { state{‘sproc_eevwrite_wait_lo_addr_start} & pshreg{ll] );
// Then roll out .

clear_timer
- = clear r.uner | state(‘spioc_eewrite_wait_lo_addr_start]);

next_statef ‘sp:.oc_eewrite_sh ift_lo_addr)
= next_state{‘spioc_cewrite_shift_lo_addr]
I ( state{‘spioc_eewrite wait_lo_addr_start] & ~pshreg(ll] });
// ‘spioc_eewrite _shaft_lo_addr :
// Just sit here until timer(s]
next_state( ‘spioc_eewrite_shift_ lo_addr]

= next_state( ‘spioc_eewrite_shift_lo_addr]
I ( state(‘spioc_eevrite_shift_lo_addr) & ~timer(8) );

addrlen_ = addrlen_
& ~{ state(‘spioc_eewrite_shift_lo_addr] & timer(8] };

set_parerr = set_parerr
| ( state{‘spioc_eewrite_ sluﬂ: 1o_addr]} & timer(8) & badparity );

1d_romabort = ld_romabort :

l { state{‘spioc_eewrite_ sh:.ft lo_addr} & timer{8) & badparity );
d_romabort = d_romabort { state(‘spioc_eewrite shift_lo addr]);
next_state[ ‘spioc_eewrite wait_hi_addr_start)
’ = pext_state( ‘spioc_t eevrite _wait_hi_addr_start)

| ( state({‘spioc_; eewr.l.te "~ shift lo _addr] & ‘timer(8) );

// ‘spioc_eewrite_wait_hi_addr_start :
// Rait for pshreg{ll] to get a start bit (0)
next_state({ ‘spi.oc__eewrite_:wait__hi_addr__st art]
= next_state|[‘spioc_eewrite_wait_hi_addr_start}

I ( state(‘spioc_eewrite wait_hi_addr_start) & pshregfll] );

/7 Then roll out

clear timer
= clearx_timer | state(® spioc eewrite wait _hi_addr_start};

next_state(‘spioc_eewrite _shift_hi_addr]
= next_state(‘spioc_eewrite_shift_hi_addr)
-1 { stace{‘spioc_ecewrite_wait_hi_addr_start) & ~pshreg{lil] );
// ‘sproc_eewrite_shaft_hi_addr :
// Just sat . here until tamer{8)
next_state( *spiroc_eewrite_shift_hi_addr]

= pext_state( ‘sproc_eaewrite_shift_hia_addr}
| ( state{‘spioc_eewrite_shift_hi_addr] ¢ ~tameri8) );

addrhen_ = addrhen_
& ~( state{‘spioc_eewrite_shift_hi_addr} & timer(8) »;



al ways @ posedge cl k4Obl or negedge rst'chprst_) | f (-rsfchprst_)

begin - . chprt pendel <= #FFDLY 1 bQ - ' chprst pends2 <= #FFDLY
1 bQ - chprstreq <= #FFDLY 1'bQ  end el se begin

chprst pendsl <= #FFDLY chpr st pend,; 72 Cchprstpends2 <= #FFDLY

chpr st pendsl; . ' chprstreq <= #FIgDLY chprstpendsl & ~chprstpends2

chprtreq & -chprstack & softabrtok end assign strt_swst = chprstack
chpr st r eq-&resbiogédfitL taauencer.-vsof t ware reset ready |ogic al welys @ posedge

cl k4Obl or negedge rstchprst_) If rstchprst_) clrswst_ <=
#FFD_Y 1I bl el Se ot p‘re:rC1 f.e TB ‘8 ).Oé eewE'l. 0 _S l.Rl gl _aaar | V@l&? @ !d arl
chprstb or negedge rstsw st ?-M% ?es( SWr- - dd(;jls‘wr st[F] yb<p zf:g'DL

1'bl else sw‘%f°f"33f‘ <4"ﬁ?§3§m stho Jpgz..me ,(mbusa\édJ, Qe Pl WAYSiey

@ posedge cl k4Cbl or % dge rstchprst (-rstchprst
chprstbsy <= #FFDLY 1' b§rorarers = d.remabogr ?‘é‘fbé‘;P%“"S&F—‘Fﬁt‘? PP swrst 1 ~cnt O
// count er next_state['spioc_eewrite_wait_data_start]

= pext_statef ‘sp:.oc_eewr1te_waic_data_start }
| ( state{‘spioc_eewrite_shift_hi_addr] & timer(8) );

w

/7 “spioc_eewrite_wait_data_start :
// Wait for pshreg(ll} to get a start bit (0)

next_state({ ‘spioc_eewrite_ wait_data_start]
= next_state([‘spioc_eewrite_wait_data_start]
| ( state(‘spioc_eewrite wait_data_start) & pshreg(ll] );

// Then roll out

clear_timerxr
= clear_timer | state(‘spioc_eewrite_wait_data_start}];

néxt_state[‘spxoc eewrite_shift_data)
= next state[‘spxoc eewrite_shift_data)
| ( state(‘spioc_eewrite_wait_data_start]’ & ~pshreg{ll] );

// ‘spioc_eewrite_shift_ data :
// Just sit here until timer(8)

next:state{ ‘spioc_eewrite_shift_data) .
= next_state( ‘spioc_eewrite_shift_data}
| ¢ statef‘spioc_eewrite_shift_data] & ~timer(8] );

dataen_ = dataen_
' & ~( state[‘spioc eewrite shift_data) & timer(8s) );

set_parerr = set_parerxr
| ( statel'spioc_eewrite_shift_data] & timex(B] & badparity );

next_state| ‘spioc_wait_for_start) .
= next_state{ ‘spioc_wait_for start]
t( state[‘spioc eewrite_shift_data) & timer(s) &
{badparity | romabort) );

next_state[“spioc_eewrite_write_ data)
= next_state( ‘spioc_eewrite_write_data}
{ ( state{‘spioc_eewrite_shift_data) & tamer(8} &
~badparity & ~romabort );

d_romcs_ = d_romcs_
[ ~( state(‘spioc_eewrite_shift_data] ¢ timer[B] [
~badparity & ~romabort Y

// I don’t think it will hurt to clear timer w/o checking parity or ‘romabort

clear_timer = clear_timer
1 ( state(* spioc_eewrite_shift data] & tiwmerf{B8) );

// ‘sproc__eewrite_wrate_data :

d_romcs_ = d_romcs_ & ~statef‘spioc_eewrite_write_data);
d_rom_mdoe = d_rom_mdoe | state[‘sproc_eewrite_write_data);
1d_spicoe = ld_spiroce | state[‘spioc_eewrite_write_data];
d_spiooe = d_spioca | state[‘sproc_eewrite_write_data];
ackload_ = ackload_ & ~state(‘spiroc_eewrite_write_data];

G_rew w4 A & +( sTate[ 'spauc_eewrile_wcate_data; & ~Limeridaj g



assign cntO = (cnt==4'h0Q; [/ counting |logic aI ways @ cnt or cntO or

strt_wst) , if (strt_swst) new cnt = 4'hil,; el se

new cnt = cntO ?4'hO c¢nt -+ 4'hl; // counter registers always @posedge

cl k4ol or negedge rstcprst-) If (-rstchggst_) - cnt <= #FFDLY 4' hG,
el se cnt <= #FFDLY new cnt; endnodul e ' ,

156 Function: Read/wite decoder nodul e sprw (brdctl en,
brdctirdy, csadr_. csren_, cdadr_ cdwen_, cl k4O, cr busy,

pac2spl o, por, seectlrdy, softcnden, ensoftodat, rdilb, rdid, © rdl e,
rdbrdct _, rdsdee{ﬂlw/PB%.mea%"' spi obsy ., seectlen, seebr dr dy??
stretchseq, wbrdctl _, w Spicaeap-. acm‘mseeeum'&M@pleﬂ@teLwrxwgpi odaber)e) »;

next_state( ‘spiroc_eéwrite_write_data]
= next_state(‘spioc_eewrite_write_datal
1 ¢ state( spioc_eewrite_write data] & ~timer(4)] );

next_state( ‘spioc_ack hxl
= next_statef{ ‘spioc_ack_hi)
t { statef‘spioc_eewrite_! write _data) & tamer(4] );

kS

end /7 of the enormous thing you do if SPIORESET is not asserted

end // of the huge "always" block

endmodule



i nput [ 7: 0] csadr_ cdadr_ I nput brdctl en, brdctirdy, csren_, cdwen
cl kK4, crbusy, pac2splo. por, -seectl en, seectirdy, softcnden;
out put ensoftodat, rdlb, rdld, rdle, rdbrdctl _ rdseectl _ rdspl odat,
seebrdrdy, spiobsy . stretchseq, wbrdt9e® . wspiocap_, wseectl| _

wrspl octl . wspiodat .. spiwdec sprwdec ( .csadr_(csadr_),

.csren (C.SVﬁh.).og/.sﬁﬁiﬂjG (cdadr _ .cdwen_(cdwan_) crusy(crbusy),
.. por ( por), .rdib(rdib), rdId(rdld) .rdl e(rdl e)
.robridct%gﬁﬁdbrdctmgaws rdseectl_(rdseectl_)

. rdspl odat _(rdspiodat ),
. Spl obsy_A spic@bsy_).w brdct|
.wrseect 172 (wr seect |, %
spstretch spstretch
hostrdengthtrde
S

.rdseebrds (rdsee rds_)

.sectien(seectlen).

plobsy(splobsy),
_(wrbrdctl _

v r SRi gct | |octI _, ..wsplodat- (wsplodat_);
* rldcftslloef(r)l ?(‘}N‘ren)" brdctirdy(brdctirdy),
pachpIo(pachplo)

, .wrsplocap_(wsplocap ),

. por (po), _
.seetirdy(seectirdy),

.seqrden(seqrden) ;@gbrdctl_(wwbrdctl_), .wrseectl _(wseectl )
.ensoftcdat(ensoftcdaty. seebrdrdy(seebrdrdy). .stretchseq(stretchseq) );

sprwct| sprwetl ( .Brdetien(brdctien), .clk4C(clkd4dO, .csrer_(csren_)
. por (por), sero, I dbr dct | (rdbrdctl ) .rdseectl (rdseecti )

seectlen(seectlen) -
hostrden(hostrden)ﬂmﬁh
enanduIe
. MA17, MAl6,
MA15, MAl4, MA13, MAl2, MAll,
MA7, MAG, MAS, MA4, MA3, MA2,

MD7, MD6, MDS, MD4, MD3, MD2,

MCS_,

MOE_,
MWR_,

SEECS,

IDPAL,
D7, ID6, IDS, ID4, ID3, ID2,
ESBRD, ’

S_RST ,
TRMSHI,
TRMSLO,

XCBLDT,

CBLDT Vi

1nput
input

CLK;

P_RST_;
output B_RST_;
1npout SPIO;

output
output

LED_;
STPCTL;

1nout
output,
ourput

MAL7, MAL6;

MAlS, MAL4, MAl3, MA12, MAll,
MA7, MAG, MAS, MA4, MA3, MA2,
1nout MD7, MD6, MDS, MD4, MD3, MD2,
inout
cutput
Laout

inout
1nput

1nput
input

IDPAL; .
D7, ID6,
ESBRD;

1D5, ID4, ID3, ID2,

input
Lnput
1nput
irput
1nput

S_RST_;
TRMSHI;
TRMSLO;
XCBLDT;
CBLDT;

splobsy(splobsy)
rdseebrds_(rdseebrds_),

. Spi obsy_(spi obsy,
157

MAl0, MA9, MAS,
MAl, MAO,

MD1, MDO,

ID1, 1IDO,

MAL0, MA9, MAS;
MAI' MAO;

MD1, MDO;

ID1, IDO;

. seqrden(seqrden));
Functi on:



Read/wite decoder nodul e sprwet!l (brdctlen, clk40bO, csren

_, por.
rdbrdctd , rdseectl , seectlen, spl obsy, spl obsy , hostrden,
rdseebrds . seqrden ); paranmeter FFDLY = 1;. Input brdctien, clk40bQ
csren_, por. rdbrdctl , rdseectl , see@bien, splobsy, spl obsy.

out put ho t& N Il enable soft contrgl read data for host
output rd YIS &¥SP‘§hYput seqrden; /'l enabl e soft
control read data for sequencer /1 internal signals wire rdbrdct!| _
rdseect| _weeSpl @R6)Y ;malo@g host rden, seqrden, rdseebrds_  // stretch
sequencer aIM@ ggnegedge cIk4CbC)or posedge por) - if (por)

rdseebrds <= 1%91; - el se Tdseebrds_<= #FFDLY csren

(~seect i emre Nd@éec@bW9 & (~brdrtlen rdbrdctl ); /1 hold softctl data
for reads // phosunéfmays @ posedge cl k4O or negedge spi obsy )

hostrden <= #FFDLY #®€in; el se _ ‘hostrden <= #FFDLY 1' bl
1obuffers buffers_1l ( .pad_clkin (CLK), )
.clkin telkin), *
.pad_pcl_reset_ {(P_RST_),
.reset_ {reset_),’
.pad_brd_reset_ " (B_RST_),
.pad_spio .(SPIO),
.spio_in (spio_in), -
.spio (spio_out),
.spiocoe {spirooe},
-pad_led_ (LED_),
.led (led_out_}),
.ledoe (ledoe),
-pad_stpwctl {STPCTL),
.stpwetl {stpwctl_out),
.stpwctloe {stpwctloe),
.pad_hi_ma ( {MAl17, MALG)} ),
.pad_ma { {MA1l5, MAl4, MAl3, MAl2, MAll, MAl0, MASY,
MAS8, MA7, MA6, MAS, MA4, MA3, MA2, MAl, MAO}),
-ma_in (ma_in),
-ma (ma_out),
.maoe (maoe) ’
.pad_md ] ( {MD7, MDS6, MDS, Mb4, MD3, MD2, MD1, MDO} ),
.md_in (md_in),
.md (md_out),
.mdoe ] (mdoe},
.pad_romcs_ (MCs_),
.romes_in_ (romcs_in_),
.romcs__ {romcs_out_),
. romcsoe {romcsoe),
.pad_romece_ (MOE_),
.Tomoe_ : {romoe_out_),
. romoece (romoece),
.pad_mrw {MHR_),
mrw_in (mrw_in),
.mrw (mrw_out),
.mrwoe (mrwoe),
.pad_seecs (SEECS),
.seecs_in (seecs_in),
.s@ecs ~ (seecs_out),
.seecsoe ‘(seecsoe),
.pad_idpal (IDPAL),
.idpal_in . (idpal_in),
.pad_iddat ( (I1p?, 1ID6, IDS, ID4, 1ID3, ID2, ID1, IDO} ),
.iddat_in (iddat_in),
.pad_esbrd (ESBRD) ,
.esbrd_in (esbrd_1n),
.pad_scsi_rst_ : (S_RST_),
-scsi_ rst_ain_ - -(scsi_rst_in_),
.pad_termsense_b (TRMSHI),

.termsense_b_1in (termsense_b_1n),



. /1 SEQ al ways @ negedge cl k4CbO or

#FFDLY :1' b1 el se seqrden <= #FFDLY 1' bQ
158 Funct i on: Serial -to-parall el
converter. Automatically generate
shifting out.

negedge spl obsy) seqrden <=

endnodul e
and parallel-to-serial

stagphy parity and stop bits when
Detects ACK and start bits

_ : and checks parity when reading.
nodul e spshft (ackw'n, berren, bytesent, chprstbsy, clkd4®7, cnt?9, _
clrparerr _ | edt st, | edtstsig, nparicken, rstis_, readspio,
sendbyte, setsival, shftout, splol, sivalid, strtwn, ackdet,
parerrdet, shftin, sploo.. . spl oparerr, strtdet); par amet er
FFDLY = 1./verilpgfmptice.v ackwi n, berren, bytesent, clk40b7, cnt9, clrparerr_,
npar cken, rstis, . chpr st bsy, Ithst, | edt st si g, readspl o,
i i .pad_termsense_a .
sendbyte. sivalid, splolesd e s BtStval. st rt win;
.pad_x connsense- (XCBLDT)Y, )
.x_pSn;sense_in (x_connsense_in),
.pad_connsense (CBLDT), .
.connsense_10 (connsense_in) Vi
séioc core core 1 (- .clkin {clkin),
- - .reset_ (reset_),
.spio {spio_out),
.spiove (spiooe),
.spio_in (spro_in},
.led (led_out_),
.ledoe (ledoe),
.stpwctl {stpwctl)_out),
.stpwctloe (stpwctloe).,
-ma {ma_out)},
.maoce (mace),
.ma_in {ma_in),
md {md_out).,
.mdoe (mdoe) ,
.md_in (md_in),
.Tomes (romcs_out_).
.romcsoe {(romcsoce),
.romes_in_ (romca_in_),
.romoe {(romoe_out_),
.romoeoe (romoeoe) ,
JMIW {mrw_out},
.mrwoe (mrwoe),
.mrv_in’ (mrw_in),
.seacs (seecs_out),
.seecsoe (seecsoe},
.seecs_in (seecs_in},
.idpél_in (idpal_in),
.iddat_in {iddat_in),
.esbtd:;n {esbrd_in),
.scsi_rst_in (scsi_rst_in_),
.termsense_b_in (termsense_b_in),
.tetnsense_a_in (termsense_a_in),
. connsen;e_in (x_connsense_in},
.connsense_in (connsense_in) Vi

2

endmcdule



I nput [7:0] shiftout; out put ackdet ; /I ACK det ect ed out puf

parerrdet; . /'l parity error detected out put [7: O] shftin; /1
shifted in data output sploo; /1 SPIO serial output

out put spl oparerr; /1 SPI O pari2g2error out put strtdet;

[l start bit detected /1l declare registers reg spl oparerr,
parerrdet; .[I. [ 7: tin; /1l Internal signals reg

[7:0] shft: tidsgate ftlg’]rs”:de%i ster wre. pardi; Y
parity data In wre par o;- /1l parity out reg .

par od; module GTECH ME¥4 tly But del diged 9di + 210 -1 8%1gar O¥E ), & /1l

reset parity. erro eg berrepsl errensz; reg sp_shfto;
/1 serialized™ 8t Put &% ¥ o By géng?lgtbr | checker assign pardi =
(readspl 0o  Sbhy@ut ut?; shft[7] : spshfto; assign paro = strtdet sendbyte

(-pardi [err] parod); al ways @ posedge cl k47 or negedge rstls_) begin
If (~rstis_) begin berrensl <= #FFDLY 1'bQ

berrens2 <= #ﬁ:%\ﬁ{ 1' bO, parod <= #FFDLY 1' bO;

parerrdet <= #RFPY)1aR@ ; end el se begin =« berrensl <=
#FFDLY berren; berrens2 <= #FFDLY berrensl; par od

<= #FFDLY pawire [1:0] sel ;
assign data = {d3 , d2 , d1 , 40 } ;
assign sel = { sell , sel0 }';
always @ ( data or -sel )
begin .
: out <= datalsel] ;
‘end '

endmodule



159 Function: Serial-to-parallel and parallel-to-serial converter.
Aut omattcal |y generate start, parity and stop bits when shifting out.
Detects ACK and start bits and checks parity when readi ng. -modul e
spshit (ackwi n, berren, bytesent, chprsppgy, dk4Gb7, cnt9, clrparerr_.,
| edtst, |edtstsig, nparcken, rstis_, readspio, sendbyte setsival,
shftout, spiol. sivalid, strtwin, ackdet, parerrdet, shftin, spioo.

spl oparerr, strtdet); paranmeter FFDLY = 1; input ackwi n, berren,

byt esent . . ¢hdsdddad7, CREaods: rParerr_. nparcken. rstis_ chpr st bsy,
| edt st, - readspi o. sendbyte, sivald, spiol, setsival, striwn;

i nput [ hf t t put ckdet /1 ACK detected output
parerrdet,;]f 2L 7')7“' h°°tj Réfermg?t e BeTE béltj put [7:0] shifin; /1
shifted |4 gats @ubfutl tsigk OOf BOTH addlen_ and addfihc SR @meredal out put out put
spi opar er4’, do a specipk leas; Wieps, the ¢ lay pifs Fift jIPed & £t ; . Ilstart

bit detecfegkress another... if SEEMS is asserted, send out "BRDRW" on MA[15]

module rom_addr ( out, *.
reset ,
addrdben_, -
addrhen_,
addrlen ,
addrinc,
clkin,
in,

seems,
brdrw yi

input reset_, addrdben , addrhen , addrlen , addrinc, clkin ;
input (7:0] in ;

input seems,
.bxdrw;

output [17:0) oﬁt }

reg [17:0] ad reg ;

assign out{i7:16)
assign out{l5]
assign out[14:0]}

ad_reqg{17:16];
seems ? brdrw : ad reg(15];
ad.regil4:0]; .

always @ ( posedge clkin or negedge reset_ )

if (!reset_) ad__r._'eg' <= #1 18°hOARAA;
else begin ‘
if ( ~addrdben_ )

ad_reg(l7:16) <= #1 in[6:5];
if ( ~addrhen_ )

ad_reg(15:8} <= }1 in;

if ( ~addrlen_ & ~addrinc )
ad_reg(7:0} <= #1 in;

else if ( ~addrlen_ & addrinc ) . // both asserted... trick load



/1 1nternal signals reg [7:0] shft; /1l shifter register wire

pardi; . . [l parity data in wire par o: [l parity out
rag _ par od; /1 parity out delayed wire ‘rstparerr_
/lreset parity error reg berrensl, bgygens2; reg sp_shfto;

[l serialized output [l parity generator / checker assign pardi =
(readspio sivalid) ? shft[7] : sp_shfto; assign paro = strtdet sendbyt e
(~pardi [err] parod); - al vvays;%prosedz%e cl k4Ch7 or, negedge rstis_) begin

If (~rstis_) begin e #FISDL'ﬁ 3" é:bgz berrens2 <=
#FFDLY 1' bOQ par od <:2n% ¥ bO " parerrdet <= #FFDLY
end el se begin - berrensl <= #FFDLY barren; . berrens2 <=
#FFDLY berrensl; els@akod ader 18k FL Yaqdatm; ) // just increment
160 ad_reg(1:0] <= #1 (ad_reg(l:0] + 2°bO1);

end

endmodule - : R



parerrdet <= #FFDLY sivalid & -paro; end end assign rstparerr_ =
nparcken & rstis_ & cirparerr_ always @ posedge cl k47 or negedge

rstparerr_) if (-rstparerr ) spl oparerr <= #FFDLY 1 bQ el se
spl oparerr <= #FFDLY spl oparerr parerjget ; assign spioo = (-ledtst &
sp_shfto ledtst & ledtstsig); always posedge cl k4Ob7 or negedge rstis )
if (-rstis_) begin sp_shfto <= #FFDLY |'b1l; shft[7] <=
#FFDLY 1b1; end el se begin’ if (sendbyte) begin

sp_shfto ‘&imescaL Y 1' Bop/10ps shft[7] <= #FFDLY shftout[7];

end se beaqi sp_shfto <= #FFDLY -chprstbsy

& (ont9 Feabar b‘LeEZEBg%%éLZ‘ﬁé‘eE;‘éﬁs - o6 O crkday) asent) ; - shf t[ 7]
<= #FFDLY spi ol ; nd end al ways @ posedge cl k40b7 ‘or negedge
rstis_) input reset shfqn[alsleo_ | <k#FFDLY 7' b111111 el se’ shft[6:Q

<= #FFDLY sendbyte ? shftout[6:0] shft[7:1]; /1 ACK and start bit
det ect or 1“8PMys @‘bdsedge cl k47 or negedge rstis )

output [7:0] out ;
reg (7:0] out ;
wire [7:0] in ;

always @ ( posedge clkin )

begin
if (lreset )
out <= #1 {8{1'b0}} ;
else .
out .<= #1 enable_ ? out : in ;
end .

endmodule



if (~rstis_) shftin <= #FFDLY 8' hQQ, el se shftin <=-
#FFDLY :setstval ? shft: shftin; assign ackdet = ackwin & ~shft[7] &

~shift[6]; assign strtdet .= strtwin & ~shft[7]. & shft[6]; endnodul e //
spshft 206 161 Function: .
Read/wite timng control. A ust -sequncer timng and hold data for sploctl -
reads. H story: OO Q0/00 JYL First rev. modul e spstretch (brdctlen,
brdctlrdy, hostrden, pac2splo, por, rdseebrds_. seect| en,
seectirdy, .S , Wrbedct wr seect’l| _ ensoftcdat, seebrdr dy;
stretchseq)?ﬁgégggneterggiéfﬁf:: 1; Input brdctl en, brdctlrdy, hostrden,

pac2spi o, por, rdseebrds_,
. module stp ( stpwctl , reset , stpwctlen_ , clkin , delayreqg .
spioreset ) ;
output stpwctl ;
input reset_ , stpwctlen ', clkin , spioreset ;
input (1:0) delayreq ;
wire [1:0] delayreqg ;

reg stpwen , stpwlevel ;

GTIECH_MUX4 gtech_mux4 1 ( . .do (delayreg(0]),
' .dl {stpwen),
.d2 (1’b0),
.d3 - (1'b0),

.sel0 (stpwctlen ),
.sell (spioreset),

.out (muxout) )i
always @ ( posedge clkin )
if (!reset )
- ' begin

stpwen <= #1 1’b0 ;
stpwlevel <= $1 1'b0 ;
end

else begin _
stpwen . <= #1 muxout ; .
stpwlevel <= }1 stpwctlen_ ? stpwlevel : delayreg[l] ;
end

assign stpwctl = stpwlevel ~ stpwen ;

endmodule



!

seectlen, seectirdy, seqrden, wbrdctl_, wseectl ; output ensoftcdat;

/1 enahble soft control read data output seebrdrdy, output stretchseq;
/'l strech sequencer cycle reg

'stretchseq' wre act _seq_stretch

rst_stretch_; /lstretch sequencer éégn act _seq_stretch =
rdseebr ds & (~seectlen | wse & (-brdctlen
wr brdct | ) ,vezllog/s&gs@@ggqspl o; always @posedge act _seq_stretch or
negedge rst_stretch ) it (-rst_stretch) stretchseq <= #FFDLY
1' bG eh§gﬂnm lns,ls;sretchseq <= #FFDLY 1 b'1 assign seebtdrdy =
brdctlrdy | seectlrdy; assign rst_stretch_ = ~(por seebrdrdy); /1 hold
softctl dala.f.plesff@gds asskgib, ensoftcdat = pac2spio ? hostrden: seqrden
endm)dul e/l spstretch spioparerr,

unsupported,

membusy, ’

errled_,

clkan,

reset_,

set_parerr,
set_unsup,

set_mbusy,
spioreset,
id_en_,
1d datav,
1d_ data210 )i
1nput clkain,
reset_;
input - set_parerr,

set_unsup,
set_mbusy,
spioreset,
1d_en_,
1d_data7;

input [2:0) 1ld_data2l0;

output errledenab,
spioparerr,
unsupported,
membusy,
errled_;

reqg - errledenab,
spioparerr,

unsupported,
membusy;

assign eriled_ = ~( errledenab & (spioparerr | unsupported | membusy) yi:

always & ( posedge clkin )

1f { 'reset_ ) errledenab <= 1 1'bO;
else if ( spioreset ) errledenab <= $1 1°b0; .

else 1f ( ~ld_en_ )} errledenab . <= #I 1d data?;

always @ ( posedge clkin )

1 f { !reset_ ) spioparerr <= #1 l:bo;

else 1f ( spioreset ) spioparerr <= :i 1,:g; -

else if ( set_parerr ) ’ spioparerr <= i .

else 1f ( ~ld_en_ & 1d data210{2] ) spioparerr <= §1 1'b0; ) // A ONE writes 1t off

always & ( posedge clkin )

1% 4 { !reset_ ) ) unsupported <= §1 1’'bO;
else 1f ( sproreset ) unsupported <= §1 I’bo;
else if { set_unsup ) unsupported . <= f1 1°bl;

else 1f ( ~ld_en_ & ld_data2l0(1] ) unsupported <= #1 1°Db0; // A ONE writes 1t off.

always 8 ( posedge clkin )

1f ( treset_ ) membusy <= #1 1’Db0;
else 1f ( sproreset ) maembusy <= ¥1 l:bo;
else 1f ( set_mbusy ) membusy <= #l 17bl;

. Iy’ 7 10 A TJliL a5t
@1se 1f ( -ia_en_ & id_dataziG{3J) ) memousy <= Fl ‘juo, 7/ A E writes it it
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endmodule



APPENDI X B

M 2934- US '
164 . . /1 Inputs:
seectlen_
209
‘timescale lns/10ps
module badparreg ( clkin,
' reset_,
spioreset,
lden_,
d_in,
badpar );
input .. clkin, )
reset_, =
spioreset,
lden ,
d_in;
output badpar;
r'eg badpar;
always @ ( pésedge clkin )
begin '
- if ({reset_) . badpar <= #1 1'b0;
else if (spioreset) - badpar <= #1 1’b0;
else if (!lden ) badpar <= #l d_in;

end

endmodule

sync_rst _,



cl ki n, pshreg[ 6],

pshregf 4], - _ : pshreg[ 3],
pshreg[ 2], . ' sSpi oreset . sp brdctl brdctl _1 (
/1 Qutputs: brddat 7, 210 - br ddat 6,
br ddat 5, br dst b, brdcs,
brdrw, ‘timescéle | Nputlss/10ps . sync_rst _
brdctlen_, - clkin, pshreg[ 8],
pshreg[ 7], . 1vsa Pshreg[ 6], pshreg[ 5],
pshreg[ 4] , modute ledreg ( i::::'pshreg[S], | spi or eset
bobsense bobsense_1 ( epid@set, sync_rst __
Spi or eset, ledregen_, scsi_rst_in_, '
ternmsense_b_in, gf_iél‘g;eg' termsense_ a_ in,
X_connsense in, spiq}i: connsense in,
led ,- : .
ledtest ); *
input' : clkin,
reset_,
spioreset;
input ledregen_;

input  [1:0] delayreg;

" input errled ;
input spio_in;
optput led_,

ledtest;

reqg ledbit_, ledtest;

always @ ( posedge clkin ) _

if (lreset_) " ledtest <= #10 1°b0 ;

else if (!ledregen_ ) ledtest <= #10 delayreg{l] ;
always @ ( posedge clkin )

if (treset_) ledbit_ <= #1 1°b0 ;

else if (spioreset)  ledbit_ <= #1 1'b0 ; N
else if (!ledregen_) ledbit_ <= #1 delayreg(0] ;

assign led_ = ledtest ? spio_in : ( ledbit_ & errled_);

endmodule



roncs_ in
Qut put s:
est at byt e

brdcs, oo o brdr w,

sensebr dadat ) | ddat iddat_1 ( [l 1 nputs:
sync_rst _, reset _,
i ddati n, 211 :
esbrd in, : . in,
, nTrw_in, seecsi n,
o i d done, i ddat byt e,
‘timescale lns/lops

module sp_seectl ( seems , seecs , seeck , seedo » reset_ , seectlen_,
clkin , delayreg5 , delayreg3 , delayreg2 , delayregl , spioreset ) ;

output seems , seecs , seeck , seedo ;

input reset_ , seectlen_ , clkin , delayreg5 , delayreqg3 , delayreg2 ,
"delayregl , spioreset ;

reg seems , seecs, seeck , seedo ;

always € ( posedge clkin )

if { !reset_ )
begin
seems <= §1 1’b0;
seecs <= 1 1°b0;
seeck <= §1 1’b0;
seedo <= #1 1’bh0;
end

else if ( spioreset )

begin .

seens <= #1 1°b0;
seecs <= #1 1'b0;
seeck <= #1 1’b0;
- seedo <= $#1 1°b0;
end '

else if ( !seectlen_ )

begin

seems <= #1 delayreg5;
‘seecs <= %1 delayreg3;
seeck <= #1 delayreg2;
seedo <= §1 delayreqgl;
end

endmoduile

I



sequencer sequencer 1 ( [l 1nputs: .clkin

(clkin)s ~ .sync_rst _ (sync_rst ), .
. pshreg (pshreg), .1d_done (id done),

. | edt est (l edtest), 212 seens (seens),
.brdrw (brdrw, . /1 outputs: .ronts_
(rom:s ) ‘timescale . 1n@/idgs. (ronoe-), : ©o.Tw

(mw, . rontsoe : (rontsoe)

.;rgggeoe modé.lﬁr% brd)cfl ( brddat7 , brddat ddats |, brdstb (,ny (mm,D%)r&rw ,
)/ 7:0, dei:tre' brdctl re'SClkénlzwgg rérg:;:yfe?G ’ eiayrgqs,

.l edoe - (le )y 9= . ce ‘(st pwet | oe),

. readnuxsel out@ue@dmge.l prddath/, Brddats , brdstb . brdcs . bfr@adshi ft

(pl oad_shift).,. .ackdat a (ackdat a), _

. ackl oad mp(‘éc’iﬁsﬁ%}d brdc*’clie’l‘ 2 Clkin o ldelayré@V(s'hldF%ayreq_ . dqlapteshift ),
. spi ooe (spi Goey o9 » delayreg3 , delayreggiq, ﬂb‘@ﬁese #  (addrdben),

reg brddat? , brddatG ‘ brddats-, brdstb , brdcs , brdrw ;

GTECH_MUX4 gtech_mhx4_l,( delayreg? , brddat? , 1’b0, 1‘b0, brdctlen
’ spioreset-, muxout?7 ) ;

N 4

always @ ( posedge.clkin )

begin
if. (lreset_)
brddat?7 <= #1 1'b0 ; -
else
. brddat7 <= #1 muxout7;
end

GTECH_MUX4 gtech mux4_2 ( delayreg6 , brddaté , 1°b0, 1’bO, brdctlen_ ,
spioresef , muxouts ) ; .

always @ ( posedge clkin )

begin
if (ireset_)
brddat6 <= #1 1'b0 ;
else
brddaté6 <= #1 muxouts6;
end

GTECH_MUX4 gtech mux4 3 ( delayreg5 , brddat5 , l'bO, 1'b0, brdctlen_
spioreset , muxout5 ) ;

r

always @ ( posedge clkin )

begin
if (lreset_ ) -
brddat5 <= §1 1’'b0 ;
else
brddat5 <= #1 muxout5;
end

GTECH_MUX4 gtech_mux4 4 ( delayreg4 , brdstb , 1'b0, 1°b0, brdctlen_
spioreset , muxoutd ) ;

r

always @ ( posedge clkin )

begin _
if (lreset )
brdstb <= #1 1’b0 ;
else .
brdstb <= #1 muxout4;
end

GTECH_MUX4 gtech_mux4 _5 ( delayreg3 , brdes , 1'b0, 1°b0, brdctlen_
spioreset , muxout3 ) ;

’

always @ ( posedge clkin )
begin
if (!reset )
brdcs <= #1 1'b0 ;



.addrhen_ (addr hen_), ' .addrlen_ (addrlen_),

.addring ; (addrinc), . dat aen_ (dat aen ),

. Spi or eset ' (spi oreset) , .set_parerr

(set _parerr), . setunsupj 3 (setunsup),

166 *' set _nbusy (set nbusy), _

.l edregen_- (| ed¥¥gen - ] . Stpen_ (stpen)), -
.seect| en eng (S€ECtI en}%“,‘“ <= #1 muxout3; .brdctlen_ (brdctlen

), : y .Statregen_ - (statregen_), . .

. bdprregen_ (bdprregen_) ); endnodul e _

167 ' GTECH_MUX4 gtech_mux4_6 ( delayreg2 , brdrw , 1’b0, 1°b0, brdctlen .,

spioreset , muxout2 ) ;

always @ ( posedge clkin )

begin
if (ireset )
brdrw <= #1 1‘b0 ;
else : .
brdrw <= #1 muxout2; *
end ’

endmodule



"tinmescal e

| ogi c for
core (
spi o,

| ed

st pwct | oe,
ma in,
nmd in,
roncs_in

| ns/ 10ps SPI OCCCORE. V This holds all the internal
SPI OC. Everything except the 10 cells I's here nodul e spi oc
cl ki n, reset_,
Spl 00€, 214 Spro_in,
| edoe, - st pwet |,
. n, ' maoe,
shregi2.v md, 1 mdoe,
ronts_, rontsoe,
‘timescale 1ns/10ps ronoe._,
/7 12 bit parallel loadable, parallel out shift register
/7 shifts from 11 to 0
// LATER added some new tricks:
/7 ’
// "pload_shift” will load DATA into (8:1], START BIT into (0],
// then on the next clock {(as bits [8:0] start shifting out) PARITY
// (generated here) wi1ll ke loaded into [8) and 111 into [11:9). This will
// be equivalent to loading (111, PARITY, DATA, START BIT} all at once
// (but easier to zime out)
module shregl2 ( pshregout ,
reset_ .,
clkin ,
spio_in ,
spiocoe , B
pload_shift ,
badpar ,
pdatain ) ;
output [11:0) pshregout ;
input reset_ ,
" clkin ,
spio_in ,-
spiooe ,
pload_shift ,
badpar ;
input (7:0] pdatain ;
reg after_ pload;
always @(posedge clkin) _
after_pload <= #1 (pload_shift & reset_);
wire parity = ~badpar * (“pshregout{8:1));
reg {11:0} pshregout;
always @ ( posedge clkin )
L f (lreset_ ) pshregout <= #1 12°b1111131111111 ;
else if (pload_shift) pshregout <= #1 {3’blll, pdatain, 1’b0}; /{ load

else 1f (after_pload)
else

endmodule

pshregout <=
pshregout <=

#1 {3’blll, parity, pshregout([8:1]};

// fix paraty

#1 ((spio_in | spiooe), pshregout(11l:1]}; // shift

.



r onoeoe,
nTw_in,. ®
seecsoe,
I dpal i n,
esbrd in,

t er reense_b. i/Rerilog/bobsense.v

X_connsense_i n,

nrw,
seecs, -
seecs_in,
i dglgg in,
scsi_rst_in

cl ki n; triabidale mudwsreset_; out put
Spi ooe; I nput spio_in; out put
168 Oout put sopsense.v [ edoe;

a 124

// Senses termination (for “auto-term®) and connectors installed

module

input

output

reg

reg

reg

wire

always

sample_pulse

bobsense ( cikin,
sync_zst_,

spioreset,

scsi_rst_,
termsense_b,
termsense_a,
X_conhsense,
connsense,

seems,
brdcs,
brdrw,

sense_brddat );

clkin,
sync_rst_,
spioreset,

scsi_rst_,
termsense_b,
termsense_a,
X _connsense,
connsense,

seems,

brdcs,
brdrw;

[1:0) sense_brddat;
scsi_sync_l1,

scs1_sync_2,

term_b_ff 1,
term a_£f£f_1,

term_b_f£f_2,
term_a_ff_ 2,

x_conn_f££_1,
x_conn_££_2,

conn_f£f£f_ 1,
cenn_££_2;
{4:0] sample_timer;

i1:0] state;

© {1:0} next_state,

sense_brddat;

= (&sample_timer); // All ones

€ (posedge clkin)

beqgin
scs1_sync_l
scsi_sync_2

<= #1 scsi_rst_;
<= §1 scsi_synac_l;

state <= #i next_state;

termsense_a in, 1
connsense_in );



out put st pwet |; out put -stpv{/ctloe; output [17:0) g,

out put -« maoe; input - [17:16] ma in; output [7:0] nd; out put -
[ 7: 0] ndoe; i nput [ 7: 0] md in; Qutput ronts_ out put
rontsoe; input’ ronts in ; oubgit ronoe_; out put
r onoeoe; out put nrw, out put ©nrwoe; input
nrw_in; seecs; out put - seecsoe; i nput
seecs i n; %ﬁ%f’”’mse”“"ﬂ dpal in, input [7:0]. iddat? i nput
esbrd_in;. input ;5c3| rst_in_ ; input ' ter msense_b_i n;
i nput -Léﬂ-f‘&énsejfa,}l mﬂ @ﬁtrt .~ - x_ connsense_in; input
connsense in; | NTERNAL "W

i conn__ ff 1 <= #1 connsense,

’ conn_ff_z <= #1 conn_f£f_1;

end

always @& (posedge clkin)

1 £ ( ~sync_tst_ | spioreset | scsi_sync_2 )
sample_timer <= §1 5°b0;
else sample_timer <= #1 (sample_timer + 1°bl);

always @ (posedge clkin)

if { ~sync_rst_ | spioreset )
begin
term b _ff 1 <= #1 1°bl; '
term_a_ff 1 <= #1 1'b0;
term b ff 2 <= F1 1’bl;
term_a_ff 2 <= #1 1’b0;
end .

else if ( sample_pulse )

begin

term b _ff 1 <= #l1 termsense_b;
term_a_ff 1 <= §1 termsense_a;
term b _ff_2 <= §1 term_b_£ff_1;
term a_ ff 2 <= #l term_a_£f_1;
end

// STATE DEFINITION {(comment)

/7

// 00 - means the next BRDLOGIC read is going to read the termstat

// 01 - come here while the first read (termstat) is underway

/7 11 - come here after the first. read completes, from then on read connsense

// next_state and sense_brddat are proqrémminq regs, NOT flip~flops...

always @( sync_rst__ or spioreset
or scsi_sync 2
or state
or term_b_ff_ 2 or term a_ff 2
or x_conn_f£f 2 or conn_ff_ 2
or seems or brdcs or brdrw

baegin o

£ { state == 2'H00 )
begin
sense_brddat = { term b ff_2, term_a ff 2 };
%3 B¢ ~sync_xst_ | spioieset { ~scsi_sync_2 ) next_state = 2’b00;
else if ( seems & brdes & brdrw ) next_state = 2’'b01;
else. i next_state = 2/b00;
end

else 1f ( state == 2'p01 )
begin .
sense_brddat = { term b_ff 2, term_a_£f£f 2 );
af ( ~sync_rst_ | spioreset | ~scsl_sync_2 ) next_state = 2°b00;
else if ( saema & brdcs & brdrw ) . next_state = 2b0l;

eise next_state = 2°bli;



wire: [7:0] iddatbyte, . estatbyte,

readnuxout , rom nd; wire [11:0] pshreg ; wire [ 2: 0]
readnuxsel .wre seecshit, seens, stpwtloe, e br ddat 7,

brddat 6, brddat5, brdrd7, brdrd6, brdrd%jseedibit, brdrw

wre [ 6: 5] sense_brddat; reg spio _ .

169 < I SERPEMRnsSYNC_rst _" ... it can assert at any tine, but //
will always degssert r; ght AFTER a cl ock '

° else // ( state ptobably == 2’bll }

begin

sense_brddat = { x_conn_f£f_2, conn_££f 2 }; -

if { ~aync_rst_ | spioresét | ~scsi_sync_2 ) next_state = 2'b00;
else . next_state = 2'bll;
end '

end

endmodule



feg reset _ ff_ 1, reset _ ff_ 2; always @ posedge clkin)

begin - - reset_ ff_ 1 <= #1 reset ; reset _ff_2 <=
#l (reset_ ff_1 & reset_); end wre sync_rst _ = reset _
ff_ 2 & reset; Il assign seecs = x@ecshit. & seens ; assign brdrd7 =
seens ? nd_in[7] brddat7 ;. assign brdrdé - brdrw ? sense_ brddat[6] :
brddat6 ; assign brdrd5 = brdrw ? sense_brddat [5] : brddat5 ; assign
seedi bi t =-miT°FtoPG%tskens; // input select logic fo* shift register
readmux readmux 1 ( . out (readnuxout),

.inO ( mefTeRfeRR 0] ) lns/iops _ il ({ 2'b0Ol, seens,
'1'bl, seecshit, seeck, seedo, seedibit }), .in2

({ brdrd7, /pt*#’d6, brdrd5, brdstb, brdcs, brdrw, 2'b03),

.1 n3 ({ 7etnid edeiabon 4shE) rFPREGPAE @kner. UNSUPPOr t ed, nenbusy }),
.1 n4 (I (;Y)d%g bsyxtf;e.):éqzster resets to all ones, then shifts i1n from the "PAL"pxn.
// The shift register stops shifting when the first zero gets to bit (0].

// The timer resets to F then counts down to 0. If the timer reaches zero and NO zeroes
// have been shifted in from the PAL yet, then JAM a parallel tking into the shift register.

// #hat to jam depends on the level of idpal AT RESET TiHE (as remembered by idpal_at_rst)
// If zero, use the chip built-in value, if one use the "parallel pin®" values.

// There’s a special bandaid to make sure the.shift register doesn’t load zeroces at all
// if idpal is low all the time. ’

module iddat ( clkin,
sync_rst_,
reset_,

idpal_in,
iddat_in,
esbrd in,

ma_in,
romcs_in_,
mrw_in,

seecs_in,

id_done,
iddatbyte,
estatbyte )

input clkin,
sync_rst_,
reset_;

isput | idpal_in;
1nput {7:0} iddat_in;
input esbrd _in;

input [17:16) ma_in;

input romes_in_,.
mrw_in;

1nput seecs_in;

output id_done;

output (7:0} iddatbyte,

estatbyte;
req [16:0) shifter;
:ed (3:9) timer;
req {i:0) froant_end;
req {17:16) ma_at_rst;
req idpal at_rst,
romcs_at_rst,
mrw_at_rst,

seecs_at_rst;



.in5

(estatbyte), _ .1 n6 ({ 7" bQG badpar }),
. sel + (readnuxsel) ) shregl 2 shregl2_ 1 ( . pshr egout
(pshreg), .reset _ (sync_rst_),
.clkin (cl kin), 219 .spio_in
(spl 0_i n)../verilog/iddat.v . 'Spi ooe (spi ooe),
pl Oad szife shxf(&langl Shksfhlf):dr, badpar
(badpar) . pdat ai n (readrmxout) );
170 // i'hPut f%-"to req e ni ng acknowl edge val ue when not shifting
data to // dag GTECH_MUX4 gtech nmux4_1 do (1' bO),
Codl "b?hl’ 8{ e_]l = front_end(0) | ~ydpal_at_rst; // Force to 1 :.t' HsZal at rst éthat a)
.d3 .selO (ackl oad )
.sell ("é.i?kshl it zfm sire = vromesst.fst ? Z'bhc rst{16]° ? 2'b10 . out /; ﬁi’;ffﬁ'%'w n) s
al ways @ ( posedge clkin or negedge SYNE rEe3in ) 2 2¢b01 DeQiMmaf17 1ow -> hisk
(!'sync_rst_) spio <= #8 1'-bO ? 27D00;

/7 256K

// 0K, 1f there 18 no PAL will be "jamming" 1n either default or from pins

wire (16:0] 3jam_1n = .~adpal_at_rst ? 17'b1110_0000_0101_0101_9- // Internal default
: { 1’b}, /7 ESTAT17]
rom _size(l], /7 [6)
17 bl, //- [5)
esbrd_in, /7 9
seecs_at_rst, 1/ (3]
~mrw_at_rst, /7 [2)
rom _size(0], /7 11
1’ b0, /7 (0}
iddat_in, J/ ID[7:0)
1°b0 }i // Tstop shifting™ bat-
always @(posedge clkin)
front_end <= #1 ( idpal_in, fraont_end{l) }; // Free-running, no reset
always @(posedge clkin)
if ( ~sync_rst_ ) shifter <= #1 17‘b11111111 1111111l_1;
else if ( timer 0 & shifter_all 1) shifter <= #1 jam_in;
else if ( shifter{0}] ) shifter <= #1 { shift_in, shifter{l16:1] };
always @(posedge clkin)
1f { ~sync_xrst_ ) timer <= #1 4'blll};
else 1f ( ~timer_ 0 ) timer <= #1 (timer - 4’b0001);
always 2(posedge reset ) // WON-CLOCK-TRIGGERED FLIP-FLOPS
. tegan
idpal_at_rst <= #1 idpal_in;
ma_at_rst <= #1 ma_in;
remes_at_rst <= Fl romecs_in_;
mrw_at_rst <= #1 mrw_in;
seecs_at_rst <= #1 seecs_in;
‘end
assign  :d_done = ~shifter(0];
assign’ rddatbyte = shifter(8:1];
assign estatbyte = shifter{l16:9};

endmodule



el se : spio <= #8 ackln ; end romaddr romaddr_ 1 ( -

. out . . (m), .reset _ (syncrst ),
. addr dben_ (addrdben ), . addr hen_

(addrhen_), . ] .adzho en_ (addrlen_ ),

.addrinc (addrinc), . ~oclkin

(cl kin), ‘ . | APPENDIX C (pshreg[9:2]),

. SEens f@ﬁ?)****************************“ﬂ[ﬂ********u(p{ dr V\/)

) regen8 ron1 at al ( out (romnd

. reset **{tﬁﬁﬂ?*#%ﬁ*j*********** . enabl e

(dataen ), .clkin (clkin)

(pshreg[9:2]) =~ ) /| Choose EEPROM WRI TE DATA or .SPECI AL
JUNK SI GNAS /ﬁun%tb%nsent out to "pad_nd", // still subject to the whins

of md_en [7:0], of course assign nd[7] = seens ? brddat7

crommd[7]; a eens ? brddat6 : rom.nd[ 6]; assign
md[ 5] :seenég%éQ%Y%Eg?i decoder  romnd[5]; assign nd[4] = seens ?
~brdstb : romnd[4]; assign nd[3] = seews ? ~brdcs

rrom [ 3] ; as,s*m*m,?&***ﬂm**ﬁm#*************iijﬂ**,asSI gn
nd[ 1] = seens ? mnd [ 1]; assign md[( =

rom. n,.d[ 0‘]}0 ’ *gfb*tfb*i**************r

module sprwdec ( csadr_, csren_, cdadr_, cdwen_,
crbusy, por, softcomden, rdib,
| rdld, rdle, rdbrdctl;, rdseectl , rdspiodat_,
spiobsy, spiobsy_,
15 wrbrdctl_, wrspiocap_, wrseectl_ , wrspioctl_,
wrspiodat_ );

input [7:0])] csadr_, cdadr_;
input csren_, cdwen_, crbusy, por, softcmden;
20 '
output rdib; // reading address 1b
output rdld; // reading address 1d
output rdle; // reading address 1le
output rdbrdctl_; // read BRDCTL (1D)
25 output rdseectl ; // read SEECTL (1E)
output rdspiodat_; // read SOFTDAT (1E)
output spiobsy; // CIO read .
output spiobsy_; /] CIO read
output wrbrdctl_; // write BRDCTL (1D)
30 - output wrspiocap_; | -f/ write ESTAT (1B)
output wrseectl ; // write SEECTL (1E)
output wrspioctl_; // write SPIOCTL (1E)
output wrspiodat_; // write SPIODAT (1D)

35 //__;-____;__-T_-__; ______ f;




/1 Qutput: ' . st pwet | (stpwetl),

[l Inputs: . . .reset _ (sync_rst ),

171 .Stpwetl en_ (stpen ),

.clkin (clkin), 221 . del ayreg
(pshreg[8:7]), . Spi oreset (spi oreset)
spi ostatreg spj Qsdfdr eHecode /1 Cutputs: '

errl| edenab, spi oparerr,

unsupport ed, _ menbusy,

errled_, // complement signalmits: cl ki n,
sync_rst_,

set TUnsup. nbuf02 ivo ( NQ(softcmdé;rfEt Paﬁfféoftcmden) );
spi oresetd3  invol ivl ( -NQ(Csadr‘l).s-tPa(CF%”n_[‘l]) )7
inv0ol iv2 ( .NQ(csadr3), .A(csadr_[3]1) );
invol iv3 ( .NQ(csadr2), .A(csadr_[2]) );
inv0ol iv4 ( .NQ(csadrl), .A(csadr_([1]).);
- ( .NQ(csadro), .A(csadr_[O]) VI
(

.NQ(csren), .A(csren ) );

invol ivs
10 invol iveé

// block decode: 00011
ando5 an0 ( .Q(blkrd), .A(csadr_([7]), .B(csadr_[6]),
.C(csadr_([51]),

15 .D(csadr4), .E(csadr3) );

// register decode: 011, 101, 110
nand03 anl ( .NQ(nrdlb), .A(csédr_[Z]), .B(csadrl ),
.C(CSadrO ) ),

20 nand03 an2 ( .NQ(nrdid), .A(csadr2 Y, .B(csadr_([1]),
.C(csadro ) )i .
nand03 an3 ( .NQ(nrdle), .A(csadr2 ), .B(csadrl ),
.C(csadr_[O]) Y: _
nand03 an4 ( .NQ(declbldle), .A(nrdlb), .B(nrdid),

25 .C(nrdle) ); -

nbuf02 nbo ( .NQ(rdlb), .A(nrdlb) );
nbuf02 nbl ( .NQ(rdld), .A(nrdld) );
nbuf02 nb2 ( .NQ(rdle), .A(nrdle) );
30 _
// set and reset busy _
nand03 an5 ( .NQ(adrok_), .A(blkrd), .B(declbldle),
.C(csren) ); , '
ordz or0 ( .Q(setrbsy ), .A(adrok_), .B(crbusy) );
35 nor02 nro ( .NQ(rstrbsy_), .A(csren_), .p(por) ) JH



pshreg[ 8], pshreg[ 3: 1] ) badparreg

badparrgg_1.( clkin, _ sync _rst_
spi oreset, _ : bdprregen,
pshreg[l], : bagpar ); | edreg ledreg 1
[l 1nputs: _ cl kin,
sync_ rst_ nrslt nl0 ( .NQ(bsy ), -Sb¥ySet.NS(setrbsy_ ),
| edregen_, L pshreg[ 8:7], -
errled -NR(rstrbsy ) )'_ spio in,. . /1 Qutputs:
| ed_ buf0104 bfo ( .Q(spimh=t, )A(bsip Igect| seectl_ 1 (
/[ Qutputs:  puf0103 bfl ( .Q(spiobsy ) SE€ ;
seecshit, o ( -Q(splo S?S'e)e'ck%sy") )i
seedo, ,
// read strobes _ —_—
nand03 nd10 ( .NQ(rdbrd ), .A(rdid), .B(spiobsy),
.C(softcmden_) ); "
' nand03 ndill ( .NQ(rdsee ), .A(rdle), .B(spiobsy),
10 .C(softcmden_) );
nand03 ndi2 ( .NQ(rdspiodat_), .A(rdld), .B(spiobsy),
.C(softcmden) ); '
buf0102 iv30 ( .Q(rdbrdctl_ ), .A(rdbrd_ ) ):;
15 buf0102 iv3l ( .Q(rdseectl ), .A(rdsee_ ) );
L B —————— e e e e e e
// write decode
20_
invol ivil ( .NQ(cdadr4), .A(cdadr_(4]) );
inv0l 1ivi2 ( .NQ(cdadr3), .A(cdadr_(3]) );
invol ivi3 ( .NQ(cdadr2), .A(cdadr [2]) );
invol ivi4 ( .NQ(cdadrl), .A(cdadr_[1]) );
25 invol ivl5 ( .NQ(cdadro), .A(cdadr_[0]) );
- nbuf02 ivlé ( .NQ(cdwen), .A{cdwen_) );
. | // block decode: 00011

and0s an10 ( .Q(blkwr), .A(cdadr_[7]), .B(cdadr_(6]),
30 .C(cdadr_[5]), |
.D(cdadr4), .E(cdadr3) );

// register decode: 011, 101, 110
. and03 anil ( .Q(wrlb), .A(cdadr_[2]), .B(cdadrl ),
35 .C(cdadro ) )i



172 "tinmescal e | ns/ | Ops nodul e readnux (out, inO inl, in2, in3,

in4, inb, iR6, sel) output [7:0] out ; input [7:0] inO, inl , in2 , in3
, in4d ., in5, in6 input [2:0] sel wre [2:0] sel ; wre [7:0] out , inO
, inl , in2 , in3, ind4d , in5, inputO 223nput1 input2 , input3 ,
Input4 , input5 , input6 , .nput?7 ; assign input7 = { 1'bl , in6[7] ,
in5[7] , in4[&ando3i a¥12] ( .Q(&@raad), - i ([cdladr2 ) . i.BQcdadr} [1]1)assign
inputé = { 1 bl( daﬁ@hp] 0 )n5[6] , in4[6] , in3[6]., in2[6] , inl[6]

inQd6] } ; assign input5’={"1"bl , in6[5] , in5[5] , in4[5] , in3[5] ,
in2[5] , inl[3nd03 ani3 j(hgREWLle), addicgadn®put 4 = -B(cdadrl i ng[.4] |

in5[4] , ln4[4h(cddaﬂ lo3) qq2[4] , inl[4] . in(4] } ;. -assign

i nput 3 = % 1' bl o |n5[3] , in4[3] , in3[3] , in2[3] , inl[3]

ind3] } ; '

and02 anl4 ( .Q(wspiocap), .A(blkwr), .B(wrib) );
and03 anil5 ( .Q(wbrdctl), .A(blkwr), .B(wrld),
.C(softcmden ) ); ' .
- and03 anl1é ( .Q(wseectl), .A(blkwr), .B(wrle),
10 .C(softcmden ) ); _
and03 anl7 ( .Q(wspiodat), .A(blkwr), .B(wrid),
.C(softcmden) ); _
and03 ani18 ( .Q(wspioctl), .A(blkwr), .B(wrle),
.C(softcmden) ); '
15
and02 anl9 ( .Q{wrspiocap), .A(cdwen), .B(wspiocap) );
and02 anla ( .Q(wrbrdctl), .A(cdwen), .B(wbrdctl) );
and02 anlb ( .Q(wrseectl), .A(cdwen), .B(wseectl) );
and02 anlc ( .Q(wrspiodat), .A(cdwen), .B(wspiodat) );
(

20 and02 anld .Q(wrspioctl), .A(cdwen), .B(wspioctl) );

nbuf02 nbl9 ( .NQ(wrspiocap ), .A(wrspiocap) );

nbuf02 nbla ( .NQ(wrbrdctl ), .A(wrbrdctl) );

nbuf02 nblb ( .NQ(wrseectl ), .A(wrseectl) );
25 nbuf02 nblc ( .NQ(wrspiodat ), .A(wrspiodat) );
nbuf02 nbld ( .NQ(wrspioctl_ ), .A(wrspioctl) );

endmodule



assign |n

inl[2] .
[ n4[1]
| !

out [ 3]

in6[0] , in5[0] , |n4[0] , 1n3[ Qg in2
} ; .assign out[7] = input7[sel] ; assign ou
assign.out[S]CLﬂﬂmytS[sel] ;. assign out[4] =
= |npu
i nput | [ sel ]

173 input

I dpal i n;

] . inl[Q itotal

1
[
t

] l ﬁx“%[zl , ins[2] , in4[2] , in3[2] ~in2[2] | ..
im i”u lmalll ’m ﬁf[si]gn ' nput 1 F EO'[ f' ! 'gg[sf]g THlégﬁgﬁHAs EEN
i n2[ 0
[

6] .= input6[sel] ;
| nput 4[ sel ] ; assign

t3|se!’ aSS|gn out[2] = input2[sel] ; assign out[l] =
as {gFIax = input(sel] ; endnodul e

1. seenﬁcxhtegﬁanﬁd circuit cogmptriipsy; out put

i nput [7:0] 5 é%%%ﬂ(¥¥yﬁinal;

5

10

15

20

25

30

35

a first module coupled to said clock terminal
wherein said first module receives a clock signal
from said clock terminal and generates a buffered
clock signal; : -

a second module hav1ng a clock input line
coupled to said first module wherein said buffered
clock signal is supplied to said clock input line
of said second module; and

a serial port having a clock input line
coupled to said first module wherein said buffered-
clock signal is supplied to said clock input line
of said serial port'and further wherein said
serial port further comprises:

_ a plurality of storage elements wherein
each storage element is serially coupled to
another storage element in said plurality of

" storage elements; and

' a serial port pin coupled to at least
one storage element in said plurality of
storage elemeénts wherein said serial port pin
is the only pin used to transfer information
serially from and to said integrated circuit.

2. An integrated circuit as in Claim 1, wherein
said plurality of storage elements comprise a plurality
of flip-flops.’

3. An integrated circuit, as in Claim 2, further
comprising a plurality of multiplexers, wherein at
least one of said multiplexers couples an output
terminal of a first flip-flop to an input terminal of a
second flip-flop.
h\'\
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oo (10 I, g o

padt er neenseb; out put ternmsense_b i n I nput REPLACED
padt er nsense a; out put . t er meense_a Pn i nput —
pad_x_connsense; out put . X_connsense_in

n
connsense; out put 4. AppiRkegeated Clr%@¥ﬁ(aﬁlEPnClaﬁﬁdlcFRFEh?r buf
( reset_ , pad_pGompei&ing) : buf ( pad_ brd_ reset_ , reset );  buf (
spio_in , pad_spio ) ; bufifl ad_s o iooe ) ; bufifl (
pad_led_, led_, |edoe) ;a ?ﬁ# Ppgﬁtit%ﬂgtlangstpmctl , Stpwctl oe);
buf ( ma_ in[17], pad_hi_med Iffogesdof fddpess[WeF; pad_hi _ ma[ 16] );
bufifl ( padeni _ma[17] , ma[17] th?an)saléuﬁiﬁfailﬁﬁdof'SGBLQSL ma[ 16]
, maoe ) ; bufifl ( pad_ nqé %& na;

lements are coupled o'said processor data
bus and said processor address bus so that
said processor can load data into-said

plurality of storage elements.

10
5. An integrated circuit as in Claim 4 further
comprising a shifter state machine wherein said serial
port pin is coupled to said shifter state machine.
15 6. A host adapter integrated circuit comprising:
a first plurality of pins couplable to a
first bus; ’
a second plurality of pins couplable to a
second bus;
20 a clock pin;

a data transfer circuit connected to said
first and second pluralities of pins, and having a
plurality of modules;
' vherein a first module in said plurality
25 of modules receives a clock signal- from said
- clock pin and supplies a buffered clock:
signal to-the other modules in said plurality
of modules; and
~ said data transfer circuit
30 - transfers information between said first and
second plurality'of pins; and
a serial port coupled to said data transfer
circuit, and said serial port having only one
serial port pin wherein said serial port serially
35 drives information on said serial port pin in

\
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ghajag BEEN

bufifl ( pad_ - maoe ; bufifl (.pad ma[ 1
maoe ).; bufi ?D‘ﬂ' hﬂ”ﬂiﬁh{lﬂ]ﬁﬂ ma[ 12] , maoe ) -; bufifl ( p
ma[ 11] , nmoe na[lO] , na[lO]', maoe ) ; bufi

ma[9] , ma[9] , maoe ) buflfl ( pad_nma[8%6, ma[8] , naoe ) bufifl ( _
pad_ma[7] , ma[7] , nmaoe ) ; bufifl ( pad_ma[6] , ma[6] , nmoe ) bufifl (

pad_ma[5] , ma[5] respoase tobuﬁbhhls radeiwed] fromajsdlid datee ) : bufifl (

d 3] ., 3 " pad 2] , 2] , . bufifl
Bgd:mm[al[}] ,m[[}]""""’g?’%‘*)r t’1t'}l‘§’r‘ f (p?}aaiaka][q maEm][O] ,na(r)r:o)e) buf ( (
md_in[7] , pad_nd [7] ) ; 174
buf ( nd_in [6] , pad_ dlgg,ft ]of) ;. buf (

;mj bl[JISi f1 ( padoett| input rId.[nH c,ouliii@ﬂ[ i]o ba,ldblffJJrfsi'. modaderdict] , nd[ 6]
oe

; fls
) o Sty e 40 o, A
pad_md[ 2] , ne&pdf bufifexied] olocknsiignal( isatsed] by- said Beriaki®sry ) ;
bufifl ( pad_&ﬂ[@braa@ﬂbgh..vﬁﬁ@PHgfdkmatlon on said serial port

10 pin.

md 4 d_mg[ 4 f 3 nd| 3 bf in[2] ,
pea i 215" L"<]rrez')'ﬁ bu 'n[] GP’%**%) hPBF e o G )

8. The host adapter integrated circuit of
‘Claim 7 wherein said serial port further comprises
a plurallty of serially coupled storage elements;
15 - "wherein data from said serially coupled
' storage elements are serially provided to said
serial port pin in response to a first edge in
said buffered clock signal; and .
| - further wherein data from said serial port
20 pin are serially stored in said serially coupled
' storage elements in response to a second edge in
said buffered clock 51gnal.

9. The host adapter integrated circuit of

25 Claim 8 wherein said first bus is an input and output
bus connected to a peripheral device and said second
bus is a system bus connected to a host processor; and
further wherein said serially connected storage element
have a parallel input terminals wherein data from said

30 second bus are provided to said parallel input
terminals and are latched in parallel in said serially
coupled storage elements in response to a third edge in
said buffered clock signal. -

35 10. The integrated circuit of Claim 9 wherein
data from said serially coupled storage elements are

//II/I///III/////I/I/ﬁITd



buf ( ronts |f1 ( padroncs , roncs_ , r
bufif 1 pad romunfm mm#ﬂ ”7" noeoe buf ( mw_.in, padnr
pad_nrw , nmwoé L) M * ( seecs in ad_seecs ); bufi
pad_seecs , seecs seecsoe ) buf ( ié% | _in, pad_idp
( iddat_ in[7] , pad |ddat[7] ) ; buf ( .iddat_in[6] ad_iddat[6] ) buf
( iddat_in[5] , paet tQ!S]Sa)l%LﬁY%t@HMS_ i Hp qparablgl | Hayrpaponse Befa(
iddat _in[3] , padrésdiadtrxdbe.; buf ( iddat_in[2] , pad_iddat[2] ) buf (
iddat _in[l] , pad_iddat[I] ); ' buf ( iddat_in[Q , pad_iddat[Qq ) ; buf
( esbrd_in , padesbrd buf ( scsi_.rstin_, pad_scsi rst_); buf
ternsense_b_in, pad_tekhserBhe bll)tethdtfexm@nteO& ¢ha11paﬁlt funthete a );

buf ( x conngﬁnsebéﬂbrfggthponnsense ): buf ( connsense_in, pad_connsense
); endnodule -

a hold register coupled to saidlggrially
coupled storage elements wherein upon transfer of
data from said serially coupled storage elements
to said hold register, said data is provided to a

10 plurality of received data terminals in response
to a fourth edge in said buffered said clock
signal.

12, An apparatus comprising:

15 ) a first integrated circuit having a first
serial port wherein said first serial port has
6nly a first bi-directional pin;

' a second integrated circuit having a second
serial'port wherein said second serial port has

20 only a second bi-directional pin; and _

a serial port input-output line connecting"
- said first bi-directional pin to said second bi-
~directional pin;

wherein said second integrated circuit
25 generates an acknowledge packet on said

second bi-directional pin in response to a

command packet from said first integrated

‘circuit on said first.bi-directionél pin.

30 13. The apparatus of Claim 12 further comprising:
a system bus coupled to sald first serial
port, and
an oscillator; and further wherein
said first integrated circuit further
35 . comprises a clock pin coupled to said oscillator
and said first integrated circuit generates a

-~_~_“_“_;_“—
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pad terumsenvse b t“ﬁ'ﬁiB%FFEQLhASBEEN 1 REFLALSY

pad_ternsense_a, t @€r N5 eREPRAGED N, e

pad_x_ connsense, s " 228 X—6oRASSRSe—H

pad connsense, : cohnsense in ); I nput

pad_cl kin; output buffered cl&ck;signpltin responsepefi_acsigeakton out put
reset?.putput said Qfgeﬁ Stﬁ §§&, i hout ' pad spio; output
Spl o 1n; Input 0, splooe out put

pad_l ed_; input saldeeeconﬂpuntegrated cireudt; fusthent
pad_stpwctl; input comprises aSEP8€k|p1n'88H§1ed to saidSbBBELhGEor, i NoUL
[17:16] pad_hi .ma; output [15:0] pad_ma, output [17:16] ma_in; input

[17: 0] na; I nput nmaoe;
14. The apparatus of Claim 13 wherein said first
serial port further comprises:
a command genérator circuit.having a serial
port input-output bus coupled to said system bus,
10 and a parallel output bus wherein in response to a
signal on said serial input-output bus, said
command generator circuit drives a command on said
paiallel bus. '

15 15. The apparatus of Claim 14 wherein said
command comprises a byte of information.

16. The apparatus of Claim 14 whereln sald
command 1nc1udes a plurality of command bits.
20
* 17. The apparatus of Claim 16 wherein said
command includes a plurality of data bits.

18. The apparatus of Claim 14 whereln said first
25 serlal port further comprises:
a converter circuit connected to said
parallel bus, and said converter circuit having a
serial data terminal wherein said convetter
circuit formats said command received on said
30 : parallel bus 1nto a packet and serially transmits
said packet on said ser1a1 data output terminal.

19. The apparatus of Claim 18 wherein said packet
includes a start bit.
35 '
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i nout [ 7:0] ’fﬁéd

7: 0] md_i n; i nput [ 7: B fememtdl L nput
[7:0] ¢« ndee; \ ‘m&‘t\ d ronts_; out put TI-KSTSHEErrrHASBEBNU
ronts_; i nput c soe* inout - ‘pad_romge_; mapuumo
ronoe_; i nput ronoeoe; inout 229 pad_nr w;-eut-ptt
nrw_in; input nrw;, input nrwoe; i nout
pad_ seecs out put 20. The appaxatus ofipOlaim 18 wherggacsald packet
176

nodul e i obuffers

én§ég§ fﬁ /' BEHAVI ORAL version SPICC iobuffers
In,

t'nescfﬁél?des

The apparatus of Claim 18
a parity bit.

. 21.
5 includes

22, The apparatus. of Claim 18
serial port further comprises:

a line controller c1rcu1t

serial data

output terminal of

wherein said packet

wherein said first
o )

connected to said

said converter

10
circuit and
pin wherein

coupled to said first bi-directional
said line controller circuit transfers

—

data from said serial data output terminal of said
converter circuit to said first' bi-directional

15 terminal. ‘

23. The apparatus of Claim 16 wherein said serial

port input-output bus further comprises a plurality of
serial port command lines.

20 |

24. A method for serially transferring
information on a serial port input-output line between
a first integrated circuit and a second intégrated
circuit comprising:

25 transmitting an initialization signal on said
serial port input-output line from said second
integrated circuit in response to a power-on reset

- signal; and ’

driving a signal on said serial port input-

30 output line by said second integrated circuit,

sﬁbsequent to said initialization signal, only in

response to a signal from said first integrated
circuit on said serial port input-output line.

25. The method of Claim 24 wherein said second
integrated circuit drives an acknowledge signal on said

. 35
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cl ki n,
reset _
pad_spi o,
spi qoe,

| edoe,
stpwet!|
pad_hi _nmg,
ma

md_i n,
pad_ronts_,
roncs_' 5
pad_r onoe_~
r onoeoe,
nrwin,

10

Ll

pad_pci _reset _, . HAS BEEN
THIS SHEET HAS BEEN
pad_brd_reset _, REPLACED . |
spio_in, 2P0,
pad_ IeﬁBO led_
pad stpmctl

serial port 1nput-outpuqm&mnqu1th1n a predetermined

time of rece1v1§%isa1dF§¥§ﬂ31 from said first ma |

pad_nd,
1ntegrated c1rcu1tﬂm ndoe,

roncs_in_

.26. The method oé”gigghxgs further comprising

waiting by said first 1qtngnat@d circuit for completion

of said acknowledge sififdl from said second integrated’ "O€,

circuit before driving another signal on said serial
port input-output line by said first integrated
circuit.
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pad seecs,
SeecCsSuw - ¢~

i dpal ,
| ddat ,
padesbrd,

seecs in, ' -
seecsoe, THIS SHEET HAs
i dpal _in, {  REPLACED

BEEN
pad

| ddat 234,
esbrd in,

177 .. /veﬁawmmmmmosm ADARTER SINFRGRATEILNS/ 10ps modul e

sequencer

sync_rst _,

CIRCUIT USING A /SINGLEI{BERMINAL - clkin,
- : pshreq, -

~id_done, |eatest, seens, br.drw, : /'l Qutputs..

10

15

20

25

30

ABSTRACT

A host adapter integrated circuit that contains
data transfer modules has a serial pqgt that uses a
single serial port pin to communicate with a slave
serial port input-output integrated circuit that

‘interfaces to various resources that are included in a

support circuit. The serial port forms a.packet from
each byte of information to be transferred from a
module to the slave device by adding a start bit before
the byte, followed by a parity bit at the end of the
byte and followed'by a stop bit. After transmitting
the packet; the serial port waits for an acknowledge
packet from the slave serial port input-output
integrafed circuit, for example for two clock cycles
after transmission of the packet. For synchronous
operation, a common oscillator drives the clock signal
on the slave serial port input-output integrated
circuit and host adapter integrated circuit. The
serial port pin in the host adapter integrated circuit
is connected to a shifter circuit in the serial port
that serially clocks data from the serial port pin and

"passes the data parallelly to a bus in the host adapter

integrated circuit and vice versa.

Figure 3
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roncs_,- ropoe_, nrw, roncsoe, ronoeoe, nrwoe,

naoe, - ndoe, . _ . seecsoe,
|-edoe, stpwctl oe; . r eadnuxsel , '
. pload_shift, . : ackdata, ackload , ackshift
spi @oe, « ~addrdben_, agdshen_ , adqiH|sSHEERIAS BEEN
dat aen_, _ spi oreset, - REPLACED
set _parerr, set unsup, set nbusy, - . __——-—I-egpeg-eﬁ:—
stpen_, seectlen_, ' _ brdctlen , s R _
bdprreger F i nput cl ki n, s&c rst_; I nput [11: 0]
pshreq; i d- , _ W, out put
ronts._, eael _nprwee; out put
maoe; see ﬁ,e I edoe, st pwet | oe;
‘out put _ i RecessoRqut put
ackdat a, v spit ooe; ,.,\out put
addr dben_, er]“ apdri nc,___@.at aeh_; \ ouigf :;t i ps
spi oreset; . set .upsup,j.se busy; out gut
| edregen_, rdctLE'rr"s‘t_a't regen_,
bdprregen_; :
160
[IVTHE R Bo ()

; | pLUG - v BOPRO 11O

. i!-

INPUT-OUTRAT  Bus(Scsy) uo

periespem. | l PEr RN
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178 ../verilog/ OH3_ sequencer. Vv _ -
2 /1 FLIP-FLOPS req 136: 01 state; req [10:Q tiner; req

spl ooe; req © - ronts_, ronoe_"
nrw, reg : stpwctl oe; req : r.om ndoe,
romabor t?,. | addrdben_; ;53 req THIG BHOET HASegrRikse! ;
_ ! . REPLACED
( .
3 : LOCAL BYS

1

SHSTEN ot | i S‘ISTEN\
Bus Trocgssor| | MENUE 1 frocessor
B0 16y l l 110 l - 201'\ ’
SNSTEM | sys (Pc1) £ e
X 160
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3

clear tiner;
d réncs |

.lveri

/'l These bel ow wi ||
programm ng (Veril og)

"d_rom ndoe,

d_addr dben_;

reg
ackl oad_

| og/ OH3_ sequencer. v

not be flip-fl

ops,

but are set up // as REGs for

reg [36: 0] next_state; reg
reg d_spl ooe, . id—sploge; __reg
d ronpe , 3723 THIG Gﬂﬁr,r HABBEEN
. d_romabort, REPILACEEDmibOFI,
reg [2:0] d_ readnuxsel reg Td—Teadruxsel ; -
;ﬂoijMft _rq;__________aamrma, ______ 1
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romwr dec, seedec, br ddec, ~ spi ost at dec,

badpardec spioreset; always @ posedge cl kun) begin
badparity <= #1 -"pshreg[11: 3]; | eddec <= #1 (
pshreg[8: 3] == 6'b00001- 0); ~ stpdec <= #1
pshreg[8:3] == 6"b00010_Q );" 0 ddec - <= #1._( _pshreg[ 8: 3]
== 6' bOOOL1_1); . romw dec = #1 ( pshTrHiG JHEEBIHAS-BEENPPO100_
0) ; seedec < = #1 ( pshreg [8:4] == .RFMOTEDRO );
br ddec : <= #1 ( pshreg[8:4] == 5"b00111 )5 spoest+at dec
< = #1 ( pshreg[8:4] == 5" b10000 ); badpar dec <= #1 (
pshreg[8:4] == 5'b10001 ) ;. Spi or eset < = #1 -ledtest & -
| pshreg; /'l Not a single 1in there end /[l wire badparity
~"pshreg[10:2]; // wire |eddec = ( pshreq[7:2] == 6'b00001_0 )’
. /] wi.re stpdec _ = ( pshreq[7:2] == 6'b00020 0O ); // wre
ronr ddec = ( pshreg[7:2] == 6'b000111_ 1); // wire rommdec
= ( pshreg[7:2] == 6'"b00I00_0) ; // . -wire seedec = ( Eshreg
[7:3] == 5"b00110 ); // wire brddec = { pshregf7:13] =
5'b00111 ); // wre spaostatdec = ( pshreg [7:3] ==-3-klj0e809) ; //
W re badpardec = ( pshreg[7:3] == 5" bl10001 ) 1F
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mﬁfe reéddeé = pshreg [2]; // assign spi or eset =

-ledtest & ~Ipshreg; // Not a single 1 in there /] Qutput enables:
assign | edoe = sync_rst_; assign seecsoe = sync_rst_; assign ronbeoe =
sync_rst_; assign rontsoe = sync_rst_; assign nrwoe = sync_rst; assign
maoe ' = sync_rst_; assign ndoe[7] = repeydoe I. (seens & brdrw &

sync_ rst_); assign ndoe[6] = romndoe | (seems & -br T 'S

assign ndoe[5] = rom ndoe | (seers & - brdrw & sync|r u@¥ gﬁﬁﬁg bEE“-
ndoe[4] = rom ndoe | (seenms & sync_rst_). assign ndogq[3] = REFAGERoe |
(seenms & sync_ rst_ ); assign ndoe[2] = rom ndoe |- (seens & sync_rst_);

assign ndoe[l] =:romndoe | (seens & sync_rst_);
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assign ndoe[0] = rom ndoe;

182 ../verilog/ OH3_ sequencer.yv /1 STATE definitions // One hot... "
states are |1 Ded here by what bit is set defl ne
spi oc_reset _ack 1 'defindg THIS SHEET HAS BEEN
send_ estat 3 'Hdef3 ne spi ggpm@ for
start 4 'define spioc stft—t+Ar—eie
5 ‘'define spioc wite dbits 4.” "6 'define

"~ spioc_ack | o_| : _ 7 '"defin Spi oc_
ack_lo_2 T T TIT170B0 ICE‘I'HTE—_K_TD' AT T PRaFr TSPFoC_ack hi
9 ‘"define spi dc—-tedd hytle ' [ It 10 ' define
spioc read byte ack lfo 1 11 'define

sp|oc r ead byte ack |o 2—|0I0|0|A2|A3|MIA51I2A6IA7lPARI’n'lll—
(S R N O ! t
492

~=1G T A8 | AS | ALO | AT T A2 | AI3 | Ald | Al5 [ PARITY | 1 {--2z—
i | I | { ( | T

‘493

——{"0 (DO D1 {D2]1D3 (D4 (D5 (D6 | D7 | PARITY { 1 |~

i ! { 1 { t | ! t L £;q_5|

—{0TD0OTDLIDZ1D3 D4 1D51D61( D7 PARITY | 1 |—
R VR R T SO R A JU R TS

Y96

—1I 01 D0 T DI 1D21D3 104 1D51-061 D7 | FARITY [ 1 |—
R R, PO JORRNORS N T N o

———————— —r — ——
—{ 0T DOTDL1IDZ D3 D41 D5 106 (D7 [ PARXTY | 1 |
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13 ' defi ne.

" define spi oc read byte ack hi
spioc read byte shift 14 ' define spiot wite
byte wait start . 15 ' define spioc wite byte
shiftdata _ 16 'define. spioc wite byte
17 ' 'define spi oc eeread ma|t8y93addr st art 18 'define
spi oc_eeread_shift_| o_addr . 19 ' def) THIS SHEET HAS BEEN
spi oc_eer ead_ _wai t _hi - —addr._start. T 20 ' defijne REPLACED
spi oc_eer ead “shift § 21 'defime :
spi oc_eer ad 0 . 22 'define Spi oc_
eeread r fine Spi oc_eeread_i nc_
addr 12 25 ' defj¢ne .Sproc 2
26 ' define spioc_eeread @gc addr 23 47 ' define
spi oc_eerjead_r ead- 3 28 'define .
spi oc_eerjead_shift_3 : : ¢ 29 ‘'define
spioc_eewite wait | o _addr dtart - 30 'define
spioc_eewrite shift |lo_ addr w o 39f define
spioc_eewite wait_ hi_addr ptart 2 9532{_0 defi ne
spioc_eewite shift hiaddr J 233 "define
spioc_eewite wait data_star} . \3 34 'define
spioce.- ewite shift*data ' 35 'define
spioc_eewite_wite_data :?R:;ar———-__,_ 36 —K .
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./lveril og/ OH3_sequencer.v
flip-flops here that |
( posedge clkin or

/'l FLI P-FLOP swi tching

actually DO want to use ASYNC RESET for..

/! There's a few

al ways @
negedge sync_rst ) i f (!'syncrst _rst )
begi n Spi ooe < =#1 1'bO0;
rom ndoe: <= #1 1'bQ 9/23 end THIS SHFEE&%QS BE Negi n
spi ooe <= #8 I d_ spiooe ? d spiooe Spi ooe;
rom ndoe <= #8 d_rom ndoe; ) ~end al ways e ( posedge
clkin or neged@® sync_ rst_) A - (r sync rst ) st pwct | oe
<= #1 1'bO 3 ~ else if (~stpen'R stpwe®Poe ~ To. <= #1 |'bl;
al ways @ ( p$jedge clkin) i (I'sync yst )
begi n _ state , #1 37" hg® 0000 _oosy
ronts__ #1 1' bl ; ronge V<= #1 1' bi
nr w g‘ = #1 |'bl; d se begi n-
. < .
&

MmmA
4

J—
COmmAND K-—L
com DACK -
322
| % commanpack =T
Qo per=t
CommAN pPEND |
b2

|
194
| 28
! <N o .
=
= W
1 e 2& =
5 S 2
G I o& d‘
H W)
1- ; "} b ?— o :21—'”'
JHZI\ 1y A I g pia 144 [ X
] Q Q a = o & ‘| 9 = =1 -
diq3 S - I | 8- C 2 IS e 3 2 e
”§ z ii € co 'ZQ.;.- . <
B Rl [ 4 o 0% (E) g‘n E & gg
s € v u| © ~ T - £ e
§ & ) S sl € °-l.o
E & =t 1 34 8 ARy
Al <l § 3J < ()
S

" PoRT®BLSY

[

cet Has Been Rep‘laced

T



state <= #1 next_state;

: ronts_ <=#8
d rontss_; . ronoe_ <= #8 d_ronve_; _
nT w <= #8 d_mrw, end al ways @ ( posedge
clkin ) i f (-sync rst | clear_tinmer tinmer <=
#1 11' bG el se 10/23 ¢ qridiNRER srEs 1#1
(timer[9:0], 1'bl); al ways @ ( posedge cl kin ) THIS S;% “éés ‘?ﬁgﬁge
don't need a reset at all begin r eadmuxsel——
<=

#1 | d_ readmnuxsel

? d_readnuxsel et r eadmixsel ;

romabort
<= #1 |d_romatort ? d_romabort ro B addr dben
<= #1° d addrdben . end L\’
184 ')Lme;-i—l-e‘g-/'ﬂﬁe:fequencer LV
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/1 NOWto set all the "REGs" that aren't flip-flops

al ways @( state or

timer _ or pshreg - Or ronts_ or ronoe_ or
nT w or stpwctloe or rom ndoe or romabort
or readnuxsel or id _done or |edtest or seens
or teddet or stpdec or seedec or brddec or ronrddec or
romm dec or spiostatdec or badpardec W
or badparity or spioresdtl/23 be&Hh—* SH el AS BEEN |set
up "defaul ts" . T2 next _state = 37{bo, REPLACED ,
clear tiner = IS d_spi ooe = 1' b0
1d_spi ooe = 1|48 d_roncs_ = 1'bl;
d_ronoe_ = | '8N : d mw = 1'bl;
d_rom ndo = ~ € trorabert = |'bQ
1d_ronmabor]t . = @N d_addr dben_ « = 1"Dh;
dr eadnuxdel = 3H i < 1d_readnuxsel =1 bq
‘%‘ o S =
2 - 3 2 . '
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“hO, ackl oad

= 1"bl;
pl oad_shi ft = i'bl' _ ackshift = 1'bl:
ackdat a = L drlen X
addr hen_ = %obl-’ | - dagge:] ~ |THIS _ifzngAﬁ BEEN
addrinc - DY - nsu
set: parerr = 1'bg . lzsﬁaéreggn = 1"bT,
set _nmbusy - 11Pga. ' seectlen = 1'bl; -
st pen_ = Db ' n_ - = 1'bl;
brdctlen_ :«}-B}5~ B A statrege ey
bdprregen_ ~ = DO _ : spi oreset ) '
185 fverilog/OB_ sequenC?r.[ys i oc wa{I gorpstart] j¥ ' b1,
begi n : next _state ploc_ PR . ‘end
Id_spiooeC\\~__/j\h__;'____\‘h\\‘(’___;_J*\‘i G
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el se begi n

wait here for tiner[3]
hard_reset] . ,
| ( state['spioc_hard reset] & ~timer[3] );
timer[3]" cones... '
state[' spioc_hard reset]
= ackdata & ~(
| d spi ooe

d spi ooe
1d_readnuxse

d readnuxse

I (3(statef

& timer[3] );

state[' spioc_hard_reset]
| d_spi ooe |
d_spi ooe |
1d_readmixsel |

/'l ' spioc_hard_reset

next _state[' spioc

Il

next state['spioc hard reset]

e dDdad

& timer[3] )

( state['spioc_hard res
state[' spioc_hard_reset]; :
state[' spioc hard reset];

/] Once
SORSRS—SE- Vo /4| gad_ & ,( _
THIS SHERE KAStREEN
; REPLACED

T & TTmer{3i——;

xsel

next _state[’ r
next _stat e[ r
state[' spio ar
[l Wit her Ik
next _stat e[ (Spido¢ \r

next _statej,
state[' spio
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ackl oad ackload & ~(

pl oad sﬁ[ft pl oad_shift | state[ spi oc_reset _ack] ;
cleartimer - = clear_tinmer |

_ state[' spioc_reset_ack];
next state['spioc_ send_i d]

| - THIG SHEET HAS BEiI\:L
next state[ spi oc_send_i d] 14723 :

state[' spioc_reset _ack] & id_done ); / IFEPQ%EEL s d
ackshi ft = ackshlft'.g'fgtate [ SpIOC send_id);

1d_readnuxsel = Id7T §_t_at£ S.pI_Q_C_SE.Eld_ |_d)_,1 - :_ ‘
d_r eadnuxsel = - =

state['spioc_reset_ack) & id_done );

= A48 Hepet = ig : rek=-2eF9= & 3'bl A )
/T wait here fol timer NP B '.‘:t*— next ' !

state[' SpIOC sehd_id : g : ; = oA
next state[ spi bc_ segp & -

state[' spioc_sepd_ldRe®

when tiner[9] cones
(state ('spioc_gend_
186
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/ﬂ t ake off
[err] = pload_shift |
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../veril og/ OH3_sequencer. v

10 _ clear _tinmer = clear_tinmer | ( -
state('spioc_send_id] &tinmer [9] ); . next state|
'spioc_send_estat | = e
next _state(' spioc_send_estat] | T BEEN 1 | (
state['spioc_send id] & tinmer[9] ); 15723 THE ;E%@Egg_send est at
: - /1 Sit here shifting unt il tier+6] -
ackshift __ = ackshift_ & ~( state ['spioc_send estat] & ~tiner[10] );
next _state[' spioc_send_estat] =
next _state[ 'spioc_send_estat] ' I (
state ['spioc_send estat ] & -tinmer[10] ) : When

- timer [10], bug out | d_spi ooe = | d_spi ooe
( state['spioc_ send_ estat] & tiner[10] );
next _state( 'spioc_wait 0, targ] = next
state['spioc wait for sﬁﬁé‘- [é (
state[' spioc_send_estat] & tiTner[1 ); . .1/ 'spiocwaitfor
start _ ‘ /1 Sit here until see pshreg [11] = 0 and no
| edt est next _state['spioc_wait _for_start]

= next _state('spioc_wait for_sta

I ( state('spioc_mait_ﬁﬁEQELi;E?
/1 See,pshreg.(: 0), t'!;%nb¥

2 ——

cl earti nmer
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= clear_tinmer | state ['spioc_wait_for_start]; :
next state['spioc_shift in cnd] - . = :
next state['spioc_shift _in_cnd] : I

( state['spioc_wait _for_start] & -pshreg| 11] & -ledtest ). .

187 .~ /verilog/ OH3_ sequencer. v 3 THIS SH’-‘ET HAS ﬁEEN
/'l " spioc_shaft in crrd ; Il it ﬂEPLA(%Dt'ma
[ 8] R R xt state ( goc shift_ i'‘r—eneh

= next state[ spi oc "h' R ey T

| ( state['spioc_shift:inxNdf.. *'\tl n§ :r- - : : /1
OX, timer[8] _;;g rr : _

= set parerr oy \0 f .' B. I ( : :

state['spioc_shift_in_c &~1~' rrer[8]"f'.; ¥ arJty)
next _state(' spi oc_wait § off=g ~}
next state[ spi oc_wai t §f of & -
I ( state[ spi oc_shi ft 7 A chre : dgrlty)
)
. . 8 $
3 &
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| d_readnmuxsel = I d_readnuxsel | state

['spioc-shift _in_cnd]; ‘ : -d_readnuxsel

d readnuxsel : S -
(3((state('spioc_shift_in_cnd] & stpdec )}l & 3' bOPTHIS SHEET HAS BEEN
I (:(3((state['spioc _shift_in_cnd) & sagges )}] & 3' bOOIREPLACED

I ( (3((state[' spioc_ “shift_in_cnd] & brddec )}} & e :

| ( (3( (state['spioc_shift |Q:clxd4_-_&_smaqtatde Yrio& . 3bQ 1)

I ( {3{(s¢ate[vsploc shift: q{r;i) &badpardec ))] - & 3 bllO)

next _stat &' spoc_wite_ dbi P 2 =

next st at [ spifoc_wite _dbi as'{ré = Z I (
state[' spNoc_ s fT in. - cmd] ég- [8] & g)a‘gparlt_yr% )%2 :

& { Iedde(ZI stgodec ) ); & .xﬁ Frat e[ sp| oc rea;'d
byt e] Qe -- - - _J____ = nex¢ State[é spidcl wead byte] '

( state[' |'oc_§h| ft in_c ti rrer[8] 8% adp'a ¢ -gd.g,

& readdec g&!( wedec | br " spi ost at d@c ba Qcﬁ): );—'

next stat ey " spi _Wait_start] - ! =
next_statef !" _wai o start] ‘

I ( state( i

& -readdec )t

d_addr dbenjp i & - (
state[' spi :)q o

& ( ronrddeg |l ﬁ*rjousy =

set _nbusy }

state[' spipg ‘shif+i . :

& seens& ( | d_r omabort

d_ r omobor t

Go throgh ROM
states evel , .

| Commanp, Execd

FIG. |3
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next state[' spioc_eeread wait | o_addr_start]

= next_state[' spioc_eeread_wait_| o_addr_start] . c

| ( state( 'spioc_shift _in cnd] & tinmer[8] & -badpar i-[[HJ‘J S;gfg,;ﬁ?g-m
& ronrddec ); next _state[ - v
spioc_eewite wait_| o _addr_start] 18/23 =

next _state('spioc_eewite wait |o addr_start]
| ( state[ 'spioc_shift_in [ & -radparty
& rommrdec ); ¢// In case of _unsuppoite
comand. .. ¥1 UNSUR-- Set _: "

i ( state[ 'spio¢” [ 8] &*§padpr_i

188 ../verilog/ l I

12 3
& ~st pdec: ¢
&br ddec E

[T}

. & ~badpar dec
& ~romw dec )
I

( state[' spi

17 ¢
& timer[8] & -badparity
& -1 eddec -

FIG. 14
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& -seedec

|

: o _ & -brddec
& -spi ost at dec ) &
- badpar dec ' & -ronrddec
& -romwdec ), :
189: :./wertilog/ OH3_ sequencer.v 3 THIS SHEET HAS BEEN
13 Il spioc_wwite_db}?é?. ’ REPLACED //
used readnuxsel [ to renmenber if LED or. STP was witten. ..
| edr egen_ = ledregen_ & ~( state['spioc_wite_ dbits] &
-readnmuxsel [ ): - ' - stpen_’ - . = stpen_
& ~( state['spioc_wite_dbits] & readnuxsel [T ) ;.
ackload = - - == ackload-—-—m—- -&—stat-ef—sproe—wite—dbits),
ackdata = ackdat a & ~state['spioc_wite dbits]; : '
1d_spi ooe = 1d_spi ooe | state('spioc_wite dbits];
d_spi ooe = d_spi ooe state[' spioc_wite_dbits];
next state['spioc ack lo 11 .= next
state['spioc_ack lo I] |I state['spioc_ wite _dbitsk; 1
'spioc_ack_| o_| next state['spioc ack o 2]
= next state['spioc_ ack_lo_ 2] | state('spioc_ack_|lo_1]; :
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[/l '"spiocack lo 2 ackl oad ' = ackl oad
& -state ['spioc ack 1o 2]; _ a
next state['spioc_ack_ hi]
next state[' spioc_ack_hi]

| state['spioc_acklo 2]; THIS SHEET HAS BEEN
' spt ot atk hi : |.d_spi ooe. = 1JREPLADED
state ['spioc.ack _hi]; . _ 29/2 o next "
state['spioc_wait _for_start] o ' ' G T =
next state['spioc wait for start] | state['spioc ack hi];
190 ../verilog/OR3 sequencerv-—" - , .
14 I/ 'spioc read byte ' ackl oad
- ackl oad_ - & -state['spioc_ read_ byte]; _ .
ackdat a = ackdat a & -state['spioc_ read_byte];
1d spi-ooe = 1d_spi ooe | state['spioc_ read_ bytel;
d_spi ooe = d spi ooe I

state['spioc_ read_byte];
next state['spioc_read _byte ack | o 1] =
next state['spioc_read byte ack lo 1] | state['spkoc read byte];
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[l 'spioc_read_ byte ack lo._ 1:
state['spioc_read byte ack |o_ 2;

next state('spioc_read _byte ack | o 2]

| state['spioc read byte ack lo I];

shiftt" *» - pload shift ~ | state[' spli)i:

ackl oad = ackl oad

next state[ spi ocread byte ack_hi]
state[' spioc-read byte ack hi]
‘state["’ sploe read byte ack_|o_2];

acI hi a_,ckshi 1

'spioc_read; byte ack h|]
clear tinmer! ttestate[" smbc read
next - state[d spizoc_r eas
next _state[*spfiic_ r
st at e(' spi 0(} rﬁqd byte :
shift s &
ackshi ft 8= acksﬁ'
~timer[9]);; %°
= next state[ gpi oc_r ead ,
"1 ( state[' gpioc_ read_byte
/1 \When t|m=,=r[9] nove on

> one

(2]

L

ad byt cack | § THIS SHEET FIAS BEEN'
read| byt eRERIACEDy 21
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g
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W
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= next
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ackshi¥ft 1 5 &.-sta'te[

cI eﬂrflt i ve
Q1

.@ﬁ:%,sﬁ.f."' .

tgp ternon Au-|-|

«e{:ﬁr byt e

| % adod ek’

yﬁe. stri Tt &
. c_grea;j _Pye_shift]

|
=

STPRCTL

g 19

CIOh)

] 3

i A

> . anae

. ” s o".é

: 1353

L]
"
>
<
v
H
[
s P
H 5
% H
;c E: ‘g.
133 dr %3
-2 -t 0¥
oE AR {4
v T
L of wwe
o Qv x
2 gt
B
1313
-Le
(13
i
-

cstar

”"fp’p‘.’y‘ $ree.00 bute 3

SP2OCAP

Start on THARE 9

(S 33.30hg IPCLK

ow
64D dutn buffer

x
%
-t
33
: L)
: )
&0—4 E E;
H §&
£ %
28 .
5 g5 o0
. * -r &%
- ] l# -ttt
i -
e &
g $
o Et
. AR
H
-
it
£
H 24
1 £
- -a
[ I+
- .s
s i
s E sg dod
,___J' — , f:l ofE
'y i : ﬁ.g- e
W ¢ t3 i
i S 1§ i
® z s [ @Bk
e . 4 ® o
iR LI T
T3 w =2 b T
A} s - L 1 «8Y
2505 ¥ oz "t
1 ] 4 T &
—_— .
This Sheet Has Been Re

T



1d_spfooe

1);

= next _

state[' spioc_wait for_

1d_spicoo |

next _stat e[
start)

I ( st@te['spioc_read_byte_shift] &tinmer[9] );
191+ ** % /verilog/ OH3_ sequencer. v

15

/1 Wait here for start bit (0)

I

spioc_wite byte wait
in pshreg [11]

22/23

next _state['spioc_wite byte wait_start]
next _state['spioc_wite_

byte wait_start)

start

( state["’ sploc readbyt e Shlft] & tlner[9
spioc_wait _for_start]

THIG SHEET HAS BEEN
REPLACED -

1

| [ state['spioc_wite_byte_wait_start) & pshregll) ) :

/| Take off when start bit comes clear tinmer .

clear tinmer | state['spioc_ wite_ byte wait_start];

next statet'spioc_wite-byte_ shift_ data] =
next state['spioc_ wite_ byte.. shift_ data]

|- ( state('spioc_ wite byte wait_start) & -pshreg [11] ):

/[l "spioc_wite_ byte shift_ data: - «

oVY ek

OUT Fast

2
S
1Y
3

31
&
g

X XXX XX KAV v XX

XXX XA )

IN Sant
IN Slows

| EMQ}
U’K :
sp

K

A}

| 4L
i

IN elOoCK
TN Fast
N Slowd

LIKE \NGLK

IN Fart

IN Stow
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/'l Just
wite_

wait until
byte shift_

timer[8]
dat a]

next

state['spioc wite byte shift data]

I ( state( spioc_ wite_
/1 THenh ‘branch per badparlty,
set _parerr

| ( state('spioc_wite_ byte
next state(' spioc_wait. for
next _state[' spi.oc_wai
| ( state('spioc_wite_

byte_

set _parer23 /423 need be
= set_parerr.
‘data] & tiner

shlft

next state [ 'spioc_wit yt 4% 2 '
next_state['spioc wite e] "’g o I (
state[ spio_ wite_bytelshiift i} badparity )
Il 'spioc_wite_byte : . N eectlen_ = seectlen_
& -( state('spioc_ wite bjytel &[(readmu 1b001) );
brdctlen_ = briitTTe ' - ' & ~(
state[ ' sphoc_ eadnuxser—§= ) S
statregeng = R W & - (
state[" s;ﬁoc adruxsel
bdprr egen 2 o & -(
state['spio wr ek H xselmé
ackl oad - & - stét
ackdat a = & -stafé(’
d_spi ooe = d_SpI ooe A\l statiée]
1d_spxooe —~-] ldy-sptoee
next state[ 'sproc=aek | o | next
state(' spioc ack-xl;q})i]_ I stat e'E Spi o
2 x~
N
= - }
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:192 /verllog/CHS Sequencer. v

eread wait | o jaddr—start
// Wai pshregﬂf‘#{fzﬂéﬁéﬁ start bit (O |ApplicationNo. 9501794-3
[’

next _st spi oc_eeread_wait_ lo_ addr start]

n State UCeer tat—wart—to—addr—start)-

I statéﬁbgbgg THEABIRAEY t | 0 _addr_start) & pshreg[ll] );
// Then rol | out clear _ timer

=|clear timer | state[ ' spioc_eeread wait | o _addr_start);
ngxt Stl&th@EtSﬁa@@eﬁeirn‘tééjtaﬂédfélﬂc@lt qddp] -that contains data transfer modules

ngxt st [ Spi Qc_eeread 0 add
M0 50 o200 B & sEal po Enst, U3ahee Single serislopptgpin 1(250) to commnicate
/' spiwitheersadesserfinl | poradimput-output integrated circuit (210)/thatusutes+t here

ufti | t' [ t,
stlat e[ Spl oc&%aé’raggao s, fesqurices tc!'lc?t are includ&d'in a support circuit. The serial

ngxt _stpard( femisoe panketafiomseadh byta;gddtoformatton to be transferred from a
module to the slave device by adding a start bit before the byte, followed by
a parity bit at the end of the byte and followed by a stop bit. After trans-

" mitting the packet, the serial port waits for an acknowledge packet from the
slave serial port input-output integrated circuit, for example for two clock
cycles after transmission of the packet. For synchronous operation, a common
oscillator drives the clock signal on the slave serial port input-output inte-
grated circuit and host adapter integfated circuit. The serial port pin in the
host adapter integrated circuit is connected to a shifter circuit in the serial
port that serially clocks data from the serial port pin and passes the data
parallelly to a bus in the host adapter integrated circuit and vice versa.

Figure 3
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HEET
| .state['spioc_eeread shift |o_addr] & -tiner[8] )REPLACEMENTS
/1 Then. hit addlen AND addrinc (special |oad and r321lhﬁb'wgﬁ
/1 contenplate setting parlty arror and ronabort, ;
addrl en_ = addrlen R77p COP |
state[' spi oc_eeread_shl ft_| o_addr] t i Ther [8] ); & HD/TP -3
addrinc = addrinc FIG. 6 shows an illustrative low level bldck

statel’ SpIOE qg{ead shj ft—the-bfgkkéenéfégﬂi Jf FIG 5 | L
set_parerr = %

state(' spioc eereaoFIsCEu fT_shovwesdar} ﬂlusmra{taﬂve& vl bgvdly Hlock

- 1d romabort = dgd, I (
stat e[’ spi oc eereaﬂﬂﬁb@E t_foe %o(jrl‘]reré-’?rl rr%fr [%ﬁG&soadparl ty );
d romebort®=d rondbbft § sHewe[anpbustrative titfatd cliagrsm ;for the

hext _state[" Smmﬁﬂﬁer%%émﬁégﬁ@f& sjart]
= next state( spi oc (ggrﬁgh waj t addr_start]
d_¢hit

| ( state[’spioc_ G %%F%ﬁﬁﬁatq§§h%nﬁquﬂg)of signals |
/1 ' spioc_ eeremtywiled by tdsdrsisiftdr state machine of FIG. 8. I \ait

for pshreg[ll] to a t

nextstate[' spioc_ gﬁ%eadfa ?$%1aécﬁﬁl%ﬁgﬁ%ﬁlve low level block
= next skt e(diRgHRM ﬁQWeﬁhﬁ pedket Hinpddrowtrartt lcontroller of
( state[' spioggeread wait_hl addr_start] & pshreg[l1] );

/1l Then roll out clear tiner

= clear_tiner | std ¥}’ sht ol lemtemtamia Mltdmbexanand flip-£flop

next state [ uﬂndxtdﬁimpﬂbméﬂﬁfé_sﬂhftéﬁkﬁﬂage in the shift register
= next state[ SPiPgeef shift_hi _addr]

I ( state[ Spi Oc_eered ’vvalt hl_ addr_ start) & -pshreg [11} );
FIGs. 12A and 12B illustrate two alternative

embodiments of the line controller of FIG. 5.
FIG. 13 shows an illustrative high level block

diagram for the slave serial port input-output circuit
of FIG. 3.

20 FIG. 14 shows an illustrative state diagram for
sequencef module'1330 of FIG. 13.

FIG. 15 illustrates an apparatus and method for
imposing a single load on the PCI bus in one
embodiment. _ i

25 'FIG. 16 shows an illustrative circuit diagram for
implementing host adapter plug-in board of FIG. 3.

'~ FIG. 17 illustrates skew acceptable in the clock
signals of host adapter and the slave serial port
input-output circuit of FIG. 3.

30  FIG. 18 shows an illustrative high level block
diagram of an embodiment of a computer system including
a host adapter of this invention connected to multlple
slave devices.

FIG. 19 shows an illustrative high level block

35 diagram of an embodiments of a computer system
including multiple host adapters of this invention.



/| 'ispi-oc_eeread_ shift_ hl_ addr > /1l Just
Slt here until tinmer][8] next state |
'spioc-eeread_shift_hl_ addr] =
next_state[ "spioc_ eeread_ shift_hi_addr]

[( state['spioc_ eeread_shift_hl addr] 6tiner[8] ) ;

/'l Then hit adﬁﬂ@ﬁo CONS i BEriDathd Yoonich BRANGH dqeaic iad itthe rexemdey t

193 - vesd | QRLAT SSERL, anq sTPWEN respectively. addr hen_ =

addr hen_ Command signal CHPRSTREQ (Table &) (isstidssiedpisoa eeread

_shift_ hi —addrde & | B ed Ind 'bit CHPRST in register l-{C NTRIS lin PArerr =
set_parerr stat é(' spi oc_

eeread_shiFt_ sustemdiys maduke [245 & Rraipkded \that slave present
next_state [ Wit0msidcBOriSted] The action of serial port 230 is =

pext _stat e( ShOE Ly Lol o Shatld pionad HRRERIR than that
(badparity | rdesdmited )above for signal LEDREQ. Rather than

transmit a command packet with start, stop, and parity

10 bits serial port 230 simply drives a signal on pin 241
to a predetermined voltage for a predetermined number
of clock cycles. Specifically in response to an active
reset command signal CHPSTREQ, serial port 230 resets
all internal registers except for system configuration

15 registers located in system bus module 225. Serial
port 230 also executes a soft reset command cycle in
which serial port 230 drives a signal on pin 241 to
logical zero for 12 or more clock cycles to reset slave
serial port input-output circuit 254. In response to

20 this reset packet SSPIOC 254 resets certain registers
in SSPIOC 254 that are visible to host adapter 240,
such as registers SPIOSTAT, BRDCTL and SEEPROM. -
Certain flip-flops that hold the address for BIOS
accesses are not reset. SSPIOC 254 also drives the

25 signal on pin STPWCTL to the selected inactive state
(bit STPWLEVEL unchanged and bit STPWEN inactive).

The reset packet is issued as soon as possible
after the leading edge of signal CHPRST by master
'serial port input-output circuit 210. In all commands

- 30 except a soft command, SSPIOC 254 is reset on
completion of the current command, and soft commands
are aborted if the last command byte is still not sent.

Therefore, master serial port input-output
circuit 210 and serial port 230 provide a seamless and

35 compatible interface between resources in support
circuit 250 and various host adapter modules. Host
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next: state(' spi oc_eeread read_ 0] - =

next state['spioc_ eeread_ read 0] . :

| ( state('spioc_eeread shift_ hil addr]-& timer[ 8] :
-badparity & -romsbort DE /1 1 don't think it

will hurt to clear timer w o checking parlty or romabort
clear tinmer - cleamWhénrathe signal on drive line 531 goes 1nactive, I (

statel " spi oc_ SLAL MUl ' de b 'RV dne giqnal on pim £y i e

spi oc_ eeread rea
in this state and couples pin 241 via an anuughuﬁﬁgrzﬂnyuﬂahgwn|1n

stat e(" SpIOC gLk -%Frl 1 data received terminal 535 Y08 g~ dspi ooe
| state]' spioc eeread rea ackl oad =

ackl oad_ & ~stGmednbLo e?erS@ddealr &afa gjeceived line 522 of I
Do this until ddﬁmg:{t%r ogie, set ackdata =

kdat & t at d d_.0
0 Fomes = d_romes 1 KOG LG m A e T PAL G OPRE 9 Abqgmand
d romoe_ - d rm&nbl:&leccmﬂmREﬁp)dc ireer emt rofadciimad tiemet [ 8] ) ;

next State[ SP Hes R AO]COMMANDREAD 2 ... COMMANDREAD N =
next St at e Spl OC eerea rea en

timer[ 8] medwithin serial port command bus 33pafosmand refdbdewid ft | (

state(" Sp|0C SRt dRAERvesk 4 i¥@d [Hridal port signal READSPIO
next state['spioc,_ eeread

= next state(Qﬁﬁﬁﬁ?eﬂﬁ |9é7§§ggaﬁiférmlnals 512 coupled to
| ( state[ 'spoowveateaadbICa(FIy. )i.nerd Head signal can be, for [/

'spio_eeread_gy%&g%&_é%% of resource read signals XREAD, such as

15 board read signal BRDREAD and ROM read signal ROMREAD.
In this embodiment, command read'logic element 616 is a .
logic OR gate.

In response to an active read serial port
signal READSPIO, a packet controller in converter 520

20 retrieves a byte from a packet of data received.

serially on serial data received line 522 and supplies

- the retrieved byte on received data terminals 524 that - -~
are coupled to received data bus 321 of command
executor 320 (FIG. 3).

25 If the received packet is an acknowledge packet,
during reception of the packet converter 520 drives an
acknowledge detect‘sighal ACKDET active on transmit
status terminal 526 that is coupled to a transmit
status line 515 of byte generétor 510. 1In respdnse to

30 an active acknowledge detect signal ACKDET, byte
generator 510 disables an acknowledge timer. If the
acknowledge timer times out, byte generator 510 drives
a no-acknowledge signal NOACK active on status bus 322
to abort the command cycle currently being executed.

35 If during the current command cycle, additional
bytes are to be transferred, such as a data byte for a

REPLACEMENT SHE®Y 1
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ackshi ft' = ackshift . & -state['spioc_ eeread_ inc_addr_01);

addrinc = addrinc | state['spioc_ eeread_inc _addr_ 01];

clear _timer = clear tiner | state('spioc_eeread inc_addr_01);

next state['spioc_eeread read_ 1) -73- _ o=
next _ state[' spioc_eeread read_ 1]

| state[' spi oportersabliensigidgrl GPIOEN active and also driyes spjoc_eer ead
read_| ounter-on signal CNTROXCK@tile to 3@thii colintelrdtiao
['sploc_eereao(I: reagl]; /1 Do this until

timer[8] gets (FC _ d-ronts -d_ronts_ & 7]
state[' spi oc_eeresdy lsthted ign, [if] a Jread serial port d
ToaTC T ot Rearler U SR B Wbt BdgRAC] )

18 (FIG. 5), shiftemdtats ateeflisE JOedmsasitdamsito the

T3 (FIG. 9B).

S L A st e, e 7
/1 \When timer[8] Cdﬂ@kﬁﬁér state machine 720 can alSQﬂQ¥ﬁ?§ﬁﬁ#q?';rﬁmbad_
shift I ( statig]lSRitte eI FrRA W e wditBrldl-ack state 840 via
10 branch 811 if the read serial port signal READSPIO is
active, for example, immediately after reset, to
receive device identification byte IDDAT and external
resource status byte ESTAT.

While shifter state machine 720 is in wait-for-ack

15 state 840, shifter state machine 720 drives an
acknowledge window signal ACKWIN active on packet
controller terminal 726 (FIG. 7). In response to the
active acknowledge window signal ACKWIN, packet
cont;oller 740 waits for an active acknowledge detect

20 signal ACKDET that indicates receipt of a first bit of
an acknowledge packet on serial data received line 522.
In response to an active acknowledge detect -
signal ACKDET, shifter state machine 740 transitions
from wait-for-ack state 840 (FIG. 8) to end-of-ack

25 state 850 and drives signal CNTRON inactive.

While in wait-for-ack state 840, if shifter state
machine 720 times out, e.g. after ten clock cycles,
shifter state machine 720 transitions wvia branch 841 to
idle state 810 and drives set no acknowledge

30 signal SETNOACK, set initialization timeout
signal SETEITO active, counter-on signal CNTRON
inactive, and acknowledge window signal ACKWIN inactive
during the transition. In response to an active set no

" acknowledge signal SETNOACK, signal synchronizer 730

35 (FIG. 7) drives a no acknowledge signal active on

status terminal 733 that is connected to a status
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next'_st-ate[' spioc_ eeread_inc_addr_ 121 =
next state('spioc_ eeread_ inc_addr_ 12] '

3 ( state[' spioc_ eeread_ ‘read_ 1] & tiner[8] );

/I spi oc_eeread_i nc_addr_12, _76- ackshift = ackshift

& -state[' spioc_ eeread_inc addr_ 121: : addrinc =

addrinc | st atsaiatseplm RIGAR) J nCIf&ih‘& _relay serlal port

clear tiner t tatel's |oc eer,e, addr_ ,12
next _state([ splﬁél elgﬁgf I‘? ]{ﬂ Ve Gnitter Stat€ machi fle 720 =next
st at et( Spi oc Testrwas readidly state 810, I

state[' spi oc_eer eathd e d¥nthddiler 740 11?%$qes a sﬂ{ 'OC

eeread read 2 = ac
-state[' spt oc Serakt (WP Hnd a parity circuit 1020. Ir¥ /rqscpqnﬁ% teht i |

timer[8] gets @etactive send byte 51gna1 SENDRYT®Gfarity d_ronts_ & a(
state[' spioc_ eeread re _
romoe_= d_romoe "~ C&la% ]s%gﬂcfg%ﬁ) the Jearg]]é‘h% e fiFak SENORY TR @

next St ate[' sgfiact elmtaauch teaknd®|output register 1023. =

next_ stat e[ Spi 0C_g dé;“%n EE%-»&%) acti ip reset signal
| ( state { spi oc eerea read§2 tF e %3 3 P g

/1 Vhen t}Grer [BIPRYFAIY, parity circuit 1020 rives a fexdlsmdant - pl oad
shift 1 ( stat@fcpn aipeirasbieRthelivie tjlr&f)[ &n )serial data

next _ state[' spioc, eread |nc addr
= next_ state t[p ‘E‘b’?&?& f eadtn (TRSPOIRE tofhe active chip reset
1 ( state [' spigmal e:H{EREiI‘BSEe,adlﬂ*le &dntms[1¥r )530 passes serial Il

' spioc_ eereaq@ofgl &ggﬁtﬁgagnal SPIOO to pin 241 as illustrated in
15 FIG. 12B. '
In response to the active send byte signal
SENDBYTE, on the next rising edge of buffered clock
signal CLK40B a parallel input multiplexer 1012 in '
shifter circuit 1010 passes shift out
20 signals SHFTOUT[7:0] on parallel input terminal D1 that
is .connected to parallel bus 523 simultaneously, in
parallel, one bit to each stage in a shift
register 1014 also included in shifter circuit 1010.
Stages 1014_1, 1014_2, ... 1014 I, ... and 1014 N
25 of shift register 1014 are connected in series so that
a bit stored in a stage, such as stage 1014 N is
transferred to a successive stage, in the direction
from 1014_N to 1014_1 with stage 1014 _N as the serial
shift-in stage and stage 1014_1 as the serial shift-out
30 stage on each rising edge of signal CLK40B. 1In
FIG. 10, there are a total of eight stages in shift
register 1014. On each rising edge of buffered clock
signal CLK40B, the bit stored in the last stage 1014 1
drives a signal on output terminal 1011 that is coupled
35 to an input line 1021 of parity circuit 1020.
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ackshi-ftt = ackshift & -state['spioc_ eeread_inc_addr_ 23];

addrinc = addrinc | state('spioc_ eeread_ inc_ addr_23];

cl'ear _timer = clear _timer | state['spioc_eeread_inc_addr_23];"

next state('spioc_ eeread_read_ 3] =
‘next state['spioc_eeread read_3] - -77-

| state['spioc eereadoh8CemB8diddhe, a stage, such as one/éf' spioc eeread

read 3 hift, = ackshift & -state[' spioc_
eeread read 8fages 1014 1, ... 10?25& is implepentgdbyngi FWeiWer[8] qets

set one multiplexer 11H0 (BDEs_11F andranssorade-élemane(’ spi oc_
Cores’~s 1 spibune B ok taga,, om exoh iy e BeTOC
next statB[' shhbEervedeatiockealigBpl CLK40B, a signal from the =
next _state[' spie¢io88" 888ge’ 828udt terminal DO of multiplexer 1110,
| ( state('spioc-eeread read, 3] & -tiger[8] ); ,
/] \When tinerfﬁfeEBnEQ?t.serla port input’ signal SPIOI received at
195  /veril ogifHB4sequenesr she first stage. A signal from input
égread_ read_mg}tip}gﬁ%F[é?#?aqFIahl16):dggggg—égk&inél(thgke [* spioc_
10 multiplexer 1110. Moreover, signal SENDBYTE drives
terminal SO0 of multiplexer 1110. In response to active
signal SENDBYTE, multiplexer 1110 passes the signal on
terminal D1 to flip-flop 1120 and otherwise supplies
the signal on terminal DO to flip-flop 1120.
15 If read serial port signal READSPIO is inactive,
parity circuit 1020 passes a signal on input line 1021
to serial data terminal 527. Parity circuit 1020
computes the parity of the signals on input line '1021.
In response to active counter-on signal CNT9, parity
20 circuit 1020 clocks a parity bit on serial data
terminal 727 based on the computed parity for the
packet out parity bit. In response to an active byte
sent signal BYTESENT, parity circuit 1020 clocks a stop
bit on serial data terminal 527 to complete
25 transmission of packet.
When byte error enable signal BERREN goes-active
on an error control bus 550, parity circuit 1020 passes
the incorrect parity bit to serial data terminal 527,
and so exercises the parity circuit in a slave serial
30 port input-output circuit 254. 1In response to an
active read serial port signal READSPIO after
completing the transmission of the packet, shifter
state machine 720 drives serial port enable signal
SPIOEN inactive. In response to the inactive serial
35 port enable signal SPIOEN, line controller 530 three
states output driver 1220 (FIG. 12B), that is connected
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cI_ea‘r_ii mer = clear _ti mer | ( state['spioc_eeread_read 3] &timer[8] );

next state ['spioc_ eeread _shift 3] _ _ = next
state['spioc_ eeread_ shift_ 3]

state(' spioc_ eeread_read_ 3] & tingg(8) ) /'l " spioc_
eeread_shi ft 3 ackshift_ = ackshift _ &

state[' spioc emqm:hsmlf.t _Fo L outipr dilfilal) ;from pin 241 is

next_state('s ' gﬂuiﬁgyit is usable as an input pin and
next state( Spl oc gerea

( state[ spi odl g exaisiakley Qﬁatwaﬁﬁq;ﬁgr)an acknowledge packet to |(d_
spi ooe = 1d S e durkned dRim SRRt S Pt 2341 &dd BidsKY a)s '

next state Spl ocC it for st ar
next _state]' spiieERhatF1Gh Y s’trﬁ%‘ﬁ buffer 1223.
( state['spioc_eer aftters hidrid Yytie taigid 1l GENDBYTE is inactive,

196 . parallel input multlplexer 1012 only transfers serial
port input signal SPIOI from serial port input line 522
that is coupled to pin 241, to the input pin of first

10 stage 1014-N of shift register 1014.

In response to an active set shift-in valid
signal SETSIVALID on set shift-in valid line 741, an
output multiplexer 1016 simultaneously, in parallel,
passes the bits shifted in from pin 241 and stored in

15 each of the stages of shift register 1014 into an
eight-bit hold register 1018. Hold register 1018 in
turn passes the received bits as signals SHFTIN[7:0] to
received data terminals 524. Shift register 1014 also
passes the received bits to output terminal 1011. When

20 shift-in valid signal SIVALID gbes active, and if a
signal MPARCKEN is active on a parity error control
bus 550, parity circuit 1020 compares the computed
parity with a received parity bit on input line 1021
and drives a parity error detected signal SPIOPARERR

25 active on packet error terminal 529 in case of errors.
When clear parity error signal CLRPARERR- goes active
on error control bus 550, parity circuit 1020 drives a
serial port parity error signal SPIOPARERR inactive
until the next parity error is detected

30 Although one embodiment of a parity circuit 1020
is illustrated in FIGs. 10 and 11, any other parity
circuit can be used in accordance with this invention.

One embodiment of line controller 530 (FIG. 5)
includes a control enabled output driver 1210

35 (FIG. 12A) that is controlled by drive signal SPIODRV

' on drive line 531. 1In response to an active drive
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1l 'spiéc_ eevwiate_ maif_ | o_addr_ start [l Wait for pshreq[ 11]

to get a start bit (0) next state[ 'Spioc_ eewite_ wait_|lo_
addr _ start) =next _state]

'spioc_eewrite wait | o _addr_start] B I

state[ spioc_eewite wait_lo addr_ std*) & pshreg(l1] ); /1 Then
roll out - signat| 8RIODRWeroutput driver 1210-passes alﬁerlalSPaIE(

Spi 0C_eewr i teguE‘@hE ~b2gnafl05p1863¢ kb serial daf&tins!SislLspioc_ eewrite
shift lo_ xt ‘state ioc__eewite shift lo_
addr ] pln 241. An 1nact1ye(d§%gfe§1g%a CS E@gﬁvt@lsables

wait_lo addrsbﬁtb‘ht&drﬂﬁl@fegﬁib]al)xd so/ prospdes aeﬁi\ghtﬂmpéaaﬁ&e|ﬂo addr
/] Just s ate Loc_eewite_ shift_

t here i ] S
| o_addr] 5 481" and FRpLE burser; 129l chnsded, Fhe BLgieE " o “adar)
| ( state[' spreceeeadl03_§hnf2410aaddetlad poner {8put ; signal SPIOIaddrlen
= addrl en & -( state[ spioc eewite shift lo
addr] & tlnerfg] parerr = set_parerr
( state(' spioc_ eeﬁﬁlr@SP§h$¢ttPoaadd¢}lX?tLﬁ@rf%?t&Sbﬁﬂ@hrLE9T§T

1d ronmabort =1ide #8HBPSIier 530 Zasses one of ei ht infernal

LR i S Bk 15h], FobbrEhl Shae LA B 4L o of

bits TESTSEL[2:0] described above, to output
driver 1220. In response to the active LED test'signal

s?rlal data 11ne ?

LEDTST, output driver 1220 passes the selected internal
signal to pin 241.
15 In response to an active package input signal
- PKGl- that is passed by bond wire 249 of FIG. 2B, line
controller 530, drives the serial port input signal
SPIOI inactive (e.g. one) irrespective of the signal on
pin 241.

20 In response to an inactive status signal SSPIOCPS,
line controller 530 uses two multiplexers 1230 and 1240
(FIG. 12B) and a flip-flop 1250 to switch the
connection of pin 241 to either (1) drive line 531 and
serial data line 532 or (2) default command bus 533 |

25 that carries bus termination signals STPWLEVEL and
STPWEN, depending on whether or not status signal
SSPIOCPS on default command bus 533 is active or
inactive respectively, which indicates the presence or
absence of a slave serial port input-output circuit.

30 In the absence of a slave serial ' port input-output
circuit, line controller 530 drives a first bus
termination signal STPWCTL on pin 241 to control
turning on or off power to bus terminators of an input-
output bus as described above.

35 A slave serial port input-output circuit 254

(FIG. 3) is implemented in one embodiment using the
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r-o-

next _st at e['spioc_eewite_ wait_ hi_ addr_ start) ' Ae
state['spioc_ eewite_ wait_ hi_ addr_ start]

state(' spioc_eewite shift lo addr] & timer[8] ): ' spi ME Mlmﬂm “I“l :
wait _hi_addr_ start 1 WAt foragshreg [11] to get *

(0) next state['spioc_eewite_wait_ hi_ addr_ start]

= next state[—é%lﬁg ewite wait_hi _ addr_ start)

| ( state ['spioc wemelggmma|t h| _addr_start) & pshreg [II] ); /1
Then roll out = clear_timer |

state(' spioc_ eewite \Aﬁ?t lﬂFegﬁﬁFegtﬁ?ffult comprlsmﬂem stat e(' spioc_
eewite shift_hi_ adda] clock terminal; = next _ state['spioc_ eewite_

Shlft hi. ?ddr] shreg %FFt modul?/cpuélédSEQtSai Spé9ﬁ1?$fw”|te wai t _

hi addr_sfart] & - eewl ddr
/1 Just sit here uW ere@nnﬁa{ié] first modulenrgeetvesed' ehpek 8bgmale shift

Ihl ad?r]{ from s?ld teriﬂ?ig&lsﬁﬁaebenéPé@éseéV\BﬁfEeréé'cf:ioB]l _addr]
addrEZna-egdZPLgﬁ sfgﬂgi esilh buf%éged Llock é&é%a%tg e said clock

['spioc_eewite_s hsigghll_hddlihg&a_t tomnoh8fregquency;

10 a second module having a clock input line

coupled to said first module wherein said buffered
clock signal is supplied to said clock input line
of said second module; and
a serial port having a clock input line
15 coupled to said first module wherein said buffered
clock signal is supplied to said clock input line
of said serial port and further wherein said
serial port further comprises: |
a plurality of storage elements wherein
20 . ' each storage element is serially éoupled to
another storage element in said plurallty of
storage elements; and
a bi-directional pin coupled to at least
one storage element in said plurality of
25 : " storage elements wherein said bi-directional
pin is the only pin used to transfer
information serially from and to said
integrated circuit.

30 2. An integrated circuit as in Claim 1, wherein
said plurality of storage elements comprise a plurality
of flip-flops, and further wherein said serial port
alternately stores in said plurality of storage
elements an input signal received from said bi-

35 directional pin and an output signal to be transmitted
on said bi-directional pin.
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197 .. lverilog/ OH3_sequencer.v

21 atel spioc eewite shiic T p:asr{ L setparert badJJ!IllllellJlllllHllllullll

1d_ romabort = Id romabort
state(' spi oc eewiteshift _hi_addr] SLZ%?rrer[B] & badparity ;
d romabort = dromeport AnSirﬂiéﬁréiﬁdJCcliﬁeaﬁéﬂifﬂ clhiiredy |eurther

next - state['spioc. eewit i t._dat art
= next_ stat ("SI %e%w‘?ejf‘érm%‘r %"g*%sls #ﬁxers' wherein at
I st at e(' splersteeme taf sanid tmuiit ipldrderss tdoupled gn output

/1 "spioc_ equfidfhaivadt. Lot afflp flop to an input termlnal\/\%f d or
pshreg(ll) to get a start _bit

state[' spt oc_St5#nd efl%'rﬁlomrat@d sfugher wherein said flip- flops =
next_state[’ w@cm@:méaeuw tedlsh StHa¥ tdnd are clocked by said

}/( state('s|pD [ﬁ;ereé/g fccvk?it-dl?éf_—Start]. & pshreg[l 1] );

Then r ol clear tiner
= clear_tinmer state['spioc_ eewite_ wait_data start);

next _ State[ SpIOC eewﬁhi%ﬂ1%#%§égﬁeﬂl cuit as in Claim 1 further -
next _ state['spioc_eewite ﬁ

| ( stat¥]' spFIPrESHI9de wait data _start] & -pshreg[11] ):
Il Sp'0C_eemﬂ|te_5h|ftaﬁﬁﬁébessor data bus; and

a processor address bus;
wherein said plurality of storage elements
are coupled to said processor data bus and said
15 processor address bus so that a processor coupled
to said processor data bus and to said processor
- address bus can load data into said plurality of
storage elements.

20 5. An'integrated circuit as in Claim 4 further
comprising a shifter state machine wherein said bi-
directional pin is coupled to said shifter state

. machine.

25 6. A host adapter integrated circuit comprising:
a first plurality of pins couplable to a
firet bus;
. a second plurality of pins couplable to a
second bus;
30 o a clock pin;
a data transfer circuit connected to said
first and second pluralities of pins, and having a
plurality of modules;
wherein a first module in said plurality
35 of modules receives a clock signal from said
clock pin and supplies a buffered clock
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[/ Just sit here until timer[8]

state[' spi oc_ eewite_shift_ -data) ' H“‘“Tmi““l““m “m‘
next_state['spioc_ eewite_shift_ data]

I ( statet[ spioc eewite shift data] &_-tiner[8] );

dat aen_ = dat aen -226- & ~ ( state
[' spioc_ eeMW|te_shift_sdghal &ot ther p8hey; modules in said plurality

set _parerr - set_parerr ' Lo I
state[' spioc_ eemmite-sﬁFfp983%3f' ﬁpginer[8] & badparity );
next_state['spioc_ wait _for_ startpaid data transfer circuit =

next _ state[' spice_ “a'ErEHEfEEQrELformatlon between said first and
| ( state[ spioc_eewite shift_ data) & tiner[8] &

‘(badparity | romabort) fécond pIurall y of pins; and

nextstate['spioc_eewita_ séthhe _péatatoupled to said data transfer =
next _state(' spioc_ eeWW|£e

.gat . .
| ( state{' spioc_eSwrt hFPF Saﬁagfg%}a}iﬁgrf8TavéPg only one

- badparity ronasgrna} port pin wherein said serialdpootsseridlipnts

~ ( state['spioc_ a@%@&%e;nfgk%gtlgﬁtah éa&&ngéL§£l&p0fF Plao

-badparitx & -romabort ); t thlnklt
will hurt®to cl ear TEFRERSR/ EOcRATRAAE paFrivedr frommpaid data

clear_timer = cl eatrhhBBEr circuit. I (
state['spioc_ eewite_shift_data] & tinmer[8] ); /1
'spioc_ eewite wite_ data d_ronts = dronts
&_-state( spi oc_ eBwr it Thewhbbe ddapker 1ntegrated circuit of - d_ rom

mdoe = d_ ro”é}g%es wﬁ&?{eﬂl §§E8C589%it O%I {f‘gfg%?) ComRFifes 2

1d splooe
d_spi ooel® d §bP§BelPPHFaﬂénF §9u9éeéeﬁp|seldmﬁiretdaodyle to

ackload = ackkeadve 8aidtBheFe$BHOE18EKN 51gn¥Li hRAUBLALher wherein
said buffered clock signal is used by said serial port

in serially driving information on said serial port
pin.
20 _
8. The host adapter integrated circuit of
Claim 7 wherein said serial port further comprises
a plurality of serially coupled storage elements;
whereih data from said serially coupled
25 ~ storage elements are serially provided to said
serial port pin in response to a first edge in
said buffered clock signal; and
further wherein data from said serial port
pin are serially stored in said serially coupled
30 storage elements in response to a second edge in
said buffered clock signal.

9. The host adapter integrated circuit of
Claim 8 wherein said first bus is an input and output
35 bus connectéd to a peripheral device and said second
bus is a system bus connected to a host processor; and
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198 - Ny
22

state(' spi oc_

next _ state(’
next _ stat e['

veri |l og/ OH3_sequencer.v

ackdata - ackdata & -(
eewite wite data] & -tinmer[4] );
spioc_ eewite_ wite)data27-
spioc_ eewite- wite_ data]

A O AR

| ( state(' spfuﬁthenWWhEremhib&iddaéala&lytbﬁﬁnéétea storage element

next state(
state [° spi oc

ac

ﬁgb & ?85&19%1 input terminals wherein data from saESXt

stat e(' spi oc_eewpndebugr are puavajied toneaifidpayallel input end
EEQH?nEQbngnﬁoﬁrgo1h£cﬁghCBESFIrh§18Qt1ﬁ5§§iﬁeger1ally end

/]l of the eno
/'l of theshug

10

15

20

25

30

35

e endnodu

coupled storage elements in response to a third edge in

said buffered clock signal.

10. The integrated circuit of Claim 9 wherein

data from said serially coupled storage elements are

written on said system bus in parallel in response to a

read strobe.

11. The integrated circuit of Claim 9 further

comprising:

a-hold register coupled to said serially

coupled storage elements wherein upon transfer of

data from said serially coupled storage elements

to said hold régister, said data is provided to a

plurality of received data terminals in response

to a fourth edge in said buffered said clock

signal.

12. An apparatus comprising:

a first integrated circuit having a first

serial port wherein said first serial port has

only a first bi-directicnal pin;

a second integrated circuit having a second

serial port wherein said second serial port has

only a second bi-directional pin; and

a serial port input-output line connecting

said first bi-directional pin to said second bi-

directional pin, said serial port input-output

line being a bi-directional line; .

wherein said second integrated circuit

generates a second signal on said second bi-

directional pin in response to a first signal

-
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for the SPICC chip nodul e spioc (

P_RST_
LED

B RST , SPI o
STPCTL, -228- MALl7, MA16,

MA15, MA14, MA13, NA12, fivisinl saliil GireeO inte§rated circuit on sailiA7, MAG,

MAS, MA4, MNA3,
vMD2, MD1, MDO,

MAR_,

10

15

20

25

30

35

MA2, NAL MD7, MD6, MD5, NMD4, MDS,

MOE

£ 1¥Se bi-dizegtional pin.
13. The apparatus of Claim 12 further comprising:
an oscillator; and further wherein

said first integrated circuit further
comprises a clock pin coupled to said oscillator
and said first integrated circuit generates a
buffered clock signal in response of a signal on
said clock pin; and
said second integrated circuit further

.comprises a clock pin coupled to said oscillator.

14. The apparatus of Claim 12 further comprising
a system bus coupled to said first integrated circuit,
wherein said first serial port further comprises:

a command generator circuit having a logic
element, a parallel output bus and a serial port
input-output bus coupled to said system bus, said
serial port input-output bus comprising a
plurality of serial port command lines;

wherein in response to a signal on at least
one of said serial port command lines, said
command generator circuit uses said logic element
to selectively drive a command signal on said
-parallél bus;and

further wherein said command signal is
included in said first signal, and said second
integrated circuit performs an operation indicated
by said command signal on receipt of said first
signal. .

15. The apparatus of Claim 14 wherein said
command signal comprises a byte of information.

16. The apparatus of Claim 14 wherein said

—_—
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rS[E)Eclel | DO, . oL ESBRD, " Itmmi%" |||ﬂ1||l| Hfﬂl

TRVBHI , : TRVBLO, XCBLDT,

CBLDT ); I nput CLK; I nput P_RST_; out put
B RST_; I noUt . SPI G -220 put LED out put
STPCTL,; i Nogbmmand signal MAd1uddd 63 pl@MPity of commandPdPrs MAL4,
MA13, MA12, MA11l, MA10, MA9, MAS8; out put MA7, MA6, MAS, NMAd,
MA3, MA2, MAl, NMNAO i nout MD7, MD6, MD5, MD4, MD3, MD2, MDL,
VDG, inout' 17. Th&ESpparawmpudbf Claim 16 whdErein sabdit

7~ 106, 106, °PBEn (BiOFED Thehuatby pluraiiey of S bignpt o,
S_RST_; 5
18. The apparatus of Claim 14 wherein said first
serial port further comprises: '
a converter circuit connected to said
parallel bus, and said converter circuit having a
10 serial data terminal wherein said converter -
circuit formats said command received on said
parallel bus into a packet and serially transmits
said packet on said serial data output terminal.

15 19. The apparatus of Claim 18 wherein said packet
includes a start bit.

20. The apparatus of Claim 18 wherein said packet
_ includes a stop‘bit. '
20 _
21. The apparatus of Claim 18 wherein said packet
includes a parity bit.

_ 22. The apparatus of Claim 12 wherein said first
25 serial port further comprises:
a line controller circuit coupled to said
first bi-directional pin;
.~ wherein said line controller circuit
transfers a command packet serially to said first
30 bi-directional pin; and
further wherein said line controller circuit
receives an acknowledge packet serially from said
first bi-directional pin.

T l




ma e e Ry

200 ../ verilog/spioc .v

2 wre [17:0] ma_out; wre [17:16] ma_in; wre [ 7: 0]

md_out ndoe, 23 ~omd_ in,

addat _in; | obuffers buffers 1 ( - %éd_clkln (CLK)
.clkin (cl kin), .

. pad_pcl reset _ _ (P_ RST), . reset

(reset ) 23. A method for spxdalpydtrrasferring (B?RST? ),
. pad_ spio information on( 8PkErial port 1nput output line betwBkH_
(SpIO |n) spi Q SpIO

out ), a first integrated 01§ﬁP65eand a second 1ntegra§§§|oo
circuit comprising:
transmitting an initialization signal on said
serial port input-output line from said second
integrated circuit in response to a power-on reset
10 signal; and
driving a signal on said serial port input-
output line by said second integrated circuit,
subsequent to said initialization signal, only in
response to a signal from said first integrated

15 circuit on said serial port input-output line.

24 . The methbd of Claim 23 wherein said second
integrated circuit drives an acknowledge signal on said
serial port input-output line within a predetermined

20 time of receiving said signal from said first
integrated circuit. ‘

.25. The method of Claim 24 further comprising
waiting by said first integrated circuit for completion
25 of said acknowledge signal from séid second integrated
circuit before driving another signal on said serial
port input-output line by said first integrated
circuit.

30 26 - The integrated circuit of Claim 1 wherein
said serial port further comprises:
a line controller circuit coupled to said bi-
directional pin; _
wherein said line controller circuit
35 transfers a command packet serially to said
bi-directional pin; and
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.pad | ed (LED)

T ﬂgmﬂﬁt ]

(stpwct!l _out), : -231- .stpmptloe
(stpwct | oe) . : .pad_ hi _ ma ( (MAl7,
MAL16) ), ' further wheﬂelﬁasald line controllef {NKIS
MAl 4, MA13, MAl 2, NAll y%hg Nﬁg
MAS, NA7. MAG, MAS, N%A it CehM&s Rﬁﬂ??knowledge packet .
.ma_in serléhﬁz|ﬁyom said bi-directional pin. . ma
(ma_out), . maoe (maoe) ,
. pad_ nd , . MD5, MD4, MD3, ND2 MOl MDO}) ,
‘md in 5 27 - The % egﬁ§ted circuit of Claim26 , md
md _out), wherein said llﬁdoéontroller circuit furth&®oe),
(ngtsrfgnf comprlseg a dr}ve llne, ﬂ% said line controlionns—ln—
(ronts_out ), circuit transfers said commandopacket to said bi-
(;gggzoe), dlrectlon?l 1n 1n r?spBﬁge t8"Rfiactive signal ohMOE)
. ronoeoel0 said derGréhﬁ@®e§na _ : . pad_nr w
(NMFL)1 further whereifll ¥h0ld 'line controller c1réﬁ1ﬂ"n)
nTrwoe

' tgl&ge) receives galg/ackhowlﬁggmeggeegcket from said b%SEECS)
.seecs_in directionf3epin_ohby, in response to an inactive - .seecs
(seecs_out), eecsoe
(seecsoe) signal on said drive 11n§d Tidpal | (1 DPAL) ,
.idpal i&> (i dpalin), '

28 . The integrated circuit of Clalm 26 wherein

said line controller circuit comprises (i) an input
buffer coupled to said bi-directional pin and (ii) an
output driver coupled to said bi-directional pin and to
20 said drive line; '
| . - wherein an active signal on said drive line
enables said output driver to pass said command
packet to said bi-directional pin; and
further wherein an inactive signal on said
25 drive line disables said output driver to allow
said input buffer to receive said acknowledgment
packet from said bi-directional pin.

29°. The integrated circuit of Claim 28 wherein
30 said output dri%er in said line controller circuit
comprises at least one logic element, said logic
element allowing passage of said command packet to said
bi-directional pin in dependence on said signal on said
drive line. '

35
30 . The integrated circuit of Claim 1, wherein
// | . . ..__.‘. .
e Replaced THIS SHEET Has geey | | REPLACEMENT SHEE
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. pad_i ddat ( (1D7, 1D6, ID5, |D4, 1 D2, ID1

.iddat_ in (iddat_ in), : ILH _
. pad_esbrd ( ESBRD) , “"’"l m , l" lml ,”"l _
(esbrd_in), pad_ scsi _rst

(S RST), - -232-scsi_ rst_in_
(scsi_rst_in_paid serial port waits for a.predptdrnénesdehsmebperiod

EISPEEL%SG b affer receipt of a signal- bA" BESBSH: - BirbBtional pin

201 . bﬁﬁgre|§gﬁ§§m@§sgon of a signal on said bi- dlresgaonal
ternmsense_a in. (TRVBLO), .ternmsense_a in
(ternsense a _in), . pad_ Xx_ connsense

( XCBLDT) , . . X_ connsense_in :
(x_connsense_in), 33. .The apparatus of Claim padwhemeiensaid line

(CBLDT)., controller circuit furt%%@négﬁg%iség a drive linggonnsense_ln)

)

wherein said line controller circuit
transfers said command packet to said first
10 bidirectional pin in response to an active signal
on said drive line; and
further wherein said line controller circuit
receives said acknowledgment packet from said
first bidirectional pin only in response to an

15 inactive signal on said drive line.

.32. The apparatus of Claim 31 wherein said line
controller circuit comprises (i) an input buffer
coupled to said first bidirectional pin and (ii) an

20 output driver coupled to said first bidirectional pin
and to said drive line; '
wherein an active signal on said drive line
enables said output driver to pass said command
packet to said first bidirectional pin; and
25 further wherein an inactive signal on said
drive line disables said output driver to allow
said input buffer to receive said acknowledgment
packet from said first bidirectional pin.

30 - 33 . The apparatus of Claim 32 wherein said output
driver in said line controller circuit compriées at
least onellogic element, said logic element selectively
passing said command packet to said first bidirectional
pin in dependence on said signal on said drive line.

35

34 . The apparatus of Claim 12 wherein said second
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).spi"oc' core core 1 ( .clkin . (cl kin), ”“"ﬂ”“ﬁl“"“l““ l“l

.reset _ _ (reset ),

(spio_ out), _ . Spi ooe (spi ooe),
.Spio in : (spio_in), _533._ .led
(led_ out ), . | edoe ' (Il edoe),
. st pwet | 1ntegrated c1@gupﬁctkaogm}ts said second signal during
.stpwctl 08 performance ofSLAMGHEPGtion indicated by said first -
(ma_out), . . maoe (maoej,
.ma_in signal. (ma_in), . . md
(md_out), : : . ndoe (ndoe) ,
t?gnég_ O&t_), 35 The(g%pgggtus of Clg}gn%%ogherein said second —
(rontsoe), integrated circuit terminatesobranemission of said

(romes_in))

second signal on completion of' 899§ gerformance.
(ronoe_out ) . ronoeo

(ronoeoe), : . nTw
(nrw_out), 36. The apparatus of CITR¥WRE12, (nTwoe)
.nTw_in nrw_in,, seecs
(seecs &Gt) whe¥ein said second ipteggrgted circuit waits
(Seecsae), for a predetermined timeepexibd after receipt of
E?SS;F :2% said first 31gnal before gggg m1g31on of said (iddat
in), second signal. . esbrd_ in (esbrd_in),
.Scsi_rst_in_ (scsi_rst_ in_),

15 37. The apparatus of Claim 36,

wherein said first integrated circuit also
waits for said predetermined time period to become
sensitive to an active signal on said serial port
input-output line.
20
38. The apparatus of Claim 12,
wherein said first integrated circuit waits
for a predetermined time period after receipt of
said second signal before transmission of another
25 first signal. '

39. The apparatus of Clalm 12,
further comprising a light emlttlng diode
coupled to another pin of said second integrated
30 c1rcu1t
| wherein said first 31gna1 is indicative of an
ihternal signal in said first integrated circuit,
~and said second integrated circuit selectively
operates said light emitting diode in dependence
35 . on said first signal.
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.termsense_b_in (ternsense_ b_ in),

S —
.ternsense_a_in (ternsense_a_in), ,
x_ connsensei n (x_connsense i n). A R AR

. connsense_ in (connsense_i n) endnodule "+ ¢ v M S *
202 'finescal e 1ns/10ps  noduRd46TECH  MUX4 ( dO, d1, d2 , d3 ,
selO, sell, out) 4. imh&tagﬁhradﬁs,odzcladﬁ 125el O, sel | , output out d
reg out ; wre [3:0] data_: [ 1.0 ndaui— ,

, gO} assi gn s[el :]{ gtgﬁfm 3de %lr]sgl W?g@?egaférgt‘uts ?’gbegl n

out <= data[sel] ; seid second 1ntegrated circuit communlcate with

each other only via sald serial port input- output
5 line.

41. The apparatus of Claim 12,
wherein said first signal includes at least
an address packet and a command packet, and in
10 response to said first signal, said second

integrated circuit generates an acknowledge
packet, retrieves a data word from a memory
location identified by an address in said address:
packet and generates at least a data packet

. 15 including said data word, said second siénal
including said acknowledge packet and said data
packet.'

42- The apparatus of Claim 12,

20 wherein said first signal includes at least
an address packet, at least a data packet, and at
least a command packet, and in response to said
first signal said second integrated circuit
.génerates an acknowledge packet included in said

25 second signal and writes a data word from séid
data packet into a memory location identified by
an address in said address packet.

43. The apparatus of Claim 12,

- 30 wherein said second integrated circuit
includes in said second signal, an acknowledge
packet followed by a data packet.

44 . The apparatus of Claim 12,
35 . - wherein said second integrated circuit

transmits an initialization signal on said serial
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e??ggggfe ' I'ns/l Ops /1 Module to | oad, hold, i ncrenelrl’“llmlmt&llll

bits // // Here's a special trick: If BOTH addl en and addrinc aretassert ed
// do a special |oad where the 2 low bits get jamed to zero // // Here's

another... if SEEMS i s asserted, send 5&£3*BRDRW on MA[ 15] nodul e

rom addr ( oupert input-output line in reé€sehse to power-on

addr dben, addr hen_, _
addrl en_ reset. addri nc, cl ki n,
in seens, _ brdrw ) ;

i nput reset_ , addygben_Theaggpdfitus S£de1£m 442ddrinc, clkin ; input
[7:0] in 5 - wherein said second integrated circuit

transmits on said serial port input-output line
only in responsge to a signal from said first
integrated circuit except at power-on reset; and
further wherein said second integrated
10 ' circuit transmits an initialization signal on said
. serial port input-output line at power-on reset.

46 - The apparatus of Claim 12,
wherein said serial port input-output line
15 carries a signal of a default value in the absence
of communication.between said first and second
integrated circuits; and '
further wherein the last bit in a first
signal generated by said first integrated circuit,
20 and the last bit in a second signal generated by
said second integrated circuits both have said
default value.

47 . The apparatus of Claim 12,

25 comprising a plurality of second integrated
circuits coupled to said serial port input-output
line; :

wherein only one of said second integrated
circuits responds, mutually exclusive to any other

30 second integrated circuit, so that only one second
integrated circuit generates said second signal in
response to said first signél.

48 . The integrated circuit of Claim 26, wherein
35 said serial port further comprises:
a state machine coupled to said line
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iﬁput' seers, brdrw, output [17:0] out reg
assign out[17:16] = ad reg [|7:16]; assign out[1l5] 4 ﬁun
pose

ad reg[15]; assign out[14:0] = ad.reg[1l4:0]; al wvays @

or negedge reset _ i f (-eBset _) - . adreg <= #1 18’ hOAAAN
el se .Dbegin ifo ( -addrdben ) :

ad reg[17: 16] <= gant{pkler circuit; | f ( -addrhen))

ad_ reg[ 15: 8] <= #1in wherein said statd machide &EEUé@ﬂi &

-addri nc

else if ( -addrien_ & %ﬂ’a‘??n%lsnaf é}?tb‘%ﬁ ht%ls%aeﬁffie]&ne QQIFEJFPH%

circuit to initiate transfer of said command
5 packet; and
further wherein said state machine
drives a second signal active to said line
controller circuit to initiate reception of
said acknowledge packet.
10
49 . The integrated circuit of Claim 4g, wherein
each of said command packet and said acknowledge packet
has a start bit at the beginning and a stop bit at the
end, said start bit having a first voltage level and
15 said stop bit having a second voltage level different
from said first voltage level.

'50 . The integrated circuit of Claim 49 wherein
said bidirectional pin is pulled up to a default
20 voltage level equal to said second voltage level.
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204 '

<= #1in[7:2];

end
i ncr ement
2'bA);

begi n | ad reg[7: 2]
_ reg[ 1: 0] <= #1 2' bOO

a
else if ( addrlen &ggidg{inc L: 41 (a Tﬁgﬁﬁggatﬁ§aaa¢

end enanduIe -

205 "t messaIRe{AL PORTS/FONOA HOs™ ANAdp iy £ {-é’b enabl € odul e regen8
( out , reset CIRcenabUSING A IYTINGLE rERMT res , enable_ , clkin

input [7:0] i

10

15

20

25

30

n output [7:0] out ; reg [7: out -

ABSTRACT

A host adapter integratéd circuit that contains
data transfer modules has a serial‘po;t that uses a
single serial port pin to communicate.with a slave
serial port input-output integrated ciréuit that
interfaces to various resources that are included in a
support circuit. The serial port forms a packet from
each byte of information to be transferred from a
module to the slave device by adding a start bit before
the byte, followed by a parity bit at the end of the
byte and followed by a stop bit. After transmitting
the packet, the seriél port waits for an acknowledge
packet from the slave serial port input-output
integrated circuit, for example for two clock cyecles
after transmission of the packet. For synchronous
operation, a common oscillator drives the clock sighal
on the slave serial port input-output integrated
circuit and host adapter integrated circuit. The
serial port pin in the host adapter integrated circuit
is connected to a shifter circuit in the serial port
that serially clocks data from the serial port pin and
passes the-data parallelly to a bus in the host adapter
integrated c1rcu1t and vice versa.

Figure. 3
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el se
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endnodul e

: end

out <= #1 {8{1' b0}
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.d3 (1'bO,

.sel | (spi oreset), o

always @ ( posedge clkin) i-224-  (!rese
begi n st pwen <= $1 1'bO
st pw evel <= #1 1' b0 ; end’
st pwen <= #1 muxout ; st
stpwetlen_ ? stpw evel : del ayrgg[é]l;

= stpw evel [err] stpwen ; endnodule

207 ../verilog/spiostatreg.v CLAIMS

1. An integrated circuit comprising:

a clock terminal;

). e
SRﬁACE\M S%ACL IE’IJ,) ]
u

) =7 HiAY 196g™39H0)
T R7ZMP  (CET
S 9S00 7% 58 begi n
PW evel <= 1
end assi gn stpwetl

a first module coupled to said clock terminal wherein said first module receives a
clock signal from said clock terminal and genetates a buffered clock signal, said buffered
clock signal and said clock signal having a common frequency;

a second module having a clock input line coupled to said first module wherein

said buffered clock signal is supplied to said clock input line of said second module; and

a serial port having a clock input line coupled to said first module wherein said

buffered clock signal is supplied to said clock input line of said serial port and further

wherein said serial port further comprises:

a plurality of storage elements wherein each storage element is serially

coupled to another storage element in said plurality of storage elements; and

a bidirectional pin coupled to at least one storage element in

 said plurality of storage elements wherein said bidirectional pin is the

only pin used to transfer information serially from and to said

integrated circuit;

wherein said serial port waits for a predetermined time period after transmission

. of a signal on said bidirectional pin to become sensitive to a signal received on said

bidirectional pin.

2. An integrated circuit as in Claim 1, wherein said plurality of storage elements

comprise a plurality of flip-flops, and further wherein said serial port alternately stores in said

plurality of storage elements an input signal received from said bidirectional pin and an output

signal to be transmitted on said bidirectional pin.



"timgscate—— 1ns/ 10ps nodul e spiostatref ( err| edenab.

Spi opar ef unsupported, | pept ACEMENT SHEET .
rerousy, I ADOORNE - ereiea” ciiin,
reset _, * C L * setp : -

unsup, set nn@Ap- i 7 MAY 1338

spi or eset 1d_en_, : 1d_
dat a7, 1d_ data210 ); I nput

cl ki n, reset _; I nput set_ parerr,

set _unsup, set _ nbusy Spi or eset,

1d_ en_ An integrated Qmﬂ%ﬂ Clam{ 3\ Hitfther cln%pglsmﬁ 2 @E%gﬁt{yaimuluplexers

out put errleden b
menmbusy, wherein at least o of eid multlp‘le:cers coupﬁfs rah%d@iilﬁibmunal of a first fIERFISP R & input

terminal of a second flip-flop, and further wherein said flip-flops are identical to each other and
are clocked by said buffered clock signal.

4. An integrated circuit as in Claim 1 further comprising:

a processor data bus; and

a processor address bus;

wherein said plurality of storage elements are coupled to said processor data bus
and said processor address bus so that a processor coupled to said processor data bus and

to said processor address bus can load data into said plurality of storage elements.

5. An integrated circuit as in Claim 4 further comprising a shifter state machine

wherein said bidirectional pin is coupled to said shifter state machine.

6.  An apparatus comprising:

a first integrated circuit having a first serial port wherein said first serial port has
only a first bidirectional pin;

a second integrated circuit having a second serial port wherein said second serial
port has only a second bidirectional pin; and

a serial port input-output line connecting said first bidirectional pin to said second
bidirectional pin, said serial port input-output line being a bidirectional line;

wherein said second integrated circuit generates a second signal on said second
bidirectional pin in response to a first signal from said first integrated circuit on said first
bidirectional pin; and

one of said first and second integrated circuits waits for a signal from the other of

said first and second integrated circuits.



unsupport ed, nmenbusy; assign errled _ = ~ (errledepab%
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else if *1dfen-) ™ , -226- errleden dat a7,
al ways @( posedge clkin ) ' 0 f ( \sgl )
spi oparerr <= #1 |'bQ else if ( §p| oreset )
spi oparerr <= #1 |'bQ else if ( set_parerr ) '
Spi oparerr <= #1 1'bl; else if ( -1d_en_ & 1d_data210[2] )
Spi oparerr <= # |"'bQ /1 AONE wites it off al ways @ ( posedge
cl kin i f ( 'reset_ ) unsupported
<= #1 1'bQ 7.  The app&thtis of CldimS: ﬁ'ﬁif'tﬁéﬁioxﬁpnsmg
unsupport ed <= #1 1'bQ else it ( set unsup )
unsuppor t ed <:anqsg_ﬂlptog|andfuﬂherwhereme| se if ( -1d_en_ & ld_data210[1]
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ff I S
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g % 3 :g :: ﬁianla sk first integrated clrcﬁit ggnér%tesf a ﬁﬂ’f él%%/k %1gna,l in response to a signal on

menbusy <= #Isazddkbckpm and else if ( ~| 0 en; & id data210[0] )
menbusy <= # 1' b0; / /. AOne wites it off

said second integrated circuit further comprises a clock pin coupled to said
oscillator;

at least one of said first and second integrated circuits prov1des said buffered
clock signal to all internal modules; and

said first and second integrated circuits operate synchronously with each other.

8  The apparatus of Claim 6 further comprising a system bus coupled to said first
integrated circuit, wherein said first serial port further comprises:

a command generator circuit having a logic element, a parallel output bus and a
serial port input-output bus coupled to said system bus, said serial port input-output bus
comprising a plurality of serial port command lines;

wherein in response to a signal on at least one of said serial port command lines,
said command generator circuit uses said logic element to selectively drive a command
signal on said parallel bus; and

further wherein said command signal is included in said first signal, and said
second integrated circuit performs an operation indicated by said command signal on

receipt of said first signal.

9. The apparatus of Claim 8 wherein said command signal comprises a byte of

information.

10.  The apparatus of Claim 8 wherein said command signal includes a plurality of

command bits.
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11.  The apparatus of Claim 10 wherein said command signal includes a plurality of
data bits.

12. The apparatus of Claim 8 wherein said first serial port further comprises:

a converter circuit connected to said patallel bus, and said converter circuit having
a serial data terminal wherein said converter circuit formats said command received on
-said parallel bus into a packet and serially transmits said packet on said serial data output -
terminal. . |

13,  The apparatus of Claim 12 wherein said packet includes a start bit.
14.  The apparatus of Claim 12 wherein said packet includes a stop bit.
15.  The apparatus of Claim 12 wherein said packet includes a parity bit.

. 16.  The apparatus of Claim 6. wherein said first serial port further comprises:
a line controller circuit coupled to said first bidirectional pin;
wherein said line controller circuit transfers a command packet serially ;o said
first bidirectional pin; and
further wherein said line controller receives an acknowledge packet serially from

said first bidirectional pin.

17.  The integrated circuit of Claim 1 wherein said serial port further comprises:
a line controller circuit coupled to said bidirectional pin;
wherein said line controller circuit transfers a first packet serially to said

bidirectional pin; and



reg . badpar: —always @( posedge clkin ) ~ begin _ i f

(!'reset Ju' ' #1 1' bQ else if TOT €SEL) badpar
<= #1 1 "ﬂ”"" wn,uﬂm_f (!1den_ ) badpar éﬂp ENWSHEET I end
endnodul e $cal e
1ns/10ps  nodul e I edreg clkin, -228- s =sé‘tfjf‘PAY 1§édm :

spi or eset Iedregen ' del ayr eq, i
errled_ spi oi n, ed

| edt est ); I nput cl ki n, reset

Spi oreset;

further wherein said line controller circuit receives a second packet serially from
said bidirectional pin, said second packet being an acknowledge packet for receipt of said
first packet.

.18.  The integrated circuit of Claim 17,
wherein said line controller circuit furttfer comprises a drive line, and said line
controller circuit transfers said first packet to said bidirectional pin in response to an
active signal on said drive line; and
further wherein said line controller circuit receives said acknowledgment packet

from said bidirectional pin only in response to an inactive signal on said drive line.

19 The integrated circuit of Claim 17 wherein said line controller circuit comprises

(1) an input buffer coupled to said bidirectional pin and (ii) an output driver coupled to said

bidirectional pin and to said drive line;

wherein an active signal on said drive line enables said output driver to pass said
command packet to said bidirectional pin; and
further wherein an inactive signal on said drive line disables said output driver to

allow said input buffer to receive said acknowledgment packet from said bidirectional

pin.

. 20.  The integrated circuit of Claim 19 wherein said output driver in said line

controller circuit comprises at least one logic element, said logic element allowing passage of

said command packet to said bidirectional pin in dependence on said signal on said drive line.

21.  Anintegrated circuit comprising:
a clock terminal;
a first module coupled to said clock terminal wherein said first module receives a

clock signal from said clock terminal and generates a buffered clock signal, said buffered



I nput. . ledregen input [1: 0] del ayr eg; jnput
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clock signal and said clock signal having a common frequency;
a second module having a clock input line coupled to said first module wherein
said buffered clock signal is supplied to said clock input line of said second module; and
a serial port having a clock input line coupled to said first module wherein said
buffered clock signal is supplied to said clock input line of said serial port and further
wherein said serial port further comprises: &
a plurality of storage elements wherein each storage element is
serially coupled to another storage element in said plurality of storage
elements; and |
a bidirectional pin coupled to at least one storage element in
said plurality of storage elements wherein said bidirectional pin is the
only pin in said serial port and said bidirectional pin is used t6 transfer
information serially from and to said integrated circuit;
wherein said serial port waits for a predetermined time period
after receipt of a signal on said bidirectional pin before transmission of

a signal on said bidirectional pin.

22.  The apparatus of Claim 16,
wherein said line controller circuit further comprises a drive line;
wherein said line controller circuit transfers said command packét to
said first bidirectional pin in response to an active signal on said drive line;
and
further wherein said line controller circuit receives said
acknowledgment packet from said first bidirectional pin only in response to an

inactive signal on said drive line.

23.  The apparatus of Claim 22,

wherein said line controller circuit comprises (i) an input buffer coupled to said
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spi oreset ; reg seens , seecs, seecRkR3p-seedo ; J+lalways @ ( podetige
clkin | f ( 'reset ) ' egtn

seens <= #1 |1' bQ seecs <= #1 L.hQ-- -
seeck <= #1 1' bQ seedo <= #1 1' bQ ' end
else if ( spioreset ) begi n seens <= #1
ll' Eg first bidirecﬁo?%@lﬁg and @_) aﬁ%)u%pug g:iver coupled to said first b@iﬁ%gtlfonal Eiﬁ aﬁgi 80 se
i f ( !seect! edaid drive line; _ begi n seens <= #1
del ayr eg5;

wherein an active signal on said drive line enables said output drive to pass said
command packet to said first bidirectional pin; and |

further wherein an inactive signal on said drive line disables said output driver to
allow said input buffer to receive said acknowledgment packet from said first
bidirectional pin.

24.  The apparatus of Claim 23,
wherein said output driver in said line controller circuit comprises at least one
logic element, said logic element selectively passing said command packet to said first

bidirectional pin in dependence on said signal on said drive line.

25.  The apparatus of Claim 6,
wherein said second integrated circuit transmits said second signal during

performance of an operation indicated by said first signal.

26.  The apparatus of Claim 25,
wherein said second integrated circuit terminates transmission of said second

signal on completion of said performance.

27.  The apparatus of Claim 6,
wherein said second integrated circuit waits for a predetermined time period after

receipt of said first signal before transmission of said second signal.

28.  The apparatus of Claim 27,
wherein said first integrated circuit also waits for said predetermined time period

to become sensitive to an active signal on said serial port input-output line.



seecs <= eg3; seeck <= #1 del ayreg2;

seedo ;H! I H'Hi" UIIJ end endnodule

212 'ti Ops nodule sp_brdctl MGEMENTQHEEElG ,
brddat5 |, brdstb "or , brdrw reset | prdcrren_ , clkitn

del ayreg7 , del ayreg6 , deI ayreqs -231del ayred4 , -JeMAYr 8388 | | del ayreg2
, Sspioreset ) ; output brddat7 , brddat6 , brddat{s}, brdstb , brdgs ,
brdrw input reset , brdctlen , clki:n , del ayregyi\s—eetayregoc , qel ayr egs
del ayreg4 , delayreg3 , delayreg2 , spioreset regjbrddatZ. —bradat6

brddat5., brdstb , brdcs , brdrw GIECHMIX4 gtech_nmux4_ 1 ( del ayreg17 ,

brddat7 , 1' bﬁg 1 s i spi oreset , muxout7 always @ (
posedge cl kin begf%n ‘H; ' | ?mt! reset ) _ brddat 7 <= #1
1' bO ; eI Swherein said first integratedéietihiti waitsTo#d predeesiined 6ie period after

receipt of said second signal before transmission of another first signal.

30.  The apparatus of Claim 6,

further comprising a light emitting diode coupled to another pin of said second
integrated circuit;

wherein said first signal is indicative of an internal signal in said first integrated
circuit, and said second integrated circuit selectively operates said light emitting diode in

dependence on said first signal.

31.  The apparatus of Claim 6,
wherein said first integrated circuit and said second integrated circuit

communicate with each other only via said serial port input-output line.

32.  The apparatus of Claim 6,

wherein said first signal includes at least an address packet and a command
packet, and in response to said first signal, said second integrated circuit generates an
acknowledge packet, retrieves a data word from a memory location identified by an
address in said address packet and generates at least a data packet including said data
word, said second signal including said acknowledge packet and said data packet.

33.  The apparatus of Claim 6 ,

wherein said first signal includes at least an address packet, at least a data packet,
and at least a command packet, and in response to said first signal said second integrated
circuit generates an acknowledge packet included in said second signal and writes a data
word from said data packet into a memory location identified by an address in said

address packet.



GTECHMUX4 gtech_nux4_2 del ayreg6 , brddat6 y 1' bQ, % EO brdctl en_,
Ut oter) Illlﬂifﬁllllﬂlﬂllllllﬂl Tdath < #1 1 bO: REPLAemgmsHee*\

brddat 6 <= #1 huxbut"; %end GTECH MUX4 gt ech_rrux4 3t dela e&&) Brddat 5 ,
1 'bO 1'bQ brdctlen spi or eset-232muxout 5 | I\Ma?yM sédge clkin
) begin If (!'reset ) brdd <= #1

el se brddat5 <= #1 nuxout5; end - ec mux4 4 - (
del ayreg4 , brdstb , 1'bO, 1'bO brdctlen_, spi oreset moxout 4) ;

al wvays @ ( posedge cl kin) begin if (Ireset ) brdstb
<= #1 1'bO ; 34 of Claim brdstb <= #1 nuxout4; end
GTECH_MUX4 gt ech rrux tuéelfayreg?)’ brdcs , 1'bOQ 1'bO brdctlen_,

spi oreset , nuxoutwherein s&ﬂmd@&gmﬁﬁi@ﬁlt éilckides in $a@Déedond signal, arl f
('reset ) cs <= #1 1'bO;
- acknowledge packet followed by a data packet.

35.  The apparatus of Claim 6:,
wherein said second integrated circuit tftansmits an initialization signal on said

serial port input-output line in response to power-on reset.

36.  The apparatus of Claim 35,

wherein said second integrated circuit transmits on said serial port input-output
line only in response to a signal from said first integrated circuit except at power-on reset;
and

further wherein said second integrated circuit transmits an initialization signal on

said serial port input-output line at power-on reset.

37.  The apparatus of Claim 6,

wherein said serial port input-output line carries a signal of a default value in the
absence of communication between said first and second integrated circuits; and

further wherein the last bit in a first signal generated by said first integrated
circuit, and the last bit in a second signal generated by said second integrated circuits both
have said default value. |

38.  The apparatus of Claim 6.,

comprising a plurality of second integrated circuits coupled to said serial port
input-output line;

wherein only one of said second integrated circuits responds, mutually exélusive
to any other second integrated circuit, so that only one second integrated circuit generates

said second signal in response to said first signal.



213 el se brdcs <= #1 nuxout3; end GTECH MUX4

gt ech_nmux ﬂm m brdrw, 1'bO 1'bO, brd
muxout 2 ﬂlmwm ” ﬂ e clkin ) begin '
brdrw <= #1 1 * el se br
endnodul e - -233-

39.  The integrated circuit of Claim 17, wherein said serial port further comprises:

a state machine coupled to said line controller circuit;

wherein said state machine drives a first signal active to said line controller circuit
to initiate transfer of said command packet; and

further wherein said state machine drives a second signal active to said line

controller circuit to initiate reception of said acknowledge packet.

40,  The integrated circuit of Claim 39 wherein each of said command packet and said
acknowledge packet has a start bit at the beginning and a stop bit at the end, said start bit having

a first value and said stop bit having a second value different from said first value.

41.  The integrated circuit of Claim 40 wherein said bidirectional pin is pulled up to a

default value equal to said second value.

42.  The integrated circuit of Claim 1, wherein said serial port transmits information

on said bidirectional pin synchronous with said buffered clock signal.

43.  The integrated circuit of Claim 21, wherein said plurality of storage elements
comprise a plurality of flip-flops, and further wherein said serial port alternately stores in said
plurality of storage elements an input signal received from said bidirectional pin and an output

signal to be transmitted on said bidirectional pin.

44,  The integrated circuit of Claim43, further comprising a plurality of multiplexers,
wherein at least one of said multiplexers couples an output terminal of a first flip-flop to an input

terminal of a second flip-flop.



shregl2. v 'timescale ~———1ns/1Ops // 12 bit parallel |oadable,

aral l el ouf [ /[l shifts from1ll to O
'Pri'cks: /1 “""g""uimﬂ,mlﬂﬂwl Il 1oad DATA into &
/1 then on the hext o oG s bits [8:0] start'shi
(generated here) will be |oaded into F8B4and 111 ||

be equivalent to loading (II11, PARITY, DATA, STA
(but easier to time out) nodul e shregl2 (
reset _, cl kin
spi ooe |, pl oad shift
badpar pdatain ) ; output [11:0] pshregout
I nput reset _ cl kin _ spio_in
spi ooe 45.  The integratefllciragit 8PClaimR2d0Aker compifi: [7: 0]  pdatain
reg after_pload; always @ posedge clkin) ,

a processor data bus; and

a processor address bus;

wherein said plurality of storage elements are coupled to said processor
data bus and said processor address bus‘so that a processor coupled to said
processor data bus and to said processor address bus can load data into said

plurality of storage elements.

46,  The integrated circuit of Claim45 further comprising a shifter state machine

wherein said bidirectional pin is coupled to said shifter state machine.

47.  The integrated circuit of Claim 21, wherein said serial port transmits data on said

bidirectional pin synchronous with said buffered clock signal.

48.  The integrated circuit of Claim 21wherein said serial port further comprises:

a line controller circuit coupled to said bidirectional pin;

wherein said line controller circuit transmits a first packet serially on said
bidirectional pin and said line controller circuit receives a second packet serially from
said bidirectional pin, said second packet being an acknowledge packet for receipt of said
first packet.

49. The integrated circuit of Claim 48,

wherein said line controller circuit further comprises a drive line, and said line
controller circuit transfers said first packet to said bidirectional pin in response to an
active signal on said drive line; and

further wherein said line controller circuit receives said acknowledgment packet

from said bidirectional pin only in response to an inactive signal on said drive line.



after Ioad <=#1 pl oad_shift & reset_); wre 'parity = - badpar

Lﬁiéhg(e[i{rkmﬂmﬂﬂlfm Wﬂlﬂll(u rreggt ) Lt 8Lhr2§2r;§ﬁém§mswa (

12bIIIIIIIIIII ; elself(ploadshlft) pshr 'I!II
pdatain, |'bG; /1 +838- els C
pshregout <= #1 {3'blll, parity, pshreqout[8:1]}; parity
el se pshregout <= #1. ((spio_in I §
pshregout (11:1]); // shift endnodul e _ e
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wherein said line controller circuit comprises (i) an input buffer coupled to said
bidirectional pin and (ji) an output driver coupled to said bidirectional pin and to said
c_lrive line;
wherein an active signal on said drive line enables said output driver to pass said
command packet to said bidirectional pin; and %
further wherein an inactive signal on said drive line disables said output driver to

allow said input buffer to receive said acknowledgment packet from said bidirectional
pin.

51.  The integrated circuit of Claim 50,
wherein said output driver in said line controller circuit comprises at least one
logic element, said logic element allowing passage of said command packet to said

bidirectional pin in dependence on said signal on said drive line.

52.  The integrated circuit of Claim 48,

wherein said serial port further comprises: a state machine coupled to said line
controller circuit,

wherein:

said state machine drives a first signal active to said line controller circuit to
indicate a need to transfer said first packet; and

said state machine drives a second signal active to said line controller circuit to

indicate a need to receive said second packet.

53.  The integrated circuit of Claim 52
wherein each of said first packet and said second packet has a start bit at the
beginning and a stop bit at the end, said start bit having a first value and said stop bit

having a second value different from said first value.



nodul e bobsense—f———cl ki n, - :
REPLACEMENT SHEET

o :;;:aizmummmumumum el

ls
X_connsensé, connsense, - AY 1998 '
seens, br d@36- ~ [
brdrw, ' sense_brddat ); |
cl ki n, sync_rst_,
scsi _rst ternmsense_b,
t ermsense_a, x_connsense,
connsense, - brdcs,
brdrw, oUt pL'llEhe u[ntfgrafﬂd c"&'é‘rtiggeﬁr&égt reg scsi _sync_1,
scsi_sync_2, wherein said bidfeBtidhal ijis pulled to a default vahf&'edua) tb saill second
term_ b_ff_2,al terma f1_2,

value.

55.  The integrated circuit of Claim 21,
wherein the duration of said predetermined time period is at least two cycles in
said clock signal.

56 .  The integrated circuit of Claim 21,
wherein said serial port waits for completion of the signal being received on said

bidirectional pin before transmitting another signal on said bidirectional pin.

57.  The integrated circuit of Claim 1,
wherein the duration of said predetermined time period is at least two cycles in
said clock signal.

58.  The integrated circuit of Claim 1,
wherein said serial port waits for completion of the signal being received on said

bidirectional pin before transmitting another signal on said bidirectional pin.

59.  Anintegrated circuit having a serial port, said serial port having bidirectional pin,
said bidirectional pin being the only pin used to transfer information serially from and to said
integrated circuit.

60.  The integrated circuit of Claim 59,
wherein said serial port waits for completion of a signal being received on said

bidirectional pin before transmitting another signal on said bidirectional pin.



x_conn_ff L———m— x_conn_ff 2, conn ff 1

LT = e
pul se

Il AT} gnes | Waly s
@posedge cl k| n) ‘ beg| n -237- B scz? ’l’%éﬁ?g = #1
scsi_rst_; - scsi_sync_2 <= #1 scs| ksync._1;
state <= #1 next_state;
216 ./Iverilog/ bobsense. v, -
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61.  The integrated circuit of Claim 59,
wherein said serial port waits for a predetermined time period after transmission
of a signal on said bidirectional pin to become sensitive a signal received on said

bidirectional pin.

62 . The integrated circuit of Claim 59 €
wherein said serial port waits for a predetermined time period after receipt of a

signal on said bidirectional pin before transmission of a signal on said bidirectional.

63.  The integrated circuit of Claim 59
wherein said serial port includes a plurality of storage elements, said bidirectional
pin being coupled to at least one storage element in said plurality of storage elements, wherein
said serial port alternately stores in said plurality of storage elements an input signal received

from said bidirectional pin and an output signal to be transmitted on said bidirectional pin.

64. . The integrated circuit of Claim 63 further comprising:

a processor data bus; and

a processor address bus;

wherein said plurality of storage elements are coupled to said processor data bus
and said processor address bus so that a processor coupled to said processor data bus and

said processor address bus can load data into said plurality of storage elements.

65.  The integrated circuit of Claim 59 further comprising a clock pin and a module
coupled to said clock pin, wherein said module generates a buffered clock signal in

response to a signal on said clock pin, and supplies said buffered clock signal to said

serial port.



x_conn_ff_1

<= #1 x_connsense, x_conn_ff_2 <= #1 x.conn

ff_ 1, ¢ conn_ff_1 <= #1 connsense; conn

<= #1 conn_ff _1, end almays @ posedge cl ki n) _ﬁép¢%CEMENT§ﬁEET
-sync_rst_ | spioreset scsi_sync_2 ) -238- sanpl egi =

5' bO ﬁlr.? sggplg hbgg_r <= #1] (Sa e t| mer + {l° b%e? m%
al wvays @ po o eﬁﬁé’il«; A s G ADAPT spi or gget)

begi n SEpe LE ' TgRM ‘1 bl ; _
terma_ff_1 <= #1 1 bO' ' tern1b ff_2 S L
terma ff 2 <= #1' bO; end elseif {

sanpl e_pul se ) begin termb ff_1 <=
1 ternmsense_b; terma ff 1 <= #1 ternsense_a,
termb ff 2 <= #1 termb ff 1; terma ff_2 <= #l
terma_ff | ABSTRACT end /| STATE DEFI NI TI ON (comment) -// 00 -

means the next BRDUQRAE dgaptef Gaiegrbdde i tdisi t Bt atontains
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data transfer modules has a serial port that uses a
single serial port pin to communicate with a slave
serial port input-output integrated circuit that
interfaces to various resources‘fhat are included in a
support circuit. The serial port forms a packet from
each byte of information to be transferred from a
module to the slave device by adding a start bit before
the byte, followed by a parity bit at the end of the
byte and followed by a stop bit. After transmitting
the packet, the serial port waits for an acknowledge
packet from the slave serial port input-output
integrated circuit, for example for two clock cycles
after transmission of the packet. For synchronous
operation, a common oscillator drives the clock signal
on the slave serial port input-output integrated
circuit and host adapter integrated circuit. The
serial port pin in the host adapter integrated circuit
is connected to a shifter circuit in the serial port
that serially clocks data from the serial port pin and
passes the data parallelly to a bus in the host adapter

integrated circuit and vice versa.

Figure 3
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elself ( shifter[Q ) shifter <= #1 { shi ftsbfignem
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output  rdspi od®f_; /'l read TDAT (1E)
ClO read odtput spi obsy_; [/ CIOread
/'l wite BRDGTL (1D) 30 output lwwsplocap
out put mmseectd = Il wite $EECTL (1E).
/1 wite SPFOSTL (1E) out putp—t—wr spi odat _;
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221 [l csadr_ decode /'l conpl enent signals nhuf R ivO (
.NQ(softcnden ), .A(softcnden) ); 5 invd ivl ( .NQcsa Bﬂ?s ﬁ.{”‘ia‘ﬁ:\: %EQT
.A(csadr_[4]) ); invd iv2 ( .NQcsadr3), .A(csadr [3})5 Vi o ey
iv3 (. NQ(csadr2),. .A(csadr [2]) ) invd ivd ( .NQc adrl)ﬂ i1 anng
.A(csadr_[1])); invd iv5 ( g@a&grq, .A(csadr _[0] {)i 107 Y“iVeP V6
( .NQcsren), A(csren.) ); ck decode: 00011 andops ano (
. Qblkrd), .A(csadr_[7]), B(csadr_[ 6]), .C(csadr_| Si) , 15
.D(csadr4), .E(csadr3) ); /'l register decode: 011, 1044210
nand® anl ( .NQ nrdlb), .A(csadr _[2]), .B(csadrl ), .C(csadr0 ) ); 20
nand®3 an2 ( .NQnrdld), .A(csadr?2 ), .B(csadr_[1]), .C(csadrO) );
nand®3 an3 ( .NQnrdle), .A(csadr2 ), B(csadrl ), .C(csadr__[0])
) ; nandG3 an4 ( .NQ declbldle), .A(nrdlb), .B(nrdld), 25 .C(nrdl e)
nbuf @2 nbo ( .NQ(rdlb), .A(nrdlb) ); nbuf 2 nbl ( .NQrdld),
A(nrdld) ); nbuf @2 nb2 ( .NQrdlg), .A(nrdle) ); 30 /1l set and
reset busy nand® an5 ( . NQ(adr(Tr_'j—, A(bl krd), .B(declbldle),
.C(csren) ); or@®@ orO( .Qsetfrsy ) NA(adrok) .B(crbusy) ); 35
nor@@ nrO ( .NQrstrbsy_), .A(csren_p= .%pon| );
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222 nrslt nlO ( .NQbsy_ ), .Qbsy), .NS(setrbsy_ ), K NR(rstrbsy )

); ' bufOL04 bfO ( .Qspiobsy), .A(bsy) ); buf O103 aﬂ(?~?r1 CHTR
.Q(spiobsy ), .A(bsy ) ); 5 /1 read strobes nanpe i 18 a1 SHEET
.NQ(rdbrd_), .A(rdld), .B(spiobsy), .C(softcnden_) )i j nandG3 ndl]
( .NQ(rdsee ), .A(rdle), .B(spiobsy), .C(softcmden_) )j | hdbd@B9dl2
( -.NQ(rdspiodat_), .A(rdld), .B(spio 4 . C(softcndeh): ) ;
buf 0102 iv3O ( .Qrdbrdctl ), .A(rdbrd_) ); 15 bufOL02 ivd1l-t )
.Qrdseectl ), .A(rdsee ) ); /1 wite decode 20; _ i nvOL ivll(
.NQ(cdadr4), .A(cdadr _[4]) ); invd iv12 ( .NQ cdadr3), .A(cdadr_[3])
); invOl iv13 (.NQ cdadr2), A(cdadr [2] ); invd ivild (
) cdadrl), .A(cdadr [1]) ); 25 invd ivl5 ( .NQcdadrO, .A(cdadr [0])
) nbuf @2 iv16 ( .NQ cdwen), .A(cdwen ) ); /'l bl ock decode:
00011 and® anlO ( . Q bl kwy), .A(cdadr [7]), .B(cdadr_[6] H 30
.C(cdadr _[5]), .D(cdadr4), .E(cdadr3) ); )
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/'l regi ster, decode: 011, 101, 110 and®3 anll ( .Q w 1lb),

.A(cdadr [2]), .B(cdadrl ), 35 .C(cdadr0 ) ); 1 _
223 and®3 ani2 ( .Qwld),..A(cdadr2 ), .B(cdadr [1]), f-’"i __%_cffaﬁt‘é' FVEEFT
) ) andCB8 an13 ( .Qwle). .A(cdadr2 =), .B(cdadrl ). i —
.C(cdadr _[0]) ), 5 and®2 anl4 ( . i ocap), .A(blkw), ;eBiwrldo);U) 11908 -]
and®3 anl5( Qwbrdctl), .A(blkw), . | d), . C(sof t cndien
and®3 anl6 ( .Qwseectl), .A(blkw), .B(wle), 10 .C(softcnden=jy=y
and®3 anl7 ( .Q wspiodat), .A(blkw), .B(wld), . C(sof tdnden) );
and®3 anl18 ( .Qwspioctl), .A(blkw), .B(wle), .C(softcnden) )5 I5™
and® anl9 ( . Q wr spiocap), .A(cdvverg;_ . B(wspi ocap) ) and® anla (

. Qwbrdctl), [ | and® anlb ( .Qwseectl),

. A(cdwen), B(wsg¢ectl) ); a Ln1r‘ (—Qurspiodat) — A(cdwen),

. B(wspi odat)) 20 andQ2 anld'ﬁ" "dwrspl oct | ), A(cdwen) . B(wspioctl)
) nbuf nb19 ( . NQ(wr 9pi@ocap_), .&(w spi ocap) ); nbuf Q2 nbl a
( .NQ wrbrdctl Y, .A(vvrbrdctl) )"’ nbLH:,'OZ nblb ( . NQ wgeectl ),

A(wrseectl) ); |25 nbuf Q2 nbl c % ), A(vvrspl odat) );
nbuf02 nbld ( .I[NQ wspioctl_), A(vvrspl t ;j%
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3. . An integrated circuit as in daim 2, further conprising a pIuraIfty
couoles an

A
of nultlplexers wherein at | east one of sald mul ti pl exers

output termnal of a first flip-flop to an input ternlnaltg
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integrated citcuit as in Claim1l further conprising:
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9. The apparatus of Claim8 wherein said command sign
of information. 10.
command signal includes a plurality of command bits.
-227- 11.
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ThReelet Safl A AN S VA WA

after receipt of a signal on said bidirectional pin before sd?géLﬁﬁggf
a signal on said bidirectional pin. 22. The apparatus o alm.16
wherein said line controller circuit f17:§$r conprises a drijve |ine;

wherein said line controller circuit transters said command-packet—to—sai-d
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bldlrectlonal pin in dependence on said signal on said drive |ine. 25.
The apparatus of Claim®6, wherein said second inte rated CIFCUIt

transmts said second signal during performance of an oper Bti: gﬂgHtET
by said first signal. 26. The apparatus of daim25, |+

said second integrated circuit term nates transm ssion of pa d a QBEE
signal on conpletion of said performnqg/30 27. The appay a 0P V13
6, wherein said second integrated circuit waits for aspredeternlnec
tinme period after receipt of said first signal before transm ssion of said
second signal . 28. The apparatus of C aim 27, wherei-psakd-first.
integrated circuit also waits for said predeternlned time period to becone
sensitive to an active signal on said serial port input-output |ine.

-231- 29. The apparatus of C aim®6, wherein said first
integrated circuit waits for a predetermned tine period after receipt of
sai d second signal before transm ssion of another first signal. 30. The
apparatus of C aim®6, further qonprising a |ight enlttlng dlode
coupled to another pin of said second ilnt@rafed circuit;
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whereip said first signal is indicative of an internal signal in said first

i ntegrat éd ci rcuit, and said second integrated circuit sé¢ ;vejny-, D

said light emtting diode in dependence on said first si hg;waiif’” 5 ?l«*ﬁ @’T%’F
apparatus of Claim®6,. wherein 531923 irst integra ed circuit and
said second integrated circuit comunicdte¥W th each ot her; onlﬁyd\dr_.aﬁ,?%&l
serial port input-output |ine. 32. The apparatus of Jaimé6 ,

wherein said first signal includes at |east an address pacKétand acommand
packet, and in response to said first signal, said second_integrated

circuit generates an acknow edge packet, retrieves a data word froma
menory |location identified by an address in said address packet and
generates at |east a data packet including said data word, said second
signal including said acknow edge packet and sai d data packet. 33. The
apparatus of C aim 6, wherein said first signal includes at |east an
address packet, at least a data packef. _and at |east a command packet, and

in response to said firsGPiQpnal sai dﬁicond i cuit generates
an acknow edge packet in v | | econ& i data word
fromsaid data packet in 'Eﬂ:j_i.wti on an address in
sai d address packet. 34. The af aim 6,

wherein said second integrated circui} iHdOudg ond signal, an

acknow edge packet foll oRENBEYEEdatg djcket .
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35. The, apparatus of Cl aim 6, wherein said second

circuit transmts an initialization signal on said serial pof:

line in response to power-on reset. 36. The apparat us of { C-

wherein said-second integrated circuit transmts on said serfa qj \ cona
input-output line only in response tgnmepi gnal fromsaid firptiint egjpsatt'e«*jb
circuit except at power-on reset; and further whereip iLd._second
integrated circuit transmts an |n|t|alization signal on said serial port

i nput-output line at_power-on_reset.__ 37. __The apparatus of—C-aim-6,

wherein said serial port input-output line ca

i & a signal of a default

value in the absence of coppunicatipn betwee iy kst and second
integrated circuits; and & fufther wherejn thgjlast bit in a first
signal generated by said fffst integrated circi d the last bit in a

second signal generated by
defaul t val ue. 38. The
plurality of second inte
i nput - out put | i ne;

circuits responds, nutual™y exdl usive® :
circuit, so that only one secol
signal in response to said first
- 233- 39.. The inte

ppaat u

serial port further conprises:
said line controller circuit; =
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wherein said state machine drives a first signal active to said |ine
control | ér circuit toinitiate transfer of said Hﬁaud”““gﬁ et

further wherein said state nachine drives a second signaljfaetive: h@%éé?E?T
l'ine controller circuit to initiate reception of {sd d acknow edge
packet . 40. The integrated circuit of C aim 39 whegeim eagh of

sai d conmand packet and sai d acknow edge packet has a stdrti bit at t

begi nning and a stop bit at the end2¥&Q start bit having fa—fisrst—val-ve
and said stop bit having a second value different fromsdid first val ue..
41. The integrated circuit of Caim40 wherein said bidrrectrionar pin
pulled up to a default value equal to said second val ue. 42.
The integrated circuit of Caim1, wherein said serial port transmts
information on said bidirectional pin synchronous with said buffered cl ock
si gnal . 43. The integrated circuit of Claim21, wherein said
plurality of storage elenents conprise a plurality of flip-flops, and
further wherein said serial port alternately stores in said plurality of
storage elenents an input signal received fromsaid bidirectional pin-and
an output signal to be transmtted on said bidirectional pin. . 44,
The integrated circuit of Claim3, further conprising a plurality of

mul ti pl exers, wherein at |east one of said nultiplexers couples an output

termnal of a first flip-flop to an ikpuw—term nal of a second flip-flop.
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45, .The integrated ci,rcuit of Claim?21 further conprising:

a procesSor data bus; and a processor addregs;hus;—

) . ; L TR LT
wherein said plurality of storage el enents are coupl ed to saiid pracesgoras

data bus and said processor address bus so that a processof @oUpIed to said
processor data bus and to said processor address bus can |pad daf gi;i Rt
sai d plurality of storag®80enents. | 46 The
integrated circuit of Caim45 furgher conprising a shiftef state-maehi-fe-
wherein said bidirectional pin is Zougied to said shifter jstate nmachine.
47. The integrated circuit of Czmgiggf2l, wherein said serial port
transmts data on said bidi rectior@ligjai synchronous with said buffered

clock signal. 48. The i t§g§-8t ed circuit of Claim2l wherein
said serial port further conprisega=5% a line controller
circuit coupled to said bidirectiopal pin, _ _ wherein said |line

control ler circuiglt ragsmits a firkt pacKet serially on said ¢ | .
bi di rectional pi rgé_nd @aid line coptroller circuit®eceves agsecond packet
serially from El sg d bidirect]onal pin, said gecong pagkst) being an
acknow edge packeglforgr ecei pt ofrspid ' fitdtc packe L 49.
The integrated cigtuitsof Caim :
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50. JThe integrated circuit of C aim 48, wherein sald I|ne

controllgr circuit conprises (i) an input buffer coupled to s
bidirectional pin and (ii) an output driver coupled to said b

HoE q;\ AT

""aj ‘r“c:h‘f‘i Uaal

SHERT

pin and to said drive |ine; wherein an active signal on said __
drive line enables said output driver ?‘lggss said command padket %éUE5PW -
bi directional pin; and furth erein an inactive jsijgnal _on said
drive line disables said output driver to allow said input Quffer to
receive sai d acknow edgnent—packe om-said bjdirectional - 51

The integrated ciecuit of Clai m 50 . 83 wher ei n sair o oottt driver in
said line contyBller circuit conprl. | east one logic elenent~said

| ogi ¢ el enent/al | owi ng I%ssage of s g% Ebnmmand packet to said
bi di rectiona Ln i degeachen <S| rﬁ on sai & drive | e
N f i 0 ’

The integratfed

further conrrﬁ . d nSth coull
wher ei n: ~ 125 ht1E Bc

| i ne controlll erjus i 2

and sai L B 1Bt es
controller ¢ircyi &t ¢ ispHijcae eg

C

The int egraged
second packet has gpStart

packet and

bit at the ¢ndi\ said start big havi’h bi t
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54.  The integrated circuit of O aim 53,
bi di r ect¥ onal

val ue. 55 .

pinis pulled to a default val ue equal-

wherein said

i me perlod is at}ieast imo

to said second
The integrated circuit of Caim 21,

T S e s 2 i,
i W e,

wherein the duration of said predeter mé‘f/&

cycles in

sai d cl ock signal

The integrated CT FEur T f

of Claim 21,
of the signal being received on said
transm tting another signal
integrated circuit of Caima1l,

bi

wherein said serial

on said bidirectional

port wai ts for:conpleyi oy ]

directional pih before
pin. [ ET—
wherein the dugation of said

predetermned tine period is at |least two cycles in sai d cl ock
signal . . 58. The integrated circuit of daiml
wherein said serial port waits for conpletf bei ng received
on said bigr ecti onal pin before trqg H &! signal on said
bi directional pipys 59. An integf | V|ng a seria
port, said serigl|goyt having bidirecti.onal pin, 28#4d bi dir¢ctional pin
being the only gip,used to transfer infornation seriall 5hF(n1and to said
i ntegrated circui_J 283 60: The integrated circyfq of |C ai m 59,
wherein said serliplf popt waits for conpletfon of & si >—t%i ng received on
sai d bidir,?t onal . pin before transjmtting @ano ijgnal on said
bidirectional pijnj* }-
. _ I _
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BT ACERIENT QERET
-237- , ., 61. The integrated circuit of C aim 59, REFLACEMENT 53}2‘
wherein 8aid serial port waits for a predetermned tine pdqrilod gfe@mm
transm ssi on of a signal on said bidirectional pijnjto be 70
sensitive a signal received on said bi di rectional} pin, ‘
62. The integrated circuit of d ai mM2530 ' whérein said seria
port wai t$—f-0f —a—piadet-arri-Ned—ti AB- poii 0d -afl 6l — -aoe - —Bfua-
si gnal on sai g d+eaprectonat—p-r—before ars-ss+oN _off a signal on said
bi di rectional . ~dl 63. o -Fe—ntegr-atet—c+cth qf Cl aim59, -
wherein said serial port incru o pluralipyo ora€d el ene , said 1
bi di rectional pin peing coupled tp at | east|ogqe—storzd<tl enent™n said

plurality of otorafe el ement®, WH&rein said| s¢rig—Aort| alternately storqs
in said plura8 rageg meNtsPan ighwl sifgpal rleZeioed Homsaid
bi di rect i onal i N an outPut/si ghal to e r anghe-etdto0; oni

bi di rectiqgal pin 64. he int% @led|cir ¢l Safc arm 681 A
further c | O Strasb®@ir dat.af bust d4nd a
a processdr addr ebs—btrs— < Jwgl &in 4ai| pl (pllity ¢f stbhgg
el ements are coupLed to saiglprocesssr datal bys al saicflenppogeasorl
address bus so that a proceggsor fcoupl ed to faild Ppr ogpkss data Qus &n
sai d processor a(%rcﬁss hus/ can_ljoad data i nfo |gadteqplur thE of |st.orage
el enents. £485. he N\ ntjegrated cirpuilf o
conprising a clocBlpi n aff—=agnodul e oy t$
wher ei n sai d nodu®glgener dt eS—e—tbuf f ered cl pck §§|a
a signal on said §I§ck pi and supplies sajd 'S =t
serial port. B 28
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