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FIELD OF THE INVENTION
The present invention is related generally to a
K "~ gerial port for an integrated circuit and in particular

-y 4/_1..." : ”

gl

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
also increases. However, as a rule of thumb, a
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~ll~~~~ 10 e e rima111ar 1l ~lr~ *@0002* 2 packaged integrated
circuit with a large nunber of pins is nore expensive to fabricate than an
ICwith relatively fewer pins. Also, a |large nunber of pins adds to the
cost of the board on which the ICis2to be 5 nounted. Packaged ICs with a
| arge nunber of pins at the periphery cannot be used due to | ack of real

estate on the,boardy iPackadedal Esrdhid il iaphe A@WauRbePi 88 pidisi de the
peri phery at the bottom of .the ﬁa%e requi.re ad |t|onaLIayers In a board
and increase 19 BOMHIERDPEFE F tg g}ﬁ%"ﬁ AR A% I60%AER The nunber  of

pins of an | Crebat Weky ifewesepanki niAlen, theangehaunbelr béinpinsns that can
be perfornmed hgakheolthe WRR 88 Lhe BYSHG aSn hasicradat gt 14260t hat

i nterfaces an_input -z out put bus, .e.0..SCSI bus, to 15 host _conputer's
Gystem ous, omiEed °p el 1halil 8 Aiiie Binbet oo BiRSuBbr a 110, the
nurber of pi nshenpexiphdy resmotdhpt wsed 1dve o rigick @fswealnedtate a

at:Y) orltyltif2 iaﬁﬁheEpéar@.dirliia@li\lcatgaa/zﬁéglﬁéﬁ%mﬁmﬁe {}‘Hﬁ?ﬁbfgﬁiﬁlén& such
as plns -1, - - 0] SUppor an apter .read-only-nenory
1T or basi cLAEHAR EDS RSRRETERM AS: EhonBoLrom Te R S8CKEoRost  adapt or
112A. Externakefypgre ddditisinain)layerscdted byaxdranddgicreadept ers to

support a@apt @bmpeadiepl ¥ MBI ohhéctEObn ERe HGHHY €, THROGiRbeEs! | C
Techni cal Referenge Magual " by F re Domai n Coypoyation, 2801 MG aw

y Fut
Avenue, |rvin&F PERBg9T13N R \RaTh & 8P9dBPORE SR | L PThddte 4TBEEr in
whi ch "(a] m mifnfungtbons thate)dasr bel pgkfiorhedi tnithe rEtuired to serialize

the parallel ROM dghan 3R {@A%uch b nEdti REag¥el el &4 alaip, the
informati on f,rom the adaptpr read-onl y-mam)?[_:ygcagcgﬁ coqpl ed into system
*31617

menmory 170 f o TFERCEE cRR STRRMG SR, PEE S o PG e Feferred to as

m cr opr ocdssorhobgl computer’s system bus, e.g. PCI bus, (FIG. 1A) is
mounted on a plug-in board 110, the number of pins
needed by host adapter 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
vhich "({a] minimal amount of extermal 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 host
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 personal computer,



35 In contrast, when a host adapter 112B (FIG 1B) is nounted on a nother
board 60 of a personal conputer, 3 the nunber of pins of host adapter 112B
can be limted to, for exanple, 100 pins due to |l ess real estate

avai |l abl e on not her board 160 as conpar ed to plug-in board 110. Host
adapter 112B elimnates the need for "a 5 connector that is otherw se
necessary for a plug-in board. Host adapter 112B (FIG 1B) does not have
pins to accessheadapber oéagional gf nieoatr \adaptere1g2Bpicaa bé21ititdd 2- 2,

112-N of host @lanicht khaB16! E0oding Elid Jedlotkaddaniare1128 i | oaded
from processor__10 ra%g%-on \é‘-gnﬁrmrg 162 that also contains the system Bl OS
for m croprocebt OPhIOTtREE PaREht 140 PR I™Paned toe@1g- bBr f or mi ng

only certain Heeamd fueot i tlost adaphensiize selimdnsiters hélewanesdsystes bus 120
and Tnput out Rilnduist A nafUsl Behashs adaplls f%%“%ogaﬁ‘r?g-i@ used on
a 11 0e port ~a

plug-in board 110 e.qg._ if host adapter not su )
read- onl y- menvl??/a.r‘i' wairats aﬁe&&srdg%’? §FIG 1nidR)g 9Res ntedi@Nee®ingircuit,
such as host atapieress Hdaphenrseendsonlgesemorsycllias ea g.eadn@nhysrenory,

Wi t hout i ncreagi 20 n e LRS, 43} GE t adapter
112B can be uf'gr:glc?l%' th °ali%t ?\qergffbgg?s%n%’%g%llluig% n boar 393 "SUMVARY OF
THE | NVENTI ON ﬁ %c’g‘b’f afaprernd1gPi h8i PP LRMR PromesseFent i on, a

host adapfér ineadrenky-wsumy 1,62 hbatehdessd hedwisdirmsaptiersysteas BaogovVel
single pin sepbal mbOrdprddisetl hgh POThulSRSsE Sddilér P rgetional pin,
for transfer Oi.l nfo ITBRIOI’] fromand fo a cifcuit,. such as & support
circuit that i$*Bote%tE? RETEY NG ROy SeEpRER. PAFEC skpfions . r cui t
contai ns resousueh afadatsaipponts fear beitwekunsysoen blat12@rend dinpieai | abl e
in the host adggtshe Bdhs $£41 al || Lpu d f, host
adapter, to cormuﬁi cat‘é wth tﬁ%%pglrots \é\??églr:%QS?%r%%ﬁo?h%e single
seri al poﬂP piH?e thsB}?%ﬂlﬁxﬁqard 110 e.g. if host adapter 112B

does not support a read-only-memory.

A way is needed for a limited pin integrated
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 dinvention, a host adapter integrated circuit,
henceforth ‘*host adapter", has a novel single pin
serial port. The serial port uses a single
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




al so all ows software on a host processor that is 4 connected to the host
adapter by a systembus to comunicate with resources in the support
circuit. The serial port has no other pins that are connected to the
support circuit for information tragsfer, such as 5 control pins for
interrupt signals or other control signals for handshaking or a data cl ock
pin. In one enbodinent, the host adapter serial por% and the support

circuit are epeReftRf Smmiheoheas FRRERAINY EELSEY PEEc5fnon cl ock si gnal
t hat ori gi natesminixatn wikhosesbhates . ir\ ey umippartnedyicaitn t Bhehost

adapter — buf fer5,1 NG FOTHHY it Behed! pRAL Bk RASS Qrlaecadl terede Cl ock

signal to varrous ul es of the host adapter, %?cl uding the serial port.
One enbodi nefEPBPTY FHeguity £ore AnERITAHESN & FRARATRY - AISEAPal port

i nput - outsput cehteol t piiatforecigitessupar sbgsals neerotdiersiqumdlro 1f romvarious
modul es of ! ieohosh o IRkl 0°a 888 LLodRIEFOMENG gnal s active
or{ comand bus that

onto a seria ] 'S connected to th serial port. In
response to SAPREAPGRE corRRRPas @SaPtesosehialPPEY I t*Rfenerates a
comand byt e supporat eirteit corermpkiared synochuopavskewitdmdeadien transnmits

the packet oppLhepgepi ebgg.e&stcm& shdpaiethat BLIGiARESS gratacket from any
bytes of information to be transferré

1 sugh aﬁ chonnggd Qgte, 25 an
addr ess Wt e 913 1@5C% - byPeBBFUSRRE I FOANMEA AP HPE BRFLr 29Dyt e, fol | oved
by a parity hif£efrisettheheombyh echowk sigmal bind phseest the pomfferdd t. After
Lransmiting Herisidhag gg%&&ﬁow dQEIHPRE kheChbBYi hdapterserial port
waits for an ac novE.\}I ge packet fromthe support circuit. In response to
active conmanth&iusings thengeEipl PoThort generates and transmits a conmand

packet optional | yoreolerboddmbyit oof arhost eadaptesssngdudessaamastemt a
packets 387! aééyiagp Jgﬁ 38bbel oBPphe PP tra3TecRiRkadvheiblis support

circuit. The seri
internaf)signals from various modules 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 waits 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
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5 receives all responses fromthe support circuit on the same serial port
pin. In one enbodinent, the serial port executes a command cycle to

i npl enent a serial port input-output 5 protocol of a packet sequence
specific to the command byte being sé)ansferred. For exanple, in response to
a conmmand signal to wite one or t bits, such as a comand to turn on
and off (1) a light emtting diode, or (2) bus termnation of the-

i nput - out putrebesves abl 1vesperges fsﬁ%\/éh@eFPQP"EBrFlFﬂ‘b’cﬁ “Futh® circuit

i ncl udgd l:%ahtées\%ﬁﬂaﬁfboﬁtrﬁikhl the serial port executes a bit wite
command cycle in Ko t e |yd t to be transmtted
in the conmand byte’"fr g‘rll‘g%a &ém' %L%téé(}ocirﬁia?r%]’rﬁ Qﬁegh%%ﬁ’rr‘gnd byte and 15
waits for arcqamaﬁ!d/\ﬁca@éé Eack@Pl?'B?‘P'bvﬂ RE% 2N SRS s ABRUEPUTRRE packet .

responsest ot 1%&52’!613@15 =Y gaaket:Osuquéxeca dpdei fid o ehanpbemanda
predeterm nég % s.ter,t_r %hon £9r é{ ttlnng_.e@ pagketocQntaining a
por also tr

command byt % eFicar pac et containing a data
byte and t heroumand siemalh&onWrALHI @B@eo’f)a"c%tblqen A§e?t 0o a command

s: gnfl _ toI ‘l’\’réétﬂn@n@)tﬁ& thin dnS aaa: biee 2y #sFiglhitoreneixaripige diodan

el ectrica y e e .proar r l;lfge al port 25

ransm to & BRokel B I AL Caom ooy Cho, SROYSIREBIE thoF aZee? B

packet s 18ont aeﬁe‘ﬁgatiﬁba‘é@lcﬁ@’s‘s"‘lb%§ 1€P§:}t °v%uba%k%?‘§ltr z}“f@gg

?ﬂdr esi {MO| kﬁ\/\eﬂebﬁupp@ﬁ@l@irc‘famt ahel Berikd part éxéeutarm & fidt waits for
e acknow edge, packet n S t coERLesSi gnal to

read a byt ewgl 5 exmmaﬁl ?oing aﬁj[ore gthertin%gng 9?21 B‘t’ﬁ? t he ssZrl al port

transmts a pb@kb@téoh?abﬁlﬁﬁa‘!ﬂ'@‘%ﬁﬂﬁrﬁﬁﬁ the, commARd R¥Y€ yaits for an

ggknovv! eflge R2akehitBah packée! tenesinihg theckemmandt biybenandhe data in the
register.
15

In

waits for an acknowledge packet following transmission
of the packet.

In response td a command signal to write a byte,
for example to a predetermined register, in addition to
tranemitting 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 gsignal to write a byte to

a specific address, for example to an electrically

erasable programmable read only memory, the serial port
25 transmits a packet containing command byte, followed by

one or more packets containing the address bytes, e.g.

two packets for a 16-bit address, followed by a packet

containing the data byte and then waits for the
acknowledge packet. '
30 Siﬁilarly, 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
35 register.

L



To read a four-byte word froman address in nenory, such as a

random access-nenory the serial port transmts a packet containing the
command byte followed by two packets containing the address bytes and then
5 waits for an acknow edge packet fellowed by four packets containing data
bytes. The support circuit determ nes the nunber of packets expected from
the serial port of the host adapter fr t he cont.ents of the packet

contai ni ng the 1FxdifdEnd SQPE.‘b)ﬁ'?e"fmF‘g W ARG 3f1§r8§ﬁet’i’ed packets, the
support cir cikhont arshct laznanirasdon- a¢cess -merorowitbggeepigkarorthd whil e

transm tti ”Q%Qr?smﬁ_fé“bo‘eda%%%_ PaEKSiniRe d1Y Noria@dopetat EeNLbweli cat ed by

t he command

yte.- On conpletion of the o ation, .the 5 port circuit
terninates tP¥NSYP RAKELSH qq’i‘éalgc’zﬂﬂog\l]‘%d'g% SREEYEE8d 3 ép%ﬁgﬁng on the
operatios twapssi for cne apkmrleddat paghekefelidwatkedysfouy. The use of such

a serial porbagﬂe%fé&ﬁ?ﬁﬁ/ﬁ{d Qata bywebions of a host adapter to a support
circuit is a O significant 1,npraq eﬁg% oxl/erspt_[rjlé)rn telj nigegr at ed circuits
because the seriaf® o'?‘l‘pﬁ’%’é&ud"e‘rsgct% EP0F° pifis'of & Kost adapter. Such
a host adapt packansbexpesesi diran Hhegsenibdapdrinioh thelqsdrt circuit, such
as a slave s@LLRbrPREbm ORScshitidlitls O €Uel phBRéL PESYE litfingD tihar | OuS

functions, such as support for an ext.er.nal ead-o 3 | nst ead of
asl ave sk alcopgend p Et-oﬁ&ﬁ’f LR s) (] sl?n ﬁ%%%%{gé%%%sc’ circuit or a
shift regi st aihecamppass tbréwit hetsArtaapeasnipgionefinphe, a devi ce

| denti ficatiqRyndaeddd BukRee!and Walditrehakdttong eRsoUr ces accessible
through the 'serial port.

The sane host_ adapter can al s n a
per sonal . comARKIOWHSAgE PBGERE 1 B® W%}qﬁgtogerﬁgéﬁgf érrld?g%g%?gj S, without
a support ci rihe tconmandedbytese On completian l6ift the gpssatipnpokhke 35

control §ggi Sé‘g;s ot &iSid! tRPinRPEE dRndni sbildSbf ERde in which the

serial port pa g%s an_1 nternal S|8ngl 7 Py th eration
acknowledge packet an epending on e op
transmits one or more data packets if necessary.

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 circuit or a
shift register can pass to the host adapter, for
example, a device identification byte and byte of

30 status of various resources accessible through the
serial port. The same host adapter éan 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



of the host adapter to the serial port pin. The serial port exits the test
node only when reset. In one enbodinent, in the absence of a support
circuit, the serial port pinthat is normally used for 5 information
transfer is used by the host adapter for a default internal signal, such as
turning power for bus termnation on and off, which further reduces the
total nunber of pins. Such a host adapter results,in |ower cost due to a
smal | er numsE tée Bess, adapreErtelitdisisarifd RRItVBiEne PROKRAIHN for use
on a not her gmar éxdtswehk teast ampdeigrly vdwnd reS8eth a host adapter also

takes |ess space on ERLORE Qﬂérdlﬁ%é%ﬁs"éﬂé‘ée%ftﬁesﬁﬁﬁéﬁU syst em cost

for supporting d atra Petween a  system bus and an |Hpgt out put bus.
15 The use FLEQRF . thecderimhi H‘é’ﬂtp?’cﬂo?&t i RAECR é’né‘sF t &9t at ed

circuit gl \/\lai/ﬁfdmé:t&droltmetfber isi usedrhy echeihamy @delpternfoesapossi bility
of content i ofe¢{@fc SGldetnalOlblchdRY! sQUAPUE LAY PRaCELL! BN Of

packets and SO I M nat es nee contr

I|nes ition,to seri al
port input- OE?E‘B{-I‘?‘H@‘E&\%‘@n%f'sE’PFﬁP berthex %F‘ﬂlﬁ's"’t §S‘§p alnd a
support ci r cHuinber B6¥ EFid2ESCRuUEh @NhEBt TaifaPEEd\ MNE81 eGsi.n ngnrd 1B

| lustrate tugspr st &8s GHEAUGE nufBesy SECHEnkNAndibfed mstsﬁ@apter for

data transfer ween an | nput-output bus and a stem 2A and
2B showiq | u§PFiat’P%‘Bmﬁ|©FP4‘t‘iFe‘I°‘blft9€k“°8| 28r arr%‘mc')‘F s of a
conput er systgma plaguiihngo@rdwosiswdnpt dostf adbpt;erna:bsmmke&BO FIG 3

shows an i nternedi | eve qgi%g:r f (ofa Wag=Yeld host
adapt er of Fﬁl ) i&@e Sé ; &%}%& Z?a%ﬂd %&t ?gaueﬁﬁemsleque%%tenand timng
of various pADIESER GOREr BPESWPRPTLNG ks FrARSLEL, PEFWesl ¥ of FIG 3. 35

FIG 5 ill ustgyaitemm agubhad ah iﬂmts-a:mtaﬁutpmus of FIG 3. -8- FIG 6 shows
an illus{éali\”3|(¥ﬁé %ﬁ%loelgﬁgh a predetermined protocol in which

one integrated circuit always waits for another

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 input-output line between a
gerial port of a host adapter 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 invention.

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

FIGs. 4A-41I illustrate the sequence and timing of

various packets generated and received by the serial
port of FIG. 3.

35 FIG. S5 illustrates modules of the serial port of
FIG.+ 3.



diagram for the byte generator of FIG 5. FIG 7 shows an illustrative | ow
| evel block diagramof the converter of FIG 5. 5 FIG 8 shows an
illustrative state diagramfor the shifter state machine of FIG 7. FIGs.
9A-9C illustrate the timng of signals, controlled by the shifter state
machine of FIG 8. FIG 10 shows an T¢Tustrative low | evel block 10

di agram for the paeket ¢ ngubwousdpuiltontraetlier dbw Blew@el7/ bl 11

illustrates I r p ed (t enent a shifter stage
in the sm1wéﬁ{%§éﬁﬁrﬁ§P t@?é?y%% g%E8£F&§§ §5A%gﬁgpf?8 illustrate two

alternative enbodiHent?d shovaean hdlushrasiver low Rlegels blmak 13 shows an

il lustrative dighra®Vvet BheCkondbageamykorrghess! ave serial port

I nput -output circ FIG 3. 20 shows an i]lustrative state
diggran1f r seque %%r %Dﬁﬁ?@slg§0165“§FéFti§e ﬂgit?MAHQQREHrQHQﬁF%ﬁ

apparatus andcshefted fvbatei mpohing afSFugIe7Ioad on the PCl bus in one
enbodi nent. 25 FI S ag I | I agr am f or

i mpl ementi ng hostcgﬁé%fegg S Q}%L g%% F‘%I%.d?ﬁgléga S %?ustrates
skeM/acceptab¢@ntn01hedchckhslghaﬁseafSW@§£ adagitigre aofd R¥@. 8 ave seri al

por t Input out put pe&l Clbt sAbwE! Gn éll%gt@a%nﬂé W Ve Al 'M&?ﬁraﬂve hi gh
| evel § glagran1?f an, enbodi nent, of ut er systen1| udlng a
host ad ﬁ er Ot3¢RAY FRYeRPPORAE ﬁﬁeéﬂ&?%i? 45 fgrteeligr Rbices. FIG

19 shows an iFI@strative high I evel block 35 diagram of an enbodi nents of

a conputer system ipcl udi ng nultiple host dapters of this,inyention. 9
DETAI LED DESCRIPTIEEE° Hq 1Q1ust Q a f% ﬂiexer ané kflp ¥f

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. 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
sequencer module 1330 of FIG. 13.

FIG. 15 illustrates an apparatus 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 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
d%agram 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.



I n accordance with the principles of this invention, a novel single pin
serial port 230 (FIG 2A) is included in an integrated circuit, such a
host 5 adapter 240. Serial port 230 uses a single serial port pin 241 of
host adapter 240, for serial transfef of information fromand to a circuit
that is external to host adapter 240, such as support circuit 250. This is
in sharp contrast to the normal serial port that 10 typically requires at

| east three peRsrLERORicRI®TIOR t her the total nunber of integrated circuit
pins can be red aacc r%cgl L 89?{1 Qﬁg ch1 30?5 @r other functions.
Support circuit {Heriaes }Yﬁ{

S a sl avé s |n ut outgut circuit
254 that int ewa@*ésow teh mqlaplnﬁéﬁtPQBOBe’é%ﬁil tRRRt é"é"[ﬂ’pdﬁfg a2hlinber of

functions UsiBOin¥RidEYSiPrikgEABRAI GpBCaLL) skt asauates 251,252 and
253. For _exa se 30 ¢ e por | 1: .25 ) to
provi de devi 8&* Pﬁ%ﬁtﬂ?cat |eorrfa aPorgozgﬁo%?%% 2 é’fnill[% gé%]%lgﬁ eé%urce f or
exanpl e a ppdgr afkmdf ehossyiadantesural. (ﬁ?rbﬂgﬁzﬂ MXANRRRHPE  sof tware,

Eence; ort E @h%rmaf:i@iﬂ B ¥R NS/ tfce&OH:fiQ‘eu:Ltf fhaexp@péetemad ad y nenory,
encefort

) ur so sfe0r

exanpl e, a 25°FF ?agf‘hg t?%\% ogieaash %&Prr%tﬁﬂgﬁ%{ (grlat&g;ort 230

i nt erfaces wiinhshaypscentsast a¢° tnqrm?l}t s6gEpdt PEFECENIE 210 wit hin host
gdapL er ¥A0 twl%glqun&é firélé%@fléhf’ﬂd Qrelee pANEC SThErefimpe; t c:c rcuit
50 by vari ous u t nsfer. | sfer
circuit 220 tr"ag‘g dgf’ﬁaf \“A%%ﬁ te n%% t?é:%%ie%r#%g#%ﬁs %? are
coupl ed to sk;%t@ﬂllﬂ?@ 98”351@14%11'—?-%& R)\Rﬁalﬁreo@é’atléﬁmﬁafgrz‘a%h?ﬁat are
coupled to |rmu{cﬁlgrmt bus 284. Data transfer «circuit 220 has a nunber of

nodul es, such as | 5 Qut O e sequencer
nodul e 223 and s r%’ué’lr’fﬁggf‘ 95‘35 #{%&52%1 IVF s@gh{%e to each
ot her byl% daxlamtr a:-mwt lpdgcpie apd that mterfaces with serial

port 230, and that supports a number of functions using

various external resources 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 "BIOS," from a memory resoufce,
for example read only wmemory, 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 resources 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
system 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
module 223, and system bus module 225 that are all



all of which are described in, for exanple, copending and comonly
assigned U. S. patent application serial nunber 07/964,532, entitled
"Intelligent SCSI Bus Host 5 Adapter Integrated Circuit”, filed on Cctober
15, 1992, by Craig A Stuber et al.jghat is hereby incorporated by
reference in its entirety. Menory nodule 224 is wused to tenporarily store
various data values that are wused by firmvare in sequencer nodule 223. 10
When used wi conmeptest ttaiqashi Pths, bYios tdats dxtaays £220 bY§e 22Ro®"Aeed certain
pins, for exapplét ﬁﬁfﬁﬁﬁg}eaaQBQQSbaansn,Eﬁq&nexkﬁpiepl@@pandlhgo control

pins for accessin of.her Ero Q0 r ces, and
power and grﬁﬂ d® %T?Eﬁﬁmﬁﬁsﬁbﬁﬂsdl of h ?§%€€ ; ckiééyioﬁ ﬁ%%??gr art host
adapt ers. Theumbeu| P2f96hwRAZ, entitasdal FavRlligens %ﬁ%ﬁ By§aPPEF 240 in

ap?' i cat isonsAhapeedoxﬂ@égfaeiéﬂhrcirBQYtsuppméd a5 Oclestssr hesg heleaw i n
reference to,Fl t he I n guse of host
adapt er 240 ?3 E%aégp%r §§uber %ﬁ;gfa kﬁét EHbﬁéréﬁyF&ﬂEbfﬂdfﬁ@%

1 ons ere t nunb InsiI's limted for
conpati bi | i t pywrefiesenes P ohrtantimstdoy elemPRE 13 “%ﬁ P yifone pin, e.g.

serial port yged 2élteRpbeRFITy etqien vadidubodasar values artmatmiao@t i on with
support C|rCU|td2g9 E§F3V3£gn%&2%%£%e Lok gaggngg over prior art host

adapt ers, becadse Iser uces the nunber of pins for serial
comuni ckion to ﬁﬁ@ns#ﬁﬁﬂeg%t%o%ﬁﬂHRQFrﬁhﬁﬁ%‘toﬁsﬁrn905tl e., one pin. As

is kn?mnhto téHHﬁ%é&thbedoéB hbe need ,ceataint pdhal, i Goroexamphe p i ncreases,
one of the 30 n1t|n fac or. URer fs S tegrated
circuit. The srﬁﬁel er E ?né né%ghos% i& apglgra 5&8 If:aC| d|>1'Ef]at es
smal | er di e ins fer mleﬁé#ngpac%%e her \gantraloRdns 58§t°%1}§e’éonpar ed to
pri Ordalrt Poﬁés&ﬁaﬁ&r %nd3§oaieruandllgﬁmmdq&mgcmajtnw&upport circuit 250,
a nodu o] a transfer circuit 1 Il al port
input-ou?Bu %fb%ir%s%zﬂ?cessaﬁxsﬁergg ofr§¥€lﬁgéilgﬁgﬂ% r% thHE

emaller number of pins allows use of host adapter 240

in applications that do not require ROM support, as

described below in reference to FIG. 2B. Also, the

smaller number of pins allows use of host adapter 240
20 in applications 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 skilled in the
art, as integration on a chip 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
modude of data transfer circuit 220 instructs master



out put bus 245 that is connected to data transfer circuit 220, to access
the resource through serial port 230. In response to instruction signals
froma 5 nodul e of host adapter 240, master serial port input- output
circuit 210 drives certain command sjgnals active on serial port
| nput - out put bus 246 that connects Serial port 230 to master serial port
i nput- output circuit 210. 10 In response to the command signals, serial
port 230 geneeniak EQKFsﬂﬂnqﬂﬂqwtppén§H¥F§1%.%kﬁwnﬂﬂimﬂﬂ%ﬂ%éﬂ“@ﬁﬁronalIy
f22|1| O\A\Bd by Qﬂep@? RS 2 esldiieas ispeokatetaadtdadatpankatsfererial ly on pin
that is co e S [ 1@ r{y 1 nput 15
out put line S @ ﬂ%%@efyo?t cltes(é g%é&g& %‘cat re%:%a%t 01I‘O t he
i nfor mati on PPERSABPt edIn OYESRANE™ £0 é&ﬁﬁb‘PFEle’Prﬁma%Ofﬁ‘?“hr?sm ts an

acknow edge R@&KQE 8p hbee a?ﬂ&er SupEROkiastiekCHetid@bOpocaninpwnsni t one or
o P20k et *sREpuk S PELEY A6 YaddltD JeRAAREohaRl e BmdE © PaCKELS T O

port exce ovm Ng a POwer-on reser, support circuit
250 transnlt@CFWUep9§k§?§1ébn?%¥%l¥EP“q1ﬂqﬁ9&Fl?&F|6ﬁ6|HF6Fnat|on

Non-recei pt QonneeteWeerialtpatt 230 Ao pamtelxs sewitli poatpispeter mi ned tine

25 after power - on . ates to serial port 230 to pass a default
I nt ernal S|gm¥tput %E%Euéblgés for exanple for input-output bus

t ermi nat3®n power Rﬂ)ﬁ@ﬁ@Pnselﬁgtéhﬂ epnpang SISy FsXRals. Serial port
230 Cflln trgnsgmztt @3d Ig@elesalc@s ahdasyrisNly i vFardidites appomnandr cui t 250 is
not allowed to ,trans [ e | i ligzat i on
packets. SucHPH lfﬁt @édnr%a%g' %éi oco?alf)% %&hﬁ:éﬁgge :&r?ttdggr Igt ed circuit

al ways waits pagketmtand QQQﬁegpékéﬂs eerially 9 RimiZdd i BBlity of

cont ent :jon fOéoxl\ﬂJI&?.ajfo SRigportaairdaieokbo sbyra odexiatk gicrtanshipat -l i m nat es
nee contro I n n | o] O bet ween serial port
230 and %Eppo?’t’ %ut 11 %d[d %%gcgkggt{i liﬁgeSéPCl) p

II’CU
To indicate receipt of the information transmitted

on pin 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 packets 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 internal .signal 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 SP10-, avoids collision of packets and so eliminates

L}



Serial port 230 receives all responses from support circuit 250 on the
sane pin 241. During 5 reception of the acknow edge packet at pin 241,
serial port 230 drives an acknow edge detect signal active on serial port
| nput - out put bus 246. In response ta2he active acknow edge detect signal,
master serial port input-output circuit 210 10 drives a command acknow edge
si gnal and a co nrd ctc)alf-x 0155.?931; agh | V&1 JIPReR ihBPYbI@UL put bus 245 to
i ndi cate t hdt®The Cofvan cycle TS Tn_progress and th resource i s busy,

e

e.g. not avapetdsen faRriadoPRet 230 FRA PRI UFEA céRBretion of the
Cgrrsnt gzgmang Sériyicipprt! |2_3t5| ggaéﬂveé Oalkimnmﬂ!@ﬂaé Zgafesge_r ation o:‘ hlc<)st
adapt er an P i FC S Qr. e ves a cl oc

si gnal CLK4OS‘6%9(§%J€hg{{é2'ﬁﬁogtéoa8apt teureag%‘ﬁog% | ine 206 tnatb is.c?nnect ed to
cl ock tebmi naecerbion f thes@ckasyleraoserdfet (3N RidhFdiv ERFLBIt cl ock
line 208, shgwptdpio edrivdmatan acknontetigd detectppuignalciactdve 280. Such a

common oscil Lator,el|n 1 epdsf 9hga data clock signal from host
adapter 240 FS”%hp%%ﬂ nﬁé@w%ﬁ%‘% %%focé term

al 242 of host 25 adapter
240 provi des a cl dBkrespende thtthes aghive, éﬂkﬁ?‘”{l% e‘ﬁecteerc‘:rmdul e 223 to

al'l internal giaddli¢smastépsserdapont IdPutSoutputkeizeurthad1R242 is not
nost addt o S5 ke, by pSBhaf, fOllodEads® 1aRafRRa W L B %1 % bus
term nator i FigPadpacti¥er eni FAoLRF | INRRGQUEPYECBYRI g'gg’t?fpi n 241,
Execution of imdiestenghaycthe byorfriindjenelat iisn iof ppagkess i_md.)'rﬁhﬁ)_rrrrand
ana (3) 35 1 SRR 3 Bl g et pn 201
el i m nates teoWARS 1HC1gddPRE&haFOTR ,O%Lftf}‘l‘%f SHETS3E SPmRL cont r ol
lines foistra@mgdwgring interrupt signals or other handshaking signals and
a clock line In FIG. 2a, for synchronous operation of host
adapter 240 and support circuit 250, an oscillator 260
drives a clock signal 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
~ solely with serial port 230 as was done by certain
prior art host adapters. Support circuit clock
30 line 208 is not necessary if a bus terminator in
support circuit 250 is directly coupled to pin 241.
Execution of a command cycle by (1) generation of
packets 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



fromserial port 230 to support circuit 250 and thereby facilitates a
serial port having just one pin 241. 5 A single pin serial port 230 has the

advantages of. less pins on the two interconnected integrated circuits,
| ess PCB etch routing, reduced timn constraints of nulti-signal
interface by elimnation of signal-to-signal skew concerns, fewer signals,

| ess 10 noise and | ower power requirenents, than conventional serial
ports. |n anat henrecadirsenl inéblefsaneradiasieradapt ént@#fupdescri bed above,

is al so used,d I S 9 LeadpeRr! yiRenmory i s not
needed, fordsl ea?gbongrc,@kg%gahhﬂdﬁgéﬁg%ard 901t8 I?I G ZB)O I n, FI 2B, BIGCS

for host adab¥e® SEKials BOFEdRdOf EBnFPRRES OrFC 2581 2pfAaFPgFERY cont ai ns
system Bl CS facilinsitegpreomesdal p8it havimg sjuwstbaienpin, 243rial port 230
drives acdefault gﬁﬂ g 2 1 D a%m&%@h Bt €S

acconpl i ghed vvlthllmsrj eaell gina%%gl% ?bgﬁoﬁﬁ aﬂ-gﬁ?tpr y ggbogd W re 249
that connect 385 RiR§ 4N pﬁ?}eﬁ W%&BF@’:F@PW‘H%? di e of host

adapt er 240 &Qraugtﬁunrhqm rpcﬁadf&t@:m rbatdng, BDedaded tt:etnmgnal 247 is coupl ed
to serial BnéérgnﬁP@- *dl 3§¥§n%ﬁd1§9effgé?'$§ éfﬁdfﬂadyaﬂio%3o from

respondi ng to conma rom master seria prt nﬁrﬁt output circuit
210 except f GLIPRE- H%T'émallfrﬁeé? (FONCEETRal LeVRTY s bW‘%PrF'l 85 ted state,

pin 241 1s usedsenhud BOwédy powedir acaptizen@adst othbuscemventiaradn control,

as descri be% Qg V\%b Fef erence to FIG 12B. Wien disable termnal 247 is
“left unconnecte rra ort 230.is configured to transfer data between
master serial porn Pﬁﬁ&%‘eﬁu?%? ety (the G28Rd Qﬁﬁpﬁa?p%?’Fc%ﬁq 250 as 35
descri bed ab@demdribedf abewes i &léd Wkd lih appdichtibmssimewhibeh adapter

240 on et her r@m&h%rb%sg 330y (o HotORedaahOsbg board 270 (FIG

results [ ower costs ue t
example, on a mother board 290 (FIG. 2B). In FIG. 2B,

BIOS for host adapter 240 is loaded 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 disablé 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
responding 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 unconhected, 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 reference to FIG. 2A.

L]



production of a single die for both uses. Mreover, 5 host adapter 240 al so
has small er die-size, smaller nunber of termnals and therefore | ower
costs, all of which are inportant criteria for use on a nother board.

Host adapter 240 al so reduces the ov £all system cost of a computer system
200B (FI G 2B), because host 10 adapfer 240 occupies less real estate than

a conventional host adapter. In response to various internal signals of
host adapter 240Useueh the #apeabioFhsERREFDRH] Fraeisher ayrite
i nstructi on-gbgRer HoHra @ dvar(@uwa. e 28bdakeon 15 plugniar doazd g8btware in data

transfer cirquil 228 AlbyldlSYrlabi@R EQUEETaddled Ndiurd) in mster serial

port input- put circurt - passes the 1nstructiqQn sig’nals to a

resource conPrefngtion ef, HLingle\Sie foX.RPER usef r ATEOVEE3  soft
resour ce sconyoek! adapddr 240 idlidd dldsr amadderedbergizeormmadilesr 315, and

menory  resouf Ok S ad P HARFBLE, 1bWef CSOMSE 410 ¥t | nternal
signal on nggﬁgfgsgxrfig{aﬁ{n%ut-o%t_put bus 245 toeturn o&éorr of f har dwar e

resource, susipigh REghimMRAT EARt Lk thFd 2346 Y5eheR R AP 1B937850,
i nstructi on nRgeaddptepassesabeo redurdansheuoveralli gystewrcdetr dwar e bus

3l11Hto a single i WCWOI I, beBall@t NGEE resource
control | er 31°I'Pal nr g‘ﬁ\g%séﬁ?g such a wri t'enggs'tPEg?i on signal, the single
byte wile cEdanter3@4€oRcFubPies Messen&ssPtRotBaBofmand signal s acti ve,

fe- g. ha |aED I eshfRdntSicidadl hoEDRE&xpEet:. shown) active to indicate a request
or hardware resousc 0,.an ; AL 15| Ty (not shown
active to indicat (La{rf %ﬁ%@%%%g gﬁ%ﬁ tl:)géﬁ:% urnél'd %ﬁ??éh%rﬁ%—i& 35 port :
command bus 323apten 340. suchded Anreddi mstyorqtion, sdenght Bht2bus 246. 15

Conmand si gnaysi tdainsructien bignad frowessdhamivare weddlen support circuit
250 havelg reEf£§Q§§E,r%#“%&%tw&@%tihsdgtgO@?&ﬂ@%éf“&fyéuﬁQe2§9Unﬁﬂd the
instruction router 311 (FIG. 3) in master serial port
input-output circui't 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 signal'on
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 command 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.



resource. In general, for resource "X', reference 5 nuneral XREQis a
resource request signal for resource X, reference nuneral XREAD is a read
signal for resource X; reference nuneral XSEND is a wite signal for
resource X; and reference nuneral XBSY is a busy signal for resource X

Herein X can be any one of ROM 10 BRb, LED, SEE and SOFT, where "ROM
represents EEPROM 390; "BRD' represents board control logic 370; "LED

represents LED 35@ymuidsiksE'sigmplesthat aeei gppecHERROM 3I8Fesgndce SOFT"

represents soff) {&S®UE Guibbre! RiFEARENSE0 (R RC 1d W spiBriad signal s, such

as LED 15 request_signal, CEDREQ and |ED siate signal STATE, command
execut or 3207EREEY eLat dfinfa fETFBRELICBRh BRe %&W"ﬂég%g&nnand cycle. In

t he conmand egsbereebyt®n gperearadt,ofornresonaoe EXtcuteffer®32@ef i r st gener at es

a comand Wﬁ'&&grgﬂ $RES SO ddERA-deS raqGeBFBRIahY] Sed Qrestildel G 4A). In
command byte 410, nost significant hit Rthat .iS,shiftgd out first is set
for a read cHmERGCEGRFE DURRFY) SREAP A§r 2aTfPRt ﬁl%ﬁim Y cycle. Bits COto

C4 in conmuadsbutreesl) refexremrmmmingrad XSENDaie asedite gigrericode various
commands t hate canohgutEang i i@t dberaifld Bumkal RBEy! 2sSHNRMY Circuit
250. Anpong bit,s C?[ to C4, hit C}f)lﬁ_heé_he IS(ast sk)gmflcant bét o £ DO
and DL are d&tgBilt £OXnFepPIren ¥s HEFSILE SAInPFi 8%t ©2%i 2° i%omand
byt e 41010 30 BRI;OMES,t €EEi and 0SOENd whexrat"ROMI2Tepyepantst he command byte

into a commang.iankaleo,;SWERDASrEHPIRG s ARG ARRIOT! BogB) 37 this

enbodi ment, a start bi't 421 is Inserted at the start of the packet and is
fol l owed i medER e I5PRRFeeRhRaHEP LY P Y7 41RFEE CHIRARPERS S PEE 210 is fol | owed
by a parity HEEPRRP 3004 wndn*SOFE! opepreseit’ys sofli mesowwceoBidr included in
comand 16 executgf 1%29%0%%@ CIN xcgi@gsggﬁuﬁaﬁ@%f@{gﬁqd shiehkgk BAD pin 241
(FIG 3) that is connect ecl1 tr..%n%&:s' av Eglr)lgtl:atén iut - UIL%?}ST%EECUH 254,
al so ref d&Pr edr¢@ueRt signa Q gn '
command executor 320 executes a command cycle, such as
a write command cyéle. 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. Among 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). 1In this embodiment, a start
bit 421 is inserted at the start of the packet and is
followed immediately by command byte 410. Command

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



SSPI OC 254 in support circuit 250, by line SPIO. 5 In the exanple for LED
350 descri bed above, command executor 320 executes a bit wite command
cycle in which command executor 320 transmts a LED cormand packet 451
(FIG 4E) that includes bit R"0", agomand code "10000" for LED request
signal LEDREQ in command 10 code bits CO-C4 (FIG 4A), the value of LED

g;_at e si gnala EPLSJJ‘:A‘ r}seqa.tta"ilsr gfgg?ﬂfés att?é);%:{zlgr tndepgchgt' 8n data Dbit

I n genera COI'TTTB.I’] executo orns a suchn as_a

conmand- packBil 2hl afitGs 2 psbRst 15, canparted 1‘5° Amdl@vepFeridtrting a start

bit 421 (Fl GingBk- hawmg aifduitt 2€al, uelsbateferfeal towed by a command byt e,

an address ggbgo? f?‘l a%‘g;goq_.tr %EQ%GEEV%U $P|iﬂ){@q§ﬁb a parity bit 422
ol | owe 423

which in turnis havl n a second val ue different
fromthe 5irst 2énv5b%eexthlm é°r4B‘E ?éptdﬁ??r GIRROVEf i rst value of a

| ogi cal zer ocomemednakéeutderiepaxdontieist a4B2ti 8ritse| aminethds ecyichat t he

transferred Qyt e,h&eﬂewﬁ&amt%é&&orp%ot ¥rOhbmies @M@l stop Dbit
423 has a second val ue of ogl cal aqne_herel one, and packet 420 25
is transmtt &RHESY £RE SBID® 4BN ddhaspiipe "geﬁugFEdRup tPE t val ue

of one when |dade SROO0OfsfontLERI repuedit \sdgnailt BEDRBY Herecumagpeit 230 or by
sl ave C'{&U'tcéESJbiEQechEthﬁf& \@afﬂaéﬂg'v%ﬁﬁeSB@pLﬁthEKEL for the

default val ue of Line Erow des ‘act]ve gat lon that permts
“transni ssi on YN WMH DR tF’r"neDOSIgif’é aF RPEABRE Spedd ithan

possi bl e w tdem# kddt Dle negation. Active negation also prevents false

detection of addi tj,pr%g:nf_g%gke& SmbhdRd é:,@&utlgﬁpgg@ folmk! BepaEit&t, is left at

zero with only the resjstor to take line SPIO-"to_one. 17 After
A transm ssi FUEH RS @eﬂq‘}‘ﬂ‘a’l‘ﬂ peretapn addifeqss PRCKSE SFed IREM
transm ssson pdcketpankdmnsercdnyaadsexec iy 4320, (Fdegpers) njaving he command

cycle Dbeing prpcutRfud tHAEES £88HLFLENY LAUnthdC byl 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.

.




5 packets as described bel ow and waits for an acknow edge packet 430 (FI G
4C) that is described nore conpletely below, during an acknow edge w ndow
time period Tn (FIG 4D). If conmmand executor 320 does not receive a first
10 bit of an acknow edge packet w thin acknow edge wi ndow tine period Tn,
command executor 320 sets a bit NOACR7 in an error register ERROR (not

showmn in FIG 2A) of system bus nodule 225 and term nates the conmand

cycle which in tHfeegedatmiesniastiohgetimabpetio@spwnaerd o 4mst 15 processor

281, if the gpgpegd Qé%@iaé:tgé@’lﬁ@ht E?Qngﬁoag%gnzéé Q%ﬁﬁ@ded froma

command of host processor nt ge wi ndow tine

period Tn i s SOPGRRACEEERUESE | IR0 afdependdRFaAl tBR cERRMNERYIr ves a st op
bit on pin 24kingl0ekacgeeds atransmitgspddieibnad address gackata such as

LED command %%@k%ttsdfﬁé dééfi‘%;é&rﬂékmp%&mh bg%g% g??tQHta llhr{&ﬁ.édg?eSA' starts

transm ssion of _an orns the action

i ndi cat ed by H?(S’r’ﬁ?&nd38yt(51ﬁr Og?bt?h%tvé(f ﬂeﬁﬁFtlﬁédz!PE%nﬁ%‘ml%Wet 420, for
exanpl e send hzalm:ne tiurh.E@ 3b0ackiowlhaigealwimdolw hitneDPersodmen whil e

cont i nui ng to gyi.t the acknow edge packet. On conpletion of the
action indi ca e corrmand byte 410, -sl ave serial port input-output
circuit 254 conpl fe§°f“f“§ﬁ§n?é§?‘b’ff”6f3§b dagg AAted§EepNEKBL EHREE | n
general , 16| aveitsesfi a&in pakhowhpdge opdqhket orithiint acknédwdadye windewfir st

t ur nar ound peg and 0 e | ast
packet expent eJﬁ’é’f o g ildd§n2 omaL£§3%£§cg\Ffo&¥ 3% %etk0B Bt ﬁ{;A&!@

S ser 4l E oré transm ssion o
acknow edge piRIGR eXIQY Hedis f—rz%fi%sbn%ﬁ@%m FEG-f RSt of ur naround

time period tsydesoimsengiulieve260and té&rmatdites diegrammand! cpel&PI O from

slave serial gprty i&ﬁgg#emga%scweazgét 5 L locden B0HAde | e

period can be an tirme peri . one cycle
cl ock cy&Pes B¥© épeopommand packet transmltted on

pin 241 orlglnated from a command of host

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 and performs the action
indicated by command byte 410 retrieved from the

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

30 acknowledge packet 430.

In general, slave serial port input-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



5 clock cycles. Serial port 230 waits for a second turnaround tinme period
to send a command packet after receipt of a packet from slave serial port
i nput -output circuit 254. The second turnaround tine period can al so be
any 10 predeterm ned tine period oney | ock cycle, two clock cycles or any
ot her nunber of clock cycles. In one ~enbodiment, the first turnaround tine
period and the second turnaround tinme period are ide,nLli cal and are equal
to two cl ockaeytyessigm) prydid@eaSPIQckhbAf Ve A8 U BE el udes a
first bit 431inpad-euseoons fuiuitd234 . .borhehfiviey tirenawsams ftiimet val ue

fdl | oned by e;gbadcgﬁgﬁlgacdr PUSHE R rmIREANE1 Ha! iddte i, dnkferent from

the first valFue. ~Ackn e packet 430 can inc ut(;Je any nunb§r of 20
optional bitSlBEkWEERLE i rE¥o (FIOUR FYSHESSQEoRBY bPEREBFYHGE S whi ch have
the same o i r shoerl vgcldependi ng on the anount of tine needed by sl ave

serial port inputg,Qy L 1S4 1,224 1R CaMBbebaa! Berastoail ividicat ed by
comand byte 410. SF%!‘!%‘%{’%%O |me‘71t of FI ' t_ 431 and second

) Gaic, first.25 b%

bit 433 bot h B§Fied tPsFePd| aeCoBNHd BaTkethatgeni Fe984Pha’t 2cond val ue one

and a nunber mickerptfironablaie ssdBalbfpditr sinpudl-outpetocireuitszf4 ed

between firstyl t. 3] a@ﬁtﬂ%‘EQGHdbi{mél%%rilda 2$PANES be angtart bit 431 of
55 pagket

an acknow edge ) 30 recejved at pin. 241, _conmand executor 320

drives ako ackersdatei@igefetimsi BREFCARIE '\Fé’c&ﬁ'ngg?n‘&%’g}age det ect

| i ne 322 t hatcy&lebicaingdotheeanhmbef dfarclwerke ayssdew.ce Inoaneol | er 313,

software T esoUpGaidfll,’ AP i3be: Lhihdtobid ALIR gt gaacentrol | er 315
er

35 and nenory resource contraq 16.,C§mrand.qe)xe§lbjt r 320_continues to
drive the ackpesPrdderaraund §1meg BREICFITS ST ﬁb\ﬂn d§&det ect 1ine
322 until reegusl ©F two raldaki of@ldeen pin 241, at which point conmmand
execut or ,320 dri Vefnﬁ%&@@dﬁd%}&%@ehgesbsaﬁétA@@Ekdmﬁg we and

term natéS the conma .
first bit 431 and a second bit 433, both having the
same first value followed by a third bit 434 having a

second value that is different from the first value.

N

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 value, depending 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 acknowledge detect signal ACKDET active on
acknowledge detect line 322 that is connected to each
of hardware resource controller 313, software resource
controller 314, initialization resource controller 315
35 and memory resource controller 316. Command
executor 320 continues to drive the acknowledge detect



5 cycle. In the exanple for LED 350 descri bed above, in response to an
active acknow edge detect signal, the single byte wite conmand controller
in hardware resource controller 313 drives a set busy signal SETBSY 10
(not shown) active to indicate that 9seri al port comuand cycle is in
progress. \When acknow edge detect si'gnal goes inactive, hardware resource
controller 313 drives set busy signal SETBSY inactive and waits for the
next active gﬂ@;‘ﬁaﬂmatqtdnesbgnabkﬁoolndgfstde.!:srtcmnlnﬁ53?éutléii11311 Whi | e

respondi ng 1,0, a0y d“%tff %Eh:a“b&gwi ,on ANEG "a@.SQWi&ﬁ gephtol ler 313 is
I nsensitive to a diti onsl astructl SW)% gr exanpl e for

changi ng t hecg cﬁxq_cEIS%S Osept¥er %‘fﬂﬂh nstruct Fon SI gnals for LED
350, that ocei,gnal KCHDRT infhastive ahént¢m®g¥@étl tée sormandt r ansni ssi on of

a conmmapd p@f on pin 241 and serial receipt of an acknow edge packet
on the sarre n 24

1, | te of [LED 3 d of
of state change by F?ta%te?’ffg‘tsﬂa&% gi‘&ﬁ §§§ JeecT asPTd %e qpd of a series

e ‘that was sent to
sl ave seri al raepbnseptm atgrttive mckinpwledge | detgrt eﬁmlneﬁthe i nstruction

router 311 rg 3} y@@ WAL &S N meRind @ont ED116P fMSh&FawamIt - out put bus 245
froma status S

conmmonl y assF&ﬁQb‘rFPSc ﬁg’lfr }Apiﬂh“aéglt"lsggesgelrl :gu'lf.‘\’g é@%% 2’?'(tjor ney

Docket Nm M(%SSshownblabeuvéSt@tmllmec&béF popeEipbsPOReapt er " of

Stillman F. @ﬁiédé%& Fogwidy . f iWhed aBknSepéagbedetiectl994, that
is |ncorporate erence 35 N etrle(? inits entiret tr%flgg%fgbodl nent ,
a hardwar e 98F5f APRfELES or PRATTARS &S8P VAGST “8dapter 24 turns
on and of f LEﬁ-:Sﬁﬁs asfetdémsm bégnabr SETBSY dpaetdvespgdaWalEpRERrin Table 1
bel ow. Tabl e Jy, ?&%einsei-uéeﬂéﬂxtéﬁ‘iﬁalurﬂi@h Whiserueeibaus conmand
si gnal s are generate by master serial port input-output

router
While responding to an instruction signal,

hardware resource controller 313 is insensitive to any
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 receipt of an
acknowledge packet 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
Stillman 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
module, or firmware or software of host adapter 240



5 circuit 210. Tables 2-9 list definitions of the bits of various
registers in master serial port input-output <circuit 210. Sone of the bit
definitions and signal values described herein are simlar or identical to
t hose described in "ALC- 7870 PCl Buszﬁhster Singl e-Chip 10 SCSI Host
Adapt er Data Book-Prelimnary"” published.in Decenber 1993 avail able from
Adaptec, Inc. 691 South M pitas Boulevard, M| pitas CA 95035, that is

i ncor por at ed thynesebar ang eofferieim 350 absdentriledd . fRABIHD Tetme€ommand Si gnal
Function LEDRE ' 0 D 15 ' urn on or
of f power tglg E?Pé%&%s%%é—%{mna%lg%6%E(%I§IERS'I%§R%%%\A%D hﬁe E‘R\gs}dg{m@slfgve seri al
port input - @ft GEPAAFieRFIUBder vhiShrwarieds sP™IRRE FIERAEF Afmor wite

t o board conigedleraegdsbgrmaBRiX Henimlbpart d¢oputedutpwtgi ¢ 370. 20 SOFTREQ
(read or it d om | te : 30 : READ ( Read)
Recei ve i%vtr'-:ntl i‘%g{%_i ggbbytgg?%AT,fagtnglg%t g%ﬁ%ﬁ%?ég%u(r}ggt%? E%lt??b te ESTAT
from SSPI OC 24 VAFiopsn¥EAYSSHhAD Mashfdt F6H IROVRREF (FRRYE U4t e) Read
ROM or EEPROMimmwmirty 21l0ccatona of the thett defERRROVhaeandysigmat i on SEEREQ
(read or writ f ' t ris3l RONL st DREQ ( TABLE
1) is a wi te‘?%lnh*%%aéegsrna at,ﬁéait:é%én%eolseg“{tlﬁgrstggte o?t%EE%iS%% that is
connect ed to tBPss fagasibsd sapl BECHES70 HC, Bus| PABEEr cSANSIE TR e
t hree sowocessCgY fHostt Miaptee DatauBookiPreliminary® published in

December 1993 available from Adaptec, Inc. 691 South

Milpitas Boulevard, Milpitas CA 95035, that is

incorporated by reference herein in its entirety.
TABLE 1

from

15 Command Signal Function

LEDREQ (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
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




har dwar e action generated by changes in use state of input-output bus 284
e.g. fromnot busy with data 10 transfers to busy or from not busy and

avai lable for data transfer to bAsy with data transfers, if slave present
bit SSPICCPS is active (e.g. one) ig,external resource status register

SPI OCAP in instruction router 311 ( ABLE 2) and bit DI AGLEDEN is not active
in 15 register SBLKCTL (e.g., bit 7 in reg. 1Fh is zero) in__input-output

bus nmodule 2R1. In response to an LED qﬁﬂuggqxpyte containing a PO as a
g:%mrﬁ%réé %1{) 4 usy to not bu | ave sérial port

one-to0 indicpg WE charged fro
on . I n flesponse
Ii‘f%%p%&%eqrgﬁé omvand 1o f ng

| nput - out put [ CL.T.CcUl A -dri1ves, a)5| gna

to an LED colMaHBERy {ESRARGiHS) bit ] i cate use
slavat ben e widte iteput - out

LED

state chargefl from not busy to busy,.

circuit 254 drives the signal on pin LEDEebRoM didor3l 1Rt idn
byte is always.zero 25 A second sour of signal |EDREQ s gens
changi ng t he| waEreqof-Bha SEAGRRON in | eghat ero®BKGhtitd &g bit
reg. 1Fh) in}linput-output bus nodul e*2pl ?rgv' d)lr{iol\;‘{)it SSPI OCPS |
external resqurce status register SPI OCRB P& aRFTNE (e.g. one) ard 30 bit
DI AGLEDEN in register SBLKCTL (bit 7 in reg 1Fh) is active (e.g. one).

Al so in this case diignaPl JEPREQVAYABER 17 d AW ited¥@1§€EiGhaPort .

[ nput-outgut Circuit 2%% asserts the ﬁ#ﬁﬁ & i.n .IEED# I O\c/:VtV\%e{IOblt DO is
zero e.g> bitRADIREESHT LRG BFAELERE Vot vnd® SPRIESErFRI port

i nput - out put xipiuiLENS4ndSSPEOCa254gnafianals LHORECEDan ghighBAteit DO is a
hpUt - Ut pUt Er s e T TN | o s ora: A third

i nput - out put bus i s not busy an is a zerao. i

source of si gh%?d‘ﬂﬁﬁ?l'—f’é‘?’?“géﬁ@?éiﬁgﬂdbby %‘%‘? elrbrusseofs[%\ﬁé:leeo sing a
pre-defi ned sbhpuceomeput MG [R84e et.g.plirosendtl bysy twitd0 dataa t est node.
This testgmoderhistaf Cad ashly sielfrondnBe! by 0Ofea | fvd MuikD fozommand

cycle, an Indgggstgggéfégmk% Qdéyaéﬁziohaki 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
1S register SBLKCTL (e.g., bit 7 in reg. 1Fh is zero) in
input-output bus module 221. 1In response to an LED
command byte cdntaining a D0 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 bit.DIAGLEDEN in register SBLKCTL (bit 7 in reg 1Fh) is
active (e.g. one). Also in this case bit D1 is always



used to bring out internal signals of host adapter 240 during system
operation for real tinme debugging 15 purposes. Once SSPI OC 254 receives a
LED command packet with bit DL at a one, the SSPI OC 254 stops responding
to all dommand packets and sinply pagses the signal on line SPIO as the
signal on pin LED#. The test node is exited only by a reset 20 signal RST#
or by power-on reset. In the test node, host adapter 240 nultipl exes out

i nternal si @grRE® ang @1aMen€eSPPDP@léfpe¥¥li?‘+¥g%‘r‘FPPﬁerﬁFHéts?%‘? ed in bits
TESTSEL (2: Mdssdrveaited @ighBl CDATALG | D4 Mdw aihelti bit Dhi ie zewrd est node

do t 2 ") ' 7: d. Th
Val e of bi 189 TR DTARERER Rha DG an Yog bhet  Staternn o T

can ect . er ent | nt er nal
signal to drpe®eial riénSPP@RUtS@EtH’A Lﬁiec‘bvetf Av % Srivest AnFLEBALl P bit s

TESTSEL B2: Opin THED Fhihi3hser badk Bor is Tesénd/beley AdsitgMIAGLEDEN fist i ons

Val ue of Na t i cuit 220 TESTSEL
( SPI ODATA gg %r%n%’?‘%ﬁtﬁolg‘%%bﬁﬁgsg?gﬁe %rﬁrg&‘cﬁh@s%ﬁg%mmETHLA 3
PAUSE (not eRual 2PAUSEARY busy, apRebpENBIACHRIREGS * BI¥SELO Each of the
above internal signehird sscuye icfd sdgnalOLBDmE@ itedersmiteld bys LTSTSI GL

that is incl t t sponse to a
wite to reglkgs?.El ‘lagf’l %A‘%Sft&gé ?Jesslo c%e ggn‘fﬁgg ﬂb%lc? %OfélLS cp?zl(arg‘ség g sel ected

i nt er nall%i glatet 5osBRE afehipt POXE 2§| ghRI 2DFEREHRIS ngiTSeseBhat there is

dat a- or mode is indicated by setting bit D1 one in the LED

command cycle, and in this test mode, line SPIO- is
used to bring out internal signals 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. In 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 internal
signal to drive line SPIO-. See TABLE 3 below for
definition of bits TESTSEL [2:0].

TABLE 3
30 Serial Port Test Mode Assignment Definitions

Value of Name of internal signal in data transfer
bits circuit 220

TESTSEL

(SPIODATA

35 EZ :01)




15 space of one selected cache Iine in FIFO nodule 222 that is used by
system bus nodul e 225 to select a predeterm ned command for accessing
system bus 283. Signal DFCACHETHLA is a | ook ahead signal for stream ng
cache lines to inprove bus perfor man{sje from 20 FIFO nodule 222. Signal
PAUSE requests sequencer nodule 223 to halt operations as described in the
U S Patent Application filed by Craiqg A. Stuber referenced abgve. Signal

VREQPEND i ndj cat t ? LYpegduest is 25 pending for accesq to
system bus 2[83 bﬁ%sxf/rs%?em Bj&?@l ule 225 to transfer data hetween IFI FO

nmodul e 222 ahd sygtem W‘g\@&% Signal FRAMEO- is an internal s} gnal
adapter
L

that is actlve when hos 240 is acting as a bus master and is

t he signal stpplied to theRGlcdusnas signal FRAME#. Signal DEVSELD- is an
internal sighal from systlem bus |uodule 225 that |s active whenhpst

adapt er 240 %LS 24 3actind grusE bifot &Rl PAUSEACKhe signal supplipd to
Icfit

t he PCl bus S _gj gnal SEL 4 Ln Si gna|

LEDREQ descHi bed apbove, |vimeEQeenDone of the status bits is set 5](an OR
condition) i ' ; ' ' 254,

SSPI OC 254 drfi ves a si gnaj FRAME@+ N LED# active to visually indicat¢ an
error, such gs—a—party—pi+ror—provtaded—th i

. . Y -6 f—pFrov+-aet—t hat—enabte—t+Eb—ert+ot—dh a|)| ay bi t
7 is set. Thils feataure capDB¥sBBed to aid in 10 system debuggi ng. Referring
back to Tabl &2+—r—+espehse—to STHRARE

= }S5-e—t-e—e-errree—st UIIC{: oer\r\EQ comrard iJ)te bi t
Dl is set to the state of bit STPWEVEL in regisier, DEVCONEI G of system
bus nodul e 225 angReh tofhbhes above; dntexpal oFignalasSYRR] P8 PRy st er

SXFRCTLI 10f i apLEDOotégptitsigimlniis &TBTSIGThthat chesmimclwleghdin i s issued
g;LaENfge f'r%&s@@ktgefqafifHBhtjéﬁ€33§lbh@rahggtifﬁ POYSInaY i £nabl e bit
write to register SPIODAT, soft resource controller 314
passes a selected internal signal to serial port 230.
Signal DFCACHﬁ% 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
-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
system 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




i nput -out put nodul e 221 and there after whenever bit STPWEN changes state.
Changing the state of SCSI 20 term nation power |evel bit STPWEVEL in
system bus nodul e 225 does not cause this command signal to be issued.

Si gnal STPWREQ can only be generated4when bit SSPICCPS in register SPI OCAP
I's one. Foll ow ng assertion of a reset signal RST# on 25 system bus 283,

SSPI OC 254 keeps SCSI rmnation ontr.o n a float
condi tion (tAFeE%t3R & %‘ifnttiafgfaﬁeg?ﬁes? gtbem’rsal all[si %HEEE?%V\F?EQ is received
as shown bytHebP@l duslteer edined, DEWSEL- 254 controls SCSI termnation 30
power control pl nI§Tf&/éﬁ|ﬂ—16?ﬁ%%dt9€ ¥akoessofrdid sof SEHYWREVEEDREY STPVEN.

TABLE 4 Sign Ter m nati on_Power | .l 2 . W_EVEL
STPWEN STP ESCES‘D% za*(‘?‘FFr'eé’ 2£8Y 98¢ %%%ﬁé%wg %‘E‘v\g 1000
2 011 s3 1(anlOR4cdnditiiory Bin s1SYRV\EEVER] ap@rSTHLENSRIEERENitted to
SSPI OC 254  i5pepshhs SIFYMENE. dsa, re@psberzwms aﬁﬂﬂigb‘laﬂ S‘ﬁP\/\EN in

regi ster SXFRCTLI nd s. STP s_as TPVEN
used to actl‘Pd'PeLBV\lg iﬁtfm%a‘{’té‘saq'}go @RE%%Pv@E%ﬁ{é dica e? t he 'S
vol t age nee@equtweacrovatmrquertrhartateaablsGD.EDmmmh%mqyomer

supplied by Kyis t-;er,_lgi BatOr STRHO fFdLture danobepukeluso28#dism t urned on or

off as i ndicat b it STPWCTL, based on the values of bits 15 STPW.EVEL
and STPVEN |.%}fﬁ§&“1 %‘#&Sﬁé 3. when SSPIOC 254 is not present or if bond

wire 249 (FIG 2mRefiesrpngsback o iTable dof 40 Fgspgnsesto 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 terminatiorn 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 termlnation
30 power control pin STPWCTL based on values of bits
STPWLEVEL and STPWEN.
TABLE 4
Signal on SCSI Termination Power Control pin STPWCTL

I STPWLEVEL STPWEN l STPWCTL
35 ) l . _ | Z (three state)




term nation power control function and causes the output of pin 241 to
float until bit STPMEN is witten, 20 as described below in reference to
FIG 12B. Wenever a nodule of data transfer circuit 220 wites to a

regl ster SFXRCTL1 (not shown) in inpdt- output bus nodule 221, instruction
"router 311 passes a signal to a single byte wite command control | er (not
25 shown) of hardware resource controller 313 to transfer the current

state of SC$l bus tefm g Ekﬂﬁvﬂ@“e | eveppwet gnal STPWapddriand ppwer

enabl e si gnal —_STPYE
ed by erlal ort 23Q in regponse tq, 30 co

command cydle ecu g
STPWREQ for fconttTolllng bus” terminators 360 is gimlar to the sefquence of

actions dedqcrihed above ingreferefce to LED 350, except fhat -264 bits DO
and D1 in the _commangl byte containlthe states ofl signals STPWEVEI and
STPVEN respectivgly. |Conmand si gnal| CHPRSTREQ (Tgble 1) ig issued|as a
result of setting bi CHPRST in redister HCNTRI iln 5 system bus mjdul e 225,

provi ded th sl gve present ;bit SSH OCPS iys one. |The actign of serial port
230 is different fold commnd signal CHPRSTREQ than that describdd above

for sign& LEDREQ Rather than transnmit a command packet with start, stop,
and parity l@ikst STRWLEVEL pand SAFNEN mpyley tarnemétiedi gRafSHiPGi2p4241 to a

predet er m ne¢, 4ol bagestkLavl edpbaldTdted Bueokr1al afhosk: cymhey
Specifically in response to an active reset, coma ﬂ’%@é CHPSTREQ,
serial port 230 rF€§§F§r SKFRERRL MRET (SRpmans §lg?82p§ ys¥ em

configurati orasEertedi.st Bis SDPYENAS m&gd;tb@mam!pslvmeubeSZZS Serial port
230 Al 50 §X e rkeot 36691 nEOTBRARIVEL A idl catlkcRneeubatagor | 250
I'n

drives a signal on Ical zero for 12 or nore clock cycles to
reset slave f@qdgd ﬁ@rfﬂeﬁﬁﬁﬁt’a%t BE LeTRIRAtIHY 390 response to 20 this
reset packet SSPlI Gerfifatdsat powert aupplbed dherlus iters8Pa@Cre5360hat are

visible to hoéé fﬁBﬁ%fﬂﬁééﬁQ bus 284 is turned on or off as
indicated by bit STPWCTL based on the values of bits
15 STPWLEVEL and STPWEN listed in Table 4.

When SSPIOC 254 is not present or if bond wire 249
(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,

20 as described below in reference to FIG. 12B.

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 command controller (not

25 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

30 command signal STPWREQ for controlling bus
terminators 360 is similar to the sequence of actions
described above in reference to LED 350, except that

.



i in flip-flops that
ch as registers SPlI OSTAT, BRDCTL and SEEPROM Certain _
agld t he agdress for BIOS accesses are not rgset..SSPIOC 254 a!so dri ves ]
the 25 signal on pin STPWCTL to the sel ected |nactLve state (3|; Slgg&EZE
[ TPVEN i nactive T reset packet is issue S
b et ar the ) 2?:? CHPRST by master serial port

put -out put A e bk AR SARRRS BYCexeopEadnoshe somtmnd  SSPI OC
252 i s reset %n sdamnsllst ISIPWIEVEIR mdr&’nPWENnﬁaﬁﬁec&ﬂf%ﬁg?fe; O?gmrﬁggtserare
wetEh U b it dﬁ%ﬁ %}ls% ?I SOH 330 15F4¢Pd@Sa3sean ess

nput-output circuif
Zﬁ(r:ll ali),Spg(r)trpi'ftP Orﬁo(-,’F‘rf’l‘ta"r:‘&nSbel?Jd\ﬁee‘FlH]i”ég'Bultt‘se15€=-9r11SScnzrp631|CNTR¢1:,| ieuit 250 and

various Bost Smmrbdﬂ)d\dcﬁﬁle 928, AroddapieenaeOshutas Lon and of f al

iff sources: slave seri al Fnpub- 6t put circuit
lzgfllSt }_EE)GES ; ?%Jt}fsoqgégerﬁ%a?’b?s 3bee ¥SFhgnna dﬁ/ﬁréa r 8O3 80camt r ol | er
313, commana dstdenent F20r ardand' s Bnabr CHPRETARQA thiandk@aRi N 241. In

addition, a m@$gﬁiﬁéalggg%§u¥g§egl 491d§k8R%§£thEﬁ ata byte on data input

d in data
25, that is connected to a W ernk
?lrJ:mgfer bus tF3RSHS, S canmandpacket ngith atdressstbp,1andf pariest er

swireila 1B e C traller
ggg[grc?ﬁLL?blﬁfgl I%{ 245, 2%%P§$s con%£%?§§ % Sl&ggltg agépeég Thus
P Pectt simving

CDADR i ncl ude rvotisagestornar E§$éﬁ§@rm;ns=dchumbm te to
mast er boardoéfomlmk rcagﬂsise.r EEiEKH’i.fld:aslyuﬁhl e8spankeuice a%1£|c?iif jhees a
signal activeeetd Raawed (éygi %&$$f§#8 dego bg&&dzcgn;ggg§g

i ncluded in rdwar e resour r'o 315" FP sBPFAl B r S 20
avai | abl e an@'i'f WEEMotedi st exs cesdepEXiSersstheaup:mrftlgﬁlrlaqutn 250.

| nst ruchison nmgien st G et 8k NP "BusOHEAR1 0% | L] of gnal on
nast er

I nput 5 %H&P%B&Jsiso 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. 1In 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



fromthe state of a sequencer source signal PAC2SPI O on naster

i nput - out put bus 245. Depending on the source of the internal signal,

i nstruction router 311 drives a 25 stretch signal, such as stretch
sequencer signal STRETCHSEQ or a sty¢tch host signal SEEBRDRDY, to the
source of the instruction, such as sequencer nodule 223 or system bus
nodul e 225, to wait until the conmmand cycle is conpleted. On conpletion of
the 30 conmeadbmrten @40 tyrpgcPRoAnd ook kraleasy Fhreen8itE6FPBE pondi ng
ﬁtrgtCh Slbgﬂ:?éscbdh&féd Valavie segpalspoi HupuwcidutputnstimeutitoRSsi gnal on
ardwar e bus I t 3 LRaHL controller in
har dwar e resldglr}(lz%gé:oﬁﬁ (ﬁq% tlé%f‘ggggggglgée% g)%salr ?leaquest&m nal BRDREQ
(Tabl e 1) antepouree G@ntxoldiednaf3pREQERENY RXSAT qzﬂ“dgort command 28

bus 323. sl n EEEPANSEoEE ZBIIlthaCQﬁ:ﬁgmd pign24s. BRDREQ and BRDSEND conmand
execut or 320 execyf e gy e W I BuBOTIR M€Y EbEpddA 246 Skt | ar o the

bit wite command escr abqve exce t that command 5
execut or 320wWrikfAsai €ata Rk %&@é’@ Apput Bueqgdent Rt t1&nsni ssion of
commlnd pack @onfhéttaadedhgnwiitid Laitar buan CaDRTotheligdegaikedatk63 from sl ave
serial port |n u t r 0 NLLO D I gnal
BRCTLRED Bec Sr%gxssfe%oiagg 255 T CHlL O%é‘%xgl% bbeaquﬁﬁ LhoLags é@@“ﬁbﬁ g

oard contr stér E gc 254. This
command X gn&E ias assgEIPRAER SEPLRRNY IF&FrbBEPSTLCth BFYd%T ¢ 370,
1Dh i f acggf&%élgﬁh&@é d:@dtbamgr T tomw mdsterBROGUL -patputebnal 24%so0ur ce
regl ster 1.S. a oft W&%b slepab ,QAQEN I n
external resoUFte Fedi g’t"\égtgg E%ATIS wE i nactive. \%en t R gg’g—gss is from
host processo¥n Zta tgqagmr-rrm#z%ﬁ PAR RSESAES §°n(§l“°$‘ef3uf’ﬁé8 by system

bus nodul e 2§t5c|> Wb dtdext h:%aﬁ:arr&aﬁdrbls fogsede BROVTEN, instractdes is from
sequencer . nodul e 223;3 gﬁ QUENEEEL4Y g&@%l&gr&@g} ntil this
11 H el
conmmand jiig corrp‘l“i’a‘%r oard cont r%fl register BRDCIL, that is defined in
bus 311H coupled to a board controller included in
hardware resource cdontroller 311, if serial port 230 is
available and if board control logic 370 exists on

support circuit 250.

e.g.

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
master input-output bus 245. Depending on the source
of the internal 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



TABLE 5, provides the capability to control reading and witing of

external device(s) interconnected to the SSPIOC s nenory port which jnay
be shared with EEPROM 25 and SEEPROM TABLE 5 Regi ster BRDCTL in SSPI OC 254
and in Hardware Resource Controller2813 Bit # Definition 30 7:5 BRDDAT [7
: 5]. 4 BRDSTB. 3 BRDCS. 2 BRDRW 29 1:0 Unused bits (BRDCTL [1: 0])

Boar d daéa bhts BRPDATYY Qs %er eadiveive clsiﬁﬂn&ndJistignhhat BRDREQNI y
connected to pi,ns .5] 0 ave eri 0 | QUL Qut ircuit 254
when bi t SEEﬂgdig%e4°“ﬁ¥%_§ﬁﬁﬁx%grgeé%? ee&{)tﬁéggwkgggbgg%&r ead wite
bit BRDRW detpmmandncyele dlmti 45 gipiloE te. he bidy §Fritsd CORBaRAi tt en val ue
of bits BRDDA}chg a§§8{-i1§ét'16\ T.-mw ForVRED7350 5] exceift Wit rmnmfaaalevl s |
active e.g. one, bhits are re i e ave seria
port input- SHEFUECE ?E& rﬁflcﬁnﬁegqggbﬁggkﬁﬁbﬂ (;: gi_itéﬁ F%s MD [ 7: 5]
to read the ¢cwenemispbghcef cewpandpacket 4pynand ‘E}?Frbi"ff"sl%frf))ﬁ 5] . Anot her
enbodi ment ofySlhak@okde8qe i phckst t463NFronoslpue sertal tp@i4 iogutect s bit
BRDDAT [7] to inthDt.7 amgﬁfnects BRDDAT [6 : 5] to SCSI cable detection
i nput pins CHY afd*ReB {not shown) or SCSI termination detection

i nput pi ns TRVBH1 Scan#caRNSEONE rot #dpeadi BECTHREQATRARE D! bits

20 BRDSTR; anthRRRCSonBe@Ndrelisber Bro@RDSIBssp10qupbed tThisn MD4 when

bit SEEMS is active, \hen.,bi i ' : n pn MM is
asserted | ow STERG S8 s 1%ogs ‘g%—g w‘?%ﬁg%*e\élﬁr e s%r F?g,gg?gai n bits
BRDDAT[ 7: 5] asrhtrainddgic2378it eBROCEPRI#E taraesses: pravéfed; ROdTd BRDSTB to

control bit BRDCTL in external resource
register SPIOCAP is active and soft command enable
15 bit SOFTCMDEN in external resource register SPIOCAP is
inactive. When the access is from host processor 281,
signal TRDY# on PCT bus 283 is not returned by system
bus module 225 until the command is completed. When
the access 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, provides 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 S
Register BRDCTL in SSPIOC 254 and in Hardware
Resource Controller 313

Bit # | Definition

30 : BRDDAT [7:5] .

4 BRDSTB.

3 BRDCS.

2 BRDRW.




activate external pin M4 of SSPICC 254 at a |ow.level and start the
strobe to wite the data into the board control logic. A zero in bit
BRDSTB, ends the strobe. Board chip select bit BRDCS is a read/wite bit

30 connected to pin MD3 when bit I\S/IIED?XS is asserted. When bit BRDCS is
active (e.g. one), output on pin SSPI OC 254 is asserted | ow. Board
read/wite bit BRDRWcontrols the output state of pin MA1S of SSPI OC 254
when bit SE | h fojit BRDRWal so control s|the data
direction ofwlatqss l?@%%ﬁggfls\ﬁ EPRl is 30 inactive e gl zero bit
BRDDAT[ 7: 5] are output and pin MA15 is asserted |low e.g. zero. Unused bits

are always read asoza] @=13d bikist eanbmtwnmsezckd)irte&mﬂt@ndaed 5 The

timng prowdedt xternal e S f re routine
that matchesPth2 é)hgrv iTe st %%%gééfa %%E%{ftg] |€§t egfatv\é,ay al so be
used for 5boaﬁ€ri®bllé°’é'bn¥frm+t'|°ﬂ1t@é‘§l FaPCuRE t 274 rehen E@Mﬁn&ﬁd packet

461, slave sgetatve. 106 tBROTAY ot Wﬁ.tél bits t widrd wwaztds deard t he data

packet 462 and. he t 0 agk dge; v 463. Sl ave
serial port ?"ﬁ gu? &%‘5@? r‘%ﬂﬂtmﬁgjh Q‘ag eg gQV\%&‘ve ra%(ec‘gz)ntrol

regi st er BRD@FEO\N ?ﬁdtﬁbe ek et ey @ et Pl‘fePéElsf?BPr‘Pﬁlét‘as PRRIGICSAB2 so t hat
both 15 the @aspehsbEB(d:spntrol register and the sl ave control regi ster

have identical va es F e wthe_s r | BRDCTL
is used ]Trbor t he mas 1goaﬁ§®éon% 63‘rvee!A rgggd tS e s av g%éé‘ contr ol
register. Sl a\ﬁ@ds@tltél pone F‘H’B%ﬂltﬁﬁnfptﬁ (ﬁlla(‘fﬁl geyial oporhelNRYHDI et es

transm ssi on gfeprekRawcadge2packennddss bible BRODATNE 706) ceanpimis execut or
320 and hard I r o] o] q tQer i pt of
acknow edge \ggfck ke SjG%% %% 8 szﬁ Luffe,?é%?g;%q %%%Ee gg ?gﬁs descri bed
above in ref eﬁﬂamé-q @ITa@I%HG\AMEd 2:55. paneithers 2rhodipent3gs. sYR¥R t he

acknow eglge ded¥ixd]l port input-output circuit 254 connects bit
BRDDAT (7] to pin MD7 and connects BRDDAT([6:5] to SCSI
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 biﬁé 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 active (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

L



si gnal ACKDET goes inactive on acknow edge detect |ine 322, the conmand
cycle is conpleted 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 4@ active board ready signal

BRDCTLRDY, instruction router 311 drives the correspondi ng stretch signal
to the host or the sequencer inactive to indicate letjon of the wite
to slave boarihaskiveokr-95 Fexe oy BRARAFL7:531 arf ?EEB i F*F read of a
mast er boar d yxu¥ ried asegrsedr 1@ROCIG., Zdw.actions of instruction router

311, hard |
S11, hardware resplieq SopLrobled)dlvh RO RX6CHRArvERks AUl Sl ave

port input- put circult 4 are 5 simlar to the actions described
above in ref einypad hits pEeWAgREYed- nast er board control regi ster BRDCTL

except thgt comarrhexdaingr p2ddiaxécud esxteeingle nregadrcesnband cycle in ’

e 0 §X&E; 0 t FIG 49 and
il o COMTRN e SHSEHP g 20 cbERUTL! Pofic SOTUIRI BCRls $0d ( ) an

recei pt 472 for a data packet 473.
Command execu@%Ylg?(Fﬁ%ﬂé“éé@ a &éc § BHEETHet35 e’xﬂéi"q“ai’:&‘?l J8¥a®pitket 473 on

recei ved dat abkiaged 3dr tharet liogiedcodatal rblitdgsixe®d. which in turn passes
the retrieved dat gDyl & QU t%f' RBHnakd Tpégféectm i1 e seadi ment 15

S coupledtoadestlnatlon at g bus CSDA cl uded .i.n ddtatransfer bus
226, to e nBAYEelRRARE- %q%%é{lﬁu*hésﬁnfﬂﬁﬁl % el 3 read data from
mast er board paenétohszegnstmeerﬂts Grenswisgiomief cefknowliedge for a

ter. b d I | t
mster board ¢Quicol 4fe9i st PRACTL1a04-8 ShBue- 0508 AL obar egi St er

0 PC Bus ste Host
Adapt er Data B@é‘@'—ePr 8l fhrYerkeaxd FanyHe XBFFgﬁF'ﬁﬁ’é%@% rﬁf"%%?fthﬁ | pitas,
Californiat hﬂat\aabytaCﬁéﬁﬁiéﬁ'@di fwon eiaa:raelpaekebotéz sof thatorhabld si gnal

SOFTREQ (] %b' ere) WaBt@R Bozral ééﬁk?ldoflsr&gfs‘%%ui fanef tRECEBSvOYcchtiRsl
processor 281 or . sequencer 223 t0 seri a [gort control
register have 1dent1ca1 values. onvenience, the

same reference numéral 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 completed 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.

.



regi ster SPICCTL and serial port data register SPIODATA in soft resource
controller 314. Before issuing a soft command signal SOFTREQ the firmare
or software 30 exam nes the external resource status register SPIOCCAP to
det erm ne whet her soft conmands are3supported. The comuand byte val ue and
nunber of bytes to be transferred follow ng the command byte is register

based and al | ovs ) LGl ugs £ herusethr WhacthAtkagy edgexdet ect signal

functions the sane as conmma cles. regggpse to an
internal si giff* &Y FmBRA T4l Eth aﬂ‘é{‘%n‘f ry s‘f ttaﬁcr“&m r??‘ﬁer ite or
read a regilsdisiware sesouresoapoerdiiDeri sl r uzginand exeeut®r1326ri ves

cor respondi ngng! ARG ARIMC LR Shbue0shEph Sirdudd noa JLS that are
connected to sofi resour.ce controller T‘?%%%‘geratl of soft resource

control | &r 39¥m}Lax;tR the ta(?tllﬁé’soﬁ&FSFFBﬁd rf X rreé’lcl eri n har dwar e
resource conthelveit8itd mawer bedrdbovsteetepegisier tBROGRI ons of soft 10

resource conprolleredd &fnﬁu&ﬁ'fé:@éu%@rbﬁzbhsxééﬁ%soé bythe duse stored in
regi ster SPIOCTL that i ,ISt%d,ln % :g%ﬁ?urce contraller 314
i ncl udes a f FPEPARA-CYFIS it 1 ?chP i PR 5% % hr ee
bytes 15 of cdmmandeaalclﬁeom%bftFIrGasdtSFr)cem@zlaftﬁrregp@nma Q'fb a read

NSt ruction GeRibLNShEUChAORet WHES Bk GoFENdacaxgatket £R). buffets a
fourth byte of datg rom sof t éesource 340. g addr ss of gﬂl}ster 341 in
soft resour c&oAgNdrgXecutor 329 H253LH (fo G PYESoF ﬁée‘ﬁﬁgt Board

control regidsiter pBEBéEL4amdomrusecr:ewtect)rdarumtleme®132§,etecrstr¥@‘g¢®ter 341

if-a bit SOFYMENuEeRCELYE uﬂléhrﬁglélﬁ{ p%%s@@l%hteh&btﬁedeacrl bed in
Tabl e 2 above, and, ot herwi_se sel ects ma:#zeé ar.d .control Lste BRDCTL.
25 Prior to i%8&d Ryts o8 GaEaniBRYC SPYR Yol i 8 hd-8habl e bit

SOFTCMVDEDMS | n iaxteeyupdledr ¢éooar destination data bus CSDAT included in
data transfer bus 226, to the module that originated
the internal signal' to read data from master board
control register BRDCTL. One set of bit definitions
for a master board control register BRDCTL and a slave

20 board control register BRDCTL are listed in "Al1C-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 extermal 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.



status regi ster SPI OCAP nust be set. Soft resource controller 314 is

cl ocked only when soft command enable bit SOFTQUDEN is active. Therefore,
to conserve power, 30 soft command enable bit SOFTCMDEN is set only when a
soft command signal is to be processéd. Care should be taken when the
firmvare in sequencer nmodule 223 issues soft command internal signals

ggcagset of ]E)OSSI bi,e ﬁé’gp%rn@@t tanabeime@ﬁmam&hgafaacetmr asabdube eofand host
adapt er r re rgller 314. The

fol | owing i sé i %c"ﬁ'és&e usi r’fgq an ég%ﬁeteg%sre%%%ﬁo?e If the firmare
i n sequencer regdeter 208 anfitt §eF@urF§s%|‘é°a E‘Eﬁ‘%r’%ﬁ%‘nd’%ltﬁﬁa? lsequencer

nmodul e 223 5d§Poggdc$tfé§pdﬂaﬂﬂg lbagkabst attivé drocdofid tcontirslhetr set,
sequencer. nodul e 3P, b, ck bit L to one in
serial port gbﬂ?? %’? Fegis e ?l%%%&eé Po gdé%}%eﬁ%érfo TABLE 6A. TABLE 6A
10 Serial porpntvaller Iy st'@e SPFGS?EWH ﬂfsﬁ?ft reSRHTEE control ler 314

gltz #R Funct h@a&zrs@msr(su ﬂé sfirdna:htr Byt ehdl Bperabidmokf (Hoardd Tinmer (T).
eserve wa
written actlfgnﬁ§°éie6n§€ é%d%rB%aggﬁﬁﬁélﬁé} 329 Send bit Sis

een Witten into register
SPI ODAT at aMsbGQDHbOWt%’FCQWe ‘B}i’(te thes agEdAns h??t%%lftout to Igl ne

tSF’I O]c spd t rz%%?mrzx@e conRtreller Ry ntecaromtiriol18d Wheth@Svalumafl e in dat a
command can (e FEGeRTPRES Higtedhrt GRRaRETL s otp HYated i ¢, uTTEN
shifted out dBeshlwdiécated by bit LB, soft resource
Soft resource controller 314 includes a first-in-
first-out memory element that buffers up to three bytes
15 of data read from soft resource 340 in response to a
read instruction from instruction router 311. Command
executor 320 buffers a fourth byte of data from soft
resource 340.
The address of register 341 in soft resource 340
20 is identical to the address 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 power,
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 possible
interaction between host processor software and host
35 adapter firmware in sharing soft resource

L]



controller 314 begins sanpling for a response for the 30 current command
fromline SPIO. Last byte bit LB is set when the |ast byte for the
current command is to be sent or received. After the 34 byte has been
shifted out or in through line SPIO33 soft resource controller 314 clears
| ast byte bit LB along with bit S. Lock bit L is aread/wite bit w thout
any 5 hard L.O Lo i ' S h r r.281 and
sequencer nggﬁﬁg %Egggsgé4éeﬁéﬁ%&%ghf%aﬁgéggn?xgvggéfT?fﬁgﬁgggﬁ)o her if
both of themhbissdeassaf PeRaph@¥Rls. A semaphore is not needed if sequencer
nodul e 223 does naf the fothwapemindsequEhcBrmandbile 723 swantharwware ti nmer
bit provided f of r | d of t i | oop. Ti mer
mtoe{ue 0L %gﬁlﬁiéﬂ& 1%%@3@%%1%%% @g&ﬁlé %3

bit T when witten active e.g. 1 cones I nactive 800 ns

after |ast byRewid figstscherbategk Rity Ly adf 3pck Bitchni@n@e%s conpletely

15 shifted ouset,Theedueneieri modeler 22T elbdks aedallHpoekoeBo bygnal from

sequencer mgg‘%@t 1ddk 3¢ gn‘ggd&ggn%n %ég qa%o% Iggﬁg;rgxte bit LB, read
efI ne 0, be

bits R 1:0] I om/n%gé?bgtes are . %m ected I n response to the
current conmeRRgiftes REFOSTLafhakbhdai dehined iine TABLE 68 -has been shifted in
from line SPIO and transferred to TEiuBtex SPI ODATA, that is defined in

tabl e 6B, ,soft resourc b r RS | ue of read bits
R 1: 0] . ggftmare can ?ﬁ%ﬁg%hgb%§|ﬁe €°g§§%$%1ne ﬁ%@%cﬁﬁe shifted in data
is 25 avail able. Read bitinrrpattp|resapnee, copkEotderodthg values: 0: No
byt es expected; 1: One byte expected; 2: Two bytes expected; 3: Three
byt es expect eg- R c—b+ 0 e—ef dat a
bits D1 and command
SI gnal SO:TRE - L e e e e er

SPI OCTL prevept s 7hosf sgh@cessor 281 from

15 6 Last Byte (LB).

5 Lock (L).

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
sP10-, soft resource controller 314 clears bit S. When
25 a 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



interjecting a request during a nmultiple byte command cycle or when read
data is expected. If send bit Sis 35 set while a hardware i ssued conmand
cycle is being executed (e.g. due to automatic hardware action or PCl 35
ROM EEPROM access), the soft connang signal cannot begin until the current

command cycle is termnated. If host processor 281 wants to gain control of
soft resource controller 314, host processor 281 first auses sequencer

modul e 223 aR¥tExBAF et thd fified put °rré©|%?¥9“$§ﬂ%3§ﬁ_ “Fock bit L is
set, host pr @o«fss0esaﬁﬁce1mqua1mésleseqmencbeamdlﬁ@: %&earhit IBtries at a

_Iater tine, % g Qié is not set. Following this procedure prevents
a deadl ock o ort 230. Host processor, 281 does not rer on

aut omati ¢ pause (M?\P)‘ Hl: i bnid & FEAGLYTIER| BEE B POV AW er s since
sequencers nodidréwa2gd fanctisme da.cdf bitcdmrandseddbypvieeskite host processor

data. | , t o CDAT
data. In gars]gféoc%@ﬁsggn%iygﬁ& séc%férﬁ!erpﬂl'bhuQ@ @zgeggsaeéemalémo'ip s

rmation to

( %D% own_Ln Table 6B. Table 6B
Serial Port I%HERESMESUPYBERYEIRIRE fash 9§§e§PF PO AT SHPE™ RN ce
Control | er 3lgbftBlcbhwbAdA . FUACEétRphorE Sencotomeeddd aﬂdseq@n@rr data byte
when bit S i, apld Wil BokBOhSt ChsSBSE leofifdndgad data when bit Sis

I nactive in register SPIOCTL,25 ertai It _defini.tions for
serial pdPt cont rofme%e 1§tgrl§P?é¥ﬁTé%é%f éFF&1%B§rPr8§%3 ¢ S?Eter
SPI CDATA ar e sieftoratrecidagreeiinsteadsef regictitiagrec &imes loopd writent her

definitions. FoL @&&E&H QritheR acENe (cqymmand Mnﬁt‘z%a‘li d to put serial

port 230 in test 30 e, serial port_data register SPI I's used as a
control regi sPEFOTRE %‘iﬁt"@ \R/HPCE |ﬂf%‘?¥|g}r %‘?dﬁﬁ:l Rt 68 passed to pin

241. cleared, e.g. last byte of command is completely
' 15 shifted out. The timer is referenced to a 40 MHz clock
signal from sequencer module 223.

In one embodiment, instead of last byte bit LB,
read bits R[1:0] gefine 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: O0: No bytes expected; 1: One byte expected; 2:
Two bytes expected; 3: Three bytes expected. 1In 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



36 If the command byte in register SPlI ODATA has a value of a command code
as defined in Table 12, e.g. to access register SPI OSTAT, which register
SPI OSTAT is defined in Table 7, a serial port status command cycle 5 is

i npl enented to access the serial pogt status register SPIOSTAT. Seri al
port status register SPIOSTAT is read when an acknow edge signal NOACK is

returned to det rm ne the exact cause Readi r}g 9%1 ter SP|] OSTAT returns
the current RPMERPROM) ageesiy it FR§ S°bhe IHRap aF§™PRat bit. TABLE 7
Serial port segimsuntsidi diher c8RPIre8T AFonmand asyecleerijsaltgymvinakagut - out put

g rcui td25421 SEI gﬁ%@%wﬁf&@sﬁégzgmm% lﬂ%&ﬁ@&;b@r di spl ay d6 3
eserve receive rror comman
attenpt 0 Re§8 b efesouRr\RantEot EﬁREE%EI\f&%’? PEXHYT gglhg;lﬁgt 2 or

is set, She payses sequencdiEmwdudealldrand, exaginesrkpck thiti Adidpat e an

error condi tigisBhi SFIBERENARfdabaw bsttn 287 Sedf tmstpomer-on reset. 25
Bit SPI OPARERR i s set en SSPI OC 254 detects augaré#% in the
€

shift-in dat RX¥°EFESSP RERRFUSes; BEFHERRAHC tten to bit
SPI OPARERR. Weswpper atdachatrend iwe, UNSURPOBRGEPLt Beis \wrth se8SP| OC 254

receives an yngewdht zeﬂlarpmm};&r évedsCangBAgdLoMRSHP YA RA conmand

bit UNSUPPORTED wh tten t ted d
o1t UNSOSPORREBE 239 P e datic g BbebpBer RtV Rl o S5l Cermeen

in SSPI OC 254utematdespausey (MSPh@OUmmate ascgrsl SSGEHRE@J(‘W able 1) with
the appropri e iE¥@NEince sequencer module 223 can issue a soft

command and overwrite host processor 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.

A

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

DATA FUNCTION

Send command, address, or data byte when bit
S is active in register SPIOCTL

7:0 Read data when bit S 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.



code in register SPI ODATA (Table 13). Wen bit 0 is 5 set to one in .
regi ster SSPI OERRCGEN, slave serial port input-output circuit 254 sets the
parity bit so that the packet transmtted on line SPIO has even parity
and so exercises the parity check coecuitry in serial port 230'. Wen bit
Ois set to zero in 10 regi ster SSPI OERRCEN, SSPI OC 254 sets the parity bit
so that the tra Ltte S5 4 he nornal
node. See TABLE g%m&%l gogﬁm gna ll%fé%e@i%‘t&)é §?§;ﬁ£’t‘§ IIéued by
initializat |‘(ﬁﬂl"f9eﬁuracé=°&‘6‘ﬁf‘tio??@? ap setime g\m"ﬁg i: 5 2%ert on of a
signal on pidcdi@ Heyistero&RYOSTATosthixtapeai s2L0. SREQ8TARfi®r bei ng

reset, SSPI QL C3l | ¥ SEROS] PR igtaktudl caanhna ket s
containing b ?es%%%xﬁ'%&eg A¥ to ini tpf al i ﬁatal on reﬁourc‘?@eont roller

315. Wi Pe Mt%‘?@l?‘?ﬂntﬁ? i FFSFP?aH’%rF PET K7 2h88t processor access
causes a targegistar tSEEEINTSe Serbal reext rethtuen  response to the
i nitializati 9%‘?9?6&@@916&1&3% rRX8CHASh A?QdarsaRdys e | DDAT and byt e

ESTAT to ini zat1 on resource ontr8 er 315t that in tlérn 25 wites
byte | DDAT i Aignal MOACK jgigaturmes: Fondetregrie thseaaorareer
confi gurati oReadfihgt eegDther SPHUOSTAT rRtuyns ethhlfbuisnmﬁ!m @St2X/St hat i s used

for all ,comygi aétwﬁg Y & NQSta WlQC@§§9f32&1atm.SaVeS byte ESTAT in
resource stat us regi ster SPI OCAP ( %lté] is 30 used by instruction
router 311 to deternmine the existen vari ous resources on support

circuit 250. Byte ESTsé'riz\imerpm fateueveegisrer SFIRIOSTAT active low. Byte
ESTAT is stored aqt ﬁegt&e'r@.aﬁ.egbl?ée{n&ﬂ%lﬁut AR raakeopbedge packet

starting after the ng _edge areset signal no egarlier than 4
cl ock cyclesjar I@égmttrl% 16 cl ock cycl es pr ecedes byt es | DOAT and 38

ESTAT If | n| .I ala Qe ala Q an
acknow eﬂge ( hf t he
si gnal on™ pin
6-3 Reserved
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 ]



RST#, initialization resource controller 315 tines out 5 and assunes t hat
an external slave serial port input- output circuit 254 does not exist.
Until this initialization command cycle is conpleted, any PCl target
access attenpted to host adapter 24¥ is responded to with signal RETRY to
ensure 10 that only the shifted in byte |IDDAT is accessed by host

processor 281 ande g shing (B L8L03L o CabEOMAYRdIReR, | dent f ed and

enabl ed. Wen a I nput -out put” circuit 254 is npot used and

device ID su§§?1?%$$QﬁN|%P(ﬁ§§iQ€d25én151%F RehAY HeIPgecotlitRdas a shift
regi ster deviggnal sommxggemmaHMeelbognthctheLapprqpnmut@ewameadlDDAT and

ESTAT. Th f S, I d start,
parity ang ;géﬁéb;gsrg%{ﬁ§@gq§§£g§4?§ Q&ﬁg %;¥%?9 devf?g Glgaév ; arf byt e

ESTAT i s 5FFh8&Rdt20°Par 1 yr e %o FoBPERRFEN o) & ‘éegser&?& ext er nal
devi ce can stiapudrbutpgt|ciwcSR @54abees shefpanitylrit kg thasf byt e ESTAT,

and is inpleggat chketaer%xaﬁtt&fwncqme gaeoenmglm pailegwi ng t he
external device “to sto rivin Fﬁg |s one, reason for 25

choosi ng an &&¢ ﬁ&rpf9r§&ﬁ%ﬁEFh?lRﬂﬁ}Q¥ﬂ&5& lon reset of

host adapter;ﬁﬁ&,23DnstWheh|bntrmnmaﬂsé&ltopa35951nnstruct|on signals to

initializati er e o Bii?ﬂ&dfl Lo
byt e TS AediEtey S8pFORRREEN sé’ﬂii)d 254CE8tKCt e £¥i@§3

a resource statu 30 EST T froms % erl port
i nput - out put that &hie tysasmipte rﬁﬂﬁﬁgﬁ) PaLAEY 3R o d‘ execut or
320 on pin 24dhe hddnali mgdeeseseesTEBMEsaarlal port input-output circuit

automatically pl aQﬁo%mPa 43 sih H&nﬁim 36&51@ a)f Ilgaaseaedlﬁyon and sends 35
initialization pac ets contal n

|ng yt es QHQEV%BS £ 31 ._Devi
i denti ficati oHHARL4295API: FREGH Eet?@P%%P 8 PV?P%a??% code to be
provi dediby hassertimptict a24AagnhdnonepistRETIDRVIcEEIsBowhhobfshoshn) i s

accessed by host PLPCESSOr 430, WeeBrbyd fnd DRALAlsé®10C 254

automatically sendd two initialization packets
containing bytes IDDAT and ESTAT to initialization
resource controller 315. While waiting for

20 initialization packets, any host processor access
causes a target abort response to be returned. 1In
response to the initialization packets, command
executor 320 passes byte IDDAT and byte ESTAT to
initialization resource controller 315, that in turn

25 writes byte IDDAT into a device identification
register DEVICEID1 (PCI configuration register'ooht
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

30 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

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



is ffh, an internal device identification value is 5 used. Resource status
byte ESTAT contains information to be stored in register SPlI OCAP. Wen

sl ave serial port input-output circuit 254, a shift register, or a
programmuabl e device is absent, an é%tnomdedge packet is not received

bet ween 4 clock 10 cycles and 16 cl ock cycles after signal RST# becom ng

I nactive. In_such a case,. GO nd.execut or_320_caus i ni,tiglization
resource contrT oMl er I§i5mtl5‘1&rs{gfaz§tdgf‘aﬁf?°uﬂ%\a’/i%%n 1 gln S ig(::%’t ?SSécode, to
set byte ESTAGttre®Hve amdackaowdedaehpagketuwithin dhagloskgnal STPWCTL to

é5 pin 241. Nigfo@s eseidy ﬁiea\tqsae;f@i %HgﬁOE)E tRPUiEIPWn pdio cuit 254, on
ei ng reset, rts_transm.ssion o a IL.he SPI O
that is connggﬁgd f?ﬁttéﬁ?ﬁékf %3(ﬁﬁgﬁggﬁn%ﬁgegégg%f6$ﬁ§2 %F%p ¢ Wi | e

I mes out.

20 transi§i tt ang aheumekchitedije exteraal slaye serial BRFE inmun - out put
circuit 254 gapphakeiasyi@msitadds tdte exigeessary to obtain the device

identification code, .fr for..examl e, . [ | ic circuit 330
and tinme requiregnPbiagg%%b %&Eﬁ§1¥%§§h§% %fggéﬁ inggggr¥%us 25 resources,
such as LED %®@pleted.r anpuPCE Baxgeth aecass qit§empeed3te, heglard control

:Eg%\% 370, SERReM38Q0 2BUrEEFRGIESAL WAithelsightal RETEYbYbeensbAT and

, Slave.seria toi -Qui put cir.cul 4 LpAat

acknow eluéje Me?ngxggﬁfaﬁgggﬁggtﬁlg%ﬁ% ilg:}ﬂl&zrat%' ?oﬁggg%ggkg sh%%gt cont ain
the two obt aipmtepposs 283uppdr exieting cextamadn eafreshpaverbesn254 s

i ndi cat ed by i{shtaFS3ed ahadelbblbaiNng a zero in byte ESTAT. The bit

"hi t1al | 2ati on colfl paPdesBeFiAbsboty. BT BYEMS-CIEPUE 288 none of
regi ster SPI COAMdS tusest @andedevdcendD gobstiutinn jigh desdxef 38R generat es
instructhgn sigPedfal VAELRSS stchea8URCBh Ot YrédidierdierfiBeniorgat he
presence of the IeSounts IRV CBLEvE30 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 one 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 and 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 places bus
terminators 360 in a float condition and sends

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




Instruction router 311 determ nes existence of a 5 resource fromthe val ue
of the correspondi ng bit In an external resource status register SPI OCAP,
also referred to as "register SPIOCCAP" that is defined in Table 2 bel ow,
such as bit BRDCTL for board control 39l ogic 370. External resource status
regi ster SPI OCAP 10 is initialized to byte ESTAT after reset. TABLE 2

Regi ster SPI g@ .. f
function enabl & b c{ fq%gkfg&}RgHggrS%]g,?Jlﬂe @&l%eaeg hQSEijgl Ehggl g
( SOFTCVDEN,) . adﬂi’e?’étﬂ"to 'when) rggRspRPHAEYVICHRIR %@Rﬁb\‘“’“ BPEEPROM 20 1 R
ROM 0 R SSPh&€efsedant HoBSPip@oREpsoBi 281 SOPIhdrl HyjteofIDDAFI watwe SP| OCAP

(Table 2) hayg ¢pp @%dl eemaaas'd@%eef $8eht 2P cPUorRVaaWe2 S s
software/firmare t aware of external conditions aon_a board to board

basi s to5al | Bfedust RaFOwETo etatus, byte; ESTADEOR RS ¢ 50203 A cat e t hat
external suppobk EBopedsEntrdgirsygesr SPIOCAY."soft" commands ot her than

pre-defined soft f e . e et
41 (o.q. one) by Robi® f2ve Hor Y o TRRACCBApE: Mircuies 204, b

€rocessor cer npdule 223 fo enabl e
"ngt" commasdd fryredipter s ABMACIERRLE] ‘é‘”??lel?ief’ft?efﬁ“ttl oft8 for
addr ess

o 1Dh aamhokvadgeepaelgetstm ndBREEHeivedbbet®semml GEEBTL 5 (Table
r espgg

" o i v ;
addresses 1Dh V\%ﬁaa?g © | st'ers dsslglfg%tET\é ngl e G%I?%d“%g% eoirs) and
SPI OCTL (Tab‘lf@OG'—A)VF re§ﬁe€?? et yCag§ 4 WP&@D;N% tobe 3 Qf‘faéﬁeésd by the

val ue of bit fminfidljzatEShAfebotr¢és controller 315 to use a default
device identification code, to set byte ESTAT to FFh,
and to pass the default internal signal STPWCTL to
15 pin 241.

When present, slave serial port input-output
circuit 254, on being reset, starts transmission of an
acknowledge packet on line SPIO- that is connected to
pin 241 before command executor 320 times out. While

20 transmitting the acknowledge packet, slave 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 initialization command cycle

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



10 read/wite fromhost processor 281 or sequencer nodule 223. \Wen bit

BRDCTL is a one, external logic is present to control external board

control logic 370. Accesses to board control register BRDCTL in host 15

adapter 240 are automatically redirgqeoted to board control register BRDCTL

I n SSPI OC 254. When board -control register BRDCTL is a zero, wites to

bit BRDCTL are ignqred,and t 0 f BRDCTL return
R T §EEBREJSﬁg‘§'r H P g?ér&ie e qln]sE?ﬂt:ék%

all zeros. 20 Wen I'S™ a one, er nal IC IS, present to
access an ex®kgmals §é7r %CGEEPRWPS%%E%%S%IY taf tedy At ermpRERS Bt r of
register SEE;QE'eLser[b&QEt thad@pkeurddOoar suppdruradiixealilty 26edi rect ed to seri al

EEPROM contrpl es L Serl%ﬁl@%L&a% Egge%ifég%an 5 ,Wen bit SEEPROM

is a zero wi control register ECTL are ignored and
reads fr&m reseREte HEmmOMheo Yelye PégFg?eWmnq"é"tﬂJh’rtallP #Bros. \Wen

bit EEPROM i exBepii€l arésduieeRavaltue régibser asPDOEAR halad er nal Bl OS ROM
support is a{ra?emaa% %d Vregilickd BRAGEAPH Enb0URL fer il Bt ROM IS

one, externa ogl C IS_present access an external _BIOS ROM Bit ROM
when stored Zabje %n’éela?‘l'ovﬁé‘%g?sstbétt BRREFETECF nPeaved (ATl at i on space
of system nmodoh&c22%0t 0 betewaal wedourice wahtesonegBstew iISRETHPO bit ROM

I ndi cati PGl I@g epeBat . a one, reading register
EXRC]VCTLIQEZ 9 é&'géggif}%écéf I n |ca'fi|r tr?ét% sﬁpport for any val ue

witten to EXROVCTL. Sl ave present bit SSPI OCPS bej ng one indicates that
SSPI OC 254 is connected to pin 241 apaBeEERabl es the 5 LED, STPWand SPI ORST

comand cycles. Bit §§E{5ﬁ3‘§ ﬁ?‘%ﬁ?’et&gﬁ%ﬁ&ﬂw“ GObst {4 Or programmabl e

logic is wused to pa signa y issued

as a result |qf;ea shPReaByOF 823901 294na6E CESn IS Rida B iR s
Write

15 7:6 R SOFT[1:0] .

S R/W Soft Commands Enable (SOFTCMDEN) .
(Default *0%.)

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 software/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 performing "soft®" commands other
than pre-defined soft commands.

30 , Soft command enable bit 5 is written active



10 register SPIOCAP is active e.g. one, bit EXPROVEN in register EXROMCTL
Is active, bit MSPACEEN in register COWAND is active and the access is
within the 64 KByte nmenory address spaced stored in register EXROVCTL-.
15 In a menory read conmand cycl e, #hle command packet is followed by two
address packets that identify the double word to be accessed in the

ext er nal mengy vy SR O, 2icSRodde i ol ke lBRZEMAQ 10 access

menory, such as A

Its 7-MAO aye sent 20 in the first
address byt OB MR FOVRBARIE SBAELT FOWRNAEc o fF Rddr ess byte, and bits

MAL17 and MALBitarSOFEEMIEN nst hsacbhvandthaddefiinit ilonss o0 addréds See FI G

41. Al so, i N gn NBARI Ve A% e@gaeersyﬁmcﬁ%%@%)r%ai eBBcthat bits MAL
and MAO al ways be 0.. 25 SSPI

54 issues fo nds _to conplete
the douBl e WoRBLS i rRRPREGEING Y'pré%%%z%’rt %@c&@sgfztwﬁ' one
enbodi nent bthe @dfFindjicn= firgeddiveageestPumnd GLEIEGKeROM | f serial port

é?é? s bulsyhré £o0055 P FNTO(Tab1306B RaN 2BLASES 3)S drfdl Hpiaked Wi th the
si gha

TRY, W thout generating a.co nal tq nmenory resource
control | er 3?@. e oAb SE-Yon %SF’I %#’g lsodl‘% because the
menory port hfifebted becdd iplued ofobit SEEPROMte IRSTRL d8y:- iis ter ni nat ed
with a Rg T%Qﬁﬁw&ﬁt@‘bﬁ*ém M4t ProceaBekabsilon S&uELk:si gnal to menory

resource contrqller 316. The state of the nenory port 43 can be determ ned
by exam ni ng SEER/%'i n register SEECTL. For nenory reads, comrand
si gnal ROVREQ ( TaWhenlbiti BRDCHEuEd a&s oae,eceukernalalogbe i ocessor 281

access 5 Whefl-ellehtREM bBnEFOl S ereB1OBORYES cBALLYE 1838k 3Ho. DIt EXROMEN

in register EXROMCIL is actiye, bit MSPACEEN | | ster ND is active,
and the acc®SCee8eRi tRi RORFE €oPYIRh FR5ey g&h&ﬂt’slgplé‘&% stored in
r egi st er1EXRAGa[texr@d Onerer guppndteizallly redirected to board

control register BRDCTL in SSPIOC 254. When board
- control register BEDCTL 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, extermal 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 also 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

3s written to bit ROM indicating PCI external BIOS ROM
support. When not a one, reading register EXROMCTL



10 addition to the above bits for nenory reads, the EEPROM bit in register
SPI OCAP nmust al so be an active e.g. one. In the nenory wite comand
cycle, the coomand packet is followed by two address packets and a data
packet containinga data byte that igxo be witten in 15 the external
EEPROM All bits in the address bytes are used to identify the byte being
witten. SSPIOCC 254 wites the data bhyte into the EEPROM and after

conpl eting t FELHFPEe? OF cYdtuiaiddisakisdl Bag8 BREKE! PR ABAHYS hat t he
wite 20 i s sanipkeneto BXROMEXL host adapter 240 can-assert PCl  signals

TRDY# and STOP# t @,hQgt Pégéﬁéssa{t b rigepst %mngabﬁet hﬁdié@i@@ctlon I n
response to |nstruct|on S|gna S on nms serlg 1 Bgte E%%’ us 245 to
access a nmemdtpy FEEEPGN25%51% ¢ %f“?ﬁa‘fﬁﬁ‘i %% & a3 390,

or

SEEPROM 380, LEIst ATPH endr SBIGRSBIdowmuskbsymiesct | Bdt SABIPOERSI &% signal on

menory bus 31V that ﬂfsaceameetﬁégls@emr@e aﬁﬂeCQBg%%: igr 316. In

response to an active instru tlonﬁﬁ‘b%p to 30 access EEP a parallel
res

memory cont r 01984 §hB3FFed™ RYChe ource controller 316 drives a ROM
request signal ROMEQANAGLgeRdWRPMBER e anlyariaied@st acaesudl bus 323
to indicate t?f Jayes@%&mmrséeaé&%(ﬁﬁwn%ﬁ@ inThe. paral | el

el

nenDry contr

oerves 35 a ROM read si t sh
active of? al F%$h%??¥/e$VWGMBV\FFFéVE| Gndt %&ﬁ@%@@%\%‘ Z4owgzzt i ve

on serial portegbstenEXROMMLS itso achdiveat kit MSRERCEERYmMIand cycle or a wite
command cycl eyq i@éggcéér%ﬁiﬁb ilgh cﬁ‘—_i%“aﬁdtQhénaé&ééé/elélv&rathGVSEND

command 5 execu 0 executes a 88§te wite om"rand cycle that is

similar to thEhRefbr ¥BHYR SSHIDe ¢ed Bﬁ%’é t7iH2d above for the
board control reg@sSéerEWh. t hat commnd executor 320 transmts two

address packets 482,andn 483 Rldad 4dmmataegB160MREdcommand 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 MA17 and MAl6é are
gsent in the command packet in bits DO and Dl. See
FIG, 4I. Also, in a memory read command cycle
SSPIOC 254 requires that bits MA1 and MAO always be 0.

25 SSPIOC 254 issues four ROM commands to complete the
double word required 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 memory port on SSPIOC 254 is
buéy because the memory port has been reconfigured for
SEEPROM, the access is terminated with a PCI Target

35 Abort, without generating a command signal to memory
resource controller 316. The state of the memory port




10 packet 481 and data packet 484. After receiving all packets 481 to 484,
slave serial port input-output circuit 254 starts transm ssion of
acknow edge packet 485, updates EEPROM 390 at the-nmenory | ocation
identified by the 15 address contai nefl i n address packets 482 and 483 with
the data contained in the data packet 484 and then term nates acknow edge

packet 485. In one enbodi nent sl ave seri.al | nRUt -out put circuit 254
uses two daFé“bP?sg‘fifﬂ?fd‘%lbé’f e&SMﬁﬁgp%%?gg%lqgls hi gh order 20
address bitsregiateesSEEQIL.he nenory | ocation. The actions o~ comrand
executor 320 and PFBAUhYMESS e, conaall £igrdD FONRED U@ableo1) ecei pt of
acknow edge ,packet 485 on pin 241 are,sim ctj descri bed
above in ref éPenBEYE %%k?‘ld’\?ﬁse e Falid s?Ségéiég?%lpﬁ_%D%%sl n response
to an acts ve wReM! bésdROMnimmegiahey SRIOQRRDIS cafkbYRl Eetutldr 320 executes

a menory  by4a o eXRoMERTERGr&yChteer EXROMOTLC RETASEiexecUt Or . 320 transnits
a command packet fall d, by _twp addr C 92 3. (FIG 41)
After recei ving gﬁ"‘ﬁ%ﬁefg TR U S avgg égﬁ‘é ‘ p%x?é]q-ilﬁé[;ut-out put

circuit 254 staess itr wnthinstbe @f KByt MeSWrR¥YdaddpaEReBPALR and whil e

transm Itti n?_wiﬁpggg@ggggtﬁm%mﬂ Feas membyiewpitds, Slma fromda493
menory | ocatiop_ jdentifi e € pa P an :
conpl et e¥0t ra‘?‘@qﬁrs’é?rbﬁo gg&5Xb8 ea@%%vfoz%é‘{eeq‘ﬁg%g?%gs EK% e

4 and-transnmits the
retrieved dabit bisi erdgiskegdaSRIPEARcMuadDR1a hee@® grtavedatd- packet 495,

command execupQé . 32fh RARS @enbly W2l e Dybmmdred dyele] themcdamand5 packet 495
dat = byt o on badket ol Sillowda By k55 aaEiehe (e ban a0aRERDOTE, (2 11
dat a’byt e i nt packéyteontssiaviniay ar dgtet byte nehat Hifybo e 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 processor 281 to
terminate the transaction.

In response to instruction signals 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 résource 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 memory controller also drives

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



system bus nodul e 225 via data output lines 326. In 10 the enbodi nent of
FIG 41, host processor 281 expects a four byte word for each access to
ROM So, during transm ssion of data packet 495, slave serial port

I nput -out put circuit 340 increnents4®#he address received in address
packets 492 and 493 and retrieves a 15 second byte of data f r om EEPROM 390.

On conpletion of transm.ssion of data(ggket %1,9%0 v er| al port
i nput - out put2 &P £56 18 aRSRt t SOTHRR € h 85 S Packet 496, and

similarly threafl agaifang dycBet or aj vrite apm $Y$#3®.and 498. 20 The

actions of cpggpé‘&mqutor 320 and retrieved data router 312 in response
to the second, rd and

rth _bytes are, si that _desgri bed above
for the first b 'ér%ﬁ%ﬂ‘%ﬂ Ilé°f8&r¥5 tes § ﬂoé@‘%‘éﬁ%wﬁé‘a‘. the byte
assenbl ysr egeseentor ¢339 eaxatutgisaa REMPDYteYtS MXidrd \qesandOogyedady si gnal
SPROVRDY (n0£ha§ hpyng i @Cldy &.d Q&y&ba&?usywmge%mm dylkge i ndicates
that all four é e$$ aval abI t ét gg cgssor 81. Alth%ugh t he
above descri BEFSRIPES c? r%o FREsh? $9GP different
menory resoutbet smanése!eﬁmqreﬁyiobwheémsmlww@t dqdeesFEPROM or a EEPROM
can al so be k},&gﬂetybigﬁ)vgﬁd @ej?q&imn.;@;l)sgebﬁeuﬁedomﬁmpt that instruction
rout er &g\ 4Bi anéo‘?r%rgl ti n 04% ROM based on bit EEPROM of status
35 regqi §ter §ﬁ|c P 726 ‘—’hc})as aI §EEREQ (Table 1) that is generated
by menory resour cAftent reteivigd (lls pasketed 4fheho B84, SEEPF®OM i n register

SPI OCAP i s a@éﬂﬁlaﬁgrﬁoﬁ.hpuﬁoﬂﬂ@ﬂit %%@tblzts:;S@EIQ&@EN in register

SPI OCAP i s 5.inacti.ve., n suggaé eSEEa t' ie'sss egn master seri al
EEPROM cont r §i® af‘@&\lgféf’ SE 9% R&S with the tiner

SEERDY expi r GRERROM ﬁ@ooﬁher-hec@ﬁmm lchtrmxegsienm&etihbw theest is from
host progessq{adddlbs Rehtained in address packets 482 and 483 with

the data contained in the data packet 484 and then

terminates acknowleldge 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



10 signal TRDY# is not returned until the conmmand cycle is conpleted. Wen
the request is from sequencer nodule 223, the sequencer clock is stretched
until the command cycle is conpleted. Command signal SEEREQ results in
access to slave 15 serial EEPROM c8Atrol register SEECTL on SSPI OC 254.
SSPI OC 254 i mredi ately provi des an acknow edge packet for wite or read

comments, and_in the case of readi al.sp_Lmedi at ck as a real
data byte th&8f 88%‘?%‘?’:?% H qahcé“%l évg gad, gfaﬁ%%{oé/ntxfeg}q%gg?ster 20
SEECTL; whi chdahel bifts imea SERPR@MSH A8P -signal s and serial data out.

Sl avg_ IS_erl al EEPREM f@é‘éixgi SR L paTKEETL BN cSHRAMAL 254 provides the
capability to_contro adi n d L n ' - bit EEPROM
devi ce that f%‘e(?&%f)gi ﬁésap?%u?f" S‘]’q}le }Mrﬁttear ?%gg ?é%:f%\?fé eylnjé:gisat;are

NVB3C06/ 46/ EBEkes648hapnareceived Aate AigesnaRlohal reGetf @ ttiG or). The
SEEEROM Rlo:/! IE wRé%Qn@qgt.edxhlorébpon&Fﬂmm @RKar pyper énwhecdivey be shared
wth a Qr _bho 00l G. h C t n 0O timng
required by t aleé‘rer?e}?&gEEﬁ ?‘Zg%r%a\%ad-gg’%ﬁ%Q glgo %?ée;k?%%jti ne t hat
mat ches the diatiacdyse iptaga byhe aesemely|ragistezk (Rateshey®) ity 1 Mz

maxi num a Shiad g fddule PRV iledidta rasiput 3eéneal 3EEPRQL cont r ol

regi ster  SEECIL tq.ease f deyel ' Ility.
Tabl o 8 Hows ThEMREIREY Bt FIGt ¥ e RIRY prlnelioePoRy ! ERnfid B0
control regi sfewr SBRETIWANd foxpepchedsaeed MMl | SP.39YTARE sl ave seri al

port input-outpathswiddidd otbHataBphtkbef 495} isinwherrial FEFECVMDEN SSPI CC
254 1 1NaCtixe d Nkl roiTkOHAR 1hQrBhdned Ml Marbapeserved = 0 6
received in address packets 492 and 493 and retrieves a
15 second byte of data from EEPROM 390. On completion of
transmission of data packet 495, slave serial port
input-output circuit 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 routler 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 router 312 drives a ROM ready signal SPROMRDY (not
shown) active to system bus 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.

.



5 Serial EEPROM Mode Sel ect bit SEEMS. .4 Serial EEPROM Ready bit tinmer
SEERDY. 10 3 Serial EEPROM Chip Select bit SEECS SEECS. 2 Serial EEPROM
Clock bit SEECK. MD2 1 Serial EEPROM Data Qut bit MDL SEEDO. 0O Seri al

EEPROM Data In bit M6 SEEDI. 48 gerial EEPROM Mbde Sel ect bit SEEMS is a
read/ wite bit which when set active, e.g. one, or set inactive, e.qg.

zero, causes nenory resource controller 316 to send a request to SSPI OC254
for 5 access to SEEPROM 3BETHL (SFERERr dTabherbl TR B ERNEKRtESt i ve bit
SEENS r econf bgunétsotyer&Shlkde rasnurpipert 3160ial énabSEERRAM control bit

SEECTL to re [ 0 Bégg C EEPROM chi
select bit gg&égFﬁagc%ﬁg%#étﬁ% i8) ag‘(@)ar% %:%dn'?ér@ﬁtslo | ogi c. IOOnce
SEEPROM nodecegmard gnpabkepait | SOERQMEN AN r&ﬁc’:EE%rt%PB‘PW ¥®sources of

SSPI OC 2%4 siahcasiva.RQbmamad R E iseErRED bt @édsuadi Wh&rhRMode sel ect
bit SEEMS is g [ r PEPR%% y E I $ ﬁag nly bit
15 that provi 8228% E ﬁr%&lm %Q—_IQ% g?:'gg"r?ng?ggé O?aw% SO xfware timer
when accessi 9§ SEE?RCNFSBO"—B? bimex SEERRY 6pPigghcandone. ebRert i ne regi ster
SEECTL is . dunudarzﬁn,mbptoSEERDY goes inactive and after a 800 ns or

I del wh ol t
e o one. . The ot atuear che, Pedied( G Hbh okt R ELER8s AR R i

active be ofe contan|ng to

t he next1®t efignaly FROIHsiifgnSEEPREWEED . utdrl] Hheccommprénrychel &8t bit
SEECS is a readited biWhenhahei segeest tis cin aleqiienidé®M chip 25 sel ect

pi n SEECS of ﬁggﬂfg:é¥§%'éﬂge@eéﬁgﬁggpqgigék is stretched until the

command cycle is completed.
Command signal SEEREQ results in access to slave
15 serial EEPROM control register SEECTL on SSPIOC 254.
SSPIOC 254 immediately provides an acknowledge packet
for write or read c‘onunents, 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 portability. Table 8 shows the bit
definition of register SEECTL.



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
SSPI OC nenory interface |ines as BRDCTL signals when both SEEPROM 380 30
and board control logic 370 are present. Pin SEECS requires an external
pul | down resistor if SEEPROM 380 is present. Serial EEPROM cl ock bit
SEECK is a read/wite bit that cont %Et e state of pin MD2 which is
connected 35 to the serial data cloCK_input QI n of SEEPROM 380. 49 Seri al
EEPROM Data Qut bit SEEDSEEPROM csmtxel: segieteRafERGHtrols the state of

pin MD1. Pin MD1 is Cﬁmnﬁﬁiﬁcﬁdj treddi@cdatant fpUlepi JuOfarREEPROM 380. When
bit SEEDO and SEENMS

[ hi gh | I
for witing a_bit in §EE15%%3§89‘: E&?MS%% car‘iJ %ec%agggsao h Iger ove

resourcesgin p 801 ¢ FebrfidrmY € |§31§§ﬁD@504an be used as
a fourth bit %\i%dir?e%lgu?g%aweﬁbgé}zd data bits RqIEI)P 7:5] thal are
0

listed in Tabjle 5 f Pinto alfour bit
register in poard contTabld goci 370. Serial EEPROM|[Data In bit SERD is a
read only bit : —xced to aceoco data_ftrom-CEEEROM IGO0 —The—=dal ue of

bit SEEDI ref|echs thgey@i-\y@icﬁ @i n MO which 15 is e data
out put term ngls—of | SEEPROM- 380 when Vs

bittdefinitiops feor praasiwed serg al EEPRC]\/I cont roI [ egi st er SEECTL and a
sl ave serial }EERROM control reogister SEECH -are—tist-ed—in—ALC—+3A0 20 PCl
Bus Master Sihgl & Chi peb{al EEpROMARgiccrseleica Baek- Prelim nary” avgil abl e
from Adaptec, |Inc. of g itas, California. A nodul p of host adapter 240
i ssues an i nt érnal 5l qnal _to _access SEEPROMV 380, by betting a serial EEPROM

25 node sel ec] big S—Ewlhﬂ ﬁﬁ?ﬁ&ﬁ @@gdyalbl@EIglggglrcon rol register SEECTL.

In response tgd a readl or wite to
SEERDY.

10 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. '




address of a master serial EEPROM control register SEECTL in menory
resource controller 316, instruction router 311 passes correspondi ng

i nstruction signals to 30 nenory resource controller 316. Instruction
router 311 also drives a signal SEERBRDRDY inactive for at |east 800
nanoseconds, and then continues to drive signal SEEBRDRDY inactive until

a signal from menggy; JeSRR Ak’ 2kh ekt 356t 3rimsli Gates conpletion of the
access to SEEP 380. response to ead or wite internal signal for
access 50 tSe%ﬁﬁ% % e&ngegf Frgh%‘r"y f oM %ofitFol ler 316,
command exectihect 3P, aadg sl zem® s@avges pEPPrynpascweEput circuit 254 are

fS' mlar to tts%ngés&iePSaﬁ@S@é'é&ﬂi aab%?giatr eaesgﬁmcim resd and write 5
or

t t t t |
por ¢ 1 npid - OBERBES. £Pr SEFPRO 036 & SOty EoB500he Bt Shont o usi ng

the VERI LOG amdectfivepbéhdSRENMS amtzqnfclmme@\@hspﬁgﬁap% V\em%eﬁqlitcul ar, the

VERILOG subr qy 51955 BRIORONdcbiiASP!151.9 s VER) Leloeade pimappendi x C
and appendi X raof i che

31, Chat i's MR IOILNEeF, SPLrOhogRT A MR AERRSRLEheR $8 ther ate &

gate net IistbilxseaEEGSnfa:rhesceaeaqaie‘BEE?ﬂ%r@%@rchMﬂt cppprehented in one
15 embodj grenty &g 0. 8 oiicer @%Eﬁkéndﬁédeceéie&v(ﬁﬁ niEeMsatiedassbieedf . The
VERI LOG subroutlnes sho in Table 9 kﬁ%é? (gg%igene ate S|g | s that are
specific to AT & &t e§n588PH€ﬁ?s of 10 An%e PSSR0 2513 10 and 11
20 define si gaad SEERROMA & doimitatedt nabsl cSEEPRQMiimodz2Gelent seri al port

230 re;pec;iv31% §@m&pq§dtgggglggllled in the art candinplegept thg I f
e O ol i 4S8 GET £ Rl i LMol es o
15 that provides a hardware timer that is used instead of

a software timer when accessing SEEPROM 380 or board
control logic 370. ! Each time register SEECTL is .
written, bit SEERDY goes inactive and after a 800 ns or
longer delay when access to SEEPROM 380 is completed
20 becomes acﬁive, 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.

.



Modul es of Host Adapter and M crofiche Appendi x A Software Resource
softctl, softcntrl, Controller 314 softcnmdsm softregs, softtinmer, spfifo,
spfifoctl, spfiforegs Hardware Resource brdcntrl, brdctlsm sbwsm 30
Controller 313 sbwcct!l, led, stpw &% VERI LOG Code of Appendix C Modul es
of Host Adapter and M crofiche Appendix A Menory Resource ronctl,

séprom:tl , Seecnt r%eriaCiOfEHPRbMeDaSAGOﬁ@%id sslrm}um desE keadjatigation
esource ei s | est p C r.0 315 I ructi on Router
311 sprw, spglv\%t%‘a%s éﬁr?:textoc}%, Eﬁ%p%*iﬁ%ﬁ%r@ég@&decé e?‘??‘eggd Dat a Router
sprdnux 312 cSereateddiq theydatapirBRERIN @hFEREROMBE010 WReRal Port,

gpnvelrter Slggm;,sﬁmdoIan&rsadmrrhreSQGtwéntéJgamhes,pqiﬁxt MDIABEE 10 15
ignals to ta Jrapnsfe ' [ r | ts S hn VERI LOG
Code Fun%tioﬁ?grgéngzﬁb%hbqe({v%gntfgterngrg%?gﬁggéig%S’S/!}stt%em Sg _re?lagf port
error to nodBit SBEEDQ3pan dyerusese Whkhi PYhERERFINECRS riduiddditABRst b reset

chip System kusshEPROIE 246. (irvr iedampey PREUUSEERR Scanbes aided as(sel f port
230 resetti%%hrth bit in addition to three board data bits

BRDDAT[7:5] that are listed in Table 5 for example to
10 write a nibble of data into a four bit register in

board control lgoci 370.

Serial EEPROM Data In bit SEEDI is a read only bit
that is used to access data from SEEPROM 380. The
value of bit SEEDI reflects the value of pin MDO which

15 is connected to the data output terminals of
SEEPROM 380 when bit SEEMS is active.

One set of bitt definitions for a master serial
EEPROM control register SEECTL and a slave serial
EEPROM control register SEECTL are listed in “"Al1C-7870

20 PCI Bus Master Single-Chip SCSI Host Adapter Data Book-
Preliminary" available from Adaptec, Inc. of Milpitas,
California.

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. In 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 signals 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 mewmory resource controller 316

35 indicates completion of the access to SEEPROM 380. 1In
response to a read or write internal signal for access



52 Signal Nane in VERI LOG Code Function From To clrparerr

system bus serial port error that is nodute 225 230
reported (self resetting)

transfer dat

a router Mdule 223 bu

for timng,
save power in power

_ clear parity
currently being
crbusy part of data retrieved Sequencer

§0226 is 312 or system being read bus
nodul e 225 cl k40 40 MHzt-cl ock Sequencer NMSPI OC. 210
nodul e 223 and serial stay high to port 230

can

down node
cdadr_ part bP SBEBRGM Afhcdhe astignei 0fF memery FeqURET er Modul e 223
router 311 bost?8Blenr3systcmmees eratioor baso ol sl awer istexriaddr ess 225

%gget 66 t '@@cqgtzég:x [Za0kihiposfes dypdul e 223 and

cddat part o
serial bus

syst e por

estination bus npdule wite data 225

53 Signal Néﬁ’élPﬁs JerrriRsd GRAYer IR FRERTERGM H9 ERR AR it€ansf er

Sequencers in

10

15

20

25

* 30

Soruchsbar bosr@ Zfgntroipcelgds2a8 BRDOCTEL. 311

In one embodiment, master serial port input-output
circuit 210 and serial port 230 were implemented using
the VERILOG code of appendix C and microfiche
appendix A in particular, the VERILOG subroutines shown
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 adaptef'integrated circuit implemented in one
embodiment as 0.8 micron standard cell CMOS 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
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
VERILOG Code used in Modules of Host Adapter

VERILOG Codé.of Appendix C

Controller 314 softcmdsm, softregs,

gsofttimer, spfifo,
spfifoctl, spfiforegs

Modules of Host Adapter: and Microfiche Appendix A
Software Resource softctl, softcntrl,

Hardware Resource brdentrl, brdctlsm, sbwcsm,
Controller 313 sbwcetl, led, stpwr

.



destination or systemwite enable bus nodule 225 <csadr data transfer
Sequencer retrieved [7:0] bus 226, source nodul e 223 data router address
or system 312 bus nodul e 225 csren data transfer Sequencer retrieved bus
226 source nodul e 223 data router maad enable or system 312 drives CSDAT
bus module 225 5 Itst5|g| LED test bus Input Soft [7 O] for test output

bus resource, rcken
enabl es pari{y Systen1bus Seri al

port

recei ved
packets pac2s Yo[VI=ty | §4l df bus
nodul e 223 Rq ul?%?u]? g‘ﬁ;s C lon From
To por power rese m bus I nit] du z ronp PC
" Resource rese Eﬁ P’gr chprstb %fchY %ﬁ%%?%%%)égééﬁﬁﬁﬁi oft 230
Controller 316

seectlsm spromsm

Initialization Resource eism, iddatestat, sprstctl
Controller 315

5 Instruction Router 311 sprw, sprwctl, spstretch,

spclkgen and sprwdec

Retrieved Data Router sprdmux
312
Serial Port, Byte sparbomux
Generator 510
10 Serial Port, Conv%rter spcnt, spctl, spctlsm,
520 '

spcntrl and spshft

TABLE 10
15 Signals to Data Transfer Circuit from Serial Port
Signal
Name in
VERILOG
Code Function From To
20 berren generate parity Syatem bus Serial port
error to module 225 230
exercise parity
checking
circuit
chprstb reset chip System bus MSPIOC 210
(initialize) module 225 and serial
. (self port 230
. resetting)




rstib_PCl reset to Systembus Initial- initialize nodule 225 ization
various things Resource Controller 315 MSPIOC 210 serial port 230 sled
scsi bus busy Input- Hardware signal from, output bus Resource SCSI |ed
| ogi ¢ nmodul e 221 Controller 313 rogpec_ ROM decode goes System bus

Instruc- true when bits nodule 225 tion Router present, enable 311 are
active and .,address is valid 5 ronad A

2 —Agae S %y—s—t—e-m—b-:ls
Instruction| [18i&dal ocqti on to be nodulle 225 Router {311 read. 5% Signal
Name in VER ngmeOS e kunction From To fomwmr ROM wrijt e System bus
I nstruction | command nodul e 225 Rout er 1 stpwenb 3CSI power dovwn I nput -
I nstruction [puVERILM@CGhatli on Qut put bus Rputer 311 (dontrol bit 0)| nodul e
221 st pw vl b} SCStogewer [downr@astignrati || nstFooti on | bus tIer m natli on on
Regi ster Roufer_311 loudol (o antrgl in Stetombit 1) lhae —apdule 295 | ddat
new devi ce spghabapeft Jysi&de Rerity system bus | serial port

error that is module 225 230
currently being
repdrted (self
resetting)

crbusy part of data retrieved Sequencer
transfer data router | Module 223
bus 226 is 312 or system
being read bus module

225

clk40 40 MHZ' clock 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, 1 oxr system
destination bus module
write address 225 .

cddat part of data Sequencer "MSPIOC 210

[7:0] transfer Module 223 | and serial

| bus 226, or system port 230

destination bus module
write data _ 225




i dentification 230 nodule 225 5 csdat part of data retrieved Sequencer

[7:0] transfer

SPI CCAP

nodul e 225 been stored in controller

reset noack send—target

bus data router
read data nodul e 225 eepronen EEPROM enabl e seri al

nodul e,

223 226,

regi ster

225 processpr S6gn&lgngl
ROM present kenigle RY t
spronrdy 4 b/teS(ﬁ
avai | abl e fof CHHRYHY er
present 230 pPlI OCARe seg
resour ce routee—dti—eani

cdwen__

SPI OCAP enabl e
ROMimenory system bug
Sspi 0f

host 316

data transfer
bus 226,
destination
write enable

Sequencer
module 223
or system
bus module
225

Se+t+al—pert+—Syst t—to—trost—236
Name in VERI LD Code Fundqti on From To

and system

dsour ce npdul €

port

router 311

source 312 system bus
port
i dl drdy I ndi cates when Har ®d#are System bus byte | DDAT has resource

register 313 DEVICEDl follomnng a

230

nodul e
ronr den
bus 225
225
regi ster

cti on Te| ect isignal;
tions
instruction

csadx_
{7:0]

data transfer
bus 226,
address

source

Sequencer
module 223
or system
bus module
225

retrieved
data router
312

csren_

data ttransfer
bus 226 source
read enable
drives CSDAT

Sequencer
module 223
or system
bus module
225

retrieved
data router
312

5 ltstsigi

LED test bus

226

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




allowed (no access to ROM LED, EEPROM etc.) 5 sprontlk C ocks each
Menory System bus byte from ROM resource nodule 225 into a 32 bit

controller holding 316 register spioparerr Parity error Serial port System
bus detected in 230 nodul e 225 paddet

received on Iine SPIO 57 Signal
Nane in VERI LOG Code Function From To spbrden Board enable Serial port
Regi ster 2380—SPHOCAR—spseeer—SEERPROMeabte—Ser+at—port—Regrstery 230
SPI OCAP spilobsgigiaXi all port Host Instrlction acceqs in adapter |router
311 progresk npdid 65 313, 314, 315 and| 316 stretchsieq Stretch clijock
I nstruction SecQJEn er, df cycles, Router|311 Mdule 223 sequenceq nodul e
223 5 spi oackde wledge I nstruction|Host packet| detected router 311
adapter - cpnti Gedenndyl es Foanetdod cyclle 31Bro®14, |till BL5 and| 316
acknow edge. . —————————
por power on 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
variouF things Resource
Controller
315
MSPIOC 210
serial port
230
sled_ scsi bus busy ' Input- Hardware
signal from | output bus Resource
SCSI led logic module 221 Controller
313
romdec__ ROM decode goes | System bus Instruc-
true when bits module 225 tion Router
present, enable | 311
are active and
address is
valid.
S romadr | Address of ROM System bus Instruction
(15:0] location to be module 225 Router 311
. read.




packet conpleted seebrdrdy Board control Instruction System bus or
SEEPROM router 311 nodule 225 related command and cycl es have sequencer
conpl eted nodul e 223 5'8 TABLE 11 Signals to Serial Port from Data
Transfer Circuit Signal Name in 5 %ERILOG code Function From To
Start of Serial Master

acknow edge port 230 serial port
i nput out put[—crTcuil 2[00 xbsy X Resour

is control | ef r®ige3la1] currently acti

signal is curmeand yini n| progress. xread| Command exequtor X Resoufce
Command 320} i sygriead [control l er execupor data frgm 320 resour¢e X 10
xreq Service|request X Resource Command | for gesource X. cqntroll er
executor 32p xsE€REeComjand EXRBELEBE X Resource Conmmdnd 320 is td wite
control |l er efecutor —dafa to resource 32

ackdet

packet detected,
ce Resource Instruction cpntroller

ve and serjvilce for a copmand

y 3
romwr ROM write System bus Instruction
command module 225 Router 311
stpwenb SCSI power down | Input- 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

1

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
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




59 Signal Nane in VERI LOG code Function From To chprstbsy Chip reset is
Initializat Command currently active ion executor resource 320 controller
315 chprstreq Service request Initiali- Command for chip reset zation
executor resource 320 controller 885 clk4obl O ock slignal for Conmand

various parts of executor host adapter 240 320 eiread Conmand executor
Initializ- OrreETe 320 .

320 s—toTread——=atTonTexecutor T Ty tTar T Zat T o r esour ce -
320 packets fro®igoadrolller line SPIO; |this" 315 cpnmmand signal ‘
triggered by| swghalilRSTH 5 | edstate Statte of LED LED command controller
executor in ha\r,.gﬂ\?i&;SZO resource contiroller 313 pO Signal me in
VERI LOG cod¢ Functron Hom To
Code Function From To
romrden ROM present serial port | SPIOCAP
enable 230 register
and system
bus 225
spromrdy 4 bytes of ROM memory system bus
data is resource module 225
available for controller
host 316
sspiocps SSPIOC is serial port | register
present 230 SPIOCAP
seems SEEPR&M mode Memory Instruction
select signal; resource router 311
only SEEPROM controller
and BRDCTL 316
operations
allowed (no
access to ROM,
LED, EEPROM
etc.)
S 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-




noack Ti meout before Command NMSPI OC 210
an 320 acknow edge packet rstspios_

i on executor resource 320 controller 315 selronma0 Selecttfirst ROM Menory
Conmand address resource executor gentroller 320 316 selronmal Sel ect
second Menory Command ROVI address resource executor control I er 320 316 5

recei pt of first executor bit of
Power on reset Initializat Comrand

stpe SCSI ter+-ha 2 ut or
controller Sﬁ 0 :Bhi‘gnaslt pI SCSI ter m nat i 0 Har dvvare | evel
resource exequtgrn.gopgrofler 320 313 61| Signal Nanglin VER LOG| code
Function Fromp To _cddat Data for a Data Cygnmand destipation transfler
executor addr e¥ERBYEC22p 320 spiowdat Dita to be Dath Soft wittlen into
transfer resqurcecodoft [esorwethimn 226 |cont Fobier To
spbrden Board enable Serial port | Register
230 SPIOCAP
spseeen SEEPROM enable Serial port | Register
230 SPIOCAP
spiobsy Serial port Host Instruction
access in adapter router 311
progress modules
313, 314,
315 and 316
stretchseq Stretqh 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 sequencer
completed module 223




regi ster 341 341 ronmadr Address of Menory Conmand nenory |ocation resource
executor to be accessed controller 320 in ROMt. 316 xack Resource X
Command Various comand executor resource acknow edge has 320 controllers
been detected in nmaster serial port _jinput- output circuit 210 5 spnakabrt
noack signal to Command System bus W stem abort executor nodul e 225 | ogi c
320 Signal xbsy remains true until the cu {ent command service is

conpl eted. Exanpl es of signal xbsy 'irﬁ%{"%d brdbsy, chprstbsy, ronbsy,
sbwcbsy, seebsy sigphillssyoafdridD Rprtolfoem GataSTgaakfarkgbrcuiti cat es t hat
a command. . packet—andyany—addrttonat—parkets—weresucTe oty —sgnt to
sl ave serial p®kgnakhput-output circuit R54. Conmand gignal xread|triggers
- signal readspi @amed iEXanpl es of signal ead include prdread, ronrlead,

sbwcr ead,_ segr ftriead and eiread. anpl es of sipnal xreq ingdl ude
br dr eq, cfhprs;trq'}g(,I edreq, ronreq, seerg¢q, softreq ahd stpweq. Command

signal xsend|triggées sjgnal Fenadigre. 0 ExBEPFPes of signB® xsend include
brdsend, rongese——scesrro—oFo—SoFtSoHt —r SR gF—gorrana—srornal  xack
i ncl ude: brdqdckdethpr sf 8ekrt. of edack, r¢raegiialseeack

Magiteackland| . Dwack.

To summarize-, in respo 1§%khgwlgaggnstruct§&rt siagnal  15:d41QM aowedul e of

host adapter |240, nastef serial _port énput-output ciffcuit 210 drivVes a
conmand si gngdl active |Packet detected, input-
output

circuit 210

xbsy X Resource Resource Instruction
controller is. controller router 311
currently active
and sexyice 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.




and in response totthe active command signal,
generates a command packet and transmts
single pin 241 that

conmmand

execut or 320

t he command packet serially on a

is 20 connected to a sl ave seri al
circuit 254. Hence, host adapter 24B%accesses a

port

i nput - out put
resource connected to

sl ave serial port input-output <circuit 254 by use of just one pin 241. So,
host adaptef—246-cTam gerformread—=and Wwite operatijons to an 25]external
regi ster or (en®gnaknladdition to turniphg on and of|f various exfernnal
resources, usi mgme sarijfal port 230 with|la serial porjt input-outpidyt bus 246
that. interfa otther portion of hopt' adapt.er. 240 and pin 241 that
interfaces t¢ the exterphal registers or | 30 nenory. |Host adapter [240 does
not need ping degP@ated to Bereskorertaln re¥HMces | hat st e ot fer wi se
necessary if ' oSt adapter s to[dcCess vall OpS T eS0Ur Ces |
for...exam pl|etEErRb¥y3DChipTheseseinf ofipisdeligak pFe™Eandyr sdrj al
comuni cati ol Wi th slavpcgerbaltl1poiétivtionout put ci | ewetuld# is |t he
snmal | est posqi bl e nunbel of 63 pins for|serjal comuhpication, and so this
i i s resourc 3 .
invention rgduces cost$ as noted above. |I'n response {0 an active fconmand
signal on ond of serial port command |i e xPllgryyle generator 10 5
(FIG 5) in clommand exeq¢utor 320 generatdgsizs byte to lpe transmtted, such
as a conmand | G- 4A) Comrand—byt-e—410—n bmrand
bits C0-CA prerpeserdy |asdradtevriegaebtt |Rimittidlald owgdcdmmando dat f bits
DO-D1. The specific ordgr_of these bits i 1on0 | NMPQrdatt,dgd- pPragticing
this inventioph. Table 13 ﬁ?%f%u$1ﬁg%8% 6Q€Y?e formgdt_used by ong
embodi nent of | byte gendrator 510. Byte gpReFaLEFe 510 |i32%oneti nes
referred to herein as ajcommand gener at or{ coht¥édBlexr 14 Si gnal on Cpmrand
Byte Format Afldi- Res- gommand (FIG 4A) tihopal ponse
clk40bl Clock sYignal 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




request Bytes Bytes 20 |line Bit RBits Bits to be COMVANDREQ 0 = CO-C4
sent | Wite (FIG 6) 1 D DO [PRIORITY 1 Read 25 = Hi ghest] RST# NONE O
2 [1] when RST# becones (IDDAT/ inactive, command i s ESTAT)
automatically perforned 64 CHPRSTREQ All 11 bits zero one 0 [2] bit of
zero after 11 zero bits ROVREQ 1 03h Al7 Al6 2 addr 4 0 04h Al7 Al6 2
addr 0 5 an [3] 1 data BRDREQ

. 1 Q-1—0+h 0—0—4+—F4}60O+H—0606—31+qdata O
SEEREQ 1 t. P6hsiyrfal0 1 10 [5] 0 06h 0 0] 1 data 0 STPWREQ (6] 0 Q2h (a)
(b) 0 0 SOHIREQ,.Ld nlg-th (d)y (d) (d) [d) [7] SCF*REQ 00lh 1 Q00O
1.5. (test nade‘ Eez [ SOFTREQ 1 10h P 1 0 1 (SPI|OSTAZD7] 0 1dh 0 0 1
data 0 20 SpF 13h 0 1 0 1
code Function From To
noack Timeout before Command MSPIOC 210
receipt of first | executor
bit of an 320
acknowledge
packet
rstspios_ | Power on reset Initializat | Command
ion executor
resource 320
controller
315
selroma0 | Select 'first ROM | Memory Command
address resource executor
controller 320
316
selromal Select second Memory Command
ROM address resource executor
controller 320
1316
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




( SPI O ERREGEN) [7] O 11h 0 O 1 data 0 65 LEDREQ O 01h O (c) 0 O [8] (a)
state of bit STPWEN, 5 (b) state of bit STPWEVEL; (c) change in status of
i nput -output bus 284 if bit DIAGLEDEN is a zero or state of bit DI AGLEDON
if bit DI AGEDEN is one; (d) to beetlefined at tine of use; 10 (e) a

real -time internal signal of data transfer «circuit 220 is passed to pin

241; I n respphse—toamjactive wTte ST gngl O a Comnm
COVMANDSEND | isignalet |of conmand send 1

2, ... COWANDREMR BMn M thin serial por{iconmand bus send
| ogic el enept Fle 6), which in thils enbodinmentjis a [|ogic|OR gate,
drives a senf b S|gn.l SENDBYTE actiye on_one of fontrol termjnals 512
that are 20 ¢onneeded tb |anPn€6h??ol bls 52¥rsF con/ertefRBZO (FIG 5)
The signal s (r—cerrard—pert Tt COVIVIAINDpL NO— one of
signal s xSENp,ca&lath as pDatd §endasi gnal |BRINSEND or R
ROVBEND. 25 \When a resolige@c§RALESh! er, Juctariffer har {uadeRutbesour
controller 313 (FIG 3) rives a S|gnal RE%% n a c& nd read |ine
COMVANDREAD 1, the sane &Ff€e control|l¥} o dri a signal kREQ
active on onq of, cC reayes 1 nes DREQ | 1 Set of cpmand 30
request |ines ?Riﬂﬂé%gggiﬁf to NDREQ N'W t hi n se??a port cofmmand bus
323. The set Jof command wnﬂnmﬁﬂ:lpﬁﬁes arletFapRfer i ned ¥SXWRand
prioritizer §30. If only Q. He@ahrcen Oanaé zoemmand | @RS dr NS
CONNANDRECLI S active, g&gﬁ&ﬂ%ﬂ§§4grlorltlzer 630 drlvggla si gnal |xACK
.active on a
' romadr Address of Memory Command
memory location resource executor
to be accessed controller 320
in ROM t 316
xack Resource X Command Various
command executor resource
acknowledge has 320 controllers
been detected in master
serial port
input-
output
circuit 210
5 spnakabrt | noack signal to Command System bus
system abort executor module 225
logic 320

Signal xbsy remains true until the current command
service is completed. Examples of signal xbsy include
brdbsy, chprstbsy, rombsy, sbwcbsy, seebsy, softbsy and

10 spiobsy.
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comand acknow edge |i ne CCNNANDACan; in a set of 66 connand acknomﬁedge

lines COMVANDACK 1 ... COVMANDACK N and al so drives a signal active on a
command pending |ine COMVANDPEND I in a set of command pending |ines
COMVANDPEND_1, ... COMMM DPEND N. 5 ¢4 nore than one line in the set of

command request lines carries an active signal when a signal on a comand
request |ine goes actiye, command._, r|or|t|zer 630 (FI.G 6) drives active
signal's on the- c§ﬁﬁﬁﬁg 38&38&[_ 9?ﬁ39¥i§ Ph€°58ﬁﬁ§nﬁaﬁ i line 10
cor respondi ngntyo aiddg thioghdspapkevs i vore crmrcssfejlgstenti te shate has an
active 5|gna@er@%§ugbgg i RaL 28ReR/ut tHEr qy&gq request lines that carry an
active signal, nd re uest i ne, gnfgL ag t he hi ghest
priority, connand P}gpa 3BT 6 v%ElQF%ﬁiyﬁ% ZEPFHFRIBNn conmand
acknow edge IEx&mﬂlﬁﬂWﬁﬂD&@énhlthaead31n¢kude(ﬁrdnaawusrbmerQZ and a si gnal
active on a.cggugyggd[xgyyﬂggd gg@tggg@mgggxg@@gad Commend prioritizer 630
prioritizes the ¢ est pes_in t he decreasing priority
as listed in TABL g aﬁ69?6 pFBE%s%%%}%éﬁfhﬁﬁﬁ%QH PEELEGE: comand
signal s sequlaedl'r@chl wcam disegreq.t kofpreqgrand stfpvwrdesy.acti ve comand:

signal. In responseomxﬁﬁs%i a\iex%eaaahreggergoaiam Raliye | ine

CCNNANDPEND I nd enco 640 25 s [ies.an 8-bit command code on
comand &8de %’6% % %’@r@g’t éﬁ?%lﬁﬁffgaﬁﬂe&%?e 0. XOmG50G f i cal | y, . each

active signal seessend comdrebfioregidrg | i ne CONMKANDPEND | to comrand encoder
640 addresses a difi@pEdy éﬁ%n%d elgnaﬁnﬁaeﬁ 1 okadip: txﬁl&a%k The 30 byte

_passed through extenS|o pl exer ete ed the S|gnal on. a .
~portbusy 1ing® rﬁé&éﬁkﬂEFQWﬂgkeufﬁﬁﬁckrn§°gFa%%ﬁHH¥ K-ogic =
~el ement 650 mhlch Tn summarszekllnnrdgpcmhe spgaalsnenrucnnnammdnﬁnrIlnes

COMVANDBRY -1 £romCEMBAPES o hdt adiptae! k48, ShiBaks SEPRER W STPYREQ.

conmmand encoder 640
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 to 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 resourcea, using a serial
- port. 230 with a serial port 1nput-output ‘bus 246 that
t '1nterfaces to other portion of host adapter 240 and.
Ti;pin 241 that interfaces to the external regi“f”f]”__f;
:memory _ _ : e e

_ 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 oné pin 241
35 for serial communication with slave serial port input-
output circuit 254 is the smallest possible namber of




uses a LED state signal LEDSTATE, to encode bit DO, or 67 the SCSI ,
term nation power |evel signal STPL and the SCSI term nation power enabl.e
signal STPE respectively to encode bits DO and D1 of the 8-bit comand
code. In the enbodi ment, comrand bé68y | ogic element 650 is a 5 logic OR
gate. Since initially, all of the signals on the command busy lines are

i nactive, expensi 6ar nséiil Qaeﬂrmxﬁ;matﬁzaﬁseﬁn%% St%)tgﬂéih&@htﬁ.efr’]m&nd code bus
CMDCODE as t gn n ata bus HWCDAT that is a 10
first input %‘égug %ét&}{‘%{o‘l‘%%i%bﬁggg? 680. The, byte passed through
wite data nulti pFBxERSBBEES £O Fdt @Prﬁlﬂédcﬁvm?ﬂ@ gigppt Bh @6t PEcycle |ine
SOFT that i sekrialopbptt cofmarnd t1idrisa 328, t pbgrer g&dérdtat 519 a | ogic OR

gate in this (e[gmo Y 5 ‘r!ﬁ% §SOFTBSY of
this errboéc?h ment on ng% ac novéé\%éjler Pl“zée %A an commnd busy
| i ne COMVANDBSRNRMAtEen a88Fl 28 theumens) bykesttp (BI€t etMine SOFT is al so
i nactive and cmmntamddayae aub t igdbadds Erpess@antihbiss gopad® on har dwar e

comang 20 SR HDAT-asa e o a0l % BB Bl ioRua BYSTHAT that |

coupled to s te term resgsgse t n active send byte
si gnal SENDBYES &QP-Ri-i nphe epptibic mrdem o kheseshiteni® 1at coupled to
control 1termigartah?, te paskeiciid thnputirmenpibnconTabléel2 iniatagnverter
520 formats tfie, %’&ﬁau‘ﬁ%k\é@%@m&@@ééc?'bfﬁx 5%%1:0 BAbnt Sof WAl£d to  data

termnals 514, 1nto packet and transmt et serrally-on serial
data term nal9eReEateR 519- cBHhecgemeXate gl WaFQmFFHE%SZ of line 30
control |l er 53beféirrad ttandeneliy, aa ahtdhmdnd tgdreraveehi ne i n converter 520
drives a.control signal on drive termnal 525 that is connected to a drive
line 531 of line controller 530. In response to an active signal on drive
line 53115 35 line controller 530 pa'%%&t]lf?e signal on serial data

Signal on Coéhand Byte Format Addi- Res-
command (FIG. 4A) tional ponse
request Bytes Bytes

20 line Bit R| Bits Bits to be

COMMANDREQ _ 0 = Cc0-C4 sent

I Write '
(FIG. 6) 1= p1 | Do
[PRIORITY 1 | Read '
25 = Highest]
RST# NONE | 0 2
(1] when RST# becomes (IDDAT/
inactive, command is ESTAT)
automatically performed




line 532 to pin 241.

-68- Wien the signa

line controller 530 stops driving the signal

241 via an input buffer (not shown in

term nal 536

converter 520.

COMVANDREAD |

COVMANDREAD N 10 wit hin seri al

t hat

in a set of command r

on drive line 531 goes inactive,

on pin 241 and couples pin

FIG 5) to serial
is 5 connected to a seri al

data received

data received line 522 of

In response to an active read signal

on a

command read |line

| i nes COMVANDREAD 1, COVMANDREAD 2

port conmand bus 323,

command read | ogic

el ement 610 fiF ser ISPl O a¢tive on dne of
control tern1ﬁ%¥§ ggﬁécoupledk?% Eg %%é??%rn%zo FI@FeS ] A read gignal can
be, for exafple one dRlrlesource read signals xFEAEEt h as 15 bqard read
si gnal BRDREAD and ROM rejad signal ROVREAD. In tlhi geggbqdi nent, dommand
read logic ellenent 616 isfa logic OR gate. In relspgnss. tlo an actilve read
serial port gignal READSH O, a packet controller jn convdgrter 520 | 20
retrieves a lpyte froma ppcket of data received peritdlly on seria data
received |ing 522 and supplies the retrieved byt esrbedei ved datla
termnals 524 that are cpupled to received data ou%.gél of conman
executor 320 |(FIG 3). 25]If the received packet |s a cknow edge| packet,
during receptHg%ﬁ%E%the packet gonvyenrt er é%p Ve cknowl edge
~det ect' si gnal activye gn trans%%t S at&giyaéngﬁgr 526 %Lat S
coupled to altransmt statug lijne pip cfA{Axyt ey alsal- p10. ol n rpsponse
to 30 an actijve acknow edge getect si gngl CL%E$§ byte generator 510
di sabl es an cknow edge tifnmer t he %cknovdedgv t#Rr tinmes out byte
gener at or drives @&3h¢-acknoi edge sfi gnal] NOAQK attiavp on stat ys bus
322 to abort +he—ecorrahatey-et-e—pur+enrtHy—beHprg—ereetted—1-35—+—dw i ng t he
current co HRDREQ e, additilonaj 07h 0 0 0 1
(4] 0 07h 0 0 |1 data 0
SEEREQ 1 1 o6h 0 0 0 1
10 (5] 0 06h 0 0 | 1 data 0
STPWREQ ({6] ] 02h (a) | (b) 0 0
SOFTREQ (d) 10-1Fh | (d) (d) (d) (d)
]
(71
) SOFTREQ 0 oith | 1 0 0 0
15 (test mode) (e)
(7]
SOFTREQ -1 10h 0 1 0 1
(SPIOSTATD7]
0 i0h 0 0 1 data 0
20 SOFTREQ 1 11h 0 1 0 1
(SPIO
ERREGEN)
(71 0 11ih 0 0 |1 data 0




bytes are to be transferred, such as a data byte for a 69 byte wite
command cycle, the respective resource controller, such as hardware
resource controller 313 drives a signal SELBYTE active on select byte line
661 to indicate to command cycl e extender 660 which of two 5 address bytes
on serial port address bus 324 and the data byte on serial port data bus
325 is to be passed to extend co d bus EXTCMD (FIG 6). In such a case,
extension nultiplexer 670 supplies the signals on ext ensi on conmand bus

EXTCVD to hafdwar € commanfd data] 10 Rus ngD ause poft bysy Iilne
PORTBUSY has| F°PRERti ve sigﬁ%l. The | Vv |§c on8p0r1 bugi l'i he
0

PORTBUSY is |generated8liye to ah active| signal on one of |command |busy
| i nes COMWANBBSY——+etated—to—the—comand—cycte—15—currentty T pr ogr ess.

Wite data nultlplexer 680 ggsses the data byte or the address byte, that
is selected by tH& si EFA%ST te line SELBYTE, to shift-out byte
term nal ss 514. Conbert etat@0cf dritntSTPWLEYESe| ect ed byte into a packet which

s transnitied by @ | LAgngoNtd Al tApReUBIBGA: Shik | s i Lhal

descri bed abave for transnission of the c of selecting
a data byte fRIFMEBCLEPENGME YATLDIEF $BtepQ bég §F%?%$&§§dlcan supply a

data byte frigih SEAGIEDEYr iswenee data bus SPI OADAT when the 25 current

comand cycl e relaﬁﬁs Qg gesggg1ﬁémngﬂutldaabfaus§qft command, when a signal
on. conmand ackno

dg and 0 bus I|ne COw
NDBSY N 18oes act|V§ §bFFaﬁo§ﬁ8ee}%ﬂ§ﬂFﬂB§ﬁ' qv@% gngﬁgﬁﬁ?n active on
soft cycle |iocrSCHT 2230atisi paseed tausbs B0awite data multiplexer 680 to
couple the serial port wite data bus SPIOADAT to the shift-out byte
termnals 514. In one enbodi nent, in rfggonse to .an _gctive S|§nal on a

parity error checkIRrERfiRPMSeNEC ANRFHTVE ORTLE s 9856, CeBmeRY t er 520
checks the paseh§ bineveOMMANDSEND 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 xXACK active on a
comﬁand acknowledge line COMMANDACK_I, in a set of



packet received fromline controller 530 and in case of 70 an error,

drives a signal active on a parity error termnal 529 that is connected to
status bus 322. In response to an active signal on a clear error flag
line in error control bus 550, converter 520 drives a 5 signal inactive on

parity error termnal 529 that is ggupled to aline in status bus 322.
Moreover, during execution of a co nd cycle, if converter 520 tines

out, for exanple due to non-recei pt of an acknow edge packet, converter
520 drives acshgand acknovelegigea 1ifesofAMMANBACKHIL t e M HAMAFPRCECN| ve t hat

i's connected,},g a’i&ét&éntw 344:grid€ aethodi 8RN @émx@a}m/q)*érﬁm@ZO i ncl udes a
shifter state machine 72 ﬁ!G. t hat _.creates.a nng signal s that
control oper atP6nCOIMANY P & REFoPEeFOPRD Y HRTIT %ﬂso i ncl uded in

converter 520inebnCOMMPANPBEND o1 an- ac QOMMANDERNP_ l$ENDBYTE on input control
bus 521 as'illustrat ﬁgréntﬁéxﬁox% laitnéi |1fi®t'ﬁla seahbtteém@&@de machi ne 720

transitions from an state 8 al ong anc 0 a send
20 state 820‘§ﬁﬂq§Flbé§eﬁ E@Ffé?srﬁﬂtaﬁﬁﬁﬂﬁ glgpﬁq e %ERP fﬂ%e on one
of packet cord reirramd eequratsline gora aqymyacoﬁ@@@?éé to packet controller
bus 742 of pa;?é&%rltfi%trr %bber(FféO 6) NaF BERORRR itve %ﬁ.gﬂﬁlltsven56h¢a| por t
enabl e si gnal SPIQEP controlle tﬁﬁo as%% %élg¥tflgé dat a

recei ved on [ZRYd § dggr LAPF 2GS FIERRG PSAFA Per M hal 527,
with a start d:ntrqsnmmngg tot Iuhebytlghawd primwity agmmandd rgayeshp bit

fol llowi ng the); 119 efwnapéunsa%asedsbynune mumid Q;Ihai3ﬁm(bﬁlgG 5) to
pin 241 (FIG. as |I strated i.n bet we

I and T3.
Shifter state® C‘Fl‘?'FfEa'?&Zj(f%ﬁ“fﬁ dtllwggGghiéu?ﬁréW o asc elrr%ﬁtééb\l (FIG 9A
active on couthercomenamdateqi@st 1ANnE COYMARBREQ ST dwath eedulg(‘jleétcount er
input line 71 nehepuné&ﬁmﬂ@ pra¥Hkeze 1830 NEr SV S St as |long 35

as a Counter ag ib on g%ﬂﬁan Ié%fﬁgui%%g%t1§n£|ébRﬂANDACK I that 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 on 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 multiplexer 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 ... COMMANDBSY N. For

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



edge of clock signal CLK40B. Counter 710 supplies 71 various count
signals, ONTO, CNT8, CNT9 and CNTA after 0, 8, 9 and 10 cl ock cycles
respectively for which counter-on signal CNTRON is active. The signals
that trigger or are driven by shifter 5 state machine 720 are listed in
TABLE 13. TABLE 13 SIGNAL FUNCTI ON 5 10 NOACK No ack packet received within

a predetermned time period for an ~acknow edge wi ndow tinmeout EITO No
initialization informatiqn received DSPI O To

r i nfqQr ion on seri al
bort pin- - RO GRSTEBRREEE Paven et HORDED ALK kA has been
recei ved h15s€HIﬂ¢I¥hfﬁaﬂﬁpnbpDWBaseu@h&ﬁrsigﬁaﬁe@TSETNGﬁERCE$Y%bYsignal
ggﬁcf aCL' Vet@t eﬁéc?d@goiec@%ot Eg!ﬁl B gﬂac%hé sirghalcdabdatolesi ngn edge ONTO

unter has no e ncrenente nter has incr nted 8 tines 20
CNT9 CounterthﬁsZW?ﬁéﬁﬁﬂﬁ?e&°@m?P§2ghﬁXWg cﬂnqgwwﬁgsssﬁgﬁéngnted 10 times
SENDBYTESsTo 3egilcaObygateBYTESENT Byt e has been sent SPI CEN Enabl e out put on

serial port pin 28;JQ ({{ENGl-hQy aRd1(EWTERd Sigrididon aiie contdiha)) 72
SI GNAL FUNCTI ON ACKW N Vi ow for

2170 at 15 RISEAGER SRR R REGRT BP9 G 8 when a
nunber of si gaakesatbereignalsl orf @ommandanede i lows FPMRIQRT Af ith€l y a nunber
of signals algndikvVen R&tdwsre tdifmtindNaksaabes | iedEalr sapar atsed by a conma
C V\heanS| :L?:ls?: %Sugoﬂﬁlsecéte dwp:i}/teadsalt%sgmltiplexer 680. The
byte passed through write data multiplexer 680 is
determined by the signal on soft cycle 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 line controller 530 passes the signal on serial data
line 532 to pin 241.



"/", the signals preceding the slash are triggers for 10 shifter state
machine 720 to drive the signals followng the slash. Al so when two signha
nanes are connected by an " ", a signal preceding the " " goes active
when the signal following the " " goes active. In this enbodi ment, when
counter signal CNT9from 15 counter 710 goes active a generated out put
parity bit PAROis shifted out to line SPIOO by packet controller 740
and shifter state whenhitlee 720gnal ansi drone Lliam Sendgeteat a2l itve st op

state 830 (FlLG,SB) [ [ te drives
count er-on Slqn éﬁﬁéékppnac 3 LL8 ﬁt?%%gég %%%rlvgﬁger|§1 pg}fgghable
si gnal SPIOENQ%&QQH91¢% P¥@s%®hs¥1§oaacﬂp9§ts@Mﬂﬁeqxﬁquﬂﬁhﬂwpsﬂgnm

SPI CEN and  aetd ves)byé@ sepdasi gpah BYTESHNE tRaskielaica¥d aliar 740 clocks
out a stop bit on 241 to conplete the 11 25 hits for adagcket In

response to RS %ﬁéoﬁﬂt@rsﬁﬁlaélﬁﬁéﬁ ERFRANC L dit%r 24 °lri ves counter
si gnal CNTA adomeérwverasgocounter signal CNTO active. Depending on the
command cycl e bei ng_execut ed

send hyt e _si e when
shifter state 30 rracﬁeﬁgoxffs lto A at&)lx's rteea%g%]‘g%}g‘-’k\oyfzmexarrp %%awrl te a
dat a packet 46@3@FlEPE4GPMM§NDREéD_§tameamﬁﬂﬁrﬂf?QQmem@n§¢@dons back to
send state 829 4ELGooMaNBREADI 1,1 ROMMMBIBREA®D  shi f éemakBREANBGNI ne 720

drives serial -73- port enablesi'gnal SPI.CEN active and al so drives
counter-bf si GhEPLIENPRONGACPIOFE (@TRRBRUE ot er CFIOAREFFERA 71091 A st op

state 830, ifedemead san dlriped H rpghateNEDSKRE: | 8ignal VREADSPOPUL

control bus 5; FI 5)., ter. state ”H%QA e 9 L5 |t| ns to the
wait-for-ack S e8§8,é§? q%e R?ii gﬁ gf ﬁgi Chi ne 720 can
also transiti gnnwe@‘meri @29 stREG. $H0. dllkemdl@ m;gnailt chpr backfetrrate 840 via

10 branch 8llekhmpie BRI SeidioR¥d Séalasi FRAPSPLRERD, dtkhvas fOr
exanpl e, 1|5rmed|ately after reset, to

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 receptién of the packet converter 520 drives an
acknowledge detect'sigﬁal 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

bytes are to be transferred, such as a data byte for a



receive device identification byte |IDDAT and external resource status byte
ESTAT. Wiile shifter state machine 720 is in wait-for-ack 15 state 840,
shifter state nachine 720 drives an acknow edge w ndow si gnal ACKW N
active on packet <controller terminal 726 (FIG 7). In response to the
active acknowl edge wi ndow si gnal ACKW N, packet controller 740 waits for
an active acknow edge detect 20 signal ACKDET that indicates receipt of a
first bit of an acknow edge packet on serial data received line 522. In
response to bvtectiite RITANCeFySlaet BRE EFTREATNEBRFO SR fter state
-machi ne 740. cbhepS11dONSsudl @i hartwhoe - pekowt et EBUFOLERE. 383

to.end-of -ack .25 state 0 | | s SNTRON gtlhgeggy\hl le in

wai t - for-ack ter state t.i nes e.g. after
ten cl ock cyépesndlgﬁﬁ'#t@? %Ct“ﬁ‘laé‘%@ﬁllﬁee’f‘éﬁn‘?"r’én%go[ RS | 5 ranch 841 to

idle statse 8&Qdaadsdbyue§ setsemiadc pootl edgee8d bugyrikd4 SEENOREK, set
initiali zatl n XQWF 8nsggpﬂ %Eo‘l;‘lil ‘Bgtgcghgeazgoy@t@ B |@@al CNTRON
e

i nactive, ge W ndo |ve uring the

S
transiti on. It|<P %§B§ﬁs§°¥"®a‘a‘ﬁ BRS i ‘V&%‘@[ AgC- a8}< P %giTal” SETNOACK,
si gnal synchrextiea®ior3audbipFeter 767eraum7dl&8n9hackhm3€%ig@ signal active

on status term fc,lhmli?’%h.m%d'ﬁ SORPRGIP A d Raddwh@b USomifland iddrar21 of

shifter staté& at t e next rjisin a_clock signal
CLKAOB that ibys HAGDAT HECayer PRt JPUgY &I:II{‘es% ﬁ“&gség Ko o ven by
oscillator 26&tivd Gigdl.. 5 In end-of-ack state 850, shifter state machine
720 continues to ,H{I vecﬁq%c%&%ggeow bﬁ_{@nq_lmé(:ﬁw;ﬁdguggtige unti |

acknow edge detect™ si goes "1 pactjve. \Wen packegngontrol | er 740
recei ves the gergratgd dye t%aé‘cﬁﬁﬁﬂd’%dﬁ &R o0 86 FeFEPPRd to as the

10 third bit b@aykﬂn@@momumnsma delacedtte tatwmmn@agec}'dbtlect si gnal
ACKDET i qgctl

currently in progress. Write data multiplexer 680
passes the data byte or the address byte, that is
selected by the siénal on select byte line SELBYTE, to
shift-out byte terminals S14. 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 byte 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 6390 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 response 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



In response to an inactive acknow edge detect signal ACKDET, if read
serial port signal READSPIO is inactive, shifter state machine 720 drives
acknow edge 15 wi ndow signal ACKWN inactive and transitions to idle state
810 via branch 851. Branch 851 is a normal transition for shifter state
machi ne 720 for certain command cyc,l es, in which no further bytes are to
be received, such as the bit wite commnd cycles 20 triggered by the
command signals STPWREQ and LEDREQ I n response to an inactive acknow edge
detect signah ACKBET, drfvesad siggrnadl agtivespygnal pRENDER@Ars active, for

exanpl e, dur lc@gmgﬁsi%h@ntﬂét & P¥ddhrdRAdd €8NBRACUSYEhS 334 Ustrpat ed
in.-FIG 4G ter state 25 nachi he 20tran|t|onsto art state 860
(FIG 8) and=edPPUEE BeKROVFSHDES iTRY SPyAar IReRVIRFPRadde, as

il lustrated ilinEl @n e€ratr tonerdb.bum SRar tconverte86620 sfirives astate

machi ne 720 sqgln\é‘is ﬁa%ft%ra %nﬂm‘% moﬁtﬁmuaacgayetﬁétlwg as 30 a
start det ect si-gnal_ STRTDE] repal ns g% ?‘?& ﬁgonse tg active start
wi ndow si gnal8PRed N° Ba REF “c"foﬁ'f?tb‘ﬁ 2"Uec CLEhsi TV 0 a start
bit of a packetcutiionr efpensemmand syeke, biff cquwekder 5a3At tohéer 740 drives

the start detgal SNUxaRPREDELe3B0akbh VEeMigteCH W@ Slchhun1Legai nal s 526
that are couple to receive s%%uaﬁbus 722 of h| fter state machi ne 720.
75 In resporRFERTF af MG VFE sraPt ChaYRRt? s‘?’gﬂ}ﬁ SAPSETOPFRG. 90), shifter

st at e mathi necadtandiréemes tteendnadt S8 ndovive grkat SERPANKechadt ftoe and
al so drives agcouid a5uOssd gnal CNTRON active on 5 counter term nal 723 and

of "HIG 9C. In roRe GibpRRnE: of0coBRPFEEF S8 Padahe PP R ves the
count er-on si ghate GhNI&MMactdoe(FIGd &l sbhatOcdeaves a rmberhioft -in val i d
si gnal SETSI Véggggié Ve S&ilerdl Idperactiehmbpal g2dkdédEl G 7) that is
coupl ed to controller 740 that is also included in converter 520.
In response 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 (FIG. 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 serial port
enable signal SPIOEN, packet .controller 740 passes a
25 byte of data received on parallel bus 523 serially 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. SA 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 long
35 as a counter-on signal CNTRON is active at a rising
edge of clock signal CLK40B. Counter 710 supplies



set shift-in line 741 and waits for counter signal CNT9 to go active. In
response to an active set shift-in wvalid signal SETSIVAL on set shift-in

| ine 741, packet 15 controller 740 clocks in serial port input signal SPIO
serially fromserial data received line 522 into a shift register (nott
shown in FIG 7). Nine clock cycles7after counter-on signal CNTRON goes
active, counter 710 drives counter signal CNT9 20 active. At this point,
packet controller d Eﬁfﬂ | Srrh! e serial
data receiveg IThe %ééﬁ%5é%§%%Kg sFﬁTg b eforéﬁg%ﬁ%terabggléfgnal CNTRON
goes active, 01‘:0&09\/&6“%%%% cyRyes rREpetyiyRtY HOXeMNiRB pyte. 25 In
response to @auaebrvencgagﬁay cnnmmmllﬁhﬁatlvehlfter state nmachi ne 720
drives set shift % V, I ty of the
byte in the rece#&edgkggi % %HEH) §§g¥ﬁgrag%é &%{6&&”3?34%1E%Ek

response to an active
counter < gn@ltaGﬁTQacth?t'é?o TR élﬁ’&@ﬁl #B8 FBBLBOLiransitions to check read

state 880 (FIG 8) and drives counter-on signal CNTRON inactive, as
illustrated at tine T8 of FIG 9C ghegk read state 880 the parity s
checked as described below, and if: rea& serlal port signal READSPIO is
active, for exanple, during the 35 execution of a nenory read command cycl e
illustrated ifm _FIG . 4|, Shifter state 20 returns to start -76-
state 860 (FI|G SB8FNALf }he read serial dﬂp&éﬁﬁﬁg READSPI O i s |n30t|ve
shifter statgactitie Tg0. Teturns to 101 € State ol | er 740

i ncl udes1@ sHiN@AGK 5 ci | Nai ack rarkatd recedvedy waERiBi 2 1020. In rebponse to
~an active serld byte sighpreSetbiied paime pexiiodufdr1820 | oads t he| val ue of

si gnal SENDBYTE as a star |4 k0.t regi ster 1023. Ih
. %cimBhi?aQ? Wi W t%_'“% 4

response to an _active chip rese ana TBSY parity circult 1020

drives a seriBL port ofiulia$tgRnl, SPIEP AfidHatEbAMkeaBi98a] al dpta

READSPIO | To read information on serial port pin

1)
CNTRON Allows counter to increment
ACKDET Ack packet has been received
1S 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 TO ((ENEITO) and (CNTO)) or ((ENEITO)) and

. ( (CNTA) )




termnal 527. In response to the active chip reset signal CHPRSTBSY,
controll er 530 passes serial port output signal 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 SHFTQUT[ 7: 0] on parallell%unn termnal D1 that 1is connected to
paral |l el bus 523 sinultaneously, in parallel, one bit to each stage in a

i ne

shift registler al $0 i ncluded 1 n shi cuit 1010. Stage$ 1014 1,
1014_2, 10f%2%éui. and 1014N 25 ofkbﬁ&?? ée Ister 1014 are ¢onnected
In series so | as stage S

a S
transferred | HCEWENcces sﬂa\t‘é &1&&8‘" ﬂrt"hgkcl??‘gi‘?tl from 1014 N fjo 10141
with stage 1PpTAN as the¢ sertal | shift-1n stage and siage 1014 1 ad the

serial shift}SETEZFO stcd%“d'r?' E3GR2% BTG Bbger B % CLK40B. I FIG
10, th P t Ot hif t 1014. On h
s ng edge 4B BIAERr od W R rdEPT CPkABE, P bit stored in tHe |

e bit stored in the |ast
stage 10141 rrves a signal on output termnal 1011 that is coupled 35 to

an input dine 10211n0f1=1&arbt¥h£hr&%dmﬂél2%f sEZ;natLa age .ea@@ﬂtéaent a stage,
such as one of stages 1Q14 1,

) ig’ gg bg to one
mul ti pl exer 1EOFD ¥ r@nsi{ionnar a%??ﬁ%ﬁﬁ?%ﬁ Pu 85h°£ igp % %1 op 1120.
On each ri si ngreedeivein achifber ebe cédpials gnal 1Gsk4ABsepasayed| by rom t he

previ ous stage dines: leer Maah DOual1 ultd RsHRIcLlBy acuegph that serial

port input sig SP1 O recelved a dr.i ves tﬁé first _stage. A
si gnal fron1|nbut thﬁn%ﬁﬁﬂ%&ﬁePrESE§1?£'€§ ]%%aﬁhlﬂﬁﬁsﬁﬁ%?ﬁFﬁﬁlfff of 10

mul tipl exer 1ladADftdédrecater mashdneal 7SENDBYAE vk ithes silgmadisnal SO of
mul ti pl exer 1%&9}0&{!@ ASRPNES I ABhEYCwneh W sEMRY HameRUhEEP! exer 1110

asses the signa
P gonnected by an "=", a signal preceding the "=" goes
active when the signal following the "=" goes active.

In this embodfment, when counter signal CNT9-from

15 counter 710 goes active a generated output parity bit
PARO is shifted 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 SPIOEN active. 1In
response to active serial port enable signal SPIOEN and
actlve 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 response to inactive counter-on
signal CNTRON, counter 710 drives counter signal CNTA
inactive and counter signal CNTO 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



termnal D to flip-flop 1120 and ot herw se supplies the signal on
termnal DOto flip-flop 1120. 15 If read serial port signal READSPIO i s

i nactive, parity circuit 1020 passes a signal on input line 1021 to
serial data termnal 527. Parity circuit 1020 conputes the parity of the
signals on input line 1021. |In respopfse to active counter-on signal CNT9,
parity 20 circuit 1020 cl ocks a garlt% bit on serial data termnal 727
based on the B8RputBAPhArFignabrSk ket M PHI AW I n response
to an active byhﬁteseﬁh signal ENTRGENIct e ity wedtcant dfi{tedd aalos a st op

bit on serial E? rninal 527 to conplete 25 transm ssion of packet. Wen
byte error enable S|gnal BERREN goes active on an error control bus 550,

parity circuit 1028npassesstehe PACeribce pepdt§enialtposlrial data
termnal 327, sighd1SREANEPTDSES hBEiparbhyifpucucdntfoR Bhavezserial 30

port i nput-out Cigh Cui espan 0 serjal port
si gnal READSP“%ﬁ&f gh%%?%flﬁga%ﬁeggrggg%1Zgao%§g§g¥ﬁlégqu SiEhe Shifter
state nachlneW?ZG-JMFVQ§RS§ﬁP&B B840t etablimesTgndFIGSPPBEN i nactive. In

reSponlsle tOSE ge Ih n@ﬁ'ﬂt%rs%rt'a%'e iﬁac&ghta eaablcanszmaal c§EhQEedloxluﬂﬁom
contro er e S ut rrver
connected -78- étl % %tl% dir eplftléb S §Ra %gr %3?"

Si gnal rom |nh?b|ted and
pin 241 i¥0 usdim‘aéwis f?elri |1rfp13=thepm¢ae§3n($ermadep@é’ﬁt ﬁélglnéll B@BDﬁBI@smor an

gcknowl nggl poaé‘d@itvé 0 f&ﬁ %:f& 1@%3%&@81%%'1@%%@1’& Qel%'elﬂl 2é3>Nggd EaSSEd as
si gna in uf fer en . s i s

i nacti ve, par’é?%/ee’rvé)nci)%‘fl‘?ﬁjlltqeﬁﬁé@rcvajw.}dﬂ‘ E)rﬁf &ﬁai)ﬁgf %”? ?&EFﬁPqport

i nput si gnal SPEpufceonstatuabys tESTHIUt |ine 522 that is coupled to pin

241, to the input phRipE £hiSterd O @amaldHihd\ Bfo S fifn MRGitStER--4@k4. 1N

response to an active set shift-in valid _sjgnal_ SETSI VALID on hift-in
vaIPd Ilné 74lst%5e 840, shléter state machi e 720[%£§ves an.O set s t

acknowledge window signal ACKWIN active on packet ]
controller terminal 726 (FIG. 7). In response to the
active acknowledge window signal 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 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 cldck cycles,
shifter étate machine 720 transitions via 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 sighal SETNOACK, signal synchronizer 730

35 (FIG. 7) drives a no acknowledge signal active on

status terminal 733 that is connected to a status



out put mul tiplexer 1016 sinultaneously, in parallel, passes the bits
shifted in frompin 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
termnals 524. Shift register 1014 albgo passes the received bits to output
termnal 1011. Wen 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 ldorpa2ds ofhehibhput etatpapaching 720a pEceheeBePhrity bit on

i nput |ine 1Q2kijsirﬁ§‘¢d§rei \sqsaac};)a{éjétyi@;uprcmeﬁo@ttﬁdts iignhal bOPEEPARERR 25
active on packet error_term nal se of errors. . c r parity
error signal YPHEPARERS CS(S’S 5&9?92 bglﬁ&grc?%lrve@on r&%cﬁl}s E@B 268

parity' circui {FI®2®Mrives a serial port parity error signal SPl OPARERR

bodi ment of 8 par L e B B e e g0 and 11
enbodi ment of a parity cirgui s . illustrated | an , any
other parity c%ﬁ‘?ﬁ’b‘i‘?gcra% %@V&sgggﬁ“ﬁwgggg?dwméow' T adkrk

ance Wi i Sinvention. One
enbodi nent of atthee comtiblaaknoxd@dor| detsyt FHENVHACKPEDHEISH enabl ed

out put driver ;4240ive. ( Ften p2vkdth@onitsoldBk T Peb efledyivks whesilgimal SPI ODRV
on drive |line 531,

out put dri ver Pt 18f|pg§é:§ Onozwer(%%ea%g%t%elt\éﬁ? g%%vg?g%gfeig%gg % r%glrﬁggeRYi’ al
data |inaos32thargi hirdiragket reentnad l@n V4 OsAgh¥es SHIODRRKRPELRALS  out put
driver 1210 apdceetPs9¥hdesaekbighindmadance to 5 pin 241 and input buffer
SPI O To serial dAPaTPPRESSLte Ak Fulsiys eRRbkIeaBd BetREL 1 ITEL
LEDTST, |i ne sdgmadoPICEPET30ifaxead apmiay Rargheignpdr REPDPEBIQ) $fal s
TSTSIGNI[7: 0] strhade ihe,Seheeted Batbemya@hiiee of20 BirivesEQEREbIRe@Fe descri bed
above, to, putput, frlverni3?Qexhin’ $RR0SFe thd 1G4 Y BnkERo! g8leS! gnal
state 810 via branch 851. Branch 851 is a normal
transition for shif'ter 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 in .FIG. 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 Té6.
In start state 860, shifter state machine 720
drives a start window signal STRTIWIN 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.



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
i nput signal SPIO inactive (e.g. one) irrespective of the signal on pin
241. 20 In response to an inactive skatus signal SSPIOCPS, Iline controller
530 uses two nultiplexers 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 {g)résdenld teopadthue SCIr2Sidtertt carries bus
term nation si &n ST er or not
25908 SoRlRHE Vi AN Go) STERER o SRRl b it nthard

status signaf aul’t éomand 533, 1s active or inactive
respecti vel ydr\?\MPéhthﬁd?'é%ﬂf"esi“trWé’“blsé%ﬁ&e B}?‘T‘&{Ee‘rﬂ?é’ Giv& afave seri al
port 1 nput- Outlaut deivesi 4. codtd-dreighadnCRTRON eactl iawee geri al port

| Pt - UL put  LEGU! LorhiAg: oAl Tld @aB0cdbhyC0 Brddg Sladhis  Ler i nat on

si gnal

to contro g g power_to bus
ternm nators @tagg ?Hﬁut f°6u?mp¥ﬁ|sasa§13é‘§ k& %‘bo‘?/’eme 35 R%l ave serial
port input-outgout sgi.rcuit 254 (FIG 3) is inplenented in one enbodi nent

using the 80 VERIL O?e%ﬁdﬁagﬁ/[%tgéé’fé%"e shAggad ét@t&‘" hAcIVROPEYS

Synt hesi zer version ate arra SLA 2000 Il able from SMOS
Syst em; | nc.Axjfvesa i heo seunear - ‘Pﬂ SN a§Fé?’F ﬁ?& 2| ave seri al
port 5 pbpn Iddivdiereiseaf shifshaneval id FihgnalhSETSIVabnaetive oo |ine

SPI O, a shi f% t{esgﬂl%__er 1%15%?{1&'9?? &frd alg Q@,rag._ KB gg{l PEEPEL circuit

254 shifts d seria rom sl ave

trans shifted
in data to s%%fu t'PSB(}lnFn"éﬁeaEﬂbYﬁﬂf"rﬁa or é’r‘ﬁ“l“lte?:edf"g?ﬁi Ef%ﬁ%
transfers 11 &6tgo aictiire shilhi eespondat to tan a;a:qum@ert £B36t-The 11 b| ts

nggl se the [ofehVebnPACESTVAS! Bl B st ¥ JirPillined 7@ RALKEY €, 2
P y 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 CNTS

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. 1In 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. In 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



“bit and a stop bit as described above. In this enbodi nent, when all of the
11 bits have the value 15 zero, sequencer 1330 determ nes that the received
packet contains a reset command byte indicative of signal CH PRSTREQ ds
descri bed above. In another enbodinent, shift register 1310 transfers 12
bits of the shifted in data to 20 sequencer 1330. In this enbodinment, if

.each of the 12 bits is zero, sequenééﬁ'1330 interprets the 12 bits as the

reset command dnde €6d NFESP@ISE UF aheaGkeld seemaihipbi-tr egi ster 1310,
sequencer 1330 transi 'ﬁq§% r.ough a . seguen f states 25,that i
specific to thsel%rbgrraéné ytIte it ngcrtégel’vg&%ﬁ(%etS%gﬁg S‘gﬁgrlgteeg control
signal s that df¢tarrdiinidlexdt@areoBl0370. I n response to a packet that
contains a reset coiERd RH0kall 1 SEAUANGRCIARRE thahift i ting in
wait-for-start _state 14 Fl 14)_initialize | 1., of the state

vari abl es Et’and Ton Llur\'fu])}ép? nar\%lai -‘%%"F{Eslf a(f’trc%]?tatal 63210420?&9} 1 SRS ment
sequencer 1330ansachtveeslend hyte oneghl "SENRRETEm@aMEI400 (FI G 14)

having flip- fLOpeuRESOELEt Eadbttheasin @b 36 sigies senvnviedata 35 page
19 of Mcrofich

pendi x_B. 81 n_response to a re signal on a reset
oin 1501 (1 6 SearePRIE o ke Arad "putREr ceteifrae SFEL ot S bus 550, such
as the PCl bus, theInl aeepopsfatopantacthpetchippueset reignalbss is reset
and sequenger t#BRsSTBSY!apheity Bibandere68b akalesl41Beril tp@ti zes

vari abl es, goes to reset agknomﬁedge statg 14%1 and ségp$£s comand
executor 1370 CYTPEEeFFE ey PEECO; ERLVE dAPFONCBy EETIPBATERD ext er nal
resource statusermin@lESPAT f Ionrkspoesanpbethe prodgrvamabbperésegtc 10

circuit 330. |nsii@sal apRRaWsR10e 15kalentdbil e3e448NEaEs4330er@hE0 CaUseS

acknow edge nultuplexer 1320 to _send an acknomﬁedgg p%iket on pin 341 that
is coupled to port output signal SPIOO to pin 241 as 1llustrated 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.



“line SPIO for as*long as sequencer 1330 stays in reset 15 acknow edge
state 1411. Sequencer 1330 stays in reset acknow edge state 1411 for a-
vari abl e nunmber of clock cycles depending oil-the time needed by | D ESTAT
detector 1375 which depends on, for exanple presence or absence of
programmebl e logic circuit 330 (FIG 3). 20 In response to a reset signal
on pin 1501, | D ESTAT detector 1375 ckdéks in bytes | DDAT and ESTAT from
a progranmmabl e | ogiln cirrec antbRBMenthi lae swaigei. nguchorsbpnesoEDDAT and ESTAT,

i f 1 D-ESTAT defegdey 1163/ 1t nes ity N qrs qmgfel«emeeebyoaaleaenee of
programuabl e 25 | ogi ¢ CiJCuit 330 {é¥§1 ngé§% detector 1375 uses a
default byte é%n?nﬁhgﬁfiﬁﬁx%ﬁu}%ﬁ oyt AP K OTE8Ts P ERE signal s
on various pinsudlrapresgmcElap 1BhEendn Gafaqiulﬁlsuplg)re@el lofdown resistors

on plug-ins bogyge2rda @fo@!@sg{éx@&ﬁ G| fs%gqg{aqncﬁr&xp dReG  16. 30
| D- ESTAT detector 1375 then sigpals sequencer when bytes | DDAT and

ESTAT are asseRBPEHORRJSFa3EAFbyes trexRinakiRh o Mpiniexsired 1380. |1 n
“response to thexsegtathétosetrDaESIAdt Dighect gLl 55 P BE ueitedve B3 3@

transitions to §ﬁ”9413§ri989t tﬁéCEHQE‘ é%ég’g@ 14&%%?%%%@&1@”3' s for

mul ti pl exer 1380.t0 pass reg] ster I'n send

i dentificati on™St5iB1e%eS Xo%%qégﬁ@er1333@r+6%%st%ﬁmk9?¥wD¥éﬁfcIock cycl es,
i ndi cat ed 1ion FmGltiplbyetX1@1o0f or Martotvatl, oéighal eBENDRYTK d@mﬁe§5| n send

i dentification 4 n n{i§hcation
regi ster 1310 t%%%ﬁ&a& s Ok m§1§§%$e#%§a%i§gltlg |§§%§5§S&4€%et on pin

341. In one enﬁ@@?ﬁén?ENQﬁYéﬁclW§F&épéﬁxﬁétél%HoPaS§ﬁ6mhyec%ﬁ%%%%§mhnd
stores a parit\teintinfadr Da eyt €lipt-dleg 1n26hahtl cepeswesel8dPpDied cl ock

cycle 10 i mredigfely éﬁgﬁgggyeg&“ﬁ_alhgoc aCkq§! cgeoknlg?bch the byte is
stored. Then sequenc transitions froms denfrfication state
1412 to se¥rl ext er ndif temd #erial 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 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 S50, 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



state 1413, waits for twelve clock cycles during which 15 tinme shift

regi ster 1310 cl ocks out byte ESTAT as a 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 fromwait for-start state
1420 to shift-in-command state 1421. quencer 1330 | oops back in
shift-in-cometrl Biat2 142159 oroutime: o igolalcfodoes pali |2 1sHisft  regi ster
1310 cl ocks innﬁtlﬂﬂbj:@édi &id then packets fUQB1L22Pidh 35.4%ut gin Sgguencer 1330

I's unable to d the r V, cojma seque cer 330 tran5|t|ons back
to wait-for- EEP?Q%@ §§h ré%ﬁ #® byte 30

originating f r’é‘m éevarlilﬁldcfmmﬂéls%l%az&sm B Lﬂl areiqq;wsesi gizal LEDREQ

or bus terg1na§9§n53q9§§%158§WY§§%fsyaﬁgggpfi %§30 tr?n3|t|ogsn;glrgLfﬁg
data bits state 143 and causes board control register an
circuitry 1374 in c ﬁﬁﬁnﬁegauBﬁY%rsigqﬁlE%Ew%BﬁE% Bty ¥Ry D1 from t he

command byt e tpadaivel sngnal@u101phexenrI@Bmouﬂlﬁgtf&ﬁﬁmﬁféﬁséﬂmal as LED

350 83 or bus r t u C causes
acknow edge nugigérgggﬁe 85 ﬁ?% ??fﬁgn??ggnééyli &#ggggﬁ% ké% on pin 341.

On conpl eti on hé® FPHﬁiﬁ?SEPoﬁlﬁfzfﬁe %Bkﬁbﬂﬁbﬂ@%tpebke?f Eiegtencer
1330 5 retl@rnsstegeairOlfioN- ofarhistaregidér iaiaesponse to ot her conmand

ket s, 333 tLang.t c e St such as
3?ftg Eytzea;?chiarﬁ SFEP6H§E t8 §n 9c£9$e QEE EH??gdrgsgas gte 1460 and

eeread-mait-loﬁlgEﬁﬁegngévéP&Pe°T4?Gt ?HéfEC%Poﬁélbﬂ 3épeehtdr aB30 in
such states aoatputi malttiplekeradbilensideicanbedsaPoveni paraeseest to

wite data bit$ e %éB%ut%X%%RktEG?En §§8HGB§Rrz£§32n8a“§ore8h‘ft
regi ster 1310 to c¢clock in

eac 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 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 of errors.
When clear parity error signal CLRPARERR- goes active
on error control bus 550, pafity'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. S)
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



‘addi tional address or data packets as necessary and 15 al so causes conmand
executor 1370 to performactions indicated by the respective conmand bytes

such as witing or readingtinternal registers BRDCTL or SPI OSTAT or
menories ROM or EEROM In one enbodinment if there are any errors, 20

sequencer 1330 sets a bit in a status register and causes comand execut or
1370 to turn-on LED 350 (FIG 3). In~ b%e enbodi ment, conmand executor 1370
i ncl udes boarsi aronk rSﬂIQ@i:}{'stWtEaWd drinvieroi2ag DRseeist By SENagl 2Bodet ect s

the presence asughse n@ 1 Ehbles s edadiahe s arifienaier goi nstal l ed for
i nput - out put bus 2

there is N rd control
| ogi ¢ 370 ext%’rrhaf “1o sﬂv’egaécetr]i‘é‘? ‘%o’r‘{e i SsTtR Qﬁ%ﬁﬂ% é{géﬁa?& 584. Command
executor 1370 awseuf n@rives bl BUESE Py idaed dHABAFPERANcEl)or ecei ves

devi ce idepti prﬁHz@:[l ai@atﬁﬁxﬂp@hff@fﬂ nn Ct%@éﬁmbima Hilgnall ogi c,
henceforth PAL

2 nse nals o rLous pins s nory
addr ess pi ns Nﬁﬁgeéﬁﬁ&l\ﬁ?ﬂpf’f—’l%fl fort O’f‘b ‘ftecﬁlqr}‘?g g’}&ggﬁce or
absence of varkousepiadedatai héne3B22evi ces on support circuit 250, such as

EEPROM 390, SEEPR%?’ggspQQ@édtSOQﬁrQJ:t.JLGQ'ﬁE§7Qes@U§1§t4al tidggaat or s 360
and LED 350 (F

ave seri al ut - out put ci rcwt
354 that s nodae FonEORAAER e P PAPBPBIRIS, Ff hELSBby PRECTIAT | e,
active silgnal sikgealsh@spsac¥idéfnDhethdeviceseieptedehy bkﬁSva;h@mﬁ

circuit 250 ang,;qn hﬂ%‘i‘s‘x«:‘iﬁtzs'oﬁlnagshs}lbeﬁ' SBEGe apsepgepRt the
predet erm ned dgvi ce describ [ow in_reference Itbo FIG 16. In

addition to pr VEMLTER - de e EESPORRE: toYLPE BSEEXR LEROU RS s#HeRA! and
control |l ed by JIEDEST,]1@ugnitaldxiivenrt matopp'asslescuhe BbdecEed Embephal in

response to corg%}gs TI%ELCR(2 ghle 3) serial port 230, can send a command

packet that cause€s slave serial port input-output circuit 254 to nerely
passes to %SOft In response €to an active package lnput Slgnal

PKG1- 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



resource 341 information contained in packets received 15 subsequent to the
command packet and so allows future expansion in the nunbers and types of
soft resources included in support'. circuit 250 (FIG. ' 3) . One exanple
of a soft resource 341 is a debugger that is polled by sequencer nodul e
223 during boot-up 20 and if preseﬁb,'sequencer nodul e 223 | oads in
additional firmware or data or both firmvare and data from debugger 341,
executes the |loaded firmvare and wites status to debugger 341. In one
enbodi nent, NBBILAGapede DuOnimmpidicheearpgndixiR|wieh tSYIRAYSout put circuit
254 are couplsggthesikaposersidi nglhe inogsogngayet errdyssb@omuch as a PCl
bus as illustrated,in ELG set i t ermn 5 of slave seria
port input-ouvgﬁﬁabgfrgﬁ?? %@%Sﬁékgﬁﬁﬁre,ggo 8Es§§%eﬁ¢%%§q%%éet line of 30
system bus 283 t hdn regppneg &9 ghaAitamt RET- on| Flp¥epBRAsEAY P acti ve

si gnal P@E RSEin Stﬁ;{?he&éihaf?@@réldmlﬁilfpuhnut thh?fﬂétci&ﬁrﬂeaéd erfs si gnal
PClI RST- i n input, .bu r..1502 [l Nntern u Y. k R: 5 for
exanple to geﬁ%rdf%lfgggT'cgnﬁgﬁéf Eﬁ?%ﬁ SﬁéﬁgéaPﬁgTﬂnggS?gﬁéggeriaI port

i nput - out put RIFtc G PRS4ONEPREr SL¥PRl b A% sl teisgAatapiépResriahlgs  out put
buf fer 1503 afbwirdletee PignaklPEh&TEansferyiighe shidtednah 4504 €tor

P "2 ave® Salitdedanioe’ 20onoatnafaRhy 240 FoGBLRReR 938 T FOID

from slave ser portinp out put I ; nput pin 1521
that is #Pffecremmsfexmidedisis pér thpi shifed Hastdat@afer 240 passes si gnal
PCI RSTB- t hr ogghuéngert i1nsfd.er The221apilt £ ecaiiptiste el IMdcetivedseri al port
230. Master serj po ' -0 | rcui | i p- 1541 and
1542 to doublégf&ig&é H(%lr‘%dr}%%[e at%‘e:agésgﬁ:’éi§n%1?t&€érho%§§ﬁc[§dt.abg%%gre§1522. In
response to aRificanded stkpmlbign ascdescribed rleye: SWtithigort 230 resets

all state nachmBeaiméft | Naidn idlill ol thealesbits HOEPrIse valuzonmand
15 zero, sequencer 1330 determines that the received
packet contains 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. In this embodiment, if each of the 12

bits is zero, sequencer 1330 interprets the 12 bits as
the reset command byte.

In response to a packet from shift register 1310,
sequencer 1330 transitions through a sequence 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 flip-
flops associated with each of 36 states as listed at
35 page 19 of Microfiche Appendix B.

.



signal CH PRSTREQ serial port 230 generates a packet 15 containing a reset
command code that resets slave serial port input-output circuit 254. As
not ed above, slave serial port input-output circuit 254 senses the
presence or absence of various resources fromthe signals on one or nore

| ines 20 connected to the resource. gor exanple, when | D ESTAT detector
1375 senses a low signal on nenory chip select |ine MCS# (FIG 16),

| D- ESTAT detector 1375 determnes that there is no EEPROM 390 that is
coupl ed to slave IBeFFEPORRS t+9 Mpdee6ht 5319116}‘I‘%%IT RHet S 13Ply, when 25
| D- ESTAT det dFticr. 18Y5thatsis couplgd sognakesat SEERR@M ayatemsel ect |ine
SEECS (FI G %%)s ﬁeg Esdér Qgtag %Il%?é d%h@er@? 5bafa s Rosﬁraxacl EEPROM 380

is absent. absence EEP seri.a 380, nenory
chi ps sel ect ‘1”1% ﬁesﬁusrcsﬁ?w 2 egpﬁaeﬁ&hﬁﬁdsa?wn?%&%@ecs i s
coupl ed for etamylseibya harésregetr stmtz fli4ddt wphitagbizesg. high or a second

vol tage e.g. Jaqwabq%@ecgbxslyo :!é!s&{'eaé‘{i‘m}ib Bt sthfe £2PPNGRI L0 a high
signal on nory .c |p Sel 1 ne TAT detector 1375 35 senses
signal s at a‘?ﬁﬂ%@‘r‘; 3ﬁﬁ?‘é%%rllr3r7 t°sﬁ€ﬁel§§ FY3%® nenory address
i ne MAL7 anohcmnmﬁiqamﬁonybﬁﬁe TRDAR ssnd iexteihad. rbbouf)eESé‘t#éltmket ect or

1375 senses g,y LS Fropnebir & mr;&% {cand also a |ow
signal on seco}}#d nenor ag dr ess Ilarlle MA 16, ESTAT dg/tg%c(t:or 1375

det er mi nt8 t KRATSHF 3P of 5 EEPROM 390 i's onIy 64 kilobytes. If |D ESTAT
det ect or 1375 sensks redetghckngwhkdos swoond4tanomequaddees3ddne MAL6, and
eit helr (1)fa Ja%’é% AN %’&é&b&%fﬂ E’etH@Ityl éisi3|2'on%]pwﬁéé%8%ﬂnggé a hllgg 10
i [obyt s or SUPRITTIR BETEEER: PIBI JAL | HP7 e bR eu RIS tPow oi gnal on
menory wite lineeSRRY fdiDaESTARgdesesequenSS IBX e mtayss inhaeset read
only memggy ROMchSwiedHY et dt@ 3434e S8L4@tndOF 11330 stays in reset

acknowledge state 1411 for a variable number of clock

cycles depending orl 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 signalé on various pins for presence or
absence 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 and ready 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



I nput -out put circuit 254, rather than an EEPROM 15 FIG 16 illustrates
certain variations in circuitry by an asterisk "*". For exanple, a
programmabl e logictcircuit (PAL) 330 is directly connected to |ine SPIO
in the absence of slave serial port input-output circuit 254 to provide
device 20 identification byte | DDAT and external resource status byte
ESTAT, that is FFh in this case. Prﬁan’mﬂbl e logic circuit 330 provides
byt es | DDAT and ESTAT encoded in packets of the type illustrated in FIG

4A. In one E&ég%?ﬂ&yﬂxa1@eviqa Edﬁﬂtiééﬁﬁi%fﬁhdﬂdhesk@@éTlamd,25 ext er nal
resource status te E re visihle ost 0 r. 281 as register
00, byte 3, a%%q‘éés/ncreer ﬁ-sgé-egr qf@ﬁsr g’gglécﬁgge "y“ oﬁlq[%;c})(s%?'%éggt’er 240. In this
enbodi ment, hbsdi dm FAG -add Sral¥lo%efon|a f@td qfuelsyeput circuit
254 operate 3816yRChHYERISIHY dendusdegt L dext sognlatedardneed fikom the sane
oscillatogp 215, Seguencedt. | e driyes . Sl .%!@ that is a
buf f ered éersF%ﬁ§o%?rE%lélacr?en%q%c oc%%gi %%g?' %@8"[3% or Sigr}iong by ot her
nodul es, suchlasksyaweb¥iss JRRAA dpap ARitiablFattiRpRadies #9 nodul e 221.
Wien a power - gewn3fit i Bn Séiie idnbsdinienter anl exehusive o gaguemeer nodul e

223, sequencely ol §7ooRRGULE 428 SIS oSpARaLy GokWOR.DI ghy dunti |t he
power- down bit I's reset, to reduce power consunptr on i n. host adapt er
i ntegrat ed ci B&@red2an. sipfh FREISERIGICAC 2B02dFL9EE @Y<Signal on 5 line

SPIO, aixeri ahmeaittdd) thBéequdndits tHeowloeRaepeler istwsclcathdhave a

setup tine Ts d. F ?i time Ths as illustrated in FIG 17. A serial
port 230 tha?’yg:%hflgi gg ?igf characteristics .can have a set tine Tsf and a

hold time Thf al soThepySeaueraer ntIIP fxgnsirions £reRefeBdfast or a sl ow
sl ave serial p@dntiifipationt poatéi 1412 it Femhextarph® stgoat SPI O at

rising edge 1Tsé£@é314aél %%i@sckggktééfugﬂclé@@?%y%&%%eduring which
15 time shift register 1310 clocks out byte ESTAT as a
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, sequencer 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 transitions 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



s no skew in the clock signals of serial port 230 and slave serial port

| nput-output circuit 254. 15 However, a slave serial port input-output
circuit 254 can have a positive skew or a negative skew in its clock
signal as conpared to the clock signal of serial port 230 depending on the
| ayout of plug-in board 270. Positigsge skew or negative skew can result 20
in EARLY IN CLOCK or LATE IN CLOCK respectively, with the set up and hol d

times for fast characteristics and sLOM/characteristics centered around
the respecti we bussktrymdtgesras3howdimulepoeowsly sose@uenser 1330t 230

t hat lexhi bi t%lfs%SEaGBéEaﬁbﬁﬁbﬁié&%eS Zﬂiﬂttl@ilbﬁtﬁtr 19285t 6 ast&isuitamma sl ave
serial port input t_ciycuit that exhi oW i

characteri sti %fggﬁlgg %?gt?%1% :ﬂgTac?Ergg%ﬁ%étére ?fg%ed in Tables
14A- 14C. 88 tHABisEibsACK pfn’ghetmm@ﬂlrm pagkey  sbaquepeer P of host
adapter 240 S%HdﬂndPQkIwQSQ SbavstéﬁiiéﬂaﬂEMﬂnzbnput output circuit 254

provides: 5 set u 66 ns . 8 g 08 ns The above set-up
times are al so ap& FEEPE RRe tg obffex &J’rqnalﬁq 33%1

a pro oglc ‘circuit is directly
connected to qn&querm124§3|0n§réa§léi°as stawhe gargiespendingpatabeit put

i'éerCl]J_gt M25_4 t SadH Qa_\/é da-itnd %?thDAItaBdaESTé\EB&éD st eaddpterwado. { TABLE

254 Sori el Polt” AL, By 1p8es s e STt o BB B L Tes:

set up: 3038 seat®7L4E0. hdhe aStggnﬁsoﬁ @¢q¢EPCQK)133° in such
states are similar to the actions described above in
respect to write data bits state 1430, except that
sequencer 1330 causes shift register 1310 to clock in

additional address or data packets as necessary and

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 monitoring circuitry 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

30 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 MAl6 and MA17 (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



The above setup tines in tables 14A and 14B are
with 25 ns cycle and output timng is neasured with a 15 pF load. 25 In
one enbodi nent, programmable logic circuit 330 passes bytes | DDAT and
ESTAT into SSPI OC 254 after reset. SSPIOC 254 then passes these bytes to
host adapter 240. Table 14C shows ghe tinming requirements inposed on
programebl e logic circuit 330 by 30 SSPIOC 254. 89 TABLE 14C For a shift
register in a programmable logic circuit hold: -1.93 ns 5 setup: 8.86 ns
One enbodi nertervfinatoper B66i andi LEDSTRY (HIG- B3) ARYI Déesch plaNal ity of

sl ave serial Q¥itail rg@:& Qubautouégueléﬁb&m; 4clthas SSPhetmabtp, SSPI OC
254B and SSPI OC 25 a

i nput - out put TTHE %Isldto :ﬁ:?gegeggu m%ﬂ(g&[ e té?ﬁ-ri%ge ggrgg{:lvgort

ort 41 of host
adapter 240. i&&ﬁﬁkﬁwhﬂmethslavedséﬁrﬁinﬁ@r@eY¥ﬁﬂnl§3@FE§FnE|PBU|ts 254A,

2ﬁ4B and |§.5 clslapaelvx%dﬁrte zsarranal aﬁklﬁa@m@hﬁgﬁm ftborihdfleatél ator 260
that I's al so | e oSt ter |
I nput - out put S%%%hﬁﬁt é;ﬁqﬁm?r t a ap?ergsvg@% 5%536%6¥Tbeﬁ bR2EY

‘o access a. resource that is
connected to ihmarefewencsiter KiGavadbéserial port 20 input-output circuit

simlar to the aboyg é’dﬁiﬁ{icﬁ{ it priedetelfinadedéwi &SP @EL2A4 and host

adapter 240. FEor. exa ost ces 1810 and
1820 t hrough SEBIEEe % alr‘g%os"uri%s %@38% Sgéﬁﬁ‘gﬁﬁ%&{;eﬁiﬁgﬁw C 254B and
resource1D8508?h#9hghnﬂgtf§¥nﬂl§:Hiﬂgulﬁnzﬁﬁe efipBderAmRL %ﬁ imG 18, SSPICC
254A has a dQ&banbéeﬁbIQ&hmixm tdurTeg grabae s) apersel ipdrtparo,
| nput - Out Ut 6l Clha2 2 cERRERA TELIAR0 that TRALBEA" B1ave! AR 2P Il PO
i-nput - out put Circul sen WO

input- output c1rcuit 254 to merely passes to a soft

resource 341 information contained in packets received

based on a 40 MHz cl ock

15 subsequent to the command packet and so allows future
expansion in the numbers and types of soft resources
included in support! circuit 250 (FIG. 3).

One example of a soft resource 341 is a debugger
that is polled 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
gserial 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-.

25

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 1505, for example to generate reset command
35 signal CHPRSTREQ. Slave serial port input-output
cirocuit 254 buffers the buffered signal PCIRST- in



30 initialization packets containing bytes | DDAT and ESTAT to host adapter
240 follow ng reset. The other two slave serial port input-output

circuits, SSPIOC 254B and SSPI OC 254C are simlar to slave serial port

I nput -out put circuit 254 except that 35 SSPI OC 254B and SSPI OC 254C respond
to command packets 1 90 containing<ommand bytes of values different from
the values listed in Table 12 above, for exanple command byte val ues 05
and 08 respectively e _C n al_ . o} ' e I seri al
port input-OL?tuﬁﬁ’tuItSb‘é;?ecﬁi?%s%‘o&;ﬁ&vg\énhgggﬁypé%ﬁ%i \alcghfoﬁlé:%%?he comand
byte to whi cireamdnrdr 18P4vECE ¥t Tdr fsenpYt helt pataPsT &% responds in
order to elim nat eicklieapapséebi 246 yreafivesntséghadnPCORSTBNef 18 O, avoi d

col lision of _.pack .and_elimn _ng._%q,f ; LT | jpeSesdiO | N anot her
enbodi nment , a81sai%;év§te§elrg?aP8Hﬂ n%ut- oJ’t %&feg%cglﬁ% uch %s SSPI CC1910A

O )
(FIG 19)Sor irgsm edro1681 Ebﬁﬁd%% & ffhsrsnf S5 FﬁFéF‘iaB‘ér’bf the type
descri bed in piAl @44870RCktBadaphst €24 ©i pegeesClaiignaSCBCIRBTB - Adapt er - Dat a
Book- Prel i m nary" t, for +18 it@ Ru?ip-! fot he enbodi ment
of FIG 19, Séﬁwﬁdff%taégf%éggygz 1%%6\81%%& g&&%l eg tg hogt adapters
1920 and 1930se¥ExhRanty &3P -anYagFeEnPeFkrk RS HEPVta@45PBFs to share one
or nore comMmDEiFEEDt V21 amesC €1 ipsfitbpasliStmrad 26422 $oudoebleos1, 1952 and
1953 thrqugh a_s . arhj ter - £ LGP BiHEeP 1899 (FIG 19)
also i ngpudegyﬁgﬁ%%gl%%}&eer&féiosc%gnggef&%ga cfgrstcri bed in "AIC 7870PCl
Bus Master Singl e- i FesRIBSHIS 3RJaFELEYS BESk- 55585 ni nary" ref erenced
above that califksrsS?HBaccsasiahapost R3sovesess 18BY  stldsD maghdnegs53 vi a
shared bus agBi {gr; 1960, fhe disk e, aiRr edebsnse nesl Aoago! as described
nor € S

above in which one_or ave Integrated _circuits al ways \Qéait for a
master integr &ieBadi FELPRSTREQ marel port 230 generates a packet

15 containing a reset command code that resets slave

serial port input-output circuit 254.

As noted abovd, 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 detector 1375 determines
that there is no EEPROM 390 that is coupled to slave
serial port input-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. 1In 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 MA1l7 and second memory



30 possibility of contention for the shared serial port
avoi ds col lision of packets and so elimnates need for control lines in
addition to the shared serial port input-output |ine between a naster
integrated circuit and the slave integrated circuits. 35 Although the

I nput - out put |ine,

present invention has been describedein connection with the above
Fescrlged Lllustrative 91 enbodinents, the present invention is not

imte t hereto t S t | ead can
be used. Var |a(99§eﬁﬁd aﬁ%ﬁ anft}:5 I?ﬁ%ﬁﬂjgtl‘?gﬁggg}:&f‘hﬂ;%ove 3 sc%ussed

enmbodi ment s drow &wménpasée’eﬁtbyﬂﬂmmﬁméé dinpmi~lgandEY5 3PORT FOR A

HOST ADAPTER 4l NI G BEDok E@é&ﬂ’d WU NGA ldiesE TERM MAL16Stil |l man F. Gates
Chri st opher Burns PENDI

D-ES TA tec o %?75 detérmlnes that Qﬁe sgze of

........... / ¢ brd
( ackdet, br d%‘il’é"nss eI W&y,‘ Brda ﬁth% sent l%w lgnal OEQSEZQ n(r)agl(r:]trt
rdbrdct!|, rstephosy addfessn 11§1|ev&P*P-a OFir b?blo?‘ high cﬁ)‘§}‘a1bf°&ctf&r55rddat

E;ggfgﬁ E;grﬁgmo ?&&mﬂa{sd Qifedeinly, tharaieé esf REEROM 300 Leplesackdet
urbr ot 18 npBe RYBFcotA Seepreegue SepeBrabeit” 11 Br et comman | n
progress In response to a low 51gna1 on mémory write

line MWR#, ID-ESTAT detector 1375 determines that a

read only memory ROM is coupled to slave serijial port

input-output circuit 254, rather than an EEPROM.

15 FIG. 16 illustrates certain variations in
circuitry by an asterisk "*". For example, a
programmable logic lcircuit (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 embodiment, device identification byte IDDAT and

25 external resource status byte ESTAT are visible to host
processor 281 as register 00, byte 3, and as
fegister 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 CLK40B, 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 register of sequencer module 223, sequencer



output [2:01 brdctl; Il brdctl control bits output (2:01 brddat; // brdctl
data bits output brdread; fl read SPIO port output brdreq; . // request
for SPIO port output brdsend; // shift out wite data output brdctlydy. |
no brdctl connand active output rstbrdctL reset brdctl logic I/ registered
out puts reg brdread brdreq brdbsgz brdsend. brdcilydy; reg (2:01
brdctl, brddat; Internal signals reg brdactsl; Il sync reg

brdacts2; 1/ s t:
wite active™ éﬂig 2% egéc Flﬁna ﬁgk45 ré%QtHﬂﬁan%%ebbgw@fl |/ brdctl

rea uest wre rstbrddl. fl reset
all brdctl | dgiwo hﬂtel$s¥¢%ﬁﬁya¥° rPﬂ“FésEPW?Eqﬂ%%ﬁ“%ﬁ%ﬁ%“aPPoH°BFt wire

ww;tergq ||a@hﬁ%b&lmhtégréﬁﬁuﬂﬁﬂrdultgzaetread wrdone, rdatvat, setbsy,
set sen rese S I S brdctlen [
rstreqgen_ a rst b&%’ hozé? a?%%ﬁtéétztlo ?it):‘lves 5 g?&xllé)ﬁ-or& assli gn

- - - brdetl he@d)spé@nt.rél ser il PN P39 4hetdr3biRi? Hkdge rstbrdctlj

I (-rstbrdct |chat¥a‘i|.“2:1i=_|ri§)t1§s ARE A d hOsetelpseifid Ths.andraldtdlgdy << #FFDLY
wdone rdatvar, 1l  s---- . 33:0cf22cs g o BT - -

- sapiabl ister /1
bits 75 al Way%l E&se&éetéﬁ Eated lnnegFeé;ge . dse iaPrgiatd JRgi ster

that exhibits fast characteristics can have a set
time Tsf and a hold time Thf also illustrated in
10 FIG. 17. So either a fast or a slow slave serial port

input-output circuit 254 can sample signal SPIO- at
rising edge Tr (FIG. 17) of a clock signal, when there
is no skew in the clock signals of serial port 230 and
slave serial port’ input-output circuit 254.

15 However, a slave serial port input-output
circuit 254 can have a positive skew or a negative skew
in its clock signaf-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.



It (-rstbrddl, brddat <_ #FFDLY 3' b000; else brddat <- # FFDLY rdatval ?
shftin(7:51 : brddat; It bits 42 always @ posedge wbtdctt_or negedge
rstbrdcti, U ~-rstbrdcd j brdctl <. #FFDLY 3b000; else brdctl <- #FFDLY
cddat (42]; // bas 1:0 always '0" // request generation assign witereq =
brdactsl & brdacts2 & rdbrdctl-; asgggn readreq = brdadsl & brdacts2 &
-rdbrdctl-; always @negedge wbrdctl _or negedge rstreggen,

It (-streggen, brdwact <. #FFDLY 1b0; _else brdwad < #FFDLY 1bl; al ways
@negedge rdbrdctL or negedge rstretfySE 4R (-rstreggerl) brdract "#FFDLY
1'b0; el se brdract MaiskRDEYmihgl reqlinegd b§ pdsowgeodtca®B2 or negodge

rstbrdctt. I N (-rstbrdctU begen,brdadslosey #HaPLY 1b0; Dbtdads2 <a #FFDLY
1'bG,  brdre ibQ: in brdadsl < d |

brdract; br?fﬂ%@é 3 piRfD. *ardﬁdssﬂ' h8a1<potEFBhY it bkgsed | readreq |
brdreq & -brdadc; aerﬁflt/ ;éegi ste,rag(fb_out putspgl wg\ésb/u@ postg%ge dl c 2 or
negedge rstbrjdct |, circuit 254 provides:
5 set up: 0.66 ns 8.33 ns
hold: 2.48 ns 5.08 ns

The above set-up times are also applicable when a
programmable logic circuit is directly connected to pin
10 241 instead of a slave serial port input-output circduit
254 to provide bytes IDDAT and ESTAT to host adapter

240.
i  TABLE 14B .
15 Minimum timing provided to slave serial port
input-output circuit 254
Serial Port 230 Slave serial port input-output

circuit 254 requires:

set up: 3.38 ns .97 ns

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.

L]



Lfd(-rztbrddl, begi n brdbsy <a NFFDLY 1'bQ
rdread <. #FFDLY 1'bG  end el se begin brdbsy <- NFFDLY setbsy; brdsend
<- NFFDLY cetsend; brdread <a NFFDLY setroad; and 95 .... 4
................. o...brd .. [/[--- - -
Instantiate Mal e-nmachi ne brdcttsm brédetl em (
.ackdet (ackdot), .brdack(brdack), .bytesont(bytesent), r

stbrdct! _(rrtbrddl,, .rdbrdctl_(rcﬁgﬁgﬁﬁjr4 . noack( noack),
.sivalid(Gvalid)..sGroad(satread)..rdatva (rdatvaLQ, ,.sotbsxgsetbsy)

. eet send( set sefd), a. ahtbhefedisifg) iy a. programmable logic circwit - 0 ’
------------- ondmodulo 96 ................ Function: Board Logic Control
state machin

brdsend <a #FFDLY 1bO;

Dl 1L

.............. held: - --...".....].s1.93 ns. ../ nodule brdctlsm (ctk4 hz,
acfcdet, brd byte—senpt—rsthrdet+—rdbrdctt——moack,  sivsliid. etread
rdatval . setlsyetrgpt send. wrdor|e8 )§6 pewr aneter FFDLY -1; parameter [2:0) ||
synopsys enu o= =BE66—F—=top trrougn ai t states. | DLE
3b001, Il idle, waiting for brdack CVMDO - 3b0IQ |/ shitting command code
RWAK  3b0l 1. I/ read command, wafting for ACK RDAT 3bl GO Il reading data
X&?T 30101, |1 Whhd NemshdideBBAGE suppbito), ciltcwirti 1168 0o niFIGd, 18&i ting for

jncludes a plurality of slave serial port input-output
10 circuits, such as SSPIOC 254A, SSPIOC 254B and

SSPIOC 254C that are all connected to the same serial

port input-output line SPIO- that is coupled to the

serial port pin 241 of host adapter 240. Each of the

slave serial port input-output circuits 254A, 254B and
15 254C receive the same clock signals CLK40 from

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
jnitialization packets containing bytes IDDAT and ESTAT
to host adapter 240 following reset.

30

The other two slave serial port input-output
circuits, SSPIOC 254B and SSPIOC 254C are similar to

slave serial port input-output circuit 254 except that
35 SSPIOC 254B and SSPIOC 254C respond to command packets




EACK - 3bl 11; Il wite command, waiting for and of ACK input .cl1lk40b2.
ackdet, . brdack, bytesent, ratbndctt-, rdbrdctt_, noack, sivalid; output
setread; output rdatval; IF read data valid output setbsy; output setsend;

out put wdone; Il wite command Is conpleted /| |/ register dectatatlon
reg setread, rdatval, softy, setsend mmdone L1

I nternal signals |
synopsys state vector state reg (2b] synopsys enum state W state; |/
current state reg (2:0) |

Synopsys enu tate t stat
I1.._ coat CRAERSRAPILEEBBARG viRYie LeqlBio exbiodlnext state

fck or
byt esent or rvdlbmd@;t hiseednbackalble slzlasthOdfe) fb@gcna@eilbsyommqn%l

- 1'b0; rdatq valul® osssﬁae@@I reépé&we%;donqne bbamaﬁatsytiétal e)
synopsys paralilel _paro _T8TO eglf?next t bs bG end

| DLE: begin H34ues gogybich erpls Yii?er¥ﬁ§IB3ft BP& Eu¥8n5 CMDC.  begi n

5 circuit responds is mutually exclusive from the command

set send

byte to which another slave serial port input-output
circuit responds in order to eliminate the possibility
of contention for line SPIO-, avoid collision of
packets and eliminate nee@ for control lines.

10 In another embodiment, a slave serial port input-
output circuit such as SSPIOC1910A (FIG. 19) or
SSPIOC1910B includes a wmemory port interface of the
type described in "AIC-7870PCI Bus Master Single-Chip
SCSI Host Adapter Data Book-Preliminary", at for

15 example, pages 5-18 to 5-21.

In the embodiment. of FIG. 19, SSPIOC 1910A and
SSPIOC 1910B are cdupled to host adapters 1920 and 1930
respectively and allow these two host adapters to share
one Or MOre cCommon memory resources, such as shared

20 resources 1951, 1952 and 1953 through a shared bus
arbiter 1960. Computer system 1900 (FIG. 19) also
includes a host adapter 1940 of the type described in
"ATC-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 agonnection with the above described illustrative



I f (bytesent) begin next - rdbrdctl_ ? WDAT RWAK; setsend - rdbrdctl _;
setread - -rdbrdctl ; end else begin next - CVMDC, end end RWAK begin it
(noack) begin next - IDLE; end else begin next - ackdet ? RDAT RWAK;
setread- 1131: end end RDAT: begin next= stval-id ? IDLE : RDAT; setread
-slvalid; rdatval - sivalid; end WDR¥: begin next at bytesent ? WMK :
WDAT; setread - bytesent; end WMK: begin U (noack) begin next - |DLE;
end el se begin.ne - .ack b5 U 5 an€E FAGeg begi n next -
ackdet 7 EJ“ngbqqgﬁgnﬂg, gﬁg PT 13@@%%1on Qg ﬁ@g 1l d

thereto. For example, instead of a pin, a surface
mount lead can be used. Various modification and
adaptations of the above discussed embodiments are

S encompassed by the appended claims.



setbsy - ackdot; wdone - -ackdet; end default: next - 3bxxx; endcase end

/1l always ---- // state vector almays (ED( posedQe cl k40h2 or nogedge
rstbrdctl, 98 .V. d (-tstbtddl, state <a NFFDLY TSTO, owe state <n $FFDLY
Next; ----------mmmmme e --- -- --- - ---- endnodule 9
btdctlsm 99 / ~~~~~~ M-~M M~h .WH.-.gp.. H...MN.H........ Ho.......

, Function: ESTATADDAate ereras |~d~ by o) that t her PHOST can accept PC
comands- ........... reading or tine-out, g g .,,,...... N
.............................. M.........., nmodule etsm (ci k40b3, efto,
rstis_, stvajég setckes setckld setread, enelto, setidrdy ); paraneter
FFDLY - 1; TelEYR dar HRGBr ADADPTHR iNTEGRSX'EEDm state Into
PU - 2'b00, // p&\?éRC&bITDLISDHGl A/ BIRGLENGTERMINDAT valid ES - 2'bl0,
/1 waiting for ESTAT valid DN 2bl1; I/done Input cik40b3, i nput efto;
Input rsiis_ Input sivalid; output setckes; Il cock in ESTAT out put

setcidd; // clock in | DDAT

Stillman F. Gates
Christopher Burns

APPENDIX A



out put setread; % nab elei ES conmand D AT tine-out output enelto; output
setldrdy; // set Idldrdy // register declarations fag setread, enelto,
sotcidd, setckes, setidrdy; // synopsys state vector state reg [1:0] //
synopsys enum state-info rag state; :1 lcurrent date state-Into 11.q #
synopsys enum ne)t; // next state 'it ggnbinational |ogic always C
(stvarid or efto or state) begin setread - |bO; enelto - 1 bO; setcidd -
| bO  sétckes -1b0; setidrdy - | bQ case (state)
par ai | eli::ga; : _-
I bi: 100Q:E:s: & ; SR B ey BN elise
next - IVarrTTTESTUTIDItEngESpEyttiTeRT” = sivalid ? ON: ES;, setread
- -sivald gy .. setckes - sivalid; end

Board Logic Control. Brdctl command is Issued whenaver brdctl (1d) is written
or read.

as e .v-tco‘-'....1m.!t"'tt.n.«n"i"-.‘ﬂ'.‘..."-.n‘..o'qﬁctcct.t“.-t'..!'/

module brdentrl ( ackdet, brdetlan, brdetirdy, brdack, bytesent, cddat,
¢lk40b?2, noack, rdbrdetl_, rstsplos_, shitin, sivalid, wrbrdctl_,
brdbsy, brdctl, brddat, brdread, brdreq, brdsend._tstbrdctl_):

parameter FFOLY = 1;

input ackdat, brdctlen, brddack, bytesent, ¢clk40b2, noack,
rdbrdctl_, rstsplos_, sivalid, wrbrdctl_;
input {7:0] cddat, shitin;

output  brdbsy; 1/ brdett command in progress
output  [2:0] brdetl; // brdetl control bits

output  [2:0] brddat; 1/ bedctl data bits

output  brdread; Il read SPIO port

output  brdreq; . {/ request for SPIO port
output  brdsand; 1/ shiit out write data

output  brdctirdy; Il no brdetl command active
output  rstbrdetl_: 11 reset brdct! logic

'I'I

1 reglstered outputs

reg ‘brdread, brdreq, brdbsy, brdsend, brdciiedy;

reg (2:0] brdatl, brddat;

I

I/ \nternal signats

reg brdacts1; l sync

rog brdacts2; Il syne

rog brdract; {1 brdcti road active

reg brdwact; I brdet] write active

wire readreq; {f brdetl read requast

wire rstbrdetl_; 1l resat ell brdctl logic

wire rstreqgen_; {l reset request ganaration bit
wira writereq; {/ brdetl write request

wire selread, wrdonae, rdatvel, setbsy, setsend;

I/l

I reset logic

assign retbrdeti_ = rstspios_ & brdctien;
asslgn rstreqgen_ = retbrdctl_ & ~brdacts?;

1/
// brdctl ready control

always @(posedge ciki0b2 or nagedge retbrdct(_)
H (~retbrdeti_)

brdctirdy <= #FFDLY 1'D0;
elsa



T T IR s mve mwwa e e 0 o s L

DN: begin next - DN, setidrdy - | bl; end default: next - DN, endcase
end always state |latches always C@ posedge cl k43 or negedge rstis-) it
(-rstls, state <- #FFDLY PU; else state <- #FFDLY next; endnodule 11 eism
I, t 101 C. Ste, date Y. N NNfff....... N .... NN.. M NFfffMfff....
................. Functi on: ESTATARDAT cont roller. Contains the

ESTATADDAT state machi ne, | DDAT regi'ster and ESTAT register.

N f.ffff. fMNn...ffM N .n................ N. N.... N... H
nodul e | ddat estat (cddat5. dk40b3, eito, parerrdet, rstis. shnin. sivaild.
swstrdy, wsplocap,,., brddlen, eepronen. eiread, eneho, lddat. 1dldrdy,
ronr den.; seectl en, soft, sottcnden, spbrden, spseeen

PALAITE

par anet ef...FERL
dk40b3, & FR W SstRdy SREspTocap HptE( 7: 01
shftin; output bl erFPLOwdangl BBt r ol enabl e out put eepronon; |/ eeprom
witable out put ahead; output_ _eneito;

I brdatl register

s 75
std:ys @(posedge clid0b2 or negedge retbrdatl )

# (~retbrdcii )
( brddat <= #FFOLY 3'b000;

Is ] )
ose brddat <= #FEDLY rdatval ? shitin(7:5] : brddat;

s 42
th:«?ys @{posedge wibrdcti_ or nagadge rstbrdatl )

~retbrdatt )
" brdctl <= #FFOLY 30000,

lse :
¢ brdctl <= §FFDOLY cddat{4:2];

// bits 1:0 always "0"

i
"

1 request genatation

. (-
ssiqn writereq = brdacis1 & brdacts2 & rdbrdatl_ .
l;Lss.lg;n readreq = brdacts1 & brdacts? & ~rdordett_

always @(negedge wrbrdctl_ ot negedge rstreqgen_)

) (~rstmbqrg:!r;_g <= #FFOLY 100,

lsa
° brdwact <= #FFOLY 1D1;

always @(negedge rdbrdet_ or negedge rstreqgen_)

st n)
e mbqtgread <= #FFOLY 100!

brdract <= #FFDLY 101}

ahways @(posedga clii0b2 or negedge rstbrdctl_)
X (~retbract) begin .
brdacist <= #FFOLY 110;
prdacts? <= #FFOLY 110;
brdreq <= #FFDLY 100;

"also

end
isa bagin .
° grdads‘\ <= §FFDLY brdwact | brdrect,

brdacis? <= §FFOLY brdactst; _
brdraq.<= #FFDLY writereq | readraq | brdraq & ~brdack;

ond

i
/ reglsterad outputs

aiways @(posedge clk40b2 or nagedge rstbrdcti_)
ft (~retbrdctl ) begin
brabgy <= #FFOLY 100,
brdsend <= §FFOLY 100:
brdroad <= §FFDLY 1'DO;
and
alse begin
brdbsy <= #FFOLY satbsy;
brdsend <= #FFDLY setsend,
brdraad <= #FFOLY cetroad:

ond



output (701 Iddat; It |DDAT registeer output Idldrd)q, Il finished | oading
| DDAT and ESTAT output ronrden; /1 external rom readabl e out put seectlen;
Il seepromcontrol enable output (1:01 soft; // soft command capability

bits output softcnden; Il soft command enabl e out put spbrden; |1 brdctl
regi ster enabl ed output spseeen; |l seectl register enabled output
ssplocps; Il external SSPI OC present I4rll decl are registers rag el read,
softcnmden, brdctten, seedl en, eepronen, tonrden, ssplocps, ldrdy; reg
(7:01lddat; rag (1:01 soft; Il Internal signals wire dtdddat; Il dock
Iddat wire dkestat; fl dock estat wre setddd, setckes, setidrdy; rag
ckes, cldd; wire rstsotten_; Il reset sottcnden wre setread; enable

seect| and brddl registers assign spseeen seectlen & -softcnden; assign
spbrden:- brdctlen & -softcnden; /l----.----------------- :

| DDAT regi ster [
r egi st er it
(-rstlsj
. lddat;

1
/I lnstantiate state-machine

dack),

brdctism brdctiem ( .clkd0b2(clk40b?), .ackdet(ackdat), brdack(br

r bytesont(bytasent), .rstbrdetl_(rstbrdatlt ), .rébrdcti_(rdbrdeti),
_noack(noack), .sivalid(slvalid}, satread(sotread), .rda:lval(rdatval),
satbsy(satbsy), .eatsand(satsend), wrdona(wrdona) );

il

andmodule



end Il register // SPIOCCAP register assign rstsoften_ = rstis_ & sspiocps;
If gated clock assign clkestat = ekes & -parerrdet; Il register wite for
bits 7:6, 4.0 always @ posedge dk40b3 or negedge rstis, begin a (-rstls,

(soft, brdctl en, seection, eepronen, ronrde n.ssplocps) <_#FFDLY 7' b0000000;
el se (soft, brdctien, seoct! en, eepronen.

Eﬁfrdo n, sspl ocps} < _#FFDLY dkest at
? -(shfttn(7:61, shftin[4:01} (soft, br e

n, seect| en. eepronen, ronrden. ssplocp s) ; end Il bfts7:6,4:0 // register
wite for bit 5 always @ posedge wr spi ocap_or negedge rstsoften) begin it
(-rstsoften) softcnden <_ #FFDLY 1'b0O; else soltc

end //bit 5 reqgister L RS alemy s
negedgs

1b0; &K - BO-ahead < H#EEDLY 1b0; end el se begin idrdy <_
#FFDLY sotl drdy; Odd <_ #FFDLY setcldd & (shltin!=8 hf ); ekes <= #FFDLY
set ckesfuiianead <= #FFDLY setread; end assign Idldrdy - idrdy & swstrdy;

Board Loglc Controf state machine.

sencend
etescotttitatsscdecariddttnanee 004 4EEE4EE4aNEERNNIAATEEEELALTEITC RO OLS I

moduta brdatism ( clk40b2, ackdat, brdack, bytasert, rethedetl_, rdbrdeti_, noack,
sivalid, satread, rdatval, satbsy, satsend, wrdone ),

paramatar FFOLY « 1

paramater [2:0] Il synopsys enum state_info
TSTO = 3000, I/ step through ell states
{OLE = 31001, 1! \dle, walting for brdack
CMDGC = 3'b010,  // shiftlng command coda
RWAK = 30011,  // read command, walting for ACK
RADAT = 3100,  / roading data
WDAT = 30101, /wilting data
WWAK = 3110, # write command, walting for ACK
EACK = 3b111; [/ write command, walting for end of ACK

.clk40b2, ackdat, brdack, bytesant, rstbrdetl_, rdbrdeti_, noack, sivalid;

input

output  satread; .

output  rdatval; 1 read data valid

output  setbsy;

oulput  seteend;

output  wrdone; Il wtite command Is comploted

I
1l register declatation

teg satread, rdatval, sethsy, setsand, wrdone;

1
v {rtamal gignals

1l synopsys stata_vaector state
reg {2:0] 1l synopsys enum clate_kvo
state;  // cutront state

reg {2:01 1l synopsys enum state_lnfo
next; Il noxt state

{f.

Il combinational toglo

always @( state or ackdet or brdack or bytesent or rdbrdotl_ or noack ot stvafid )
begin

sotbsy « 1'b1;
sateand « 1°00;
rdatvel = 100
satread « 1°00;
wedone = 1b0;

caso (ctata) 1/ eynopsys parealiol_casd

T8T0: begtin
noxt « IDLE;



------------------- -.-----// Instantiate state-nmachine el smelsm(

. cl k40b3(cl k40b3), eIto(elto) .rstla (rstisJ..sivalid(sivalid),

. set ckes(set ckes), sett Ki d(set cl dd), .setread(setread), .eneito(enetto),
.cetldrdy(setidrdy) ---------mmmmm oo ---
endnodul e 103 | C Function: ROM congkol logic | n5| de PHOST. Interfaces to

SPIO block ............... T A

..... * .............. nodule rotnctl (bel nadrdecO, bel nadrdecl, exadrdewdd
mwc, pclk. hpors_, reg8do, adrinreg, rondeci _, spioackdet. sprontlKk.
spronrdy, romadr, dtsextnrr rondec rondo, anet er
FFDLY 1; hpors_,
spronrdy put [152]

adtinreg; output [ %P omadr: 1 rom addr ess to SPl O out put di sextnr,,;
[l got ACV, rgldl saﬁ?"éwéx eedtimer output rondec_ /1 ROM access decoded to
SPIO outpuf™31:0] rondo; // ROMread data to pat _out output ronrdy; //
ROM r eady t aoLEdegjet cycl e cggtl% output romar, // EEPROMwite to SPI O
I nternal signals T 0;- reg [1:0] bytecnt; reg rondec_.

di sextrnr_, &nrdy, waltdec done, donel, done2; reg disextnrsl.

dl sextmsz vm JChe rstdl sextnr,,,, rstdono Wre bdkenO_ bdkenl _, bdken2,,
bdken3~. ggﬂ,@d,dg.,esm ng al ways @ posedge pdk or negedge hpors, |f

(- hpors, r ormlec _ <nai=F@Idt_PIHTOAT : RWAK,
gotsand = rdbrdcti_;
sotread = ~rdbrdet_;

end
olsa bagin
noxt « CMDC;
ond
ond

RWAK: begin
it (noack) begin
noxt = IOLE;
end

olse begin
next = ackdet 2 RDAT : RWAK;

saotraad = 1'b1;
end
and

RDAT: begin
next = stvalid ? IDLE : RDAT;

sotread = ~slvalid;
rdatval = sivalid;
end

WDAT: begin '
next = bytesant ? WWAK : WDAT;

sotread = bytesent;
ond

WWAK: begin
i (noack) begin
next = IDLE;
ond

elso hegin
next = ackdet ? EACK : WWAK;

ond
ond

EACK: begin
noxt = ackdet ? EACK : IDLE;
satbsy = ackdet,
wrdone = ~ackdet;
ond
default: naxt = 3o
endcase

end /1 always

{/ state vector

always @(posedge clkd0b?2 or nagadge rethrdetl )



el se rondec_ < #FFDLY rondod_ | exadrdecvdd.. buf0104 ad drvr_20
(.Oromwr), A(mmc) ); bulOl04 ad drvr_02 (.Q(romadrt2D. A(adrinreg(2]) );
buf 0104 ad drvr_03 (.Q(romadr[3]), A(adrlnreg(3]) ); buf0104 ad drvr_04
(.Qromadr[41), A(adrinreg(4]) ); buf0104 ad_drvr 05 (.Q(ronmadr(5]),
A(adrlnrog[5]) ); 1w0104 ad drvr 06 (.Q(ronmadr (6D, A(adrinreg[6D );

but 0104 ad drvr 07 (.Q(romadr[ 7D, A(adrlinreg[7D ); bul0104 ad _drvr_08
(.O(romadr[8]), A(adrinreg[BD ); but0104 ad drvr_09 (.Q(romadr(91),
A(adrirveg(9D ); WD 104 ad drvr 10 (.COggomadr (1 01)..A(adrinreg(10D );

but 0104 ad drvr 11 (.0(romadr(111), A(adrlnrog(11D )' but0104 ad drvr_12

14D );

Ofromadr("15]) " A(Cadrinrog[ 151) ); 104 assign
romadr(l %m |rom/vr ? (bei nadrdecl, beinadrdecO : (2'b00); //----------
"'s(adfez;]FmLYTsT'O ------------------- /1 disable exceed tiner assi gn
r st di SeXlsfT hpors & dl sextnr _; always C~(posedge spl oackdet or negedge
rstdi sextrrrjstamlq-“f"-ol‘-gf‘?ﬂ sextnr, disextnrsl <- #FFDLY 1b0; el se disextnrsl
<- #FFI;;LY 1b1;_ __always_Ca nncnr{na pee—or negedge hpors, it (-hpors,, begin
disextnrs2 <= 1 b0O; di sext nr <- | bl; end al so begin disextnrs2 <- #FFDLY

di sext renarhogule di seXPHfls™<. #FFDLY di sextnrs2; end




Byte counter always @ posedge sprondk or negedge hpors, i( (-hpors )
bytecnt <= #FFDLY 2b00;

el se bytecnt <_ #FFDLY bytecnt + 2b0l1l; generate
byt e docks assi gn bdkenO_ - (bytecntl-2b00); assign bdkenl _
(bytocntl=2b01); assign bdken2_ - (bytecral =2b10); assign bdken3_ -
(bytecntl-2b | 1); nor@ gdk_O (.NQ bd»3% A(spront ), .B(bclkeno, );
nor02 gdl (_1 (.NQ bdkl,.

A(sprontl k.j..B(bc tkenl, ); .norQ gdk 2
(.NQbdi Q, A(sprontlU, Mbclken2, ); nor@ gdk 3 (.NQ bdl A, .
A(spronctl kj .. B(bcl ken3_) nbu(03 gdk drvO_ (. NObel ki nbul03
gdk_drvl (.Nbe ( boi k2,
); nbut03 EX DeFEk 3 AMDCHFRS )7 rom data regi sters al ways
C@ posedge -bel kO, or.. Negelge. npoLs<d.witf=hpors, ronmdo(7:01 <- #FFDLY
8' h00; el s® rondo[7:01 <- #FFDLY reg8do;

al ways Ca(posedge bdkl or
negedge hpoggcun: | f (-hpore, rondo(15:8} <- #FFDLY 8' h00; el se rondo(15:81
<- #FFDLY regé&do; 105 r

C-hpors, ety SRR R At 1 Negetoe rors)

QQQQQ - ‘/

modula etsm ( clk40b3, elto, rstis_, sivalid, setckes, sotckid, setread, enaito,

seotidrdy );
parameter FFOLY = 1} I clock-to-q delay
parameter {1:0] Il synopsys snum state_info
: PU = 2'D00, 1l powerup
10 = 2001, I/ walting for IDDAT valid
ES = 210, Jl walting for ESTAT vafid
DN = 2D11; {/ done
input clk40b3;
Input elto;
input  rslis_
" loput  sivalid;
output  setckas; 1l clock In ESTAT
o erend y cmnloonﬁmnd {rom efsm
H Il re co
m ?mtfﬁ:d Il enable ESTAT/IDDAT time-out
output  satidrdy; /I set Ididrdy
7/ register declarations

rog satroad, enclto, setckid, setckes, setidrdy,

1l synopsys state_vector state
reg (1:0] 1l synopsys enum state_Inlo
state; [/ curront state
rag {1:01 {f synopeys enum state_knfo
next; {l noxt stato

1.

'I'I comblnational loglc

atways @( sivalid or etto of stata) bagin

sotread = 1'b0;
onaito = 1'00;
sotckid = 100,
sotckes = 1D0;
sotidrdy = 100;

caso (state) {1 synopsys parallel_casa

PU: begin
noxt = 1D;
gotread = 1b1;
ond

1D: begin

onefto = 1 1;



romdo(23: 161 <= #FFDLY reg8do; always C~(posedge bcl k3 or negedge hporsj

M (-hpors) rondo(31: 241 <= #FFDLY 8' h00; el se rondo(31:24] <= #FFDLY
reg8do; romready control assign rstdone_ - hpors_ & -done2; /14 bytes
transferred - aysnc always C@ posedge spronmrdy or negedge rstdonej i
(-rstdone,) done <Q #FFDLY 1' b0O; el se done <- #FFDLY 11bl; al ways

@ posedge pdk or negedge hporsj | (-hpom) begin donel < #FFDLY 1' bO;
done2 <- #FFDLY 1'b0; waltdec <- #FFDLY ;j0; ronrdy <- #FFDLY 1'bl; end
el se begin donel <_ #FFDLY done; done2 <= #FFDLY donel; waltdec <- # FFDLY
waftdoc ? -rondec_: -ronmrdy & done2; romdy <- #FFDLY ronded_ wal tdec
-romrdy & done2; end endnodul e 106 nodul e nbul02 (NO A); I|nput A

output NO not (NO A); endnodule - - nmodul e and05 (0, A B. C
D, E); input A B. C, D. E out

gotroad = ~olto;
gotckld o sivalid;
it (olto)

noxt =« DN;

olso
next = stvelld ? €S : ID;
end

ES: begin
noxt = sivalid 2 DN : ES;
sotread = ~slvalid;
setckos = sivalid;

ond

DN: bagin
noxt = DN;
selidrdy = 1D1;
end
defautt: next = DN;
endcase

end 1l always

1.
LL

lllstate latches

always @(posedge cik4Ob3 or negedge retis_)
i (~rstis_)
state <= #FFDLY PU;
olse
state <= #FFDLY next;

g /:
" endmodule Il etsm



!

and (0, A B. C D, E); endnodule 11

_ , ot mmmmme--- .'-.-_ nodul e nend03
(NO. A B. ©O;. input A B, C output NO nand (NO A B. O; endnodule
nodule or02 (0, A B); input A B; output 0; or (a. A B); endnodule I/

nodul e and03 (0, A B. ©; input A B C
endnodul e nodul e nor02 (NO, A B);

B); endnodul e nodule bul0102 (0, A);
endnodule //- - ------mmmaia oo

output NO not (NQ A);

output 0: and (0, A B. 0);
I nput A.. B; output NGO nor (NO A

| nput A; output O; but (0. A;
nodul e irn01l (NO A); Input A
101

Function:

ESTATADDAT controlier. Contains the ESTAT/IDDAT state machina, IDDAT register
and ESTAT registor.

easetetae

(13 'i“'l"ﬁ/

module Iddatestat ( cddats cikd0b3, elto, parerrdat, rstis_, shitin, sivalld,
swrstrdy, wrsplocap_, brdctian, eepromen, ekead, enalto, iddat,
ididrdy, romrden, seactien, soft, softcmden, spbrden, spseeen,
ssplocps )

parameter FFDLY = 1;
parameter [7:0] DEFAULTID = 8'h55;

Input cddatS, clkd0b3, alto, parerrdet, relis_, sivalid, swrstrdy, wrspiocap__
input  [7:0] shftin; '

output  brdctlen; 1/ board control enable

output  eepromon; Il esprom writable

output  elread;

output  eneito;

output 0] iddat; I {DDAT registger

output %dldy: I finished loading IDDAT and ESTAT
output  romrden; // external rom readable
output  seactlen; 1l seoprom control enable
output  [10] soft; 1/ soft command capabiflity bits
output  softemden; 1/ soft command enable

output  spbrden; 1/ brdct register enabled
output  spseeen; 1/l seoctl ragister enabled
output  ssplocps: Il external SSPIOC present

i

1/ daclare reglsters

reg olroad, softcmden, brdction, seectien, eepromen, romrden, ssplocps, kirdy:
reg (7:0] kddet;

reg (1:0] soft;

I/ internal signats
wire cidddat; Il clock iddat
wire clkestat; Il dock estat

wire satckid, setckes, setidrdy; '
reg ckos, ckid;

wire rsteoften_; // raset softcmden
wire satroad;

1/.

I/ enable seect! and brdetl registars

asslgn spseesn « saection & ~softcmdon;
assign spbrden = brdctlon & ~softcmden;

I
1/ IDDAT reglster

{/ gated clock
assign clkiddat = ckid & ~parorrdet;

// register write



rtl lib: nodule bts9 (0, A NE); kiput AL NE output @ butd0 (0, A
NE); endnodul e nodul e bushold (DUMW, 2Z); |nput DUMW,; I|nout Z;, not
(weal ), weakl) (Z. DUMWY); not (DUMW. Z2); endnodule // ----

----- .----- nmodule btsl (Q A NE); Input A NE output O;
butdO (Q A NE); endnodule nodule NO A. NE); Input A NE output O;

butdOo (0, A NE); endnodule -- nodule and® (0, A B); input A B; output
a, and (0, A B); endnodule nodule nrolt (Q NQ NS.NR); Input NS, NR

output QNQ U NRSLT Intl (Q NS, NR); not Inst2 (NQ Q; specify (NR +a>
NG a (L. 1);

always @(posedgae ¢lk40b3 or negedge rstis_) begin
t (~rstis_)
iddat <= #FFOLY DEFAULTID;
olse

Iddat <= #FFDLY clidddat ? shftin : iddat;
end 1/ reglster

1l
/! SPIOCAP reglster

asslgn rsteoften_ = rstis_ & ssplocps;

I gated clock
assign clkestat = ckes & ~parerrdet;

I/ register write for bits 7:6, 4:0 )
always @(posedge clkd0b3 or negedge rstis_) begin
i (~rstis_)
{soft,brdction,seaction,eepromen,romrdan,ssplocps}

<= #FFDLY 70000000;
olse

{soft brdctien,seection,eepromen,romrden,ssplocps}
<= #FFDLY clkestat ? ~{shftin[7:6], shitin{4:0]}
1 {soft brdction,seaction,eapromen,romrden,ssplocps);
end ffblts 7:6,4:0

/ register writa forbt 5
always @(posedge wrsplocap_ or negedga retsoften_) begin
if (~rsteoften )
softcmdan <= #FFDLY 100;
olse
softcmdan <= #FFDLY cddat5;
end ok s
'l'l
I reglster state machine outputs
always @(posedge clk40b3 or negedge rstis_)
it (~rstis_) begln .
idrdy <= #FFDLY 10,
cidd <= #FFDLY 1'00;
. ckes <= #FFDLY 1'b0;
elread <= #FFDLY 10;
end
olse begin
Idrdy <= #FFDLY setidrdy; _
ckd <= #FFOLY sotckid & (shitin!=8'hif);
ckes <= #FFDLY sotckes;
elread <= #FFDLY setread;
ond

assign Ididrdy = Idrdy & swrstrdy;

I/}
I/l Instantiate state-machine

elsm etsm ( .clk40b3(ctk40b3), .elo(eito), .retis_(rstis_), .sivalid(sivalid),
.satckas(sotckas), .satckid(satckd), .cotraad(setread), .enaito(enelito),
.eetidrdy(satidrdy) );

i

endmodule



(NS +a> 0) - (1.1); endspecity endnodule - -------- e

----------------- primtive UNRSLT (Q NS, NR); outbut 0 reg Q@ |nput
NS, NR table // NS NR: Q : Ot.1 108 : : DL ?

Il Latch state. 10: ?: 0; 11 Reset state. 0 1 : ? set state. 0 0 : ’>
1; Set overrides reset. O x: ?: 1; 1 x: O : 0O; 11 Indeterm nate set and

reset. X1 : 1 : 1; endtable endpriH’?i ve nodul e

mux411( NQ DO, D1, D2, D3, SO, S1); I nput DO D1, D2, G3, SO S1; output NO U MJX41L
I nst (NQ DO, D1, D2, D3, S0,S1); endnodule Il primtive UMIMX41L (NO, DO, Di.
D2, 03, 80; i) ON : -

FOUR TO ONE

table 11 DQ.OLJROZ..SCRL
1?27?2160 :0; '

Function:

ROM control logic inside PHOST. (nterfaces to SPIO block

QQQQQQQQQQQQ st utR NG EARRREANE aseent “w --—-""'"t.‘lt"

module rometl ( belnadrdecO, belnadrdect, exadrdecvdd_, mwre, pelk, hpors_, reg8do,

adrinreg, romdecl_, sploackdet, spromclk_, spromrdy, romadr, disextmr_,
romdec_, romdo, romedy, romwr );

parameter FFDLY = 1;

Input belnadrdecO, belnadrdec, exadrdecvdd_, mwrc, pelk, hpors_, spromrdy,
romdeci_, sploackdet, spromeik_;

Input (7:0] reg8do;

Input (15:2]) adiinreg;

output  [15:0] romadr; /l rom address to SPIO

output  disextme_; Il got ACK, disable excoedtimer
output romdec_; /I ROM access dacoded to SPIO
output  [31:0] romdo; /1 ROM read data to path_out
output  romrdy; I ROM ready to target cycle control
output  romwr; // EEPROM write to SPIO

/2
&

I/ internal signals

reg [31:0] romdo;

reg (1:0] bytecnt;

reg romdec_, disextrw_, romrdy, waltdec, done, done1, done2;
reg disextmrs 1, disextms?2;

wire rstdisextmr_, retdone_:

wire beiken0_, belkent_, balken2_, belken3_;

1.

II rom addressing

always @(posedge palk or negadge hpora_)
¥ (~hpors_)
romdec_ <= #FFDLY 1b1;
else

romdec_ <= #FFDLY romdecl_ | exadrdecvdd_; '
buf0104 ad_drvr_20 ( .Q(romwr), A(mwrc) );

but0104 ad_drvr_02 ( .Q(romadr{2]), A(adrinreg[2]) );
but0104 ad_drve_03 ( .Q(romadr{3]), .A(adrinreg[3]) );
bul0104 ad_drvr_04 ( .Q(romadr{4]), .A(addnreg(4]) );
but0104 ad_drvr_05 ( .Q(romadr(5]), A(adrnreg(5]) );
bul0104 ad_drvr_06 ( .Q(romadr{6]), .A(adrinreg(6]) );
but0104 ad_drvr_07 (.Q{romadr{7]), .A(adrinreg[7]) );
bul0104 ad_drvr_08 ( .Q(romadr({8]), .A(edrinreg{8}) );
but0104 ad_drvr_09 ( .Q(romadr{8]), .A(adrinrag(9]) );
buf0104 ad_drvr_10 ( .Q(romadr{10]), .A(adrinreg{10]) );
bul0104 ad_drvr_11 ( .Q(romadr{11]), A(adrinrag[11]) );
but0104 ad_drvr_12 ( .Q(romadr{12]), .A{adrinreg[12]) );
buf0104 ad_drvr_13 ( .Q(romadr{13]), .A(adrinreg[13]) );
buf0104 ad_drve_14 ( .Q(romadr{14]), .A(adrinreg[14]) );
0104 ad_drvr_156 ( .Q(romadr{15]), .A(adrinreg{15]) );



|l 20?201:1, 2?21?2010, ???011:1 ?22?111:0;, 000 0?2 1;
[/pessimsm 1111?72 :0, 009?201, //pessimsm 11? ? 2?0 :0;
[lpessimsm ? ?2007?1: 1; //pessimsm ?? 117?1: 0; //pessimsm
0?090?211?21?20?:0;, ?20?20172?:1;, 109 XX
........................ St 212117 :0;, endtable endprimtlve
/1 @#) bu(0103.v REV 1.1 6/7/93 nodul e bl®H103 (QY); Input A output Q
but bO (OA): endnodule nodule ndcOr (O NO D. C NR; Input D. C NR
noot NO  output O; tog NOTIFY REG; U NDCOR Qtstl ( D. NR,

(negedge

assign romadr{1:0] = rormwr ? {beinadrdec1,beinadrdecO} : (200}

1.

1/ disable exceed timer

assign retdisextmi_«= hpors_ & disextmir_;

always @(posedge sploackdet or negedge rstdisextmr_)
i (~retdisextmr_)
disextmrs1 <= #FFDLY 1'D0;
olsa
disextmrs! <= #FFDLY 1D1;

atways @(posedge pclk or negedge hpors )
# (~hpors_) begin
disextmrs2 <a 1D0;
disextmr_ <= 1'b1;
ond
olse bagin
disextmrs2 <= #FFDLY disextmrs1;
disextmr_ <= #FFDLY ~disextmrs2;
end

f/2
"

I/ byte counter

always @(posedge spromcik_ or negedge hpors )
¥ (~hpors,)
bytecnt <= #FFDLY 2°000;
else

bytecrt <= #FFDLY bytecnt + 201,

'I'I gonerals byte clocks

assign belkenO_ = (bytecntl=2'b00);
assign belkon1_ = (bytecntl=2'001);
aselgn bclken2_ = (bytecntl=2'010);
assign belkan3_ = (bytectti=2'd11);

nor02 gelk_0 ( NQdko ), A(spromeik_), .B(bcikend ) ).
nor02 galk_1 ( Nabdkl), A(spromcik ), Bloctkent ) );
nor02 galk_2 ( Nafcli2 ), Alsprometk ), .Blbctken2 ) )
nor02 galk_3 ( NQ(pdlk3_), A(sprometik ), .Blbctken3 ) );

nbut3 gelk_drv_0 ( .NQ(bcik0), Afbelko_) ); ‘
nbut03 gelk_drv_1 ( NQ(belk1), Afbclki) );
nbut03 gelk_drv_2 (.NQ(bclk?), Afbelka ) );
nbut03 gelk_drv_3 ( .NQ(belka), Abeka)) );

I
// rom data registers

always @{posedge bclkO or negedge hpors_)
i (~hpors_)
romdo(7:0] <= #FFDLY 8h00;
olse

romdo[7:0] <= #FFDLY reg8do;

atways @(posedge bkl or negedge hpors_)
# (~hpors_)
romdo{15:8] <= #FFOLY 8'h00;
elsa

romdo(15:8) <= #FFDLY rog8do;



(NQ>0) (0.4.0.4); endspedy endnodule primtive UNDCOR Q (Q 0, OP.
RB. NOTI FIER_ REG; output 0O; Input NOTIFIER REQ D, OP. RB; rag O;
FUNCTI ON : POSI Tl VE EDGE TRI GGERED D FLI P- FLOP W TH ACTI VE LOW
ASYNCHRONQUS CLEAR (Q QUTPUT UDP). table // D CP RB NOTIFIER REG : O
a+1 1 (01) 1?2 : ?: 1; //clockeddata :9(01)17:?:00(01)x’>:
?:0; //pessimsm 0 ?x ?: 0 o; 1/ peSS|msm 10x?: 0: 0; //
pessimsm 1 x (?x) ?: 0 : O; /1 pessimsm 1 110 :...::
11(’>x)’>0:'0; /'l pessimsmx 0O x ?: 0: 0; |/
pess|msmxx 0 BV WHEREo TRVL TR 0 W I

pessi mi s 0; |

(x) 122771771, 0 (Ox) 172 27?207 ; 1/ asynchronous

cl ear Oa(w'ﬁﬁ)@@os?dgbb&eornqgedgéhﬂ)@lpre fallin ng dock ? tx) 2 ?2: 2?2 -; [/l

|gnorefall1('r rsd| o ? 2?2 7?: -; Il lgnore the edges on data o ? (?1) ?
? 0 - e Ig’ﬁ’6?°83t1ﬁlé“§ﬁ%§86?f’ clear ? 2?2 ? x. endtabie endprimtlve

romdo(23:16] <= #FFOLY reg8do;

always @(posedge bclk3 or negadge hpors_)
it (~hpors_)
romdo[31:24] <= #FFDLY 8'h00;
else
romdo[31:24] <= #FFDLY reg8do;

1l.
i

{/ rom ready control

asslgn retdona_ = hpors_ & ~done?;

I/ 4 bytes transfefred - aysnc
always @(posedge spromrdy or negedge rstdona_)
if (~retdone_)
done <= #FFDLY 1'b0;
olse
done <= #FFDLY 1'b1;

always @(posedge pclk or negedge hpors_)

# (~hpors_) begin
donal <= #FFDLY 100;
done2 <= #FFDLY 1b0;
waltdac <= # FFDLY 1'bO;
romrdy <= #FFOLY 1'b1;

end else begin
done1 <= #FFDLY done;
done2 <= #FFDLY doneT;
waltdec <= #FFDLY waltdec ? ~romdec._ : ~romrdy & done2;

» romndy <= #FFDLY romdaci_ | waitdec | ~romrdy & done2;
]

endmodule



1 111 b Function: Single byte wite comuand controller. Handl es the
foll ow ng harware gemated conmands: LED and STPW These conmands wil |
be issued unless sspiocps Is "1 . LED |Issues LED command whenever | ed
| evel changes. Earlier commands can be lost If LED Is changing too fast

and the port |Is busy. The | ast value Wé| always be |ssued, though. STPW
SCSI term power control state machine.

not

Command |Is | ssued whenever SXFRCTL1
(02h) 14 witten. The associated term power |evel enabl e
val ues che H~NCH
~~~M~_~~

| edack, noack, _rstsplos..sled ssplocps, stpwack, stpwenb, stpV\A vlb,

| odreq, iedstate, sbwcbsy, sbwcread, stpe, stpl, stpweq); parameter FFDLY
- 1; Inpw@‘%@kﬂ%&"o%tesent dk40bl, |edack, noack, rstsplos. sled

sspl ocpé“ t py@ck, stpwenb, stpw vlb; output Iedre;:]; request port for LED
command 0Nttt | edstate; // ledstate to be shifted out output sbwcbsy; //
LED, STRWmdusPl ORST command | n progress

out put sbwcread; // read SPIO
port for ACK_ output_siye;

[ 1. .STRPVEN-valde to be shifted out output stpl;
/1 STPWEVEL value to be shifted out

out put stpweq; // request port of
STPW contedod and0S (@ 1%,1%9@()} outputs reg sbweread, |edstate, sbwcbsy, stpe,
stpl, |elpeq, At ; I/ Internal signals // conmon wire rstsbwe, //

reset sb IAog\ndg ggetbsY. // generate sbwcbsy wire sbwcaci k // conbi nation
of | edackndmbdut ppack wire retread;

{l.
"

modute nand03 ( NQ, A, B, C);.
input A, B,C;

output NQ;

nand (NQ, A, B, C);

endmodule

1.
H

“\Odu‘@ or02 (Q- A' B):
put  A,B:

outpit  Q;

or (Q, A, B):
endmodule

.
&

module and03 (Q, A, B, ),
nput  A/B,C

output <
end (Q, A, 8, C);
endmodute

{l.
"

A, B;

NQ;
nor (NQ, A, B);
endmodute

I
i

module but0102 (Q,A);
input A;

output  Q;

but (Q, A);

endmodule

1.
i

modula inv01 (NQ, A);

input A,
output  NQ;
not (NQ, A):

andmodule

f/2
n




Il led r.eg sleds; // synced sled_ wre ledchg; // led |level change //
stpw reg stpwens; // stpwenb synced wire stpwenchg; 7/ STPVEN btt Is
changed //- ----commmm i e o e /'l reset

logic 112 W assign rstsbwe_ . rstsplos_ & sspl ocps; assign sbwcack.
| odack | stpwack; //_.-_ . - ----_ - ---M00 ... | ed request

| ogi ¢ as$ign |edchg - sTeds " ledstate: always @posedge dk4Chl or negedge
rst sbwe, ibeqi o) [ o)

#FFDLY 1 FFD | ed,
| edst at & e N R e R R T i end
end // always—s quest—togi ¢ assign ctpwenchg - stpwens A stpe; always
@ posedgeanodiia LR AANERMegedge rstsbwej if (--rstsbwe, begin stpwens <-
#FFDLY 1 ; é e <=#FFDLY1bO  stpwneq <- #FFDLY 1 bO; stpl <- #FFDLY
1'b0; enshiel{cSR NERGI N

endmodule

1.
"

module bushold (DUMMY, 2);
Input DUMMY;

inout Z;
not (weak0, weak1) (Z, DUMMY);
not (DUMMY, 2);

endmodule

1.
L

“module bts1(Q, A, NE);
Inpurt A, NE;
output Q;
bufdo (Q, A, NE);
endmodule

1/.
Yy

module bts3 (Q, A, NE);
Input A, NE;

output  Q;

butti0 (Q, A, NE);
endmodule

/.
"

module and02 (Q, A, B);
input A, B;

output Q;
and (Q, A, B);
endmodule

1.
"

moduiae nrslt (QNQNSNR);
input NSNR;
output Q,NQ;

U_NRSLT Inst1 (Q, NS, NR); _
not Inst2 (NQ,Q); ‘

ecily
(NR +=> NQ) = (1,1);
(NS +=> Q) = (1,1),;
endspacily

endmodule

1.
i

primitive U_NRSLT (Q. NS, NR);
outputQ:  regQ;
input NS, NR;

table
// NS NR : Qt : Qtel



st pwens <- #FFDLY stpwenb; stile <. #FFDLY st pwens;
stpwenchg | stpweq & -stpwaclc still <- #FFDLY stpwenchg ? stpw vb :

stpl; and registered outputs always @posedge cl k4pbl or negedge rstsbwc,
| (-rstsbwcj begin sbwcbsy <. #FFDLY 1'bGQ  sbweread <. #FFDLY 1'b0O; and

el se begin sbwcbsy <- #FFDLY set bsy, P(P read <- #FFDLY setread; end

------------------------- | nstanti ate st ate-nachi ne sbhwesm
byt esent (b tesent) cl k4ol ( dk4Onl )

stpweq <. #FFDLY.

22..2. O/AI
~Cr ~ % 121%%7-'“-010““‘0 s

....... : gL < Functl on Sl ngI e Byt e
Wite Command 3:0%11r0| §‘I&G§;lé%chl ne. Monitors the progress of a single
byte wite congrend. :Hi sweeyoverid@dwdb194 JYL Flrst rev. nodul e sbwesm (
ackdet. bytesent, dk40b| noack. rstsbwc , sbwcack, setread, setbsy );
par amet er FFOL% ":1 p‘aramater 11: 01 1/ synopsys enumstate Info ID.
2b00, 1/ 1DLE ©G : 2b01le; Middetairimaard ecnaket. WA 2b10. |1 walt for ACK begin
EA 2bl1l; 1/ waft:flor ACK end

endtable
endprimitive

D +=isir

1.
"

modute mux41t (NQ,D0,D1,02,03,80,81);

input DO,D1,02,03,S0,51;
output NQ,

U_MUX41L Inst (NQ,D0,01,02,03,50,51);

endmodule

1.
Ly

primitiva U_MUX41L (NQ, DO, D1, D2, D3, 80, §1);

Input DO, D1, D2, D3, S0, S1;
output NQ;

I/ FUNCTION : FOUR TO ONE MULTIPLEXER WITH 2 SELECT CONT ROLS
i AND INVERTING OUTPUT

table

I/ DO D1 D2D3 SO0S1:NQ

0727%272 00:1;

172772 00:0;

2077 10:1;

2177 10:0;

2207 01:1;

2?2172 01:0;

27270 11:1; '
22?221 11:0;

0000 ?217:1 llpessimism
1111727:0

00?2 ? ?20:1; [lpessimiem
117272 20:0; /pessimism
27200 ?21:1 /fpessimism
727211 721:0 Ifpeseimiem
0?2017 072:1

1712072:0



| nput ackdet, bytesent, dk4Obl, noack. rstsbwc. sbwcack; output setread;
Il read splo for ACK output setbsy; /I LED command In progress |/ 11

Internal signals Il synopsys state vector state reg [1:01 Il synopsys enum
state_kilo state; Il current state reg 11:01 /| synopsys enum state info
next; fl next state fog setread. setbd93 11 |l conbinational |ogic always

@ state or sbwcack or noadt or bytesent or ackdet) begin setbsy . 1 bO;

setread. icase (state) Il synopsys parallel _case |ID begin next sbrrcack
? CC: ID el:hs shweae 6 e ne yiese ..CC,
softy . |

ID; end a TT4"E3C.SrV 5.
ackdet ? FAy iy WA 1 9 :0;

andtable
endprimitive
// @(#) buto103.v REV 1.1 6/7/33

Il
LY

module buf0103 (Q,A);

Input A;
output Q; .

buf b0 (QA):
endmodule

. f/}
L

module ndcOr (Q, NQ, D, C, NR),

input D, G, NR;
Inout NQ;
output Q;
rag NOTIFY_REG; .
U_NDCOR_Q
nst1 (Q, D, C, NR, NOTIFY_REG);

not
inst2 (NQ, Q);

“’?S"oiedge Cm> (NQ-:D)) =(14,1.3);
(negedge NR e> (NQ +: 1b1)) = (0.4,0);
MNQ > Q) = (04,04);
endspecily :
endmodulo
.

primitive U_NDCOR_Q (Q, D, CP, RB, NOTIFIER_REG);

output Q;
input NOTIFIER_REG,
D, CP,RB; ‘
reg Q;
Jf FUNCTION : POSITIVE EDGE TRIGGERED D FLIP-FLOP WITH ACTIVE LOW
/" ASYNCHRONOUS CLEAR (Q OUTPUT UDP).
table

##D CP AB NOTIFIER_REG : Qt : Gt+1

1 (01 1 ? ? : 1. /f clocked data
0 (01) 1 ? ? : 0

0 (01) x ? : ? : 0; //pessimism
0?7 «x ? : 0 : O; //pessimiem

1 0 «x ? 0 : O; // pessimism

1 x (™) ? 0 : 0; // possimism



sotbey ibt; and end EA: begin next . ackdet ? EA : ID;, setbsy ackdet;
end default: next 2bxx; endcase end 11 always // state vector always
O( posedge ctk4Obl or negedge rstsbwc, begin If ~-rstsbwj state < #FFDLY
ID;, else etate <. #FFDLY next; and // always endnodule 115 :. ..
Function: SEEP ROM controller. |ssuesl BEEPROM conmand 9 SEECTL is witten
or SEECTL is read while SEERDY |Is not set but SEERDY counter expires. The
BOOns SEERDY del ay has two conmpononts: SEERDY tiner and command shift
time. SEERDY tiner is 16 docks. Conmmand shift tinme - start bit (1) +
command code (8) + parity bit (1) + stop bit (1) + turn around (2) + mn
ack (3) - 16 clo ' I

13 (ackdel .
- AR hftl nQ
sivatld.1mqt eCtte,, cddate, Mpststeect , seedl, seoctirdy, seedl, seens, '
seerdy, seoread, seereq, seebsy, coesend ); paraneter FFCOLY - 1; Input
ackdet, kyvesent,? did46b291ﬁ2§§$§gkdseectu rstsplos_, seeack, seectlen

shftinQ, ‘sﬁv!@ d,';’,wrsc‘—;e?g;t‘:l?,;.,,pelsgl.mght| (rg cddat; output rstseectU // reset
coacti |8&gic' butput Soebsy;

1 (x1) {1 ? 1 1 : 1; #reducing pessimism

0o (x1) 1 ? 10 : 0 :

1 (0 1 ? R B H

0 (00 1 ? :0 0

? 7 0 ? < 9 : 0; /I asynchronous clear

? (?0) ? ? ? : -; /lignore falling clock

2 (10 ? ? 1 9 : - Jlignore talling clock

7 1 ? 1 2 : - lignore the edges ondata
2?2 (Y 7 1 2 : - llignore the edges on clear
? 7 ? ¢ S

endtablo
endprimitive



out put (2:01 seoctt; // seectl (1 Eh) register output seedl; // SEEPROM
| nput data output seens; ///SEEPROM node sel ect output seerdy; fl SEECTL
read ready output seoread; output seoreq; output soesend; output

soocttrdy; // SEEPROM command ready, used to stretch PHOST or seq |1 //
regi stered outputs rog (2:01 seecti; ypg seoread, seens, seerdy. seosend,
soodi . sooreq, soebsy, seedltdy; Internal signals rog (3:01 rdytlmer. //
SEERDY tiner reg seewact; // SEEOTL wite active rog seoract; // SEECTL
read active rog seeactal ; // sync fog seeacts2; // double sync wire cntO;
It seerdy ti ' ire rst ctl. // reset SEECTL logic wre
wrtteroq: : e T o : S
needed Wi’ : peadiact : O

request needed, cancel sodéfly y_ wire setread. so ty. setsond. strttnr.
rdatval . rehaeggon,.; 116 H reset logic assign rstseectL rstsplos_ &
seoctten; assign rstreggen_ tstseoctt & ~seeacts2; if SEEPROM ready

si gnal al wlew bep e ﬂ%ﬁg-6¥WW@gﬂggem9§ww%e@mwwd (-rstseectl,

seectirdy ggg%ﬁg .%g$§g§%K5W§%“§@E%?|W bgkssued #9St v nor eadreq ( rdatval |

sirttnr; // SEECTL register always @ posedge w seectt_or negedge rstseedl,
LED tssues LED command whenaevar lad lovel changes. Earlier

commards can be lost if LED is changing too fast and the port
Is busy. The last value will always be issued, though.

STPW  SCSl term powar control state machine. Command is issuad
whenaever SXFRCTL1 (02h) le written. The associated term power

lavel and tarm power enable values are latched for later
shifting.

L L L Y e T T 1)

. axe ﬁ".'“'t/

modula sbwectl ( ackdat, bytesant, clk40b1, ledack, noack,
rstsplos_, sled_, ssplocps, stpwack, stpwenb, stpwivib,
ledreq, ladstate, sbwcbsy, sbwcread, stpe, stpl, stpwreq );

parameter FFDLY = 1;

input ackdet, bytesent, clk40b1, ledack, noack, rstsplos_,
sled_, ssplocps, stpwack, stpwenb, stpwivib;

output  ledreq; 1/ request port for LED command

output  ledstate; // dstate to be shifted out

output  sbwebsy; {/ LED, STPW or SPIORST command In progress
output  sbwcread; 1/ read SPIO port for ACK

output  stpe; I/ STPWEN valua to be shifted out

output  stpl; // STPWLEVEL value to be shiftad out

oulput  stpwreq; 1 request port of STPW command

i

1 registered outputs

reg sbwcread, ladstate, sbwcbsy, stpe, stpl, ledreq, stpwreq;
1.

I/ \ntemal signals

/I common

w!re retsbwe_; /I reset sbwcctl

wire satbsy; 1/ ganarate sbwcbsy

wire sbwcack; I/ combination of ledack or stpwack
wire satlread;

I/ \ed .

reg cleds; I/ synced sled_

wire ledchg; // lad lavel change

11 stpw

reg stpwens; /! stpwenb synced

wire stpwenchg; // STPWEN bit e changed

1 reset logic



K (-rstseedi,) begin seens < #FFDLY 1b0; se cti <. #FFDLY 3b000; end al so
begin seens <. rfFFDLY cddat(57; wadi < #FFDLY cddat(3:11; end al ways

@ posedge dk4b2 or negedge rstseectl, K (-rctseodl | seeds < #FFDLY 1bQ
el se seeds <- /f FFOLY rdatval ? stdtinO: seedi; 1l -- request generation
assign wttereq seoactsl & seeacts2 & rdszect!| ; -assign cloreadact
seeactsl & seeads2 & --rdseect assign readreq a cloreadact & cntQ assign
noreadreq doraadact & --cntQ always C (rwgedge w seoct Lor nogodge
tstreggoni K (tstrggecU soewad <. #FFDLY 1bO, al so seewact < #FFDLY 11bl;

al ways @ negedge..r.dseestl..or..negedge rstregaeni... K (-rstreggol U seeract <.
#FFDLY 1bG :

K PEYF1 seeads?
C. #FFDLY | [3€pian retsewsy SPl“ #F@F@E’Y | bO; and al so begi n sooaatst <. 4FFOLY

coor act s FBYEY fwoack =1

Il led request loglc

assign ledchg = slads 4 lodstate;

atways @(posodge clk40b1 or negedge rstsbwc_) begin
It (~retsbwe_) begin
slods <= #FFDLY 160;
lodstate <= #FFOLY 1D0;
ledreq <= #FFDLY 1'DQ;
ond

else bogin

clods <= #FFDOLY slod_;

tedstale <= #FFOLY slods;

ledreq <= #FFDLY ledchg | ledreq & ~ledack;
end

end I always

1.

Il stpw request loglc
asslign  stpwenchg = stpwens A stpe;

atways @(posedge clk4Ob1 or negedge rstsbwce_)
¥ (~rstsbwe_) begin
stpwons <= #FFDLY 1b0;
stpa <= #FFDLY 1D0;
stpwraq <= #FFDLY 1'b0;
stpl <= #FFDLY 1°00;
end
elsa begin
stpwons <= #FFDLY stpwenb;
sipo <= #FFDLY stpwans;
stpwroq <= #FFDLY stpwenchg | stpwreq & ~stpwack;

- stpl <= #FFDLY stpwanchg ? stpwivb : stpl;
-]

ll -

- II registared outputs

always @(posedge clki0b1 or negedge retsbwec_)
if (~rstebwc_) begin
sbwcbsy <= #FFDLY 1'b0;
sbwcread <a AFFDLY 1'00;
ond

else baegin -
sbwcbsy <x #FFDLY setbsy;

sbwcread <= #FFDLY setread;
end

1.
i

// instantiate state-machine

sbwesm sbwesm ( .ackdet(ackdet), bytesent(bytesent), .clk40b1(clk40b1),
.noack(noack), .retsbwe_{rstshwe_), .sbweack({sbweack),
.sotread(setread), .sotbsy(setbsy) );

I

endmodule



sooactt2 <. OFFCLY sooadsl; seereq <. EFFOLY wdtoraq | readroq | (seeroq &
-seeaclq; end 117 ez~trv [/ soerdy generation always @ posedge dl c4Cb2 or
negedge rstseectl, |i (--rstseedl, seerdy << I (FFDLY i bQ, el se seerdy <-
aFFDLY witereq ? I1bO: seerdy | rdatval; if seerdy tinmer assign c ntO -
(rdyt (mera-4'h0Q); always ftosedge dl c40Ch21b? negedge rstsoedl, begin ><
(-rstsoedU rdytiner <- IIFFDLY 4'hO else begin it (strttm') rdytinmer <_
#FFDLY 4' hl; else rdyttner << #FFDLY cntO ? 4'hO : rdytiner + 4'hl; end

end Il alwayg |/ registered output always @ posedge ctk4Cb2 or negedge
rstseectt, (-rstsoedU l.)_.e_g'i Q_ﬂgﬂe.gp. ; . f FFDLY

t'bG  coeredsg

y, SO
rid <a #FFDL itiate
st at e- macht n0

Function:

Single Byte Write Command cortrol state machine. Monitors the progress of a
single byte write command.

History:

01/15/94 JYL Flrst rov.

-/

moduta sbwesm ( ackdet, bytasant, clk40b1, noack, rstsbwe_, sbweack, setread,
satbsy ); .

parameter FFOLY = 1;

parameter {1:0] . {l synopsys enum state_lnfo
1D = 200, // IDLE
CC = 2101, 1/ Command codo
WA = 2010, I/ walt for ACK begin
EA=2D11; I/ walt for ACK end

input ackdet, bytesent, clkk4Ob1, noack, rstebwec_, sbweack;

output  setread, 1/ read splo for ACK
output  sotbsy; // LED command In progress

1.
&

I'/lmemal signals

Il synopsys state_vector state
reg {10} I synopsys enum state_lnfo
state;  // cumrent state

reg [1:0] I synopsys enum state_lnfo
next; I/ next state

teg sotroad, setbsy;
1.

Il combinational loglc

always @( state or ebweack or noack ot bytesent or ackdet ) begin

sotbsy = 1'D0;
satlread « 1°00;

case (state) // synopsys parallel_case

1D: boegin
noxt = shweack 7 CC : 1D;
sothsy = shweack;

end

CC: begin
noext = bytesent 2 WA : CC;
sotbsy = 1D1;
sotraad = bytesant;

ond

WA: begin
K (noack) begin
naxt =« ID;
ond




seectism seectism ( .ackdet(ackdet), bytesent(bytesent)..dk40b2(cl k40b2).
.rdseectt (rdsaOW). . noaokk(noad4..seeack(seeado. .nmtseectt (rstseactU.
-aUd(stvatid)..rdatvat(rdaivel). .setread(cetread)..setbsy(&0
.setsend(setsond)..strttnr(ctrttnt) ); I1----- endnodul e 118 seeEct| s<;:

stvafl d, idatval, setread, softy, setsend, stnm ); paraneter FFDLY - 1,
paraneter (2:01 if synopsys erx.mstate Into TSTO 3b0
conman

BECO, |/

tfng out data VWAAK Ty

shtfttt , wite
command, waiti ng dbeghCK EACgng%%,’L; //wite conmand, waiting for end of
ACK | nput r#ckdet. by%@ﬁﬁ"m“' 40b2, rdseectl, noack. rstseectt. seeack,
sivalid; output gdatval, !}’ Tead data Is valid output setread; !l read
SPI O port out puten@at bsy; !/ SEECTL command I n progress output setsend; !/
shift wtte data_ output strttnr; |/ start tinter Il Internal signals !!
synopsys state v%"g‘fﬁ“ skahga 19 (2: 01 d synopsys enum state_irdo state;

/1 current state reagsyl=dcklib; 7 Synopsys enum state_info
aend

dafautt: next = 2°bxx;
ondcase
ond Il atways

il
I/ state vector

always @(posedge clikd0b1 or nagedge rstsbwc_) begin
i (~retsbwc)
state <= #FFOLY O]

etse .
state <= #FFDLY next;

ond Il atways

1.
Ll

endmoduta



next; !/ next state fog rdatval, setsend, softy. retread,
conbi nati ona

_ strttnr.

| ogic always @ state or ackdet or noack or stvalid or
byt esent or rdseectl  or soeack ) begin strttmr 1 bo; setread. |DbO;
setsend . 1 bO; setbsy 1 bO; rdatval 1 b0O; case (stale) sYnopsys ’
parall el case TSTO begin next |IDLE;, and 119 |IDLE: begin next -
? CMDC : IDLE, setbsy - :

seeack; end begi b Spek
;en egin setbsy- 1bl; K (byte
sent) he ) / : (e?read -
-rdsee 5
begi n
RWAK;

Function:

SEEPROM contro

fler. lssuas SEEPROM command ¥ SEECTL ks written or SEECTL ks
but SEERDY counter explres. The 800ns SEERDY

mmand shift tima. SEERDY timer
mand shift time = start bkt (1) + command code (8) + parity

read whila SEERDY ls not eat

dolay has two componants: SEERDY timer and co
ts 16 clocks. Com

bt (1) + stop bit (1) + tum around (2) + min ack (3) = 16 clocks.

32°25ns = 800nNS.

e et dceaet tTa de gt ate

J

module saacntd ( ackdat, bytesert, ctk40b2, noack, rdseectl_, rstsplos_, saeack,
soactian, shiting, sivalld, wrseecti_, cddet, rstseectl_, saectl,
seoctirdy, seadl, seems, seardy, sooread, seoreq, gaabsy, seasand);

paramaeter FFOLY = 1;
fnput ackdat, bytesent, clkd0b2, noack, rdseect!_; rstsplos__,

seaack, seectien, shitind, sivalid, wreeect!_;
input  [7:0] cddat;

output  rstseectl 1/ racat seaci! logic

output  secbsy;

output  [2:0] seeclt; Il seaci (1Eh) register
output  seedi; I SEEPROM input data
output  seems; IIISEEPROM modo setact
output  seordy; /I SEECTL road ready
output  searead;

output  soaredq;

output  seesand;

output

seoctirdy; /I SEEPROM command ready, used to stretch PHOST or s8q

1/ registared outputs

reg [2:0] seactl;

reg cooread, seems, ceardy, seesaend, seedi, ceereq, seebsy, saactirdy;

2

// \mternal signats

feg (3:0] rdytimar; // SEERDY timar

reg ceewact; 1/ SEECTL wrlte ective
reg saarect; I/ SEECTL road active
reg sooactst; "

reg £006acte2; 1l double sync

wire ctO; /1 saerdy timer expired
wiro retsoactl_; /1 rasat SEECTL loglc
wire writereq; /1 C1O wirite to SEECTL
wire readreq;

1 S8PIO read command is needed
/1 CIO read active

/1 no SPIO request needed, cancel seactirdy_

wire cloreadact,
wire noreadreq;

satraad, satbsy, seteand, striitmy, rdatval, retraqgon_.




setbsy a 1131; end end RDAT: begin next a sivalid ? IDLE : RDAT, setread
a sivalid; setbsy~ 1b1;.

rdatvai - stvalid; end WDAT: begi n next
bytesent ? WWAK : WDAT; setbsy-1bl; retread - bytesent; end WMK begin
It (noaclk begin next a IDLE, end else begin next - ackdet ? EACK : W
WAK; setbsy - 1131 ; end end EACK: begin next - ackdet ? EACK : |DLE;
setbsy - ackdet; strttnv - -ackdet; endlfefault: next - 3b)xx; endcase
and ft alwaya // state vector 120 c¢c v. always C-(posedge dk42 or
negedge rstseectl|

Il raset logle

asslign  retsaectl_ = rstsplos_ & sacction;
assign  retreqgen_ = retseocti_& ~gaqacts?;

{l.
L

Il SEEPROM ready signal

always @(posedge clkdQb2 or nagedge rstseactl )
# (~rstsaactl )

seoctindy <= #FFDLY 1°DO;
else

soactindy <= #FFDLY noreadreq | rdatval { stitme;
F/)

Il SEECTL reglstar

always @(posedge wrsaect_of negedge rstsaectl )
¥ (~rsteeactl ) begin

seams <= KFFDLY 1'D0;
gseacl <= ¢FFDLY 3'000;
aend

atse bagln
seems <= ¥FFDOLY cddat[5];

cooctl <= §FFDLY cddat(3:1];
ord :

always @(posedge clk40b2 or negedge rstseect!)
¥ (~rstseactl )

soodl <= #FFDLY 1°00;
v else

caodl <= #FFOLY rdatval 7 stftin0 : seadl;

I~
1f request genaration

asslgn writereq « 6eoacts1 & seaacts2 & rdseact
assign cloreadact = saoacts & seoacts & ~rdseecti
asslgn readroq = cloreadact & crt0;

assign noreadroq = cloreadact & ~cnt0;

always @(negedga wreaact_or nagedga rstreqgen.)
¥ (~retraqgen )

saawact <= §FFDLY 100,
also

soowact <= ¢FFDLY 1D1;

always @(negedge rdseecti_ or negedga retreggen_)
¥ (~rstreqgen.)

seoract <= #FFOLY 1700;
else .

caoract <= #FFDLY 1'b1;

always @(posedge clk40b2 or negedge reteeactl )
 (~retseactl ) begin

secactst <= #FFDLY 1'b0O;
soaacte? <= #FFOLY 1°00;
coareq <= #FFDLY 110;

ond

elaa bagin

sosacts! <= #FFDLY cooract | ceowact,
sooacts? <« #FFOLY sooactet;

ceereq <= AFFOLY writaraq | readreq | (seareq & ~seaack);
end



(-stseedt, stale <- EFFDLY IDLE, else state c. 4FFDLY next;

N B R T endnodule 121 rC.  /".-
**" 0lb~N N .N NNH.N N. Function: Soft comand state nachi ne. N N~N~~M-M
~~~N~N H ~~~Hy~~HN H ~~~~N~N~~~~~NH~~N~~HHNN~~~~~~ | nodul e softcndsm
(ackdet. bytesent, clk40b5, cntO, cntl, lastb, |edtstact, noack,
rstsoftcmd' -* slvalid. softadc, softsend, dwadcnt, softabrtok, setread,
setbsy. setcirtast, cetdtsend, setledtst. wt'do ); paranmeter FFDLY 1,
paranmeter (2:01 Il synopsys enumstate into |DLE - 3b000. // waiting for
sof tack, SEND. -..3b00QL. . L/..sending.a.hyt.e Femn 3R010; ek G40 send
t he nex

wai ti ng# CRAEACK =31 “Wai'tTng tor the end of ACK™ RDAT -

31, 110, "7 rEaETRG TSRO T8 111; // led test node | nput ackdet,

byt esent, dk40b5, cntO, cntl, lasth .Jedtstact, noack, rstsottcnd.,
sivalid, %Qk%ﬂg%mnégqtsend; output loadcrl Il load read counter output

set ci dast ; ear last bit, clear h@ and set pointers output setbsy; //
set soft hiveys®@ AR or egefld® P TPear send bit output settodtst: Il go
Into | ed tebt Ollea QU kPrbLY S8t al xtok; // ok to abort (SWreset) this

mul ti-byte geft CO nd output setread; // read SPIO port output wilto;
/1 wite soft f deerdyld=#FFOUYergRocadrioAeterSY HET for out puts

i
{f seoardy timer

esslgn et = (rdytimora=4'h0);

atways @(posedge clkd0b2 of nagadge rstseectl ) bagin
¥ (~retseacll) ‘
rdytimar <= #FFOLY 4M0;.

else bagin
H (stritmi)
rdytimer <= #FFOLY 4™1;

tso ) '
rdytimer <= #FFDLY ct0 ? 4'h0 : rdytimer + 4'01;

end
erd Il atways

it
" reg(stefe_d outpurt

always @(posedge clk40b2 or nagedge retseect.)
¥ (~rsteaact ) bogin
sacbsy <= #FFDLY 1D0;
gsoasond <= ¢FFOLY 100;
soaread <= #FFOLY 1D0;
ond 4
else bagin
~ gocbsy <= #FFOLY satbsy;
caesond <= #FFDOLY sotsand;
cooroad <= #FFOLY satroad;

end

I .
Il nstantiato state-mactiing

, bytesent(bytesent), ck40b2(clika0b?2),
seectism sﬁf&&ﬁ%ﬁﬂoﬂﬁm« .(t.)syéeack(seeadq.
setsaactl_(retsoactl), m:ﬁ&dm. .rdatval(rdatval),
sotroad(satraad), sotbsy(es .
.zgt?:nc!((so(send). stttone(strttme) )

1}
L

endmodule



reg softabrtok, setread, setdreend, wdifo. |oadcnt, setdrtast, setbsy,
setlodtst; /1 internal signals // synopsys statA vector state reg (2:0) //
synopsys enum state into state; Il current state rog [2:0) Il synopsys
enum state Into next; |

next state I/ conbinatlnal logic always @ state
or ackdet or bytesent or lastb or softack or noack or
crdl

Into or |edtstact or
or softsend or sivaild ) begin cetbsy I bl; setddast - 11,0;
setdrsond - IbGQ wfi<o- 1b0; 122 :$jfri ﬁtj Ct r...rw\vw~~~~M ~~~~N 1M
~~M-~~~M-N1~N~~~w. . . .. | oadcnt i b0; setread ibO; sottebrtok |bGQ
setledtst 1bQO case (state) // synopsys parallel

case |IDLE begin |
(softack) begin next a lastb ? LSTB : SEND;, |oadcnt - lastb; end else
begi n next : selhs ; 3 -

by

] MY PR Y]

Function:

SEEPROM control state-machinae.

!

module seactism ( ackdat, bytesant, clk40b2, rdsaactl_, noack, seaack, rstseectl_,
stvalld, rdatval, setread, setbey, sotsend, sttt );

parametoer FFOLY = {;

eter [2:0 Il synopsys enum state_lndo

pare T%T(]) =« 30000, /f stop all statas for testabliity
IDLE = 30001, il idle
CMDC = 31010,  // shifting command code
RWAK = 30011, / read command, walting for ACK
ROAT =« 30100, / shlﬂm in dgi;
WOAT = 3D101, / shifting cut data
WWAK = 35110, // write commeand, walting for ACK
EACK = 3b111; I write command, walting for end of ACK

Input ackdet, bytosent, cik40b2, rdsesctl_ noack, rstseectl_, seeack, sivalid;
outpit  rdatval; I road data ts velid

output  cetread; ! read SPIO port

output  cetbey; I SEECTL comumand in progress

outpit  setsend; If ehift write data

output  stritmn; 1l etart timar

{l \tomnal signats

1l synopeys state_vector state
rog 2:0] 1 synopsys enum stete_kdo -
state;  // current slate
reg 201 f synopeys enum state_lnfo
© o onext Il noxt stade

reg rdatvel, cetsend, catbsy, setread, stritmn

1.
If combinational toglc

always @( state or ackdet of noack or sivafid or bytesant ot rdseactl_
or saeack
begin

stritmr = 100,
satread = 1'b0;
gotcond = 1'b0;
sotbsy = 1'b0;
rdatval = 100;

casa (6late) /I synopsys pearallel_case
T8TO: begin

naxt = IDLE;
ond



next - bytesent ? WNXT : SEND, setdrsend a bytesent; sottabrtok a 1 bt ;
end WNXT: begin sottabrtok a 1 bl; | (sottsend) begin next a lastb ? LSTB
. SEND; loadcnt - lastb; end else begin next a WNXT; end end LSTB:
begin next a bytesent ? WACK : LSTB; setread a bytesent; and WALK: begin
| (noadq begin next . IDLE, setbsyl¥1' b0O; setddast a ibl; and also I
(aci adet) begin next a cntO ? EACK : RDAT; setddast a 1bl; setread -cntQ

end el se begin next - V\ALK retread - -ontQ, end end EACK begin |
(ackdat) beg: 5 :

IDLE: begin
noxt = sadack 2 CMDCGC : IDLE;
satbsy = seaack;

end

CMDC: begin
sothsy = 1D1;
i (bytesant) begin
naxt = rdseecti_ ? WDAT : RWAK]
sotsend = rdseactl_;
sotread = ~rdseact!_;
end
olsa baegin
next « CMDC;
end
end

RWAK: bagin
# (noack) begin
next = IDLE;
ond
olsa begln
sotread = 1'b1;
next = ackdet ? RDAT : RWAK
sotbsy = 1'b1;
ond
end

RDAT: begin
next = sivalid ? IDLE : RDAT;
sotroad = ~sivalid;
setbsy = 1D1;
rdatval = slva!id
ond

WDAT: begin
next = bytesont ? WWAK : WDAT;
sotbsy = 1D1;
cotread = bytasent;

end

WWAK: begin
¥ (noack) bagin
: noxt = (DLE;
end

olse begin
naxt = ackdet ? EACK : WWAK;
Wtbﬁy = 1'b1;
ond
ond

EACK: bagin
noext = ackdet ? EACK : IDLE;
sotbsy = ackdet;
sttt = ~ackdet;

end

defautt: next = 3'bxxx;
andcase

end Il always
F/?

/! state voctor




setbsy 1bl; end also begin next a lodlstact ? LTST : |IDLE, setbey

| adl etact; 123 51 end end RDAT: begin next - (sivaliid & cntl) ? IDLE

ROAT; setbsy 1bt; setread -(sivalid & cntl); wtt(o a sivalid; and
LTST: begin next a LTST; setbey tbt; settedtst 1 bl ; and default:
next - 3bxxx; endcase. end I/ always state vector always C@ posodge
cl k4ObS or negedge rstsottcnmd] a (qhgtsoftcnd_) state <a #FFDLY | DLE
el se state <_ #FFDLY next; |/ endnodule Il softcndsm 124

.................. ~3:oorfr}}:c{?rroall......N..... M.NMMN...~~~~ .

Function: Top level of soft command control 10910

-

always @{posedge clk40b2 or nagedge rstseactl )

¥ (~rstseact)
state <= §FFOLY IDLE;

else
stato <= §FFOLY naxt;

[
endmodute



e e N M / nodul e
softcntd (ackdet, byt esent cddat cl k45, dk4(b6. ensoftodat. Itstslgt,

noack, rdsp(odat, rstsplos-, shttin. sivalid, sottack. sottcndon.
wr spl octl_a wr spi odat _, Iedtst | odt stsig, cottabrtok. sottbsy, sottread,

cottreq. sottsend, sploctklO, spl octl zgt spbrdat, spbwdat ); k put
ackdet, bytesent. dk4Ob5. ctk4Ob6, cdat. noack, rdspl odat. ntspbs,

slvafid, spftack. sottcndon. wr Ioctt. bd _cddat,
ttstsigl, 4§y, sottread,
sottreq. s ] ptodiT 74; out put
17: 01 Spt ortiat el surlato

o) sploldalecddobus dadaratdon-wike (1:01 readcnt; who (7:01
ttstsigi; softctl softctl (.dk4Cb5(dt44h5).. noack(noacl thspbs (rstspl os
j. .sendb(Reddh) .. set bsy(setbsy).. set ddast(set dttast),
. set oksond( t&! [ t edt st(set | od(st), .sottadc(softack),
. spl owdat(sp(a §"‘?‘Q'g)s'('3"35‘:(%:l‘?srr%jon(sot t anden), aedt st (lodtst),
.l edtstact Qodt stact)..ctdastb _(ddastbj..tstfdo(rstt'do,

nd( rsstsendi..cstsott crml_( rstsoftand..)..sottbsy(soft bsy) ,
.retread(setroad)..sottnmad(sottread). CGottroci(sottreco,
. sott send( sot't"s'e'rrd)'")"'"'svf‘t'cndsm“sm'r'cmgm '(‘""'aC‘R/dot adadet

byt t ( by medie dem e $ 5, cnt0, . et
agerr(Slegs'E b?..te%ﬁ@%ﬁ rr;g] &%E%f%? (C )
0

.rstso

tcirse ~tsottcrm| (rstsOtand.).
stva6d(stvall d). ttad(Sottad( . eottsend(sottsend). joadottt(loadcnQ
| t xt ok(sott abRﬁbldDFFMt-ﬂead( setrdad). . setbsy(setbsy).

ast (cet drtast &g-nsertd( %gé_g | edtst(setledtst)..wtUo(wtlo)
): spido spP %&dkj{ﬁﬁ%ﬁm 6?dk4036) . | oadent (I oadent)
. ensof t odal (ensofsmdata);om r desphdinga byte dspl odat , , readcnt (readcnt),
.rstfdo(rWfo j.. WeTeo¥ w&rd(//r"ﬂ“mwﬂf’ﬂ?d?’“byé“nttl n(shtln).

.wr fdo(w fdo),
.cn(ontO. ontI( m“ plfy’(ﬁ? %ﬁr ctlirl0). splordat(splorda());,
sof t|mer softtinme and oidkast h( dr t ast bj .
RDAT = 31 10, /reading SPIO
LTST=3'b111;  /led test mode

Input ackdet, bytesent, cik40b5, crt0, cnt1, lastb, ledtstact, noack,
rstsoftemd_, sivalld, softack, softsend,;

output  loadent; 1! load read counter

output  setcldast; 1 cloar last bht, clear fifo and set pointers

output  sothsy; 1l set soft busy

output  satclrsend; I clear send blt

output  setledtst; 1/ go Into led test mode

output  softabrtol 1/ ok to abort (SW raeat) this multi-byte soft command

output  setread; /l read SPIO port

output  wift{o; I write soft filo

I register declaration for outputs

reg softabrtok, setread, setcirsend, wrlilo, loadent, setclrlast, satbsy,
sotledtst;

1.
LY

Il intemal signals

"Il synopsys state_vector state
reg [2:0] 1l synopsys enum state_lnfo
state;  // cumrent state
reg [2:0 1 synopsys enum state_info
next; I/l noxt state

1.
o

/I combinatinal fogic

always @( state or ackdet or bytesant or lastb of softack or noack or ¢ntd
or ledtstact or crt1 or softsend ot sivalld )
begin

eatbsy = 1'D1;
eatclriast « 1'DO;
sotcirsond « 1'b0;
wiilio = 1h°:



.rstsoftcnmd (rstsoftcndi..tlnor(tirnor), .rsttimer (rsttlnmeri ); coftregs
coftrega (.oddal (oddat)..ladtstrJg(lodtctslg)..Kstr.Igl(ftstslgQ

.ansof t odel (ensottcdol)..rstsend(rstsend,.

.rstooftand. (rstroftcnd,..rsttlnmor(rrttlnor”). .wsplodl _

(wrsplodl ) ..wpl odal (Wpi odsl _)..lastb(tastb) .

.roadcnt (readcnt)..rondo(sendb)..cploctlr74(oploctlr74).

. spl owdat (splowdat) .. Utw (tinmor) )i2hdm xluto 1 125 -----cmcmmmaanmooo-
Fil ename: sottctl.v Function: Solt Comrand Control logic. H H1111 ~N

N. 1t. N -6%4 ul e sendb, setbsy,
set | edt st. spl owdat ,
softack s : , Sottbsy.

sof tread, 3 “t'?';C&'), YOTYRENY YT paranet er HOLY a 1; I nput c4k4Ob5. noack.
rstsplos_,i%ﬁ&if@@tbsy, setcirtast, setledtst, setclrsend, retread.
sof t ack, sabitebweleno; | nput p: 01 splowdat; output ctrlastb_, // last LB bit
in sottct| s@gRrst'®: output ledtst; // led test command node out put

ledtstact; JJdi@f test conmpRekypgdndlbingse out put rstt’'dod // reset fdo
regi sters output rstsend_; If reset send and | astbyte bits out put

rstsoftcnd_; //'DE'B?P oft command |ogic output sottbsy; // soft command
In progress out “ﬁ&fﬁ"é‘&gﬂgﬁzgm SPI O port output coq: // request for
SPI O port output sobh&andisti/ send a byte Il register declaration for
outputs rag |ledtsed |edtstact. softreq. sottbsy. softread, softsend.

; alsa begin
cidastb_, 1l hext = IDLE;

. satbsy = 1°00;
end
ond

SEND: begin
noxt = bytesent 2 WNXT : SEND;
setclrsand = bytasett,
softabrtok = 111,

ond

WHNXT: begln
softabrtok = ; 'b1l: _
K (softsend) begin
¢ noxt = lasth 2 LSTB : SEND;
loadent = lastb;

end
alse begln
noxt = WNXT;
ond
ord

LETB8: bagin
noxt = bytesant ? WACK : LSTB;
satread = bytesent;

end

i Soun
¥ (noa
naxt = [DLE;
sotbsy = 1°DO;
cotclifast = 111,
end

olso ¥ (ackde ln
(next -octt):g ? EACK : RDAT,

sotciast = 1'b1;
sotraad = ~cmo;

end

elea bagin
naxt « WACK;
sotroad = ~cno;

end

ond

EACK: begin

¥ (ackdat) begin
naxt « EACK;
sotbsy « 1'b1;

end

olse n

' bo?mn = lodtetact 7 LTST : {DLE;

satbey = lodtgtact;



I/ Internal signals rag drsend_, softactsl. softacts2; wre rstlodtst; Il

Il reset logic assign rstsoftond- - rstsplos_ & softcnden; assign
rattito_ . rstsoftcnd_ & ddastb_; assign rstsend rstsoftcnd - & driast)_ &
drsend_ assign rstledtst - rstsoftcnd_ & -noacic Il request |ogic always

@ posedge dk40Ob5 or negodge rsteoftch@B1l If (-rstsgftcnd_) begin sottactsl
<- #FFDLY 1b0; softads2 <- #FFDLY 1b0; softreq <- NFFOLY 1 bQ  coftsand
<- NFFCLY |b0O; coftraad <- NFFOLY 1bOQ | 126 ......... -

R S VAV ANCE A i B 0 < N Vi Y= 0 FoooXo o r....
end el se begin segf}dadsl <a #FFDLY sendb; softacts2 <. #FFDLY softactsl;
sottreq <. #FFDLY softadsl & -sottacts2 & sottbsy; softsend <. #FFDLY
softactsl & -sof tBATstRg& sottbsy; softread < #FFDLY setread; end 11
regi stered out puts%v@ﬁ%‘f_é@‘ﬁd’é%@%ﬁﬂdﬁ or negedge rstsoftcnd, It
(-rstsoftemd_) begdffireadm ~(eivalid & crtt); '

writlo = sivalid;
ond

o {iyY

LTST: begin
next= LTST,
GG(bGy = 1b1;
sotiodist = 1'b1;

end

defauit: next = 3'bxoax;
oendcase
end I/l always

.
”

// state vector

always @(posedge cik40b5 or negedga rstsoftemd, )
¥ (~retsoftemd )
state <= #FFDLY IDLE;
alse
state <= #FFOLY next;

I
endmodule I eoftcmdsm



driastb_<- #FFDLY 1bl; cirsend_ <. #FFDLY IM softbsy <- #FFDLY 1bQ

| edt st <- #FFDLY 1bGO, and also begin clriastb _<- #FFDLY setdrtast;
cirsend_ <- #FFDLY -setcirsend; sottbsy <- #FFDLY setbsy; ledtst <. #FFDLY
setiedtst; and 11 test node al ways C (posedge dk4Cb5 or rtegedge
rstledtst, | (-tstledtst_) . iedtsimpgt <- #FFDLY 1bO; else lodtstact <.
#FFDLY fedtstact sottadc & (spiowdat--8M); endnoduie 127 ft Function:

SPI O Soft Command Control registers (1D, 1E when softcnden==1).
ht. t -

modul e softregs‘

rsttimer. wsp

3232 3 % 25
splocttr74, sp ..nal. L. FF ---+-nput ensoftodat,
rstsend_, rstsoftcnd--. rsttinmer_, wsploctl_, wsplodat.-; Input [7:0]
Itstsigi, cddat;rusadput | astb; // SPIOCTL bit 6 output ledtstsig; |/ led

test node output signal @ output %1' 0] readcnt; 11 SPICCTL bits 1:0 out put
sendb; 1l SPI OCTiP Y% o' BT EE PE 0% spi oci I r74; |/ read data for SPI OCTL
bits 7:4 out putedtiB-apl-aupiatdf-content s orsprodat register
thmer, '/ SPl tlt_\ombtletsotémliéac&d% .llay%}sgri;l. cgfailcﬁic%%.'%bﬁ.%soi?&hﬂl&&@(. noack,
rdsplodat_, retsplos_, shitin, sivalid, softack, softcmden,
wreplocll_, wreplodat_, ledtst, tedtstslg, softabrtok, softbsy, .
softread, sottreq, softsand, sploctiriO, sploctic74, splordat, splowdat ),

out put

input ackdet, bytesant, cltd0bS, clk40b6, ensoficdat, noack, tdsplodat_,
retsplos_, sivalid, softack, softcmden, wrsplocti_,

wrsplodat_;
Input [7:0] cddat, ttstsigl, shftin;

output  ledtst, tedtstslg, softabrtok, softhsy, softread, softreq, softsend;
output  (1:0] sploctir10;

output  [3:0] sploctic74;

output  [7:0] splordat, splowdat;

i
4

Il bus declaration

wire {1:0] readent;
- wire {7:0] tstsigl;

1.
L4

softct softatl ( .clidobS(clkd , fHoacklnoack), Jsteplos_(rstsplos ),
.set(\db(sendg). .sggi)y(setbsy). satclrlast(satcldast),
setcirsond(setcirsand), sotiadtst(setiadtst), softack(softack),
splowdat(splowdaf), sottemdan(softemdan), Jedtstledtst),
Jedistact(ledtstacy), cldastb_(cldasth ), Jstifo_{rstfito_),
sstsand_(retsend_), rstsoftemd_(rstsoftemd ), Ssoftbsy(softbsy),
setread(setread), .softreed(sotiraad), softreq(sofired),
softsend(softeand) ):

softcmdsm softemdsm ( .ackdet(actdat), Jbytesant(bytesent), Clk40bS(ctkd0b5),
ontd(cne0), .cnel(cnet), ). Jadistact(ledtstact),
noeckinoack), Jetsoftemd_(rstsoticrmd, ), stvalid(stvalid),
softacksoftack), softsand(softsend), Joadent{loadent),
sofiabrtok(softabitok), setread(catroad), satbsy(satbsy),
selcidast(catciriast), satclrsand(setcirsand),
satiedtst(cotiadtst), writfo(wrfio) ):

epfito sofifo (.Clk40b5(clkA0bS), .clka0h6(cik40bS), oadont(lademt),
o .er(\soﬂcdal(emohcdal). sdsplodat_(rdsplodat_), Jeadcnt(readent),
setido_{rstiifo_), retsottemd_(rstsottemd,), shitin{shftin),
witito(wrfilo), .cntO(crt0), .cnti(cnti), .sploctiri0(sploctir10),
splordet(splordat) );

softtimar softtimer { .clk40b5(cik40b5), .crastb_(cirlastb_), _
retsottemd_(rstsoticmd_), timer(timar), Jrsttimer_(rsttimer_) ).

sofirags coftregs ( .cddat(oddat), ledistsig(ledtstsig), stsigi(itstsig),
.ensoftedat(ensoficdat), .reteand_{retsend ),
seteofiomd_(reteoftomd ), ssttimar_frettimar_),
wrsploct!_{wreploct! ), ‘wreplodal_(wreplodat_), .lastb(lastb).
feadcrt(readent), .canda(sendb), sploctir74(eploctir74),
splowdat{cplowdat), timar(timer) );

andmndusie



reg (7:0] splowdat; reg ledtstslg, |ock, sendb, lastb, tinmer, reg [1:0]
readcnt; reg [2:0] sploctLl; wre [2:0] wdat; 11 |l |led test node signa
sel ect assign wdat - splowdat[2:0]; always @Iltstsigi or wdat ) case
(wdat) // synopsys parallel-case fun case 3b000: ledtstsig - ttstsigi[O0];
3b001: ledtststg - Itstslgl(1]; 3bals ledtstslg = ftstsig ]; 3bOLl:

| edtstslg,.:..11st.shgll3 104 edtstsig - itstslgi[4]; 3bl01: ledtstslg
[ 1tstsigl[6]; 3blll: ledtstslg -

| t stsigl [*7F;~"detault? Tedtstsl'g - 1 bx; endcase SPI ODAT (1Dh) al ways

@ posedge wr spi odat . or

_ spiodat. ... or. nhegedge.rstsoftcnd, ... Lf.-L-ratsoftcmd. ~ spl owdat <a
#FFDLY 6' ROU; el se splowdat <- MFFDLY cddat; 128 :

o ALY+ e e e 0 /1 sPacTL (1
Eh) /] bits 76

i f
(-rstsend fundiegi n sendb <- #FFDLY 1bO, lastb <- #FFDLY 1'b0; end else
begl n Soft Command Control logic.

* - seresty

clriast
dule softctl ( cik40b5, noack, rsteplos_, sendb, setbsy, satledtst, set .
e setre(ad. lodtst, lodtstact, setcirsend, splowdat, softack, softcmden,

cldasth_, retfifo_, rstsend_, rstsoftemd_, sotibsy, softread, softreq,
softsend );

parameter FFOLY = 1;
Input cli40b5, noack, rstsplos_, sendb, setbsy, sotclrast,

sotledtst, setclrsand, setread, softack, softcmden;
Input [7:0] splowdat;

{lastb_; /f last LB bit In softcti register
mgtutn fedlst: {/ tod test command mode
output  ledtstact; 1 ted test command pending
output  rstffo_; 1l resat fifo reglsters
output  rstsand_ /I raset send and last_byte bits
output  rsteoftemd 1 raset soft command togic
output  softbsy; 1/ soft command In progress
output  soltread; 1/ road SPIO pott
output  softreq; I raquest for SPIO port
output  softsend; // sand a byte
il
Il register declaration for outputs

reg tadist, ledtstact, softraq, sottbsy, softread, softsand, cldastb_:

1l
{/ Internal eignals

rog cireand_, softacts1, softacts2;
wire retiodtet_;

Il
1 reset logic

assign retsoftemd_ = retsplos_ & softcmdan;

assign rstfifo_ = retsottemd_ & ciflastb_

assign retsend_ = rstsoftemd_ & cirlasth_ & clrsend_
assign retledtst_ = retsoftemd_ & ~noack;

.
¥

I'Irequest logic

always @(posedge cik40b5 or negadge rsteottcmd_)
¢ (~rsteqftcmd_) begin
goltacte <= #FFDLY 1D0;
soflacts2 <= #FFOLY .go'bO;
softroq <= #FFOLY 100;
softsend <= #FFDLY 1D0;
sofiread <= #FFOLY 100;



sendb <- #FFDLY cddat[7]; lastb <- #FFDLY cddat[6]; end Il bit S. 1.0

al ways @ posedge wrsploctl _ or negedge rstsoftcnd, It (rstsoftcnd, begin

| ock<- #FFDLY 1'bQ reads % <- #FFDLY 2b00; end else begin |ock <- #
FFDLY cddat (5]; readcnt <_ #FFDLY cddat(1:0]; end Ilbt4 always @ posedge
wrspioctl _or negedge tsttinmer,) It I[26sttimerj timer <- # FFDLY 1' bO;

el se tinmer <- #FFDLY cddat[4}; always CM ensoftodat or sendb or |ash or
timer) |If (ensoftodat) sploctU <- #FFDLY (sendb, lastb, tiner}; assign

spioctlr74- (sploctl 1[2:1], lock spioctij[Oj}; Il endnodule /I softregs
129 . /1 ~H-e~N~M-N~N~f ~~M~f ~~H~N~~~N~N~~NN~N~M~~M N~~~~~~ N~H~f f ~N
Functi on: Soft command tiner. t foN N~~~~N tN~~~~~ ~f ~f ~ N
Nifty..... A SO 3¢ oY TE1 9 : :

timer, rst
r st sof t cnd™~tFmer . ourput Tettiner 1/ reset tiner bit // // | nt er nal
signals reg (‘g"&%eg@\] cnt; softcnd counter rag (3:0] new cot; // new count

softacts1 <= #FFOLY sandb;

coftacts? <= #FFDLY softactsi;

softreq <= #FFOLY softacts1 & ~softacts2 & ~goftbsy,
softsand <« #FFDLY softacts1 & ~softacts2 & softbsy;
softroad <= #FFOLY setread;

end

ll

II reglistered oulputs

always @(posedge clk40bS or nagedge retsofternd_)
¥ (~rsteoftemd ) begin
cliastb_ <= #FFDLY 11
clreand_ <= #FFDLY 101
softbsy <= #FFOLY 1D0;
fadtst <= #FFDLY 1°DO;

end
else bagin

clrdasth_ <= #FFDLY ~sotcldast;
cusend <a #FFDLY ~sotclrsend;
softbsy <= §FFDLY satbsy;
lodtst <= #FFDLY setladtst;

ond :

II

II tost mode

always @(posadge clk40bs or negedge retledtst_ )
¥ (~rstiodtst ) .
lodtstact <= #FFDLY 10;

todistact <= #FFDLY loditstact | softack & (splowdat==8"82);

else

J/2
endmodute



reg rsttnmtb_; // reset tinmer bit /1 N counter logic always @ crt or
ddaslb_ or timer) | (--cldastb_ttiner) newcms 4'hl; else If ((cnt-4"W)
new Cnt - 4'h0; also new crttscnt+4171; always @ posedge dk4h5 or negedge
rstsoftcnd, N (-rstsoftondj citt <- #FFDLY 4' hO; also cru <- #FFDLY

new cnt; |l reset tinmer bit always @ posedgo dtct0b5 or negedge
rstsoftcrnd_ ) | (-rstsottcnd, rsttnrb_<- #FFDLY 1bl; also rsttnrb_ <-
#FFDLY (cntl-4' hf); b I---- -
"nodul e /s :

I!ctﬁﬁ.t«mﬁ"nl”’m’t’t"’.r'?"'".‘t?.

N VS Nf... . H.NINGNT. T NN .. N2........N.NN 1 Conbinted
sparb. v amangponux.v to alleviate tine budgeting problens during |logic
YT ST o0 s ot PR AT O R NN N

SPI O usage and generates readspio

ctsastagtttdttetonEe ate et ettt aed POy eSS LRSS ITR LA L 1)
aestsasteg . satteE l
.

. moduta softrags ( cddat, tstsigl, ansofltedat, rstsend_, rstsoftemd_, rettimer_,

wrsplocti_, wrsplodat_, ledtstslg, lastb, readent, sendb, sploctir74,
splowdat, timer ); .

parameter FFDLY = 1;

Input ensoftcdat, retsend_, rstsoficmd_, rsttimer_, wrsploctl_, wrsplodat_; -
input [7:0] rtstsigl, cddat;

. // SPIOCTLDLI 6
?Ji‘;n“ ‘lgsdltgislg: I/ tod test moda output signal
output  [1:0] readent; 1/ SPIOCTL bits 10
output  sendb; /1 SPIOCTL b7 .
output  [3:0] sploctir74; // read data for SPIOCTL.bIts 74
output  [7:0] splowdat; Il cortents of splodat register
. output  timer; /I SPIOCTL bit4

1.
If register daclaration for outputs

fe 10] splowdat; '

reg llZdtslslg. lock, sendd, lastb, timer;
teg (1:0] readent;

teg [2:0] sploctLY;

wire {2:0] wdat;

'I'lled tost mode signal select
assign wdet = splowdat[2:0];

wdat
alwczse((%‘%:)slql * ) Il synopsys paraliel_casa full_case
3'H000: lodtstsig = itstsigifo];
3b001: ledtstsig = ttstsig(1];
3'0010: ledtstslg = ttetsigif2];
3'b011: lodtstslg = ttstsigif3);
3'1100: lodtetsig = itstelgif4];
3D101: ledtistslg = itstslgS]:
3'b110: lodtetelg = itstslgi{6];
3b111; ladistelg = itstsigi7];
detault: ledtstslg = 1°bX;
endcase

I
/I SPIODAT (1D0h)

always @(posedge wrsplodat_ of negadge rstsoftemd )
# (~retsoftemd.)
splowdat <= #FFOLY 8'h00;
olse

splowdat <= #FFDLY cddat;



and sendbyte. History: 00100100 JYL First rev. .. fNNI.MN. N.. f N
NL ML.. N..NITI. I l....NM MNN...1... Mf {.../ nodul e sparbonux
(ackdet, brdbsy, brdread, brdreq. brdsohd, cddat, chprstbsy, chprstreq,
ctk4Cbl. eiread, |edstate, |edreq, noack, romadr, ronbsy, ronroad, ronreq,
ronmsend, romw, rstsplos_, sbwcbsy. sbwtkgad, seebsy, seeread, seereq,
ceesend, selromal, selroma0, softbsy. softread, softreq, softsend,

spl obsy_, | owd I pw eq, brdack, chprstack, | edack,
readspl o, sendbytasasobt i kdet ,
sprt akabr Skitbsy. brdread.

brdreq. brdsend,—chprst-bsy,-—chprst-reg-—-dk4Obl, eiread, l|ledstate, |odroq,
noac k, romeRQCiLdtehead, ronreq, ronsend, romwm, rstsplos._, sbwcbsy.
sbwcr ead, zlgetﬁb é seeread. see req. seesend, selromaQ, selromal, sottbsy,
softread, y eng, ihps, stpt, stpweq; btu (7,01
cddat, spi owgiﬁﬁﬁéﬂ%%?%g%;ﬁﬁﬁgut put brdadqg // |ssue BRDCTL
command out put dendb s+ ¢FFRLY 1Dd:ssue SPI ORST conmand out put | odadq // |ssue
LED command out $® <r BEPSYES // read from splo port output romadq // |ssue

ROM read/vvrk§,s nd output seeadG /| |ssue SEECTL command out put
sendbyte; // shi fsbnd8 <bytr®LPbddaptt put p: 01 shftout; // data to shift out
out put sottadG | llasibsxe WBFOEYEddatiéirmand out put spi oackdet; 11 SPI O ACK

det ect ed, di 98bl e exceed timir output spnakabrt; 11 NOACK signal to abort

| ogi ¢ out pu st pyack, // 1ssue STPWcommand // register declaration for

out put's r oQanvide @EdEEHRH wrspibdi_bitegdddatststiicg@al s wire (7: 01 |w cdai; /|
har dwar e comgadsatietd)bagiag [ 7: O1 cndoode; // splo command code reg (7:01
extcnd; // extendedf<e#fiPhYidbat a
raadert <= #FFDLY 2'D00;
ond
olse begin
lock <= #FFDLY cddat(S];
readent <= #FFDLY cddat({1:0];
end

iIbt 4
always @(posedge wrsploctl_ or negedge rsttimer_)
if (~rsttimer_)
timer <= #FFDLY 100;

timer <= #FFOLY cddat{4];

olse

always @( ensoftcdat or sendb or lastb or timer )
if (ensoftedat)
sploct_l <= #FFDLY {sendb, lastb, timer};

asslgn eploctt74 « {splocti_If2:1], lock, sploct_J[O]}:
i

endmodule 1l softregs



wire soft; Il soft command wire sendcnd; fl send splo command wire req; //
one or nore request lines active 131 wre porthusy; // SPIO port is busy
/1 pending conmand wi re ronpend, brdpend, seepend, stpwpend. sottpend,

| edpend; // NOACK to abort PClI cycle, ACKDET to disable execeed tiner
assign spnakabrt . noack & (ronbsy I §§ebsy | brdbsy ); always C@ posedge
dk40bl or negedge rstsplos ) tl (-r§ pi 0s.) sploaciuiet <- #FFDLY 1 bO;

al so spl oackdet <- #FFDLY ackdet & ( ronbsy | seebsy | brdbsy); assign
portbusy - dprstbsy | sbwcbhsy | ronbsy | seebsy | brdbsy | sottbsy; assign

req - ledreq | stpweq | ronreq chprstreq | seereq | brdreq sottreq;
assign sendcnd - -portbusy & req; assign readspio - cbw read | ahead |
ronr ead | , j

nsend | seesend

it

| brdsen#
((chprstE St 53 SRS y8]9)

eq, ronr eq, bf'dreg) =- 3b001),, assign . soepend -
({ctprstrquhggﬁeq,brdreq,seereq}:a4b000I); assign stpwpend ((ct

req. ronreq, brdreq. soeroq. st pwoq}.5b0000d ); assign softpend -

((dpr st req, poreuneedtiddeq. seer oq. st pw eq. sof t r eq} ==6b000001) ; assi gn

| edpend - ((chprstreq, ronreqbrdreq. seereq. st pw . sof ueq, | edreq) i
7b0000001); assign chprstack - -portbusy & chprstreq; assign romadc -
--portbusy & ron end; assign brdadc - -portbusy & brdpend; assign seeadc
-portbusy &, SEERANH: .. 8SSLYR.SLRNRCK e pQLLRUSK..& St pWpend;  assi gn
softack - -portbusy & softpend; assign |edadc - portbusy & ledpend; // [/
out put dat a nitde tHieg(CIATHS] cirasts O fetsattnd L, timerf stimer,_ )

LLLlprst

paramater FFOLY = 1;
Input clik40b5, clrastb_, retsoftemd_, timer;
output  rsttimer__ I/ resat timer bit

Il
I lntomal signals

reg {3:0] ent; 1/ softcmd counter
reg [3:0] new_cnt; I/ new count
reg rettmitb_; // reset timer bit

{/.

) 7/ counter logic

always @( cnt or cldasth_ ortimer)
¥ (~cldastb_ & timer)
new_cnt = 4'h1;
olsa if ({(crt=ed't0))
new_cit = 4'h0;
alse .
new_cnt = et + 4°h1;

always @(posedge cli40b5 or negedge rstsoftcmd,)
X (~retsoftemd_)
ot <= #FFDLY 4'h0;
clse
ot <= #FFDLY new_cmnt;

1.

'I'/ reset timar bit

always @(posedge clk40b5 or negadge retsofiermnd )
¥ (~rstsoftemd_)
rsttmrb_ <= #FFDLY 1'b1;

else
rettmrb_ <« #FFDLY (cntl=4'hi);

assign rettimer_ = retsoftemd_ & rettmrb__

f/4
LY

endmodula i/ softimer



assign stdtout - soft ? splowdat : hwcdat; assign hwodat porthusy ? extcnd
cndoode; // generate splo conmmand code al ways Can( | edpend or st pwpend
or ronpand or seepend or brdpend or romm or sptobsy or |ledstate or stile
or stpl) casex ({ fedpend, st pwpend. ronpend, seepend. br dpend, romw . spi obsyJ)
/'l synopsys parallel-case 7bl x ooooc: cyggode - (1 bO.|edstate.5boo001, 1

b0}; 7bxl x)oooc: cndoodo - {stpo;stpl.tib000l QO 1b0}; 7bxxlxxOx: cndoodo -
(2' b00. 6b00011. 1bl);  7bxxl xxI x: c

ndoode - (2b0O0O Sh001QQO. |1 b0); 7boocl xxo:
cndoode - . 000:-9h00 1101l br:ege 0110. 1 b0) *.
==¢r ndcode m

'|f1m;
' Il select extend command
data al ways Cabebdeany aetspempvinaieyian imedtidel PP PBRat "br cddat ) casex
((selronal,s@??&ﬁﬂﬁﬁ 1l synopsys parallel case 2bl0: extcrnd -

romadr (15: 8} jew2BOdic s @t Gl e ore e o @RCH ( Fr Oy 2000201 1. extcnd . cddat;
default: extcnd 8 tuoc; endcase |

Ll i e gndodul e 133
roffNEFFENENAHPRN T NCTT PP RNRF R TIPNNENEfFNEN, NFFFFFffN O ock tree
oNONNL L L Funcudde Nf .. . ff Nf. ... Nf..... /
nodul e spdkgen (dk4o, Idldrdy, rondecs2-, rstbrddl , rstis-, rstseectl.
sottbsy. sof tserialpen arierp Prgsifiss regyeaa tih SPIOURIaR ] IS IRFRYP YK 400 3.

and sendbyte. ,
History:
00/00/00 JYL First rev.

. . deeey

modula sparbomux { ackdet, brdbsy, brdread, brdreq, brdsend, cddat, chprstbsy,
chprstreq, clik40b1, elread, ledstate, ledreq, noack, romadr, rombsy,
romraad, romreq, romsend, romwr, rstspios_, sowcbsy, sbwcread, saebsy,
soaroad, seareq, seesend, salromatl, selromao, eoftbsy, softread, softraq,
softsend, splobsy_, splowdat, stpe, stpl, stpwreq, brdack, chprstack,
tedack, readspio, romack, seeack, shitout, sendbyte, softack, sploackdat,
spnakabrt, stpwack );

" parameter FFDLY = 1;

Input ackdet, brdbsy, brdread, brdreq, brdsend, chpretbsy, chprstreq, clk40b1,
elroad, lodstate, lodreq, noack, rombsy, romread, romreq, romsend, romwr,
rstsplos_, sbwebsy, sbweread, seebsy, saeroad, seareq, saesand, selroma0,
selroma1, softbsy, softread, softreq, softsend, splobsy_, stpe, stpl,

stpwreq;
input {70] cddat, splowdat;
input {15:0] romadr;
output  brdaclg I lssua BRDCTL command
output  chprstactc /! issue SPIORST command
output tedack; Il issue LED command
output  readspio; Il road from splo port
output  romaclg I tesue ROM readAwrite command
output  seeadlg /I lssue SEECTL command
output  sendbyte; /1 shift & byte out
output  [7:0] shitout; 1/ data to shift ot
output  softack; I/ tssue SOFT command )
output  eploackdet; /I SPIO ACK detected, disabla excead timér
output  spnakabrt; /I NOACK signal to abott logic
output  stpwack; ‘Il \ssue STPW command

I
/! register declaration for outputs

reg eploackdet;

It
// internal signals

wire (7:0] hwedat; I/ hardware command data
reg (7:0] cmdcoda; 1/ splo command code

reg {7:0] extermd; /1 extendod command data
wire coft; 1/ soft command

wire sendemd; I sond splo command

wire req; /l one or mora request linas active



cl kdOb4. cl k4Ob5. dl c4b6, dk40b7 ); Input cl k4O /140 MHz Into SPI O bl ock
I nput Idldrdy; // finished | oading replacenent ID Input rondecs2 . /I .
roml eeprom conmand active |Input rstbrddl _; .. // reset brddl logic ' (npi~t
rstle_// external reset s / reset seed[ logic put sot /! soft comand in
progress, enable f do [Input softcnden; VY3l soft command enabl ed | nput

ssplocps; I/ stave SPIO controller present output clk40bG |1 buttered
cl k40: ret ftcnd el : sprstctl.

arbormux, s éect!|: brdctl,
seecti out SACIEE at sz! di'drdy. T'ddatestat output clk4pbd; //
gated by romiet: rostE::  out pUSP'ISPRUEMSY // gated by softcrndert: softcntrt
out put cl k4%§mﬂgéomd by sottbsy: spfdo output clkd4Oob7; /1 gated by
| dl drdy & SSih OCPempdnBGRibérid, sespeRd lstpkpendl dotipbad, @dddda;dr vani 0 (. Q(rstl st

A(rstls,] ); butO101 dtv_INL (.Qrstls2,, A(rstisl j ); bul0101 drvJnt?2
(. Qrstis3, fIArstrs2 ) Turotoz-arvimlt (. Qinit _clls), A(rstis3)
111 dkaaiOBGK BN %9‘€¥°pr°"(°%°0¢%@58)°?“%?'8?<’40) ): dk4Obl InvO div el
(NQ(sspl 0CPSiesigndbaiidit @@k & X fompsy | sddbbyd bidbdyh. (Q(c4k4bl ). A(dk40),
. NE(sspl ocps_) bushold drv hl é@gl\/lvhggdumryl), Z(dk4ol) ); btsl drv 11
(. Ol cl kaol )@‘;ﬂ&? B5ecaagi P PEogRcEs SPPls) | ct kab2 nor @2 drve2
(NQ( enseebrd, , EE‘;; sl krroUBGhet seect! j )5 NO drv_b2 (. Qcl k4w2),
A(ct k40, . NEgwgnseebrd

sploackdat <= #FFDLY ackdat & ( rombsy | seebsy | brdbsy);

1l

. assign portbusy = chpretbsy | sbwcbsy | rombsy | seebsy | brdbsy | softbsy;
assign req = ledraq | stpwraq | romreq | chpretreq | seereq | brdreq | softreq;
assign sendemd = ~portbusy & req;
assign readsplo = sbwcread | elread | romread | softread | searead | brdread;

*  assign sandbyte = romsend | seesond | brdsend | softsend | sendemd;

1l
I/ prioritizer

-assign rompend = ({chprstreq romreql==2b01),
 assignbrdpend «= ({chprstreq,romreq,brdreq}==31001);
assign seepend = ({chpretreq,ronveqbrdreq,seereql==4'b0001);
assign stpwpend = ({chprstreq,romreq brdreq.seereq stpwraql==5b00001);
assign softpend = ({chpretreq,romreq brdreq.ceareq stpwraq,softreq}==6'0000001);
assign ledpend = thprufeqmw.seemq.dpwmq.someq.ledreq}

assign chprstack « ~portbusy & chprstreq;
assign romack = ~pottbusy & rompend;
assign brdack « ~portbusy & brdpend;
assign sesack = ~portbusy & seepend;
assign stpwack = ~portbusy & stpwperd;
asslgn softack = ~portbusy & softpend;
assign ledack = ~portbusy & ledpend;

I
I output data mux

assign soft = softack | softbsy;
assign shitout = soft ? splowdat : hwedat;
assign hwedat = portbusy ? extemd : cmdcode;

1.
&

I/ generate splo command code

always @( lodpand or stpwpend or rompand or saepend or brdpend
or romwr or splobsy_ or fedstate or stpe or sipl)

casex ({ ledpond stpwpend,rompend,seapand,brdpend romwr.splobsy_))
1/ synopsys parallel_case

7' 100000 cmdcoda = (110 ledstate, 5000001,1'b0);
7'bx 110000¢; cmdcoda = {stpa’stpl,500010,1D0}):
7bxx1)0¢0x: cmdoode = (2°000,6000011,1b1);
Tocixxix: cmdoode = {2'000,6©00100,100};
7ox1xx0: cmdeods = {2'900,5900110,101};
7booctoxl: cmdeode « (2°900,6000110,110);



bushol d drvh2 (. DUMW(dumy?2), Z(dk4b2) ): btsl drv 12 (. Qclk4p2),
A(vdd),.NE(init elks) ); [// clkd4dCb3 bts9 drvb3 (. dk4On3).
A(cl k40 .. NE(I1dldrdy) ); bushold drvh3 ( .DUMW(dumy/3). Z(dk40b3) ); 134
C U 11 cik4Ob4 bts3 dry JA (. Qc(kdobd). A(cfkd4O..NE(rorndecs2-) bushold
drvh4 (. DUMW(dumy4). Z(dk4o4) ); 1BbAE drv_ 4 (. Qdk4Co4). A(vdd),
.NE(tntt ciks) ); 11 -- - - 1/ clkd4Qo5 ndcOr dtt el
( Q sottcndensl)..D(sottcndon), . C(ctk4hO), .NR(rstlsj ); ndcOr dtt e2
(.NQ(sottcndens2,..D(sottcndonsl)..C(cl k4O .. NR(rstis, ); bts9 drv_b5
(.QQcl k4QoS) A(ct k40) .. NE(sottcndens2j bushold drv6e (. DUMW(dumy5).

; bt

2(dMDb5) {) I drv 15 (A(dk4Cb5) A(vdd), .NE(niLctl) 11 clk4Oo6 "I d"6
( Nq SOt . . £ . T T AL WETERREY PRE SR @ TR Praners PN aguuny Aues o o . D RRTRTERT

A(cl k40) § ARG ); btsl
drv_16 (.Qdk4 vg“d - J,I§.§.}} ); 11 - |1 cl kaOb7 “and®2 drv_e7
(. enshtt, A kg % (gmg“);-bo,btss drv b7 (. Qdk4h7),

A(dk40). NE(enstdeuut) cmb@bﬂh@B rv_h7 (. DUMW(dumry7). Z(dk4o7) );
endnodul e 135 , Function: General purpose counter to support the SPIO
shifter. W@ ron Is Inactive, the count |Is synchronously reset. Wen
contronls gegtive, the counter .. lncrenents.every clock. nodule spcnt

(cl k40b7, gRbs@Brendséepiazata cnt0, att8, cnt9. cnta ); parameter FFDLY -

1, ft cl ock to-q del ay
- always @( selromal or salromaQ or romwr or romadr or cddat )

casox ({selromal selromal}) I/ synopsys parallel_case

2'110: extcmd = romadr{15:8];
2'b01: extemnd = romadi{70};
2'D00,

2b11: exticmd = cddat;
default: extemd = 8'hxx;

endcase

.
o

endmodule



| nput ct k40b7; ft | nput dock

I nput cntron; Il counter on input rstsplosJ
|/ power on reset output ado;

/1l count value -- 4'h0 output crit8; //.
count value 4'h8 output cnt9; // count value 4'h9 output atta; // count
value 4'hA // Internal signals reg (3;01 a4; /1 counter value 1l I/
decoded counter values assign cntO 43@3ctl..'4'h0); assign att8 -
(cnt--4"h8); assign cnt9 - (cttd.i.4'h9); assignai a (clt--41 a);

al wvays @ posedge dk47 or negedge rstsplos, begin K (--tstspl 0s,3 cnt <-
#FFDLY 4' h; ' nd 11 counter
/'l endnodg ey M5 two
operations” andTZ /eé~Serial data
fromthe SPrOPBFYT " TIT&pertorned when "sendbyte" becones active. (2)

I's performsl en "readspl 0" becones active. NNH Nt.H HN fN NFH N.ffN...N
N.N fNff.f RE NFONCFNNCFLNE F. |

nodul e spanrl (barren. chpr tbsy,
c1k40b7. "dr parerrersenettor et sty oA SISy ifpar cken, sendbyte,
readsplo. spiol. cplo arerr rst el

sgst rstch hftout, ackdet, alto,
bytesent, noatk, AT son ey %"%@&i‘? 1 hEoE diits, Shttin ); Input
cl k4CQb7, barren, adiedth, cika6Hs mﬁb7)ﬁparckon sendbyt e, readsplo, |edtst,

| edt stsig, chprstbsg spIoI rstls, tstsPtos-
Input I 40 MHz Into SPIO b
input If finished loading replacemert ID
Input tomdecsz - I/ rom/eeprom command active
lnput retbrdetl ;| Il resat brdctl logic
fpit  wetle /! extamal resat
igpit  retseactl., 1l rasat seact! logic _
input sottbsy; 1f soft command in progress, enable {io
input softcmden; 1/ soft command enabled
input ssplocps; 1! slave SPIO controller presernt
otpit  clk40b0; I/ buffered ctt40: rsti_, softcmdens
output  cik40bt; 1f gated by SSPIOCPS: sprstat, arbomux, sbwectl
output  clkd40b2; {f gated by rstbrdct! & rstseect!: brdall, seecti
output  ¢lk40b3; 1/ gated by Ididrdy: lddatestat
output  clk40b4, 1l gated by romact: romctl
output  ¢lk40b5; 1/ gated by softcmden: softentri
outpit  clk40b6; 1! gated by softbsy: spfdo
. output  clk40b7; If gated by ididrdy & ssplocps: spentri
supplyt vdd;

but0101 drv_ini0 ( .Q(rstis1_), Alrstis ) );
bul0101 dev_init ( .Ofrstis2_), Alrstis1) );
buf0101 dev_int2 ( .Ofrstis3_), A(rstis2_) );
but0102 drv_inkt ( .O(ink_clfs), A(rstis3]) );

i
1l clk40b0

buf0102 drv_b0 ( .O(ck40b0), A(ctk40) );

i
1l clk40b1

Inv01  drv_e1 ( NQ(ssplocps_), A(ssplocps) )i
bis  drv_b1 (.Q(clk40b1), A(clk40), NE(ssplocps.) ):
bushold drv_| _hi ( DUMMY (dummy1), Z(clk40b1) );

btst  derv_I1 (.Q(clka0b1), Afvdd), .NE(nk_ctks) );

ll

// clid0b2

nor02 rv_e2 ( NQ(enseabrd_), A(rstbrdetl ), .B(rstseecti ) ),
bte9 drv b2 ( .Q(clkd0b2), A(clkd0), .NE(ensecbrd ) );
bushold drv_h2 ( .DUMMY (dummy?2), .Z(clk40b2) );

bis1 drv_{2 (.Q(clk40b?2), Afvdd), .NE(init_clks) );

1.
4

1l cl40b3

bsd  drv_b3 (.Q(clk40b3), A(ctk40), NE(Widrdy) );
bushold drv_h3 ( .DUMMY (dummy3), Z(clk4003) );



| nput V, 01 shftout; output ackdet, bytesent, alto, noadc. sivalid, cploo,

splodrv_, sploparerr, parerrdet; output [7:0] shttin; |l Internal signals
wire cntron; Il counter on wre attQ, cnt8, cnt9, atta; I/ counter val ues
i counter spcnt span (.dl c4C7(dk4@7).cntron(cr tron), .r

stsplos_(rstsplos,. .adO(cntO, .ch38(att8)..cr t9(cnt9), crita(c nta) );

spshtt spsh t ( .act Mi(adcwn)..berren(berren). byteserttNyteset t). ct
prstbsy(dtptstbsy)..clkd7(dk4b7)..cnt9(al9). .ckparerr(chparerr,.
Jedtst(odtst). ' .npardcon(nparcken)..rsft (rstls_)..setsivat(setslval),
. readspl o(readspto), .sendbyte(sendbyte)..stdtout(shttout). .spiot(spbl),
.sIveIId(stvaIId) strtV\An(stttV\A’ kdet t
. spl oparer : P2 P
. chprst bsy(chprstbsy), .ct k4Cb7( dk4Cb7) .ledtst(tedtst).
.retie (rsti—T3SUIPros; (TSTSPI 05, setelto(setefto),
. set noack(se’f%%k) . setsival (set si vat) . spl oon('spl oon).
.etto(ofto). maoacla&ngacdtalmomvﬂmm%éEm& @2 ). spi odrv_(splodrv, ); spctlsm

tl e loplatt d tO tt t8)..crd9
T e e o APy o7 dO(ont O, ortta (ont).or

. hoack( noack), rstsplos. (rst.spi-8s-—}-~—+eadspto(readspl o).

o aAUuo I

.strtdet (st rt/dmo@a sendbyt e(sendbyt e), .ackw n(ackw n)

byt esent ( byt esent eé(ag@gds(ﬁ RORE
. aet sl val (se@i}&e‘a §m%gﬁmegoﬁ softcridd o ‘{si)vm(t@(ag%t NR(m)tb_)) spl oen(spl oen)
ondm)dul e 13 40)~NE(sdiemddn$®h-H~~H ~N ~M M~-M-NHy M-~- N ~

Functi on: Rewlermm(&dMﬁgﬂw%ﬁgm@)ﬁte machi ne. ~~~~~ IV~ N~ NN~ NN~ M-

~~~ti ~N~ Hf R~~~ (pQUA00R A (YN / nodul e spill (chprstbsy,
dk4o7, | edt Sf._rst | s, r_rstspios. .seteito_ _setnoack,
Il clk40b6

v01  drv_e6 ( NQ(sottbsy_), A(sottbsy) );

bts9  drv, SGE o(csms). Alclk40), NE(softbsy_) );
bushold drv_h6 ( DUMMY(dummys), Z(clk40b6) );
bts1  drv_i6 (.Q(cIk40bE), Afvdd), .NEGnlt_ctks) );

1/ k40T
. and02  drv_e7 (.Qenshit ), .Afkdldrdy), .B(ssplocps.) );
btsS dz g7§ Q%dmlﬂ). Alclk40), NE(enshit }): -
bushold drv_h7 ( DUMMY (dummy7), Z(cl40b7) );

endmodule




setsival, sploen, efto, noack, sivaild, splodrv_ ); paranmeter FFDLY ‘. 1;
I nput chprstbsy, clk4Gb7, |edtst,

rstis_, rstsplos_, setelto, setnoack
setsival, sploen; output efto; // ESTAT/IDDAT tinme-out output noaclc //
NQACK out put sivaiid;

11 shift-In data valid output spiodrv_; //SPIO

out put enable 1l Internal signals rig3p splodrv_, sivaild, efto, noack; 11
I/ output FFs al ways @ posedge dk4(b7 or negedge rstsplos, | (-rstspios-)
begi n noack <= #FFDLY 1'bGQ efto < #FFDLY I1bGQ clvalid <. #FFDLY 1 bQ
end el se begi n noack <a #FFDLY setnoadc alto <a #FFDLY setelto; sivaiid
c. #FFDLY setsival; end always @ posedge cl k4Cb7 or negedgo rstls, It
(-"rstls-,) splodrv_ <.. #FFDLY 1 bl; else splodrv_ <a #FFDLY -(spl oen

| edt st ~ chprstbsy); sendmodul.e. Ll..spetd.. 1385 kInction: Seri al

"sendbyte" and

Function:

i tron s inactive
noral sa counter to support the SPIO shifter. Whenc .
3\: mump?sr‘:(;ndwonwsw ragot. When contron s active, the courter
incremants every clock.

*/
module spert ( clk40b7, crtron, rstsplos_, cnto, cru8, cnt9, cita ),

parameter FFDLY = 1; If clock-to-q delay
input cl40b7; I \nput clock
input cntrofy; 1/ counter on
Input retspios_; Il power on reset
crt0; Il count value == 410
?tftg::t cme, 1l count value == 418
outplt ¢S, 1l court valuo == 4'h9
output  crda; Il count valua == 4'hA
J intemnal signals
’reg ° égm crt; I counter value
If
. Il decoded counter values
assign cnt0 = (Chitw=d 10);
assign cntB = (crt==d'h8);
assign cnt9 = (chtemd 1),
assign cnta « (Citexd'ha);
il .
always @(posedge clk40b7 or negedge retsplos.) begin
¥ (~retsplos.)
¢ cnt <= #FFOLY 4'10;
else

cnt <= #FFOLY cntron ? cnt + 4'h1 1 4°h0;
end Il counter

il
"

endmoduls



foo .. ffHHFff fF...fHN .ff1f Hif MfHf 1 *

nodul e spctism (ackdet, cl k47, cnt0, cntS, cnt9, cnta, eito, enelto.
noack, rstsplos_. readsplo, strtdet. sendbyte, ackw n, bytesent, setnoack,
setsival, seteito, cntron, strtwn. sploon ): paraneter FFDLY - 1,
paranmeter 12:01 // synopsys enum sttat® info IDLE - 3b000, // Idle SEND -
3b001, // send a byte STOP - 3'b0O10, // stop bk WACK - 3b011. // wait for
ACK EACK - 3b100, // wait for ACK term nation STRT - 3b101, fl welt for
start bit RDAT 313110, // reading a b}/‘tﬁgno.t“.g.@.tﬁq' CHKR - 3bl 11; // check
whet her t o read agai n TAPGE Ackdet  "¢T k47, "cnt0, cnt8, cnt9, cnta, otto,
enett o, noack‘b' rstsplos_, readsplo, sendbyte. strtdet; output ackMvi [/
ACK det ect “6A°% ndow out put bytesent; // finished shifting a byte output
cntron; [/ shidEdiraren mhie modute prdrms twodeeredon®; // sot iddat/estat time-out

out put setsival; // ear'[gx si.valtd output setnoacic // generate NOACK signal

out put spl oon; /é%fggﬂié?; Y ﬂ}ﬁt;m jtput  output strtwin; // window for
f

start-bit detect’on nterna ghals // synopsys state vector state
reg (2:01 (4 poHomRE WhereBnmysl Bécombsdctive. st ate; // stale vector reg (2:01 //
Synopsys e@ipstoated whett "eadsplokbecomys aget st ate reg sploon; // enable SPIO
output reg sotnoacl G// set NOACK condition reg setetto; // set
ESTAT/ | DDAT tinme-out reg setsival; // registered outputs reg ackw n,
strtwin, criron, bytesent; // conbinational logic always (gyp( ackdet or
state or se.ndbyte or readsplo or arta or. cntO

/

module spertrd ( barren, chpretbsy, clkd0b7, clrparetr_, eneito, ledtst,
ledistslg, mparcken, sendbyta, readsplo, spiol, sploparerr, rstis_,
rstsplos_, shitout, ackdet, elto, bytesant, noack, elvalid, spioo,
splodrv_, parerrdat, shitin );

Input clk40b7, betren, clrparerr_, enaito, mparcken, sendbyte, readsplo,
ladtst, ledtstslg, chprstbsy, splol, rstis_, rstsplos_;
input  (7:0] shitout;

output  ackdet, bytesant, etto, noack, sivalid, sploo, splodrv_, sploparer,

. parerrdet;
output  [7:0] shitin;
I/ \nternal eignals :
wire cntron; 1l counter on
wire ct0, cnt8, cnt9, cta; Il countor valuas
i
I counter

.clk40b7(clk40bT), .crtrorcntron), Jetsplos_(rstsplos ),
cpent Gp%o(cm). Scma(q?e). cm9(cntg), .cnta(cnta) );

spshit spshit ( .ackwin{ackwin), berrer(berren), Dbytesent(bytesert),

, .dnstsbsy(dprabm. Llk40bT(cl40b7), .ont3(cnt),
chparem_(ckparerr_), Jedtet(fodtst), Jodistsig(ledistsig),
amparcken{mparcken), setis_(rstis_), -setsival(setsival),
Jsoadsplo{readsplo), .sendbyte(sendbyte), shitout(shitout),
splol(spiol), .sivelid(stvalid), .strtwin(strtwin), .ackdet(ackdet),
_parerrdet(parerrdat), .shttin(shitin), .sploo(sploo),
sploparerr(sploparerr), .strtdet(strtdet) )

| spetl ( chprstbsy(chpretbsy), .clka0b7(cik40b7), Jedtst(ladist),
spel oot .sstts_(mt:_y_)(ﬁztsploz)_(maplos_). sotolto(setelto),
setnoack(setnoack), .setsival(setsival), spioan(spioen),
.elto(atto), .noack(noack), .stvalid(sivelid), .splodrv_(splodrv_) )

spctism spctism ( .ackdat(ackdat), .clkd0b7(clk40b7), .cnt0o{cnt0),
.cri8(cru8), .cntd(cntg), .cnta(cnta), .eltofelto), .eneito(enaito),
.noack(noack), retsplos_(rstsplos_), Jreadsplo(readsplo),
stridat(stridet), .sendbyte(sendbyte), .ackwin(ackwin),
bytesent(bytasent), .sotelto(setelto), setnoack(setnoack),
sotsival(setsival), .crtron{cntron), .stntwin(strtwin), sploan(sploen)

endmodule



or noack or alto or enetto or stttdet or crdS or att9 )
ackwin - 1 b0O; strtwn - 1'bG  cntron - 1bO0;
1b0; setnoack - 1 b0O; setelto n 1bO;

begin 139 Gt
spl oen - 1b0; bytesent -

setsival - 1b0; case (state) |DLE:
begin If (noack I alto) begin next - IDLE;, end also begin case
((sendbyte, readsplo)) synopsys parajhel case 2b1l0: next - SEND, 2bO01:
next - WACK; 2b00, 2bl1l: next - IDLE, default next - 3bxxx; endcase

cntron - sendbyte ( readsplo; sploen sendbyte; end and SEND: begin next -

cnta ? STOP : SEND; sploen- Ibl; CntrOn - --cnta; bytesent - Cria; end
STOD begl n /-ct--.ﬁtﬂcq.qn..an.not'c.tc‘cﬁﬁ - revaw aw

Function:

Reglsters output signals from stata machine.

'“"'"t.t'."./

module spctl ( chprstbsy, clikd0b7, ledtst, retis_, retspios_, seteito, setnoack,
satsival, sploen, elto, noack, sivalid, splodrv_);

parameter FFDLY = 1;

nput chersthsy, clk40b7, lodt&t, rstis_, rstsplos_, setelto, satnoack,
sotsival, sploen;

output  elto; Il ESTATADDAT time-out
output  noack; I/ NOACK

output  sivalid; /! shift-in data valid
output  splodrv_; 11 SPIO output enable

It

I internal signals

reg splodiv_, sivalld, efto, noack;
i

il output FFs
always @(posaedge clikd0b7 ot negedge retsplos_)
i (~rstsplos ) bagin
noack <= #FFOLY 100;
olto <= §FFDLY 110;
sivalid <= #FFDLY 1D0;
end
else bagin
noack <= #FFDLY setnoack;
olto <= #FFDLY sotelto;
sivalid <= #FFDLY seotsival;
end

always @(posedge cli40b7 or nagedge rstis_)
H (~retis_)
splodrv_ <= #FFDLY 1'b1;
elso <

eplodrv_ <= #FFDLY ~(sploan | ledtst | chprethsy):
[/}

endmodule 1l spett



case ((sendbyte, roadsplo)) // synopsys parallelLcase 2bl0: next - SEND,
2b01: next - WALK; 2b00, 2bl1: next - IDLE, default: next - 3'bxxx;

endcase cntron sendbyte; sploen - sondbyte; end WACK: begin ackw n- 1bl;
and else U (onelto & cnt0 -onefto & cnta)
sot noatk8- -onoio; setoho - onelto; 140
' bl, : 1.0, ackwi na
Rt begi n next -
ceasieserensesaces PERDAT @ STRT;

| f (ackdot) begin next - SACK;
begin // time-out nom- |DLE;

Function:

Sedal Port Control State Machine.

This module keeps track of the "sendbyte” and “readspio™ commands. It uses
an extermal counter for timing.

AENTEEEE AL ALATO NS ASE RN TAAE TR

....... . t"‘c/

module spctlsm ( ackdet, clk40b7, cnt0, cnt8, cnt9, cnta, e'«o.’ enelto,
noack, rstsplos_, readsplo, stridet, sendbyte, ackwin, bytesent,
sotnoack, setsival, seteito, entron, strtwin, sploen );

paramoter EFOLY = 1;

‘ parameter [2:0] 1/ synopsys enum state_info
IDLE= 30000, //idle

SEND = 3b001, //sendabyte

STOP = 3b010, //stop bit

WACK « 3'b011, //waltfor ACK

EACK = 31100, // walt for ACK tormination
STRT=3b101, //walt for start bit

RDAT =« 3'b110, //roading abyta of data
CHKR = 3'b111;  /f chock whether to read again

input ackdet, ¢lk40b7, cntO, cnta.\ents. cnta, efto, enaito, noack, _

rsteplos_, readsplo, sendbyte, strtdet;
output  ackwin; 11 ACK detection window
output  bytesent; /I finished shitting a byte
output  cntron; // tum courter on
output  setelto; 11 sot iddat/estat time-out
output  cetshval; . / early stvalld
output  satnoaciq 1 genarate NOACK signal
output  sploen; // enable sadal port output
output  striwin; I window for start-blt datection
Il
Il imtornal signals

' Il synopsys state_vector state

rog (20] 1l synopsys enum state_info

state; 1/l state vector
rog {2:0} /1 synopsys enum state_info

next; 1] noxt state
reg sploan; /! enable SPIO output
reg setnoack; 1/ eat NOACK condition
reg setolto; 1/l st ESTATNDDAT time-out
reg sotsival;
1l reglstered outputs
rog ackwin, strtwin, cntron, bytesent;
'III
/1 combinational ltoglc

alwaye @( ackdet or etate or sendbyte or readsplo or crta or cnt0
or noack or ko or enwito or strtdat of 8 or crt9 )
begin



stttwn a 1bl; cti<ron strtdet; end RDAT: begin next a cnt9 ? CHKR : RDAT;

cntron a -cxtt9; . setslval a cnt8; end CHKR begin . next a readsplo ?
STRT : IDLE, end default next a 3bxxx; endcase end 11 state and out put
FFs al ways @ posedge cl |l a4Ob7 or negedge rstsplos, | (-rstsplosi state <
#FFDLY | DLE; else state <a #FFDLY next; ---- endnoduie 11 spctlsm 141
[...r. n rf N R AR 139M . ff M f
Mf W R T S s I . TP PRV e I H . COFTTTB.I’]d read
fl fo- ...................................................
M..... f/ nodul e T'k4Qb5,
cl k4036 ;;ntI .ensoftcdat, rdsplodat_, readcnt, rsttdo.. rstsoftcnd_,
shftln, vvr mznto cntl, sploctlrlQ splordat |[|nput clk45, dk4Cb6,
Ioadcnt etmwf-twat rdspl odatJ rstfifo.. rstsoftcnd_, wfdo; Input [1 b]
readcnt ; O] shftin; output cnlO, cntl; output [1.0] sploctlrlO;
out put [7b§e kQ gt
satefto = 1°0;
sotsival = 1'D0;
case (slate)
IDLE: begin
If (noack | efto) begin
next = IDLE;
ond
elsa begin
case ({sandbyte, readspio)) Il synopsys parallel_casa
2D10: next « SEND;
2101: noxt = WACK;
2'd00,
2b11:next = IDLE;
delauit: next = 3'bxock;
endcase

cntron = sendbyts | readsplo;
sploen = candbyle;

end
end

SEND: begin
next = cnta 2 STOP : SEND;
sploonw= 1b1;
cntron = ~cnta; .
bytasent « crita;
ond

STOPR: begin

casa ({sendbyte, readsplo}) Il synopsys paraflel_case
2110: noxt = SEND;
2001:  next = WACK;
2100,
2D11: next =« IDLE;
defautt: noxt = 3'bxx;
endcaso

cntron = sendbyte;
splosn = sondhyte;
end

WACK: begin

ackwin= 1D1;

I (ackdet) bagin

: noxt = EACK;

end

oleo ¥ (enalto & cnt0 | ~eneito & cnta) begin // tima-out
noxt = IDLE;
sotnoack « ~gnalto;
cotelto = onalto;



bus declaration wire [1:0] rdptr, sploctlrlQ /! // control spfdoctl
sp(doctl ( .dk4Ob5(dk45), .l oadcnt (Il oadcnt)..readcnt(readont).
.ensoftcdat (ensoftcdat)..rdsplodat (rdsplodat ), rstido (rstfgo ),
.rstsoftcmd(rstsoftcrrj. w(ifo(witfo), .ctl0O(cnt0), .cntl(cxttl),
.rdptr(rdptr)..pioctlrl Q(sploctlrijo wfffolQ(wfdoO), .wfdol(wfdol).
wff(o2(wfdo2) ); registers spfHoregs cpfd (

. dk4h6( cl k40t .
.wr f doOWLT oC L g & : pteordat(sprordat) );
endnodul e 142 Function: Soft Conmand Pi | ogi c. nodul e sptifoctl
(dk45, |oadcnt, readcnt, ensoftcdat, rdsplodat_ rstfito_ rstsoftcnd_,
wtlfo, cntOoegdaril, rdptr, sploctirlOQ wlifoO, wflol, wffo2 );

par anet er FFW"QF:;‘X}' wagRut cfc4Cb5, |oadari, onsoftcdat, rdsplodat_,
rstfito_, rstsoftcmq;a;,rbw'rfifo; | nput [1b3 readcnt; output ado; |/ no nore
byte to readenmput put crrit; 1/ one nore byte to read output (1:0] rdptr //
fdo read poemdter output 11:01 sploctlrl 0O; // sploctl read bits 1:0

out put wdfl Q. [/ lnwrite first byte output wififol; //wite second byte

out put wrfi?%b,? io-ite thins byte Il register declaration for outputs
reg 11: 03 rdpf(feadspipytaginl r1 O wire 11: 01 readcnt; Il Internal signals reg
(1: 03 new -Cl\/lnd//ﬂemﬁ/\lclf‘@a'él%ﬁ%ﬁm“reg [1: 03 new wptr // new wite pointer

Q
alsa begln

noxt = ackdot ? EACK : IDLE;
ond

end

4 n
STtT;t Eegmdet 2 RDAT : STRT,;
stitwin = 1D1;
cntron = stridet;
end

RDAT: begin
next = cntd ? CHKR : RDAT;
cntron = ~¢nt9;
sotsival = cni8;

end

CHKR:bagln .
next « readsplo ? STRT : IDLE;
end

default: next = 3"

g

ondcasoe
end

A
Il state and output FFs
always @(posedge clk40b7 or negedge rstsplos.)
¥ (~reteplos_ )
slate <= #FFDLY IDLE;

olse
state <= #FFDLY next;

endmodute Il spctism



reg [1;03 rcil // read decrement counter rog 11g. wptr, /Ilwite pointer
/1l read counter /1 deaenenting logic always @rcnt or wfffo or readcnt or
| oadcnt) begin |If (loadcnt) new cnt - readari; else If (wflto) nowcrt
rant - 2b01; else new Crri - rant; end fl count registers always

C@ posedge dk4b5 or negedge rstsoftead, |If (-rstsoftcnmd_) rcnt <- NFFDLY
2b00; else rcpt <-1rFFDLY new crri; // latch for 010 data bus al ways

Qonsoftcdat or re rd) | 143 |f (onsoftodat) sploctirl0 <_ #FFDLY rcpt;
assign cntl - (rerrtzz2 DO 2SSl g0 LAl Qo LLLRLZZR.D00) ; /] wite

pointer // InErenenting | ogic always @w ptr or |oadcnt or wtdo ) K
(l oadcnt) newewg pt repmito 2000; el se K (wtio) new wptr - wptr + 2'b01;

el se newwptr - wptr, 11 pointer registers always @ posedge dk4Ch5 or
negedge r st softneian )

Soft Command read fifo.

Fraasee ity

module spldo ( clk40bS, clk40b6, loadert, ensoftedat, rdsplodat_, readent,

rst{ifo_, retsoftcmd_, shitin, wrilfo, entO, cntl, sploctir10, splordat
)

Input clk40bS5, clk40b6, loadent, ensoftcdat, rdsplodat_, rstfifo_,

retsoftemd_, wififo;
Input [1:0] readcr;
Input {7:0] shdtin;

output om0, cntt;
output  [1:0] sploctir1o;
output  [7:0] eplordat;

.

1/ bus declaration

wire [1:0] rdptr, sploctir10;

It
1 control

splifoct! spfifoct! ( .clk40b5(cik40b5), Joadent(ioadent), .readent(readent),

".ensoftcdat(ensottcdat), .rdsplodat_(rdsplodat_), .retfifo_(rstfito_),
Jstsoftemd_(rstsoftcmd_), wiillo(writfo), .cntO(cnt0), .cnti(entl),
Jdptr(rdptr), sploctirt 0{sploctir10), .wilitoO(wrfi{o0),
wrfifo1(wrlifo1), .wriifo2(wrfifo2) )

I
1l registers

spliforegs epfiforegs-( .Clk40b6(cikdObS), dptr(rdptr), .fstlifo_(rstlito_),
shitir(shttin), .wrfifo0(wrfifo0), .wrffo1(wriilo1),
wrfifo2(wrfto2), splordat(splordat) ); _

i

endmodule



K (-tstsoftandj wptr < #FFDLY 2' b00; else wptr <- #FFDLY new wptr. //
decoded wite enables assign wlito2 - wfdo & (wptr--2b10); assign
wfdol - wtito & (wptr--2b01); assign wtltoO = wdlto & (wptr.-2b00);
/1 1l read pointer always @ posedge rdsp(odat_ or negedge rstfdo-) K

(-rstWKo_ ) rdptr <= #FFDLY 21b00; 1g#bse rdptr <- #FFDLY rdptr + 2b01; /I
endnodul e |1 spi Koctt 144 *

............. Gy +ieiiiniieniaeneo... Function: Soft Command Read FIFO
History: 04/22194 JYL FilSL.i& mmsmensnameebdinnedlane . M. H.

.t.. VH AR \V/ N..... nodul e sptdoregs (cl k40b6,
rdptr, rsttitQupaoshttin, wlitoO, wtifol, wtifo2, splordai ); paraneter
FFDLY 1; Input clk4ob6, rsttito., wditoOQ wddol, wd'do2; Input [101
rdptr; | nput $or:Cohmandtioconsretlpale: (7: 01 splordat; // Il register declaration

for outputs rag [7:01 splordat; // Internal registers reg (701 titoQ,
flfol, flfo2; flto registers

aaed “ee

weeny/

module spiifoct ( clk40bS, loadent, readent, ensoftedat, rdsplpdat_, retiifo_,
rstsottemd_, wrilfo, cnt0, cntt, rdptr, sploctir10, wrlitcO, wriifo1,
wiido2 );

parameter FFOLY = 1;

lput  cKA40bS, loadent, ensoficdat, rdsplodat_, retfifo_, rstsoftemd_, wto;
. lnput {1:0] readcnt;

output  cnt0; /! no more byte to read
output cnttl; {/ ona more byte to read
output  [1:0] rdiptr; 1/ ffo read pointer
output  [1:0] sploctir10; 1/ spioct! read bits 1.0
output  wifi{o0; {1/ wrto firet byte

output  wrfifol; 1/ write sacond byte
output  wififo2; {/ write third byte

.l'l

1 register declaration for outputs

reg  [1:0] rdptr, sploctir1O;
wire {1:0] readent;

I _
/f intomal signals

reg {1:.0] new_cnt; I new read count

reg {1:0] new_wptr; I/ new wiite polnter

reg [1:0] rent; // road decremant counter
reg [1:0] wptr; {l wrlte polnter

I
1/ read cournter

1/l decramenting logic .
atways @( rert or wrfifo or readent or loadent ) begin
if (loadcnt)
now_cnt = readcnt;
olse If (wrli{o)
new_ont = rent - 2H01;
else o
new_cnt = rent;
end - - '

{/ count registars’
always @(posedge clk40b5 or nagedge retsoftemd )
' it (~rsteoftemd_)
’ rent <= #FFDLY 2'b00;
else

remt <= #FFDLY new_crt;

{/ latch for CIO data bus
always @ (ensoftcdat or rcm)



al ways @ posedge dk4h6 or negedge rstfdo-1 K (-rsttdo, begin rdo2 <-
#FFDLY 8' h00; idol <_ EFFDLY 8' h00; fdoO <= IFFOLY 8 h0O; end else begin
flfo2 <= Il FFDLY w1lUo2 ? shftln : fdo2; fifol <= IFFDLY wfffol ? ehftln
: Rol; 11foO <= BFFOLY wfdoO ? shftin : 900; end // output nux always @
rdptr or fdoO or fifol or filo2) «cage (rdptr) if synopsys parallel _case
2b00: splordat = fdoO; 2bA : splordat = titol; 2bl0: splordat = fdo2;
2bl1ll: splordat 8' h00; default: splordat B hoc; encase endnodule 1/

splitoregs 145 CENEL L N..... R H--- - Functlon:
Top- Ievel of sp‘f@‘ ff. N / f.

......................... nodul e spl o (barren chprstb,
drparerr-. C rdsslgxyumdnlmas-ma)dr,, cddat, cdwen_, csadr, csren.. kstslgi,

mpar cken. pac 2espitemOydient==390%_ 5| ed spI ol , romdec-, romadr, romr.
stpwenb, stpw ytb. _csdat. eepronen. lddat...ldldrdy. noack, ronrden. seens,
spronrdy, spl om,\p(ep&mroo spnakabtt. spl oackdet. sprontik . spbrden,
spseeen. sploparerr. splobsy , ssplocps, seebrdrdy, stretchseq ); input

barren; |1 genéhﬁ?@@%ﬂéw“garltg SUt chprstb; /1 chprst - HCNTRL (87h).
bit 0 Input cf¥ Y’JS rity error

new _WIptr = 2'000;
olsa f (wilifo)
new_Wrptr = wrptr + 2'b01;

NOW_WIptr = WIptr;

I pohler registoers
ays @(posedge clikd0b5 or negedge retsoftemd )
(~tstsoﬂcmd_)
wiptr <= #FFOLY 2'000;

else

else
wiptr <= #FFDLY new_wiptr;

I docoded write enablas

assign wrfifo2 = wifi{o & (wrptra=2'D10);
assign wrfifo! = wiflfo & (Wiptra=2101);
assign wiftto0 = wiftfo & (wiptra=2D00);

.
"

Il read poiiter

always @(posedge rdsplodat_ or negedge rstlifo_)
If (~rstfifo_)
rdptr <« #FFOLY 2°D00;
else

rdptr <= #FFDLY rdptr 4+ 2001
[ -

endmoduio © ll spfifoct!



| nput crbusy; 11 CI O bus |Is being read input dk40; // 40 MHz clock (dldn)
| nput p:0] cdadrd // Cl O destination address |Input [7:0] cddat; 11010
destination data Input cdwen_, I/ ClO destination wite enable ccadr_; //
Cl O source address WA csnrL; // 010 source read enable input p:01 kstslgi;
/'l led test node signals Input npagq ken; 11 enable parity checking input
pac2spio; // pauseadk to SPIO Tnput Pon // power on reset Input n;xtb,; N
external reset Input fiscal led level Input sp clot; // Input from SPIO
pin kVA romdec 1l ROM request, from.ghost.. loRut..£13.0] romadr, // ROM
address | nput™ oW W, 7T ROM wite command | nput stpwertb; // SXFRCTLI bit
0 Input s v;FI iopEVOO\IFIGbit 1 output (70] cddat. |ddat; output
eepronen, idl dr y, noadc, ronrden. spronrdy, splodrv.. ssplocps. seens.
spl 00. spnakagytcomspidred KFQ. spi oparerr, cpbtden, spseeen, spl obsy.
stretchseq, sploackdet. seebrdrdy; 1l wre alto. sivaid, elread. enelto.
sendbyte, read®o. splol. ackdet, bytesent; wire [15,0] romadr. wire p:0]
| tstsigi. splgiBakyyspl owekatev. shfttn, shttout; wre [3:0] sploctlr74; wre
[2:0] seectl, brdctl, brddat; wre (1:0] sm.gg];,u,LQ,l soft; // Instangate
sub- nodul es spURyEN"SPcgcgen ( . cpk4WcllF40)..I1didrdy(Idldrdy)..rondev
2-oorttde062 j . o 3B 8({9&@&(ab{arm&y;mmewiﬁo.(msdﬂ.\sqim.i st seecd (rstseoct U.

. sof t bsy(softbsy pden(sof t cnden) . . sspi ocps(sspl ocps). 146
. ¢l k4ObQ( dk40bO) . . ct k4obi

parameter FFOLY =

$°C| k4Cbl ), .ctk4Ob2(cl kdp2).

Input ck40b6, rstitfo_, wrlifo0, wrtifo1, wriio2;
input  [1:0] rdptr;
Input [7:0] shtin;

output  [7:0] splordat;

;l register declaration for outputs

reg [7:0] splordat;

'I'I Internal reglstars
reg [7:0] {00, fifo1, fifo2;

i -
1/ tifo registers

always @(posedge clik40b6 or nagedge retfifo_)
i (~retlifo_) begin
¢ _ ﬁts)z <= #FFOLY 8'00;
fito1 <= 4FFOLY 8°'h00;
fifo0 <= #FFDOLY 8°00;
and be
ise
¢ ?;‘oz <= #FFDLY wriifo2 ? shftin : fifo2;
fifo1 <= #FFDLY wrfifo1 ? ghitin : (o1,
o0 <= #FFDLY wrfifo0 ? shftin : {X00;
end

1.

{/ output mux

fwa or {00 or fito1 or fifo2 ).
Wugc(@u(tﬁ)m I/ synopsys paraliel_casa

2'00: eplordat = fifo0;

2'101: eplordat = fifo1;

2'b10: splordat = {if02;

2'b11: epiordat = 8'h00;

defautt: splordat = 8'vac

endcaso

1.
"

endmodule 1/ spfiforegs



. Cl k4Ob3(dk4b3), .ctkdb4(cl kdOhd)..ctk45(ctkd5), .clk40b6(dk4b6),
.cl k47(ci k4@b7) ); sprstctl sprstdl (.chprstack(chprstack),
.chprstb(chprstb),.cl k4 A k4hO). .clkdOl (dk4pl),
.rsUb_(rstib,.sottabrtok(sottabrtok), .sspiocps(ssplocps),

.chprstbsy(chprstbsy)..chprstreq(chprstraq)..swstrdy(sw strdy)
.rstis _(rstlsj, rstsplos (rstrplorj ); sottcntri sottcrttri (
.ackdet (ackdet), .bytesent(bytesent), .cddal (cddat), .clk4Ch5(dk4b5),
.cl k4036(c| k40bG, .ensoftcdat(ensoftcdat), .ftststgl (1ltstslg),

L. noaCk( noaC k) ."[.d‘&m Qd.aL (r.d&pl-ada-n-). ...... T st.spbs(cfhst Sp' 0s, ,
.shttl n(StIftI n)..stvafd(stvald).
. Sori adc(softﬁg,&)on sottcnden(sottcnden)..wsploctl (wsploctl,
.wr spbdat (wspl odat,, .ledtst(ledtst), i OdtStSI g(ledtstsig),
. sof t abxt ok( siﬁ@t'ﬂbk‘i‘%ﬁ‘?bb&‘bt t hsy(sotthbsl|).

.sottread(sottread),
.softreq(sottreq)..sottsond(sottsend), spbct | rI Q(splocdrl O.

.sploctlr74(spl oct | r74)..spl ordat (spl or dal ), splowdal (spl owdat) brdcntrl
br dentrl (. ackdet ( ackdet) . brdction(brdctlen). btdack(brdaclq,
byt esent ( byt €SNt ). cee e AALLAAAAL Y ene ekl kedlTD 2 b deleBD2Y e smOadc ( noack) ,

rdbrddl(rdbrddt rstspl os(tstsPlos,..shttln(Sh ttn),

xLvaf | d(si val | @ese Waakmbrddmn,mmww%g at, br ddl (brddl ).
brdcttrdy(brdctirci yc)wenbndde.t gstong distslgl,

brdreq(brdreq) .. bi dstndpietceloh °a‘m
. ackdet (ackdet), byfESePt V] 5

. noack( noack) . . t dseggl, G ‘prafe&t@pbas(mmmfdv seeack( seeadk,
. seect | en(seect | en) ,stretct'tsed)unq stdtin(OD, .sivalld(slvalid).

EZ add Seecntr| soecntxl (

vvrseect Umn seedU. cddat (cddat) 1 vn edl (tstseocttj..seectl (soedl).
eoct | cdy( .cee secmyn seem(é%@"%&ﬁf@?ﬂy‘merdy) . sseoread(seeread),
. seereq(sooreq . S€ §y,‘( seobsyy cledrpatyaloseesend) ); sbwect| sbwodl (

. ackdet (ackdet Mbytmﬂt(byt eaGlQ s IseiaIeRE (¢l k4nl) .

. | edadc( | edadQispoacHéfioac1Q. . E%@B% .sted (slod,,

. sspbcps(ssp{o .. Je( st p fal st pvvenb) ,

. st pwi v4b('st pwt el | ed<@fio ddsaatidredrimelsi¢ at e)

. sbwcbGY('sbwch

WP écadrOh( sb\/\mrcnadt)uyceaddf stpo) stpl (st pg.
. St p+Kr eq( et pwrigeO ) w sprw ett

brdcti mA ddl ydym crﬁ’cﬂl ‘i‘:‘&‘:ld r ). ,,mb;epamychocunq

d 1! pauseack to SPIO
lnpm ggr spb 1/ power on reset
input rstib_; /! extornal reset
Input slod_; 41 acsl lod tevel

© Input splol; 1/ nput from SPIO pin

fnput romdec_: #/ ROM roquest from phost
Input [15:0] romadr; /1 ROM address _
Input O, 1/ ROM write commarnd
input stpwenb; // SXFRCTL1 b O
nput stpwivib; // DEVCONFIG blt 1
output cedat, lddat;
output ?e:glmmn. ldldtdy noadck, romeden, spmmtdy splodev_,

locps, seoms, sploo, spnakabrt, spromelic_, sp sploparerr,
::gmn. spseean, splobsy_, stretchseq, sploackdet, seebrdrdy'

wira elto, stvalid, elread, enelto, sendbyte, readsplo, splol,
ackdet, bytesent,

wire 15:0] romadr; ]
wire {7'0] lltstslgh splordat, splowdat, shitin, shftout;
wire 10] sploctir74;

wire [[30] saactl, brdatl, brddat;

wire (1:0] sploctir10, soft;

/] instantiate sub-modules

spclkgen ( .clik40(clk40), JIdidrdy(ididrdy), romdecs2_(romdecs2_),
spalgen nmalf(mbrdw_). mls_(mh_). .mtsoeal_(mmodu
softbsy(softbsy), softcmdan(softcmden), ssplocps{ssplocps),



.csrer><, (csreni..cda&(cdadr-)..ccwen(Qdwonj .. cl k4G dk4oO) .

. ctbusy(ctbusy). spb(pac2splo)..pot Pd..soedien(seedlen).

. seedl ydy(seedkdy) . .softenden(softc nden),.rdld(rdlb). .e

nsoft odal (ensottcdel )..rdl d(rdl d)..rdl e(rdl e)..rcbrdctl_(rdb rddU ,
.rdseecU (rdseectl,..rdspbdatjrdspi odgl) . spl obsy(rp(obsY,,
.seebrtltdy(seesp -ap-),.w (U~edl) -wrsp~lodl (wrspiloctl ws ,,

pt ocap(wrspl ocap, .w spbdat (w spbdaij sprdmux sprdnux

(.spbctqg 1Q(splodlrl O..splocU 74(sploctlr74), .splobsy
(spiobsY,..spronmcW, . ., (SRIQIES)) cxabitldkedd), Risovz(cwadbgl( r dl d) , . rdld(rdle),
brddl (brdcU), brddat (%% 053). olk40bA(clkd0b4), cTkA0LS(cKeObS),

.seect | (seoct 1) . . seedisotsetihops), SEid@Ahks) . . seer dy(sae rdy),

.shttin(shftln)..splordat (spl . S0kb §)) cikaosoEIgYLY. ON YY),
.sof t cden( sof t éh‘ﬁgh f:f&é‘ﬁf‘&%&%gﬁpeﬁ? .bgog‘g%t)l en(seectten),
. eepronen(eepronen), rswtoonéofdntok(sdibaitok). g;,g;ps) , .csdat (csded)

U3¢
): spronct!l spronoU (-FWW‘&E%{%%? mwgﬁ;’@‘é%r‘é‘?ﬁ’%@‘%& 't)..noack(noad ),

sl vaf td(sival | d). dk4SBHEFRABE* A SPPEatoa( cl kana)

. romadc( r omack) . gohdMMabtici@(dkJot(adBmn) . meyteseml @@m\?c_) . 147

. ronmbsy(ronbsy) . . r ondeiass(Ciiaprlictdms(cladhple W)

.ronr ead(ronread), . r%ﬁ&a&ms fg @emgnd), . sel rona0(se(romO),
 CORIRTRAK), EopinarTeari: <o)

.sol romal (selromal ), . Wradgett waplai )} ddat est at  (
. cddat 5( cddat (5D, . cl kwidedéad , odtstsig(iodt
.rstls_(rctls,, .shftl&?&;‘aﬂqw floK), St

swr st rdy(sw strdy). . v

brdcden brdctien)..eepronen(ee , .elread(ej .
. enei of fanel tol) . ?um?ga&ﬁt%@&@@ﬁ%&ﬁiﬁﬁ%mr onr den),

K ‘:ﬁﬁg‘rerrdet(parerrdet),
e r10),
g idgatFpidrdat), splowdat(splowdat) )

¢
seectlen(see tlen), .s ‘m"g m_)','-:é_ QRESR(S sftinpstidn) , . spbr den(spbrden),

. epsooen(spsesen) . . SSpPRe4nsEratd) _Mbrd%m-m Atrf ( berren(berren),
. chpcst bsy( chpr st bsy/ ) brdaitadey 'dﬁ) %qgg?j '."; ndf,dr parerr_),
.ervxdto(onako)..tedtst(‘f’ém D ')‘ BT edt stsig),

. npar cken( nr parcken). ~.sen y?de sendbyt) . . reads%&éreadspl 0),

.splol (spl 0Q . splapasen( spiapeda) pytesent(ytesent), .c (clk406

rstis (rstis_s. . rstsplg m w%ﬂ?mspmé% b%"z)'uq. . ackdet (ackdet),
.efto(eko). byt esent (byjikeiimy, wrssect_wrcoectL), cddat(cddan,

“retsasdll_(retsaact]_), .seecti(seect)), seoctindy(sesctindy),

seedi(saedi), .seams(seems), seardy(seardy), .seemac.i(seeread).

seoreq(seeraq), .cacbsy(sesbsy). saasend({sessand) );

, bytesent(bytesart), .cikd0b1(clkaabl),
et wfgﬁmaﬁ?«noﬁﬁ xgey;t:los_(ra;spst. slad_(sled_),
ssplocps(ssplocps), stpwack(stpwack), stpwenb(stpwenb),
stpwivib(stpwivb), JedroqQledreq), Jodstate(ledstate), et
sbwebsy(sbwcbsy), sbweread(sbweread), stpe{stpa), stpl(stpl),

stpwreq(stpwreq) );

, .csadr_{csadr.),

sprw P &f‘mﬁ;ng&dwm ”_“Zm“’“"ﬁf‘.’é‘gw“'?umm. cIkA0bO(clk40b0),
“etbusylotbusy). pac2eplo(paczeplo), por(por), seectian(seatien),
seoctirdy(seactirdy), _softemden(softcmdan), sd1b{rd1b), l
.ensoftedat(ensoftcdal), sdid(rd1d), rdte(rdte), rdbedeti_(rdbrdcll ),
rdseactl_(rdseect! ), sdsplodat_(rdsplodat), splobsy_(epbbsy__)‘.
socbrdrdy(eacbrdrdy), _stratchsoq(stretchseq), .wrbrdctl_gwrbrdcto_g&-)
wrsplocap_(wrsplocap. ), wreaectl_(wrsaactl ), .wreploct _(wrsp .
wreplodat_(wrsplodat ) );

dmux sprdmux toctiri0(sploctiri0), _sploctir74(sploctir74),

. -zplobsv.(.globsyJ. spromelk_(sprometi ), rd1b(rd1h),
rd1d(rd1d), .rd1e(rd1e), brdctifordat), brddat(brddat), .
_soactl(seactl), .saedi(seadi), _saams(seems), .ceardy(seardy),
shttin(shttin), .splordat(eplordat), soft(eoft), .mnbsy(ronbs‘z).
softcmden(softcmden), brdction(brdction), .seecuon(seo? n),
.eepromen(eeproman), _romrdan({romrdon), _ssplocps(ssplocps),
.csdat(csdat) );

mcil ( .ackdet(ackdet), bytesent(bytesermt), .noack{noack),
spromet sg:uu(éwm. .é:(40b1(clk40b1). ciHA0bA (clkd40b4), o
romack(romack), .romwr(rorwr), por(por), romdec_(romdec_).



. noadc(noadk. . sival d(dval I.d)..sptoo(sploo)..sp lodrv-(sp iodryv,
parerrdet (paren-det), .shttin(shftln) sparbonwx sparbonxac (

. ackdet (ackdet) .. brdbsy(brdbsy), brdread(brdread), brdreq(brdreq),
brdsend(brdsetrd), .cddat(oddat), c rstbs chprstbsy).. rstr ctere, dk4bl

dk40bl , .elrroad(ei oad), Jedstatj 7 edstat ).
Jdreqg((ledreq)..noack(noack), .romadr(omadr)..ronbsy(nxnbsy),
.ronvead(ronread), .ronr eq( r onr eq) .romsend(r omsend) ..romw (romm),
ast spl os_(r st spi os, )
. sbucbsy(sbudbsy) . . SEesykrerhs {RIVS’P‘EQA m ).
. Seeread(seer' oad). "° @’ gmr: & E&, r( omclk. 9€t r onal
(sel romal ), .sel r OnE: seol rona .sottbsy(sottbsy),

.sottread( sof tduR et uda&m(.ea@smm)cmmlé)wdé@bm)send) :
.spl obsy_(spl obsy, , pepideum | + -shtdn( t _stpl (stpa.
. st pwr eq('st pw eq), -"Iﬂ‘?’ Siglie ﬁx? i

. | edackQedadk. . rrads \dBdtaddht | ¢ Oromvdafiemedefs eeack) .
.shttout (shtt out) a@,rﬂb@m).soﬂmn bt t adQ.

. spl oackdet (spi oact )r\(epbwnmmq(?wﬁ@kﬁﬁsm ssplacPRMick (st pwack) k

endm)dule 148 /NfJ leff f Ww% DMaod¥idabiif,f ff HFf . n

tn. NN. . |e m@ﬁm) to csdat. H fHH ff of
foHNfoffff ffffN dié fiqf»a‘mkbm.l\lfff fff N nodul e sprdmux
(sploctlrloO, sploctl-aeﬁdhyw )-‘P'G l)'r | d, rdlo, brdctl,

brddat, soectl, seecq o), m) soft, ronbsy,
sof t cnden, br dct I en @yr% _5@ pd@gps, csdat ); | nput
spl obsy, spronctk | Ngededé ndel) (shidl I nput V.01 splordat, shftin;
| nput (2:0] seectt br dctf br ddat I n ut ee seor dy, 1 nput -
[10] soft, spl erafom wrﬁggﬁ‘g@ sof t cnden,
br ddl en, seect i en, e'gEE %IMOka@U‘t) (7 0] csdat: //
read dat atodoO bUS d(eiread), .ledstate(ledstaie) Iedreq(lodreq). noack(noack),

Jomadr{romadr), srombsy(rombsy), romread(romread), Jomreq(romreq),

romsand(romsand), Jomwr{romwr), sstsplos_ (rstsplos_),

_sbwebsy(sbwcbsy), sbweread(sbwceread), saabsy(seebsy),

soeread(searead), sooraq(seareq), soosend(saesond),

selromai(selromat), .selromad(selroma0), softbsy(softbsy),

softread(sottread), .softreq(softreq), softsend(softsond),

splobsy_| (splobsv_). splowdat(splowdat), stpa(stpe), .stpi(stpl),

stpwreq(stpwreq), brdaci(brdack), .chprstack(chprstack),

Jedack(ledach), ma&pb(?m.)mmmmmow . seoack(seeack),

shitout(shftout), sendbyte (:)

spl&,;::«idetgp{?oacideq. spnakabrt(spnakabrt), stpwaci(sq:wacio )

endmodule




/1l Internal signals reg [7:0] doregs; wire [70] sploctl, sprd us, shttln,
spl ocap. seectlo. brddlo; wre drvcsdae // [/ csdat output enabl e assign
drvcsdalL splobsy & sprontlk ; assign sprdbus ronbey ? stdttn : cioregs;
assign #1 csdat dNCSdat ,? 8 hzz : sprdbus; assign seoctlo . (2b00, seens,
seerdy. seectt(2 0]. seedi); assigugrddlo . (brddat, brdctl, 2'b00);

assi gn spl ocap -

(soft, sottcnden. brddl on, seect | on, eepronen. ronrden. sspbcps}; assign sploctl
- (sploctli74. 2'b00, sploctirl0); always Cam( rdlb or rdld or rdle or
sof t cnden Ofn..bLdott.0.ofept-oeap-ofseeotto~or~spoct| or splordat ) casex
((rdlb, rdld, idle, softcnden)) I|Ilsynopsys parallel case 4blxx): cloregs
spl ocap; 4bxuoddon:cl oregs brdctlo; 4bxlxl: cloregs splordat; 4bxxl O

cloregs - seectlo; 4bxxl 1: cloregs . sploctl; default: cloregs 8' boc;
endcase endﬁﬁ&ﬁ?@“T%@m“#Uﬁé¥ion: Serial port romcontroller. nodul e
spronttt (ackdet. bytesent, noack, stvalid, dk40bl,
romm, por. rondec-, ronbsy, rondocc2_ ronread, ronreq, ronsend, selromQ

setromal, SprOMLAVi.. SRLAIGELL ) RALANEL 8k HO Y e die | NpUt adadet, byt esent,
noack, slvafld. ctk40bl. dk40b4, romack, romm, por, rondec_; output
ronbsy; // ReDduReprmid shlbctifin aploars, epitbpul sprooriacdibadid, rdid./ rom comrand
decoded out put r drdsthbrsidat/ seedticgedd semEVERFHIAID. 5B

o “Bptpout aet r omao;
out put setromal ; rombsy, softcmdan, brdctian, saactien, espromen, roftrden, ssplocps,
' csdat);

cl 1 c40b4. romack,

lnput  splobsy_, spromeik_

Input rd1b, rd1d, rd1e;

Input {7:0] splordat, shitin;

inpui  [2:0] seectl, brdct, brddat;

Input seoms, saadi, seordy;

Input [1:0] soft, sploctiriQ;

input {3:0] splocti(74; .
Input rombsy, softcmden, brdctien, seectien, eepromen, romrden, ssplocps;

output  {7:0] cedat; /! read data to ClO bus
1.

'I'I irternal signals

reg [7:0] cloregs;

wire {7:0] sploct], sprdbus, shitin, splocap, seactio, brdctio;
wire drvesdat_;

Il
1! csdat output enable

assign divesdat_ = splobsy_ & spromelic
assign sprabus = rombsy ? shitin : cloregs;
assign #1 csdat = drvesdat_ ? 8'hzz © sprabus;

1l

assign seoctio = (200, seems, seardy, seecti2:0], seodl};
assign brdctio = {brddat, brdctl, 2'000}; )
assign splocap = .(son.soncmden.bcddlen.soowen.oepromen.romden.ssplocps}.
assign splocti = {sploctir74, 2000, spioctir10}; o
always @( rd1b or rd1d or rd1e or softcmden or brdctlo or spiocap or seactlo

or sploctl or splordat )

casex ({rd1b, rd1d, rd1e, softcmdan]) : /1 synopsys parallel_case
4'b10C cloregs = eplocap;
4%x1x0: cloregs = brdctio;
4bx1x1: cloregs = splordat;
4’10 cloregs = geectio;
4'xx11: cloregs = splocti;
defautt: cloregs = 8°huox;

endcase

1

endmodute



out put sprontilc; fl clock data in rondo output
ROM request to arbiter output spronrdy; |
vari abl e declaration rag ronbsy. romsend; reg rondecsl; fl synced rondec_
rag rondecs2; rag rontead, spronrdy. ronreq wre retread, setrdy, setbsy,
setsend; ||

/'l generate request always @ posedge dl c40b/ or posedge pot)
| (pot) begin rondecal

ronread; output ronreq; 1/
ROM conmand finished /1 /I

<- I FFOLY,4b0; rondocs2 <s #FFDLY 1bO, ronreq Cu
4FFDLY 1bO  end el se begin rondecsl <a #FFDLY -rondecl rondecs2 <- NFFDLY
rondecal ; ronreq <- AFFDLY ronroq ? -romack : rondecsl & -rondocs2; end
conbi nati onal outputs assign spronclk_- -( ronbsy & sivalld ); assign
rondoce2_ - -rondecs2; /]

_ - -romdecs2; [l .reglsl.ared.outputs..aluways @ posodgo dk40b4 or
posodge pof) "N (pot) begin 1 150

ronbsy <. #FFDLY 1bG ronsend <- #FFDLY
1bG,  ronrgagdos. #FFDLY 1130; Gpronrdy <_ #FFDLY 1bG, end

Sertlal port rom controlier.

rometl ( ackdat, bytesent, noack, sivalid, clk40b1, clk4Ob4, romack,
odde Gprom\'«rr. (por. romdey::_. rombsy, romdacs2_, ronvead, romreq, romsend,
gelroma0, selromat, spromrdy, sprometk_ )

paramater FFOLY = 1;

Input ackdet, bytesent, noack, slvalid, cfk40b1, cik40b4, romack, romwr, por, romdec_;

1ol s 11 ROM command In progress
m rowmdoc&_: 1/ rom command decoded
outpit  romsend, Il send & ROM command byte

outpt  selromal;
output  solromat;

output  spromeliCs /I ctock data in romdo
output  romread;

output  romreq; I/ ROM regquest to arblter
output  spromrdy; // ROM command fintshed
it

I/ variabla declaration

(¢ rombsy, romsend;

r:g romdecs1; 1 synced romdec_

reg 10l .

reg romread, spromedy, romradq;
wire satraad, setrdy, satbsy, setsend;

I
1/l generata requast

slways @(posedge clik40b1 or posedge por)
| L] .
(pon mdocﬂ <= #FFOLY 100;
romdecs2 <= #FFDLY 1D0;

romreq <= #FFDLY 1D0; ;
ord

glsabagin

romdocsi <= #FFth ~ron¢;2::,1_;

romdecs2 <= #FFDLY rom ' . )
romreq <= #FFDLY romreq 2 ~romack : romdecst & ~romdecs?;

ond
1l

Il combinational outputs

assign spromelk_ = ~( rombsy & sivalid )
assign romdecs2_ = ~romdocs2;

f/2

'I'I registered outputs

aiways @(posedge clkiOb4 or posedge por)
¥ (por) begin



el se begin rombsy <. #FFDLY setbsy, romsend <a #FFDLY setsend; ronroad <.

#FFDLY setread; spronrdy <a #FFDLY setrdy; end Il Il instantiate state
machi ne spronmsm spronsm (
.ackdet (ackdet) .. byt esent (bytesent)..noack(noack). .sivalld(sivalld),
.ctk4b4(c(k44)..romack(romack , 15@rnw (romm). . por(porl,
.setmad(setread), .setbsy(setbsy)..setrdy(setrdy), .setsend(setsend),
.selromaQ(sel roma0), .selromal (solromal) ); [//----- endnodul e 151 ~.. ".
Function: Serial port rom ol state-machlne. ............ ... M.,
rombsy<-#F(‘F8NJ|"b(J. " " wn " " podul e spromsm

(ackdet, bytesent, :‘&'&?ﬁé:féﬁ&éﬂ%é’; c1lk40b4, romack, romm, por, retread,
set bsy, setrdy, setspemdly<seffOb¥A®0: sel romal ): paranmeter FFDLY . 1;
paraneter [2:0]ed/ synopsys enumstate Irdo |Ds 3b000. // Idle CCs 3b001,
/1 conmmand codé's“wg% 'b vhipgddress low Al .. 3b011, // address high
DOsSsWOO. //data O Dl ﬁél,?fﬁuéa@'n&; D2 s 3bl110, // data 2 D3 s 3bll1l; /1
data 3 input ackdetrmpmiyd osHFAOLY spoeeckk, sivalid, cl k4Qo4. romack romwm, por;
output retread; // SPETEYSPFEFUSSYut put setbsy; 1/ ronihusy true next

cl ock oul | m CORM11 set ronrdy next clock output "Wend; // send byte next
clock output ,selromnQ; /[ select. address.l.ow

/f Instantiate state machine

spromsm spromsm ( .ackdet(ackdet), .bytesant(bytesent), noack(noack),
sivalid(sivalid), .clk40b4(clk40b4), .romack(romack), .romwr(romwr),
por(por), setread(setread), .setbsy(setbsy), .setrdy(setrdy),
sotsand(setsend), .selroma0(selroma0), .selroma1(selromal) ),

endmodute



output selromal; // select address high |[|! declare registers // synopsys

state vector state reg [2;0] Il synopsys enumstate blo store; |l wrent
state reg [2:0] Il synopsys enum.taro Into next; |IF next state rag
setread, setbey. setrdy. setsend, selroma0O, selronmal; conbinational |ogic
al ways @ state or romack or romw D31bytosent or ackdet or slvalid or
noack) begin setread .. 1 b0O; setbry s Ibl; setrdy 1 bO; setsend -
1b0; selronma0. 1 b0; seiromal a | b0; case (state) . // synopsys parallel
case 10: bopln next s romac k ? CC: ID, softy . romadc 152 end CC
begin next - bytesent ? AO: .CC, setsend - bytesent; end AO begin next.
byt esent ?A | meA@ e setrormad T Br"seét'send - bytesent; end Al : begin
next - byteseq&mgmpo : Al; seiromal . Ibl; setsend - romm & bytesern

Serial port rom control state-machine.

seeessat

- !

module spromsm ( ackdet, bytesent, noack, sivalid, clk40Ob4, romack, romwr, por,
sotroad, satbsy, setrdy, satsend, selromao, solromal);

paramater FFOLY = 1;

parameter [2:0] If synopsys enum state_lndo
1D = 3b000, i \die
CC = 31001, 1/ command code
AO = 3010, I/ address tow
Al=30011, 1/ address high
D0 = 3'b100, i/ data O
D1«=3Db101, // data 1
D2 = 3110, // data 2
D3 = 3Db111; Il data 3
Input ackdet, bytesent, noack, sivalid, clkdOb4, romack, romwr, por;
sotread; / read SP1O port
Wocnput satbsy; // rombusy true next clock
output ] {f sot romrdy next clock
output  satsond; 1/ send byte naxt clock
output  calromao; /! coloct address low
output  selromat; 1/ solact address high
It
/! declara registers -

{l synopsys state_vector stata
reg [290] {l synopsys enum state_tnio
state; [ current state
reg 291 1l syowopsys enum state_lnf
next; il roxt state .

reg satroad, setbsy, satrdy, setsend, solroma0, selromat;

)

i
I comblnational togic

always @( state or romack or rofmwr of bytesent or ackdet or sivalid or noack )
begin

cotread = 1°b0;
sotbsy = 1'b1;
sotrdy = 1D0;
sateond = 1'b0;
solromal = 1b0;
salromatl = 1b0;

case (state) . 1/ synopsys parallel_case

1D: n
n:xtw'-romad(?GC:loz'
sathsy = romacic



retread -rommr & bytesent; end DO begin | (romd) begin next

- .bytesent
? D : DO; retread a bytesent; end else begin | (noack) begin next = 1D
setbsy - i'b0; end else begin next a sivaliid ? D1 : DO; setread - |'b1;
and end end D1: begin | (romw) begin | (noadt) begin next - ID;, setbsy
-1'b0; end else begin next a acledset? D2 : Di;

end end el se begin next a
slvalid ? D2: D; setread - 1131; end end D2: begin | (romw) begin next

- ackdet ? D2 : ID, sethbsy - ackdet; setrdy - -ackdet;

end

CC: begin
naxt = bytesent ? A0 : CC;
setsond = bytasant;

end

AO0: bagin
noxt = bytasent ? A1 : AO;
solromal = 1'b1;
setsand = bytesent;

end

A1: begin
next = bytesent ? D0 : AT;
solromatl = 1'b1;

saotsand = romwr & bytesent;
sotroad = ~romwr & bytesent;
ond
DO: begin
¥ (romwt) begin
next « bytesent ? D1 : DO;
sotread = bytesent;
end
olse begin
it (noack) begin
next = iD;
s_etbsy = 1'b0;
end
else bagin
next = sivalid ? D1 : DO;
sotread = 1'b1;
end
ond
ond
D1: begin
X (romwr) bagin
¥ (noack) begin
noxt«=1D;
sotbsy = 100;
ond
olse bagin
next = ackdet ? D2 : D1;
end '
ond else bogin .
next = sivalld ?2 D2 : D1;
sotread = 1°b1;
end
ond
D2: begin
¥ (romwr) begin
naxt = ackdet 2 D2 : ID;
sotbsy = ackdet;
sotrdy « ~ackdet;
end
elsa begin
next = sivalid ? 03 : D2;
sotread = 1'b1;
end
ond

D3 : begin



and el se begin next - sivalid ? D3 : 02; setread - 1131; and and D3:
begin 153 next sivalld ? ID: D3; setbsy '. 1 bl; setrdy - sivalld,
setread - -slvalld; end default: next a 3bxxx; endcase and // always /I
----- - Il state vector always @ posedge dk4Ob4 or posedge pot) If (Poi)
state < #f FFDLY ID;, else state <581 FFDLY next; endnodul e 154
~--w~-~~~efe ee~eN .. fl|. Meeeeeeee eeeeee gee ~-t~ We-W ~- - -~~~ oo
File: sprstctl.v Function: Serial port reset control. M gee ee
ee.eee.eee.. a"gee"e"e Meeeeet e N M eeeeeeM Neese Meee geese gee ~~/
nodul e sprstctl (chphedammld‘e:lﬁ)plosib, cl k40b0O, dl c4bl, rstb_, softabrtok,
sspl ocps, dt prstbsy“‘bﬂﬁpr@ req, swstrdy, rstis_, rstsplos_ ); paranmeter
FFDLY s 1; Input chp f"" 1%3 rstb, cik40b0, dk40bl, rstb,r softabrt ok,
sspl ocps; out put c;..;ars sy; ft chprst In progress output dttprstreq, //

request for SPIO port output swistrdy; //software reset ready
default: next = 3xXxxX;

endcase

end Il always
1.

1/ state vector

always @(posadge clkd0b4 or posadge pot)

¥ (por)
state <= #FFDLY ID;

olse
’ stata <= #FFDLY next;

1.
LY

endmeodule



output rstlsj Il HWreset output retspios_; // HWSWreset spin block
regi ster declaration for outputs reg swstrdy, chprstbsy, chprstreq; //
Internal signals rag (3:01 at. new _at; // reset counter reg rstisl.,

rstls2, , spchprst; // synced reset signals rog chprstpend, caprstpendsl,
chptstpends2; // SWreset pending jwge rstswsL rstctprst_, cntO,

strLswst; My drswst,-; reset |logic always @ posedge dk40b0) begin
re=al -<. #FFDLY tstbJ tst[s2_ < #FFDLY tstislJ end

assign rstls_ - rsttbh_
& tstlsl_ & rstls2_; assign rstchprsL - rstls_ & ssplocps; . assign
tstspl os_ a nStls.& SPChPrstinragstgrrstswht—a-rstd, prsL & clrswst_;
al ways @ posodge dk40bl or negedge rstchprst,

N (-rstdiprst, spchprst_<
#FFDLY 1bl; Fed:se sptMprst <. #FFDLY -strt_swst; //

request | ogic always
@ posedge dprsgrtwp'o or negedge rstsploe_) it (-rstcplos, dlprstpend < #FFDLY
i b0; el se 15% c'hprstpend <. #FFDLY tbi; always @ posedge dk4nl or
negedge r st chyang pdn redét donttait chpcstj begi n chprstpendsl <e #FFDLY 1 bQO
chprstpends2 < #FFDLY 1 bGQ  chprstreq < #FFDLY 1'bG  end

- 1

module sprstcll ( chprstack, chprstb, clk40b0, clidOb1, rsto_, softabrtok, ssplocps,
chprstbsy, chprstreq, swrstrdy, rstis_, rstsplos_);

parameter FFOLY = 1;

Input chprstack, chprstb, clk40b0, clk40b1, retb_, softabrtok, ssplocps;

outpuit  chprstbsy; I/ chpret In progress
output  chprstreq; 1! raquest for SPIO port
output  swrstrdy; /! software raeset ready
output  rslis_; Il KW resat

output  rstsplos_; Il HW/SW resat splo block
'I'I reqister daclaration for outputs

reg swrstrdy, chprstbsy, chprstreq;

I/

'I'Ilntemal signals |
[3:0] cnt, new_cnt; I reset counter

33 retis1_, retie2_, spchprst_; Il synced reset signals

reg chpretpend, chpretpendst, chprstpends2; I SW reset pending

wire rstewrst_, metehpret_, ent0, strt_swrst;

reg clrswrst_

I

1/l reset bogle

always @(posedge clk40bQ) begin

 retlel_ <= #FFDLY 1stb_;
retis2_ <= #FFDLY retis1_:
end

assignrstis_ = retb_ & retis1_ & rstis2_
assign retchpret_ = retis_ & ssplocps;
assign retsplos_ = rstis_ & spchprst
assign retewrst_ = rstehpret_ & clrswrst_

always @(posedge clk40b1 or negadge retchprst )
¥ (~rstchpret )
spchprst_ <= #FFDLY 1D1;
else

spchpret_ <= #FFDLY ~strt_ewrst,

/'I request logic

always @(posedge chprstb or negedge retaplos_)
¥ (~retsplos)
chprstpend <= #FFDLY 100;

olgo



el se begin chprstpendsl <. #FFDLY chprstpend; chprstpends2 < #FFDLY
chprstpendsl; chprstreq <- #FFDLY chprstpendsl & -chprstpends2 | chprstreq
& -chpmack & sottabrtok; end assign strt_swet . chprstack | chprstreq &
softabrtolG 11 Il software reset ready |ogic always @ posedge dk4Cbl or
negedge rstct pest K (-rstdiptst]j eppswst_ <.. #FFDLY 1 bl; else
clrswst <. (cntl.41i1); always @ posedge diprsth or negedge rstswst, K
(-rstswst, swstrdy < #FFDLY 1'bl; else swstrdy < #FFDLY 1'bG  // busy
| ogi ¢ al ways @ posedge dk4Obl or negedge rstchprst) N (-rstdtprst ct

xst bsy<a #FFDLY 1b@prstperisem ¥BRI I3y < #FFDLY strt pwst | -cntQ [/ [/

counter assi =hadb1 B Qegedgh fst nting logic always @ cnt or cntO
or strt sws?pﬁaysm vvrst)g?ldegw g&?QQ 4'hl; else newcnt cntO? 4'hO
. cnt + 4" hl; // cmtmbmm ¢=e‘!'¥F§t.\e‘rw al ways @ posedgo dl c4Cbl or negedge
rstchprst) If (-rge Lihizipia oLy ito

‘ end

else begin
chprstpends1 <= #FFDLY chprstpend
chpretponds2 <= #FFDLY chprstpondst;
chprstreq <= #FFDLY chprstpends1 & ~chprstponds?2
| chprstreq & ~chprstack & ~sottabrtok;
end

assign strt_swrst = chprstack | chprstreq & softabrtolc
1.

1/ software reset ready logic

always @(posadge clid0Ob1 or negedge rstchprst )
¥ (~rstchprst )
clrswrst_ <= #FFDLY 1%1;
olse
clrswrst_ <= (cntl=4'hf);

always @(posedge chprstb or negedge rstswrst_ )
H (~retswrst )
swrstrdy <= #FFDLY 1'b1;

swrstrdy <= #FFDLY 1°'b0;

olse

II

II busy logic
always @(posadge clkd0b1 or nagedge rstchprst.)
X (~cstchprst )
chprethsy <= #FFDLY 1'D0;
else

chprstbsy <« #FFDLY strt_swrst | ~cnt0;

I
" qounler

assign cnt0 = (cnt==4'h0);

1 counting logic
always @( cnt or cnt0 or strt_swrst ) r
o (strt_swrst)
new_cnt = 4'h1;
else
new_crt = crt0 ? 4'h0 : ent + 4'h1;

1/l counter registers
always @(posedge clk40b1 or negedge rstchpret )
' i (~rstchprst )
cnt <= #FFDLY 4'h0;
else
cnt <= #FFDLY new_cnt;

1.
#H

endmoduie



cnt < #FFDLY 4'hQ el se cnt <. #FFDLY new cnt; endnodule | 156

........ Nf..Nff. ff. f M... ffff Nf.H . Hf.f ff.f f.fff. M. f.f.ff.
Function: ReadNvrtte decoder ........... fo..MH~ HH fN ... ff. f ... NHf.
H.ff . Nf HfH f. f./ nodule sprw (brdctlen, brdctlydy. csadr . cc n-..n
ertso odat ft , rdlb, k4O d, crhygy. pac2splo, por. seedlydy, s rdle,
rdbrdctl.,, rdseedl., rdspiodat-, splobsy-, seedlen, seebrdrdy,
stretchseq, wbrdctl-, wsplocap , wseectl, wsploctf-, wsplodat_);

i nput (T:0 csadrr, odadr | nput_brdgt.en.brdethady. csren-, odven-
dk40bO, crbusy:;paEE2EPIGpor, soectten, seecttrdy. sottcnden; out put
ensot t odat . rdIB_ rdld, rdle, rdbrddl ~ rdseectl, rdsplodaL seebrdrdy.

spl obsy., st?@?eﬁseq. wrbrdct!l, wsplocap, wseectl, wnsplodl, wspbdat _
sprwdec cprwda@mftecagter (csadr,..crren_(csren_), cdadr (odadrj,

. cdwen. . Lcdwen, .. crbusy(c busy)..po*or). sonanden(softcndon),
.rdlb(rdlb)..rdld(rdld),.rdle(rdle)..rdbrdcqg. (rdbrdctl).

.rdseect! (rdseectt,..tdspl odat (rdspl odat, .. spl obsy(spl obsy).
.splobsy_(spiobsy,. .wrbrdc U w brdct U _ wipl.ocar(w,spl ocap.j,

wr seect L(w seectT """ WCSPI 0Cc(- spl. o : S Rlvhataeomospl odal , spstretch
spstretch ( I5odde %%{é o ;ﬁé@%mgﬁ%hwgmnb. rd1d,
. host t der *ast r den) g1 adfdetd), Qﬁ, > 2figiigdat_peplobgynispectian, seebrdrdy,

.rdseebr ds_( r dseebighichsaqowrbeit_soréntosanti wryect_, weplecty Wrplpddebct | ydy) ,
.segrden(segrden).@fﬂbrdct §ﬁbrddU. wr ceoct L(wr seodU,

. ensonodat (enat t ¢ ' SREM! dibos bibey Pasapie.pbr; et chseq) ) ;
sprwet| sprwc ( R & n;dk40bQ(c k4O ..csrer_(csren,,

.por(por), .rdbrdctl(rdt)rddl,..rdseedl (rdseoctU, .seecden(seedlen). .
Aoobsy ( spbbsyjutpus plepsptiodal, Pd‘b‘é‘%l‘“.‘.- Fﬁw P&&ﬂ
.rdseebrds(rdseebrc&%ﬁ|° o AP -endnodal e 157

, .cdadr_{cdadr_),
sprwdec w&d:&x:%trsam&Jkgﬂbz:ﬁ(.es;%' .:oﬂa(nden(soﬂcmden),
rdib(rdib), rdid(rdid), Jdie(rdie), Jrdordetl_(rdbrdeti ),
Jrdseactl_(rdsecctl ), mmdatJMSplo&at,molzspy_((wgg;p 3
mmz%m:spbw | (wrsploctl), wrsplodat_(wrsplodat ) );

tch ( brdctien(brdction), brdctirdy(brdetirdy),
spstretch mtden(hos( rtttlen)?:‘.pacesplo(pacasplo). por(pon),
Jdsaebrds_(rdseebrds_), seactian(seection), seoctirdy(seectirdy),
~soqrden(seqrden), sbrdall (wrbrdetl ), wreoect_(wrseactl), ]
.ensoftcdat(ensoftcdat), seabrdrdy(seebrdrdy), stratchseq(stretchsed) ):

rdctien), . cIk40b0), .csren_(csren_), por(por),
sprwa P B o), Kaselan(seoclon.
“splobsy(splobsy), .splobsy_(splobsy_), -hostrdan(hostrden),
rdsesbrds_(rdseebrds ), .se_qtden(soqrden) )

endmodule




~-H1H -~ N~~--~HH ----- ~|VM~-1H—-~~M---H—~.. ----- . .... Function:
Read/wite decoder --~ ~~~

/ nodul e sprwetl (brdctlen, cl k4O, csren, por, rdbrdctl-, rdseecti.
seectlen, splobsy, splobsy , hostrden, rdseebrds_, seqrden); paraneter
FFDLY a 1; k-put brdctlen, cl k4O 1ogrer_, por, rcibrdctl, rdseectl,r
seoct | en, splobsy, splobsy ; output hostrden; // enable soft control read
data for host output rdseobrds_ output segrden; // enable soft control
read data for SeQUERCEL..dda el pt-eF-nak-si-gnaks wire rdbrd& rdseectl
spl obsy; reg hostrdon. segtden, rdseebrds_; //--- |l stretch sequencer
al ways @ negemdgaiorc! k4O or posedge por) U(poO rdseebrds_< #FFDLY 1bl;
el se rdseebrds_ <a #FFDLY ccren_ | (-seectlen | rdseectlj & (brdctlen |
rdbrdct!J; /PoaWIY BWAYl data for reads // phost al ways @ posedge dk4ChO
or negodge splobsy ) N ("spay, hochden < #FFDLY I bQO el se hostrden <e
#FFDLY 1bl;  // SEO al ways C@ negedge cl k4O or negedge spl obsy) segrden
<a #FFDLY 1bl; el se segrden <s #FFDLY 1bGQ  endnodul e

sesatdean - canee LAl cttsEataNTeY ./

module sprwetl ( brdctien, ctk40bO, csren_, por, rdbrdctl rdseectl_, seactlen,
splobsy, splobsy_, hostrden, rdsesbrds_, seqrden));

parameter FFOLY = 1;

input brdctlan, clk40b0, csren_, por, rdbrdet!_, rdseectl_, seactien, splobsy,

splobsy_.
output  hostrden; 1/ enabla soft control read data for host
output  rdsecbrds_;
output  seqrden; Il enable soft control read data for sequencer
It .
I intermal signals

wire rdbrdcti_, rdseactl_, splobsy;
reg hostrdan, seqrdan, rdseebrds_;

I
1f stretch sequencer

always @(negedge clk40b0 or posedge por)
[
(o9 rdseebrds_ <« #FFDLY 1b1;
elso
rdseebrds_ <= #FFDLY csron_
| (~sooction| rdseectl ) & (-brdcﬂenl rdbrdatl );

Y/t
I tiold softct! data for reads

Il phost
always @(possdge clk40b0 o negedge spiobsy.)
X (~eplobsy,
¢ hostrden <= #FFDLY 1D0;
etse

hostrden <a #FFDLY 1b1;

i/ SEQ

always @(negedge ¢lk40b0 or negedge spiobsy)
¥ (~splobsy)

¢ seqrden <= #FFDLY 1b1;

else '

seqrden <= #FFDLY 110;
andmodule



| 158 ------------ Function: Serial-to-parallel and parallel-to-serial
converter. Automatically generate start, parity and.stop bits when
shitting out. Detects ACK and start bits and checks parity when readi ng.
..H...WWM.. NN.M........... NK M...... N .... MN .. N....... I
nodul e spshft (ackw n, barren, byt egemt chprst bsy, dk40b7, cnt9, clrparerr
, ledtst, ledtstslg, nparcken, rstl's_, readsplo, sendbyte, setsival,
shftout, splol, sivaild, strtwn, ackdet, parerrdet, shftln, sploo,

spl oparerr, strtdet ); paraneter FFDLY 1; Input ackw n, barren, bytesent,
cl k40b7, cnt @yebrparerrerenparcRen, Y srrs s ehprst bsy, | edtst,

| edt stsig, readsplo, sendbyte, sivalid, splol, setsival, strtwn; |nput

[ 7: 0] shftouffunctamt put ackdet; || ACK detected output parerrdet; |l parity
error detect gd.. QULRI adsbaRiorltbid Srvdrbr. Hliohbeaiylgandtad a out put spl oo; 11
SPI O seri al Qikpdlity akiid Bks vtidh titrigur. Defetts SPK @dmtartibityy error  out put
strtdot; // ahaaﬁdLbMemaéub.// decl are regi sters rog sploparerr,
parerrdet; rag [7:01 shftin; // if Internal signals rag E7701 silt; //
shifter register wre party; It parity datain wre pare; // parity out
rag parod; // parity out delayed wire tstparerr. // reset parity error

rag berrensl, berrens2; rag sp shfto; // serialized output parity
generator / CHECREr HEET G partry = {readtpio T sivaild) ? shft[7]
SP_ShTTO; i ule spshitt (ackwin, berren, bytasart, chprstbisy, clk40b7, crt, cirparerr_.

ledist, ledtstskg, mparcken, rstis_, readsplo, sendbyte, setstval,

shitout, splol, sivalid, strtwin, ackdet, pare(rdet, shitin, spioo,

sploparerr, strtdet );

parameter FEDLY = 1;

Input ackwin, barren, bytesent, clik40b7, cnt9, cltpamn'._. mparcken, rstis_,
chprstbsy, ledtst, ledtstsig, readsplo, sendbyte, stvalid, splol,
sotsival, striwin;

input {7:0] shitout;

output  ackdet; Il ACK detagted
output  paramdet, I/ parity etror dotected
output  [7:0] shitin; 1/ stifted In data
output  sploo; /1 SPIO serial output
output  spioparerr,; 1/ SPIQ parity error
output  stridet; I/ start bit detected

It

I/ daclare registers

reg sploperarm, parerdet;
rog (7:0] shitin;

il

It intemnal signals
rog {70] ehit; 1l shifter ragister
wire pardi; Il parity data in
wire paro; il parity out
: reg parod; 1l parity out delayed
7 wire rstparerm_s /I reset patity error
- reg berrens 1, borrens2;
reg sp_shtto; 1l serialized output
It
{l parity generator / checker

n perdi = (readsplo | sivalid) ? shit7] : ep_shito;
:::gngaro - émdetl sandbyte | (~pardi A parod);

always @ (posedge clk40b7 or negedge rstis_) begin
it (~retie_) bagin
bemrenst <= #FFDLY 110;
bemens2 <= #FFOLY 110;
parod <= #FFDLY 1'b0;
paremdot <= #FFDLY 1D0;

ond

oisa begin
bemons1 <= #FFDLY berren;
botrens2 <= #FFDLY berrenst;

parod <= §FFDLY paro;




assign paro strtdet | sendbyte |I (-pardi " parod); always @ posedge
dk40b7 or negedge rstls ) begin |If (-rstis, begin berrensl < #FFDLY 1bO;
berrens2 < #FFOLY 1 b0O; parod<#FFDLY |Ib0; parerrdet < #FFDLY 1b0O; end
el se begin berrensl < #FFDLY barren;

bonons2 co #FFDLY berrensl; parod <
#FFDLY paro; 159 /NHHHffHf N ff ffffnNgdffffff ffFf fff N Hfff NfNNF N

Nffff NfFff NfFfff H 1. Serial-to-parallel and parallel-to-serial
Automatically generate start, parity and stop bits when shifting out.
Detects ACK and start bits and checks parity when reading. f fffff

M f £ NFf NHE NN HE L NS LSS MEE S of b fedelfodede i S pietfff et ff/ nodul e spshft
(ackw n, bar fen, bytesent, chprstbsy, dk4Qb7, cnt9, drparerr_, |edtst,

| edt st si g. npadsdeen, rstls_, readspio, sendbyte, setstval, sh tout. splol,
sivalid. strtwn, ackdet, rerrd [ eneraddi oparerr, strtdet );
par anet er FFROefaloneia fﬁt@ﬁi .%ng&émm cl k4h7, cnt9,
drparerr_, W@&%‘gﬂ?éiéwﬁ tloft readieIpr st bsy, tedtst, |edtstsig, readsplo.

sendbyte, sivalid, spiel, setsival. strtwin; Input [7:01 shttout;
ackdet; ff.ACK detected output parerrdet; fl parity error detected output
[7:0] shhlin; ff shifted In data output sploo; //SPIO serial output output

sploparerr, /I SPIO parity error output strtdet; |/ start bit detected I/
decl ar e regi stensggsproparnt - parortie’ ) /

converter.

out put

shit ( ackwin, berren, bytesent, chprstbsy, clk40b7, cm9, clrparerm_,

odute spledtss. ledtstsig, mparcken, rstis_, readspio, sondbyte, setsival,
shitout, splol, sivalld, strtwin, ackdet, paremdet, shitin, splqo.
sploparerr, stitdet );

parameter FFDLY = 1;

cken, rstis,
In ackwin, batren, bytesent, clk40b7, crt9, clrparem_, mpar . .
et chprstbsy, ledtst, ledtstsig, readsplo, sendbyte, sivalid, splol,
setsival, striwin;
input  [7:0] shitout;

ackdet; If ACK detegted
?t:tlm pararrdot; I/ parity error detected
output  [7:0] shttin; {/ shifted In.dala
output  sploo; I/ SPIO sen.al output
output  sploparerr; /1 SPO parity error
output  stridet; I/ start blt detected
Il
1l declare rogisters

reg sploparer, parerrdet;
reg (7:0] shtin;

1l

{ itemal signals

reg [7:0] shtt; {1 ehiftar register

wire pardi; 1l parity data in

wire pero; 1l partty out

reg parod; {1 parity out dolayed
< wire retparerr_; {/ reset parity error

rog befrens1, betrens2;

reg sp_shtto; /! serialized output

I

1/ parity genarator / checker

assign pardi = (readsplo | sivalid) ? shit{7] : ap_sh.tto:
assign paro = strtdet | sendbyte | (~pardi * parod);

always @ (posedge cik40b7 or negedge rstis_) begin
i (~retis in
( b-g:eogﬂ <= #FFDLY 100,

berrens2 <= #FFDLY 110;
parod <= #FFDLY 1D0;
parerrdet <= #FFDLY 120;

ond

olso
berrenst <= #FFDLY berren;
bemons2 <= #FFDLY beransi;
parod <= #FFOLY paro;



rag V-gq shftln; Il Internal signals reg [70) shft; Il shifter register
wre pardl; I/ parity data In wre paro; /| parity out r,eg pares; |II
parity out delayed wre rstpanrr_; // reset parity error reg berrensl,
berrens2; reg ap_shito; ff serialized output parity generator | checker
assign pardy - (readspio [ sivalid)180shtt[7) : sp_shtto; assign pare -
strtdet | sendbyte | ((pardi w parod); always @ posedge dk4®b7 or negedge
rstis, begin | (-rstiaj begin betrensl <- #FFDLY 1'bGQ  berrens2 <-
#1 FFDLY 1bG  parod <- #FFDLY | bO; parerrdet <- #FFDLY ibGQ and el se
begi n benenst <- .NFFEDLY b X rens2 <- NFFDLY berrensl: parod <-
OFFDLY paro; 16 W&%‘fa@‘f““’ﬂ‘%‘ﬁ‘ﬁ&@% valld & -paro; end end assign
rstparerr_ =, rcken & rstis_ & clrparerr. always @ posedge dk4Cb7 or
negedge rstparerr, |If ('-rstparerr, sploparerr <_ #FFDLY 1bG el se
spl oparerr <mstﬁﬁmahéﬂ5plmpfa¥°éﬁrm1s—B&‘Fpégfrdet: shifter assign spioo m
(-ledtst & sp, shf l e )y always QD( posedge dk4Cb7 or
negedge rsti _vaa({srs%%oe%rejge %%70&1\49%@9% )_)

splopararr <= #FFOLY 1D0;

else )
sploparerr <= #FFDLY sploparerr | parerrdet;

1.
[

I/ shifter
assign spioo = (~ledtst & sp_shtto | ledtst & ladtstsig);

always @(posedge clk40b7 or negedge rstis_)
#f (~rstis_) begin
( sp_shito <= #FFDLY 1b1;
shit[7] <= #FFOLY 1D1;
oend .
elso begin
it (sendbyte) bagin
sp_shfto <= #FFOLY 1'00;
shit{7] <= #FFOLY shitout(7];

end
o #FFDLY ~chprstbsy
w'sm%icms 7 ~paro A berrens2 : shit[0] | bytesent);
shit[7] <= #FFDLY splof;
ond
ond

always @(posedge clk40b7 or negedge retls_)
- (~retls) .
shit[6:0] <= #FFOLY 7o11111171;

oke shit(6:0] <= #FFDLY sendbyfe 7 shitout[6:0] : shit[7:1];

/]
I ACK and start blt datactor

always @(posedgoe clk40b7 or negadge rstis_)
i (~retis)
shitin <= #FFOLY 8°h00;

olse
ghitin <= #FFDLY setsival ? shit : shftin;

assign ackdet = ackwin & ~shft[7] & ~shit(6};
asslgn strtdot = strtwin & ~shit{7] & shit(6];

1.
"

endmodule // spshit




| (-rstis, begin sp stdto <- #FFDLY ibt; shft[7] <- #FFDLY 1bl;
begin tf (sendbyte) begin sp shtto <- #FFDLY 1'bQ shtt (7] <= #FFDLY
stdtout(7]; end else begin spshfto <- #FFDLY -chprstbsy & (cnt9 ? -paro A

berrens2 : shft[Q [ bytesent); shtt[7] <- #FFDLY splol; end end always
@ posedge dk40Ob7 or negedge rstis,

end el se

e sh t[6: Q) <- #FFDLY 7'bll | 111
el se stdt[6:0] <_ #FFDLY sendbyte ? shftout(6:0] : stit[7:1]; Il Il ACK
and start bit detector always @ posadge dk4Cb7 or negedge rstls, #
(-rails, stdtin <- #FFDLY 8 hOO, else shftln <- #FFDLY setsival ? sht
shftln;

assign ackdet - ackwin & -sh t[7] & -shft(6]; assign ctrtdet -
strtwin & - st@ef-#=Gshfr{8] " "BHURBUUI€ 7/ spshit 161 fffff N H fffNf
Hiff NFff M N HNFfff fff NFf NffffffffffNffff Hf  Function: Read/wite
timng controfunctidfiyst sequncor timng and hold data for sploctl reads.

Hi story: 00100 dmn?E&Ara.tmseyequeﬁofehfﬁwﬁgafnaholwmtofefpfom\nfff N NFffffNVELf
fEf fff NNFFf N FFFffFefreee ff/

eads!
History:
00/00/00 JYL First rev.

e w ctt.t"tcol
cate [ 1]

lo, por, rdseebrds_,

dule spstretch ( brdetion, brdetird , hostrden, pac2splo,

e Gpseectlerf. soectirdy, seqrden, wrbrdati_, wrsaectl_, ensoftcdat,
sacbrdrdy, stretchsaq);

parameter FFDLY = 1;

brds,
brdctien, brdctirdy, hostrden, pac2spio, pot, rdsee. .
et seoctlon, seactirdy, seqrden, wrbrdctl_, wrseecti_

output  ensoftedat; /l enable soft control read data
dy;
g&tg&: z:ree?cr?\sez: ./ strech sequencer cycle

Il
rog stretchseq, )
wire act_saq_stretch, rst_stretch_;

.
4

I‘l stretch séql.lenoer
assign act_seq_stretch =

rdseebrds_
& (~seaction | wrsaoctl )
& (~brdctien | wibrdctl )

)
& ~pac2splo;

always @Me act_seq_stretch or negedge rst_stretch )
# (~rst_strot:
¢ swggq <= #FFOLY 1D0;

else
strotchseq <= #FFDOLY 1D1;

assign seebrdrdy = brdctirdy | seectlrdy‘.. \
assign ret_stretch_ = ~(por | saebrdrdy);

1.
1/ hold softctl data tor reads
assign ensoftcdat = pac2splo 2 hostrden : seqrden;

endmodule // epstretch



nodul e spstretch (brdctlon, brdctlydy, hostrden, pac2splo, por, rdseebrds-,
seectl en, seectirdy, segrden, whbrddi, wseectl, ensoftcdat, seebtdrdy,
stretchseq); paranmeter FFDLY - 1; Input brdctlen, brdctlydy, hostrden,
pac2spl o, por, rdseebrds_ , seectlen, seectirdy. seqrden. wbrdctl,

wr seect L out put onsoftodat; // qugle soft control read data output
seebrdrdy; output stretchseq; // "strech sequencer cycle reg stretchseq;
wire ad _seq_stretch, rst stretch 1l |l stretch sequencer assign act_soclL
stretch idseebrds_ do (-seectien | wseectl, & (-brdctlen | wbrdctl, &
-pac2spl o; al ways @ posedge act _seq_stretch or negedge rst_stretch_) K
(--rst_stedscdlq Insistsr et chseq <- #FFDLY 1' bO; el se stretchseq <-1f FFDLY
1'bl; assign seobrdrdy = brdctlrdy | seedlydy; assign M_stretch_- -(por
| seebrdrdy); [// hold softctl data for reads assign ensoftodat - pac2splo
? hostrden : segrden; endnodule // spstretch 162 'tlnescale Ins/Ins 163
SERI AL PORT FOR A HOST ADAPTER | NTEGRATED CI RCUI T USI NG A SI NGLE TERM NAL
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164 Inputs: sync rst_, seectlen_, «clkin, pshreq(6], pshreg[4],
pshreg(3], pshreg(2], spioreset sp _brdctl brdctl | Qutputs: brddat?7,
brddat 6, brddat5, brdstb, brdcs, brdrw, Inputs: sync_rst_,

brdctlen_, clkin, pshreg(8], pshreg(7], pshreg[6], pshreg[5],
pshreg[4], pshreg(3l, spioreset bopéfnse bobsense_1 ( clkin, sync _rst

,. Spioreset, scsi rst in, ternsense bin, ternsense a in, X connsense
in, connsense in,

SERIAL PORT FOR A HOST ADAPTER INTEGRATED
CIRCUIT USING A SINGLE TERMINAL

Stillman F. Gates
Christopher Burns

M-2934-US

APPENDIX B



seens, brdcs, brdrw, sense brddat ); iddat iddat 1 Inputs: clKkin,

sync rst_, reset-, idpal_in, iddat in, 165 esbrd in, main, ronts in_,
ntw_.in, seecs in, Qutputs: id-done, iddatbyte, estatbyte sequencer
sequencer-1 Inputs: .clkin (clkin), .sync_rst_ (sync_rst_), pshreg
(pshreg), Ad done (id done), .ledtgst (ledtest), .seens (seens), .brdrw
(brdrw), Qutputs: ..roncs_ (roncts ), ronoe_ (ronoe ), .nrw (nrw,
roncsoe (rontsoe), . rdmd¥ES{ronpeoe),

sync_rst_,
seectlen_,
clkin,
pshreg(6],
pshreg(4]),
pshreg(3],
pshreg(2],
spioreset

sp_brdctl brdctl 1 (
// Outputs:

brddat?7,
brddat6,
brddats,
brdstb,
brdcs,
brdrw,

// Inputs:

sync_rst_,
brdctlen_,

clkin,

pshreg(8],
pshreg(7],
pshreg(6],
pshreg(51],
pshreg(41],

pshreg (3],
spioreset )

bobsense bobsense_1 ( clkin,

sync_rst_,
spioreset,

scsi_rst_in_,
termsense_b_in,
termsense_a_in,
x_connsense_in,
connsense_in,

seems,
brdcs,
brdrw,

sense_brddat

iddat iddat_1 (
// Inputs:
clkin,
sync_rst_,

reset_,

idpal_in,
1ddat_1n:

nrwoe (nrwoe),

)i



.maoe (rmaoe), .ndoe (ndoe), 7:0,

.stpwctl oe (stpwetl oe), readnuxsel (readnuxsel),
shift), .ackdata (ackdata),

. Spi ooe (spiooe),
(addrlen ),
(spi oreset),

seecsoe (seecsoe), .ledoe (ledoe),

1/ 2:0 pload_shift (pload
.ackl oad (ackload_ ), .ackshift (ackshift ),
.addrdben_ (addrdben_), .addrhen (addrhen_), .addrlen
.addrinc (addrinc), .dedsmen (dataen_ ),

. Spi oreset
set par gdord( &t _parerr), .set unsup (set unsup), 166 .set
mousy (set nbusy), .ledregen_ (ledregen_), stpen_ (stpen_), .seectlen_
(seectlen)), .brdctle@ﬂﬂgrggtlen_),

.Statregen_ (statregen ),
. bdprregen_ (bdprregenmﬂwjgpdﬁndule 1k 167 “timescale Ins/I Ops
SPIOC CORE.V /1 This holds al

the internal logic for SPIOC. Everything
except the 10 cells [hke¢s_here nodul e spioc _core ( clkin,

reset
// Outputs:

id_done,

iddatbyte,
estatbyte )i

sequencer sequencer_l (

// Inputs:
.clkin (clkin),
.sync_rst_ (sync_rst_),
.pshreg (pshregq),
.id_done (id_done),
.ledtest (ledtest),
.seems (seems),
.brdrw (brdrw),

// Outputs:
_.rgmcs_ (romcs_) .
.romoe_ (romoe_),
Jrw (mrw),
.romcsoe (romcsoe) ,
. romoeoe (romoeoe) ,
.Mrwoe (mrwoe) ,
.maoe . (maoce),
.mdoe (mdoe) , // 1:0,
.seecsoe (seecsoe),
.ledoe (ledoe),
.stpwctloe (stpwctloe),
.readmuxsel (readmuxsel), // 2:0

.pload_shift (pload_shift),

.ackdata (ackdata),
.ackload_ (ackload ),
.ackshift_ (ackshift ),
.spiooe . (spiooe),
.addrdben_ (addrdben_),
.addrhen_ (addrhen_),
.addrlen_ (addrlen_),
.addrinc (addrinc),
.dataen_ (dataen_),
.spioreset (spioreset),
.set_parerr (set_parerr),

.set_unsup (set_unsup),



spin, spiooe, spio_in, led, ledoe, stpwt 1, stpwtloe, m, naoe,
main, nd, ndoe, and in, ronts , ronctsoe, roncts in , ronoe
ronoeoe, NTw, nNTrwoe, NTwin, Seecs, Seecsoe,
iddat in, esbrd_in, scsirstin ternsense b_in,

seecs in, idpal_in,
ternsense_a_in, X

connsense in, connsense in ), inputlted kin; input reset_ output spio;
out put spiooe; input spio_in; ',utput led_;
.set_mbusy (set_mbusy),
.ledregen_ (ledregen_),
.stpen_ (stpen_),
.seectlen_ (seectlen_),
.brdctlen_ (brdctlen_),
.statregen_ (statregen_),
.bdprregen_ (bdprregen_) )i
endmodule




168 output |edoe; output stpwetl;
out put nmaoe; input (17:16] main;
input (7:0] nmd_in; output ronts_;
out put ronoe_;

out put st pwct | oe;

output [17:0] g,
out put (7:0] nd;

out put (7:0] ndoe;

out put rontsoe; input ronts_in_;
out put ronoeoe; output nrw, output nmrwoe; input nrw_in;
out put seecs; output seecsoe; inputdeecs in;
(7:0] iddatin;

.input esbrd__in;
-in; input ternmsense_a_in;
| NTERNAL WRES wire (7:0]

(11: 0] pshreg wre (2:0]

i nput idpal _in; input
input scsi_rst in; input ternsense b
i nput x_connsense in; input connsense_in;

i ddat byte, estatbyte,

readnuxout, romnd; wire
readnuxsel wire seecshit, seens,

st pwet | oe,
‘timescale ins/10ps

// SPIOC_CORE.V
17

/7 This holds all the internal logic for SPIOC. Everything except the IO cells
// is here

module spioc_core ( clkin,

reset_:

spio,
splooe,
spio_in,

led_l
ledoe,

stpwctl,
stpwctloe,

mna,
maoe,
ma_in,

nd,
mdoe,
md_in,

romcs_,
romcsoe,
romcs_in_,

. v
romoe_,
romoeoe,

mrw,
mrwoe,
mrw_in,

seecs,
seecsoe,
seecs_in,

idpal_in,
iddat _in I
esbrd_in,

scsi_rst_in_,

termsense_b_in,
termsense_a_in,
x_connsense_1in,

connsense_in )i
1nput clkin;

input reset_;

output spio;

output spiooe;

input spio_in;

Ut Ut led

_



brddat 7, brddat6, brddat5, brdrd7, brdrd6, brdrd5, seedibit, brdrw wire
(6:5] sense brddat; req spio 169 GCenerate 'sync_rst

... it can assert at
any time, but // will always deassert right AFTER a clock reg reset ff 1,
reset ff 2; always Q posedge clkin) begin reset ff 1 11 reset ;

reset _ff_2. <- 11 (reset_ff_1 & resgtg);

end wire sync rst_ - reset_ff_2 i
reset ; // assign seens - seecsbhit & seens assign brdrd7 - seens ? and
in[7) brddat7 assign brdrdé - brdrw 7 sense brddat (6) brddat6

assign
brdrd5 - brdrw ? sense brddat(5) brddat5 ; assign seedibit - nd_in[O &
seens; i AP Csel ect Iéﬁ?ﬁ'for shift register readnmux readnmux_1 ( out
(readnuxggﬁiT .in0 (®Epdctfs:0)), .inl (( 2" bOl, seens, |'bl, seecshit,
seeck, se t seedi bi tstPyctloe;i n2 (( brdrd7, brdrd6, brdrd5, brdstb, brdcs,
brdrw, 2'b00)), _.in3 errl edenab, 4'bQO, spioparerr,

unsupported, mnenbusy
)), . in2tedatbyfe) 7ins (estatbyte), .iné (( 7'bO, badpar )), .sel
(readnux§$ ﬁtshqu13]§ﬁ ggl 21 ( pshregout (pshreq), .reset (sync rst
.clkin (clkin), .spio_in (spinin), .spiooe (spiooe), .pload shift
(pl oad_shiukpyt, (7:01 md;

output [7:0] mdoe;
input {(7:01 md_in;

output romcs_;
output romcsoe;
input romcs_in_;
output romoe_;
output romoeoe;
output mrw;

output mrwoe;

input mrw_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;

Ry
// INTERNAL WIRES

wire {7:0] iddatbyte,
estatbyte,
readmuxout,
rom _md;

wire {11:0) pshreg ;
wire [2:0]) readmuxsel ;

wire seecsbit, seems, stpwctloe,

prddat7, brddaté, brddat5, brdrd7, brdrd6,

brdrd5, seedibit,
brdrw;

wire (6:5] sense_brddat;

reg spio ;



i badpar (badpar), .pdatain (readnuxout)
cont ai ni ng acknow edge val ue when not shi

gtech_mux4 | ( dO (1'bO, .dl (pshreg[0]) .d2 (ackdata d3 :
.sel O (ackload ), sell (ackshift ), .out (acki n)(). ), .d3 (spio),

_ ; always
clkin or negedge sync_rst_ begin if ¢#3ync_rst_) spio <:y48@%l(b%osgldgg
spio <_ 18 ackin end romaddr romaddr_1 ( out (ma), .reset (sync rst )
. addr dben (addr_dben ), .addrhen (addrhen ), .addrlen (addrlen)) ’
.addrinc (addrinc), .clkin (cl k| n), .in (pshreg(9:2]), .seens (séems)
.brdrw (brdrw) regen8 rondata /( g om .reset (sync rst ) ’
.enabl e_ (/ t/a@h’““ﬁl’W’rﬁ"(’dr”Kf’ﬁﬁ” 'f””(“s’ﬁ e/}{g//’z/f Choose EEPROM WRI TE
DATA or 7 GLxAbcitMé SE_G\IQL;% i;rtngibg °§em“ﬁ‘htb“fo "pad and", still subject to
t he whi ms 4 Eh T ) 6 Colrse  assign md(7] - seems ? brddat7
md[ 7]; ass#gn g@lﬁ@fé-;; seens ? brddat6 romd[ 6l ;

always @ (posedge clkin)

); 170 input mux to reg
fting data to dagger GIECR _MJX4

rom

begin -

reset_ff_1 <= §1 reset_;

reset_ff 2 <= {1 (reset_ff_1 & reset ),
end

wire sync_rst_ = reset_ff 2 & reset ;

/l///l///l////l/I/ll//l//l///l////////////l//l/////////////////

assign seecs = seecsbit & seenms ;

assign brdrdl = seems ? md _in(7] : bradat? ;
assign brdrd§ = brdrw ? sense _brddat (€] : brddaté ;
assign brdrdS = brdrw ? sense brddat(S] : brddat5 ;

assign seedibit = md_in(0] & seems;

// input select logic for shift register
readmux readmux_1 (

.out (readmaxout),

.in0 (md_in{7:01).,

.inl ({ 2°b01, seems, 1‘bl, seecsbit, seeck, seedo, seedibit }).
.in2

({ brdrdl, brdrd6, brdrds, brdstb, brdcs, brdrw, 2°b001),
.inl « errledenab, 4‘b0, spioparerr, unsupported, membusy .
.ind (1ddatbyte) .,

.inS (estatbyte),

.in6 ({ 7°b0, badpar }).

.sel (readmuxsel) )

shregl2 shreqgl2_1 ( .pshregout (pshreg) .,
.reset_ (sync_crst_),
.clkin (clkin),
.spio_in (spio_in),
.spiooe (spiooe),
.pload_shift (pload_shift),
.badpar (badpar).,

.pdatain (readmuxout) Vi



-
?

assign nd(5]
rom nd(4];

seens ? seeck

assign md( QO

.reset (sync_rst_),

(pshreg(8 7)),

- seens ? brddat5 rom nd[5];

assign nmd(4] - seenms ? brdstb
assign nd(3] - seens ? -brdcs : rommd(3); assign nd(2] -
rom nmd(2]; assign nd(1l] = seens ? seedo : romnd[l];
= romnd[o]; stp stp_1 Qutput: .stpwctl (stpwctl), Inputs:
171 .stpwctlen_ifetpen ),

spi or eset (sploreset

.clkin (clkin),

splostatreq spiostatre

. del ayreg

Qut put s:

st atregen_,

1 p
errl edenafs, 1“%‘§|'B‘|5a‘if<é|‘?9 cOprPd BHFo PTG L SRR TBALY PR AP B EH N BB §° ¢l ki n,
sync_r st SEt parerr, set_unsup, set nbusy, spioreset,
pshreg(8)¢mcp3vhxeg@8¢nl_)\mtnadparreg bra)dpar rté 0). goﬁl kin, sync_rst
pshre ‘

spi oreset, bdprregen_, .az mcmmgah

.d3 (spio),

.sel0 (ackload ),

.sell  (ackshift ),

.out (ackin) )i

always @ (

begin

posedge clkin or negedge sync_rst_ )

if (t'sync_rst_) spio <= £8 1'bO ;
spio <= #8 ackin ;

else
end

rom_addr rom_addr_1 (

regeng rom;ﬁata_l (

.out
.reset_

.addrdben_

.addrhen_
.addrlen_
.addrinc
.clkin
.in

.Seens
brdrw

.out
.reset_
.enable_
.clkin
.in

(ma),
(sync_rst_),
(addrdben_),
(addrhen ),
(addrlen_),
(addrinc),
(clkin),
(pshreg(9:2}),

(seems),
(brdrw)

(rom_nd),
(sync_rst_),
(dataen_),
(clkin),
(pshreg(9:2])

// 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
assign
assign
assign
assign
assign
assign
assign

nd (7]
md (6]
od (5]
nd (4]
nd (3]
md(2)
md(1l]
md (0]

stp stp_1 (

= geems ? brddat?
= seems ? brddaté
= seems ? brddat$
= gseems ? ~brdstb
= geems ? ~brdcs
= seems ? seeck
= geems ? seedo
// Output:
.stpwctl
// Inputs:
.reset _

rom_md(7]);
rom_wd(6];
rom_md(S5]);
rom_md (4];
: rom md(3]);
: rom_md(2);
: rom_md{(1];
rom_md(0]);

(stpwctl),

(sync_rst ),

)

i



pshreg(l], badpar ); ledreg ledreg_1 Inputs: clkin, sync_rst

spioreset, ledregen_, pshreg[8:71, <errled , spio_in, [/ Qutputs: led,
| edtest ); sp_seectl seectl 1 Qutputs: seens, seecshit, seeck, seedo,
172 “timescale Ins/|I Ops nodule readnux ( out , inO, inl , in2, in3, ind
, In5 , in6 , sel output 17:01 outjyiinput (7:01 inO, inl , in2, in3,
ind , in5, in6 input (2:0) sel wire (2:0] sel wire (7:0] out , inO, inl
, in2 , in3, ind4d , in5 , inpst@®ctiemput!| (RBER2., input3 , inputd4 , inputh
, input6 , input7 assign inputEi( |'bl | CEABITA. ., n5(7] , ind[ 71,
in3(71 , in2(7] , inl (7] , inl Fﬁ‘;e}s‘it assi gpibrgaetp = { ) ibl , in6[6] |,
in5[6] , in4(61 , in3(6] , in2[6] , inl(61, in0O [ 61} ; assign inputb =
( I'"bl , in6(51 , in5[5] , in4(51, in3(5) , in2[5] , inl(5] , 1in015] } ;
assi gn i npptabt=tfeqlSpiostayneg(Y|C = in5[4] , ind4(4] , in3[4] , in2[4] ,
inl[4] 1nO (4) assign jin ={ I"bl , in6(3] , in5(31, in4[3] , in3[3]
in2[3] , inl[31 in0 (’él‘p%?“s'

errledenab,

spioparerr,

unsupported,

membusy,

errled ,

// Inputs:

clkin,

sync_rst_,

set_parerr,

set_unsup,

set_mbusy,

spioreset,

statregen_,
pshreg(81],
pshreg(3:1]} )i

badparreg badparreg 1 ( clkin,
sync_rst_,
spioreset,
bdprregen_,
pshreg(1],

badpar );

ledreg ledreg_1l (
// Inputs:

clkin,
sync_rst_,
spioreset,
ledregen_,
- pshreg(8:71,
errled_,
spio_in,

// Outputs:

led ,
ledtest );

sp_seectl seectl_1 (
// Outputs:
seems,
seecsbit,

seeck,
seedo,



assign input2 = ( I'"bl , in6(2] , in5[2] , in4[2) , in3(21, in2[2] ,
inl (2] 1inQ2] } ; assign inputl ={ I"bl , in6(1] , in5(11 , in4[l] ,
in3[1] , in2[]] , inl(l) inQCl] |

assign inputO = ( I"bl , in6(0] , in5(0]
, 1n4(0] , in3(0] , in2[0] , inl(O inQ0] } assign out(71 - input7(sel]
assign out(61 - input6[sel] assign out(5] - input5(sel] assign out(4] =
input4[sel] assign out(3] = input3(sel] assign out(21 - input2(sel]
assign out(1) = inputl(sel] ;: addi¥gn out (0] = inputO(sel]
i nput seecsoe; input pad_idpal;

; endnmodul e 173
output idpal __in; input (7:01 pad_iddat;
out put (7:01 iddat_jn;,,d.nput pad_esbrd; output esbrd_in; input
pad_scé&f?%?f? outph?/é%gi_rst_in_, i nput pad_ternsense_b; out put
ternsense b_in; input pad_ternmsense_a; output termsense a_in; input
pad_x_uoiasarsenux uaysut ®0cortfsenddZ i'ni™ i npitht - pdd_coifiserf§d;’ ‘out put
connsense in'.oqut(,clkin , pad_clkin ) ; buf ( reset_ , pad_pci_reset_) ;
buf ( PAEE"hr PEset ', reset) : buf ( spioin, pad spin) : _ bufifl ( pad
SPi 0 , iSRIO(7:03pLa0e In1 buhifl ia3pades edins .| &b i, | edoe )

input (2:0) sel ;
wire (2:0) sel ;

wire [7:0] out , in0 , inl , in2 , in3 , in4 , inS ,.inputO , inputl ,
input2 , input3 , input4 , input5 , input6 , input?7 ;

assign input? = {( 1'bl , in6(7] , in5(7) , ind4([71 , in3(71 , in2{7) , inl(7]
in0(7] } ;

assign input6 = { 1‘bl , iné6(6] , in5({6) , ind4(6] , in3(6) , in2{6] , inl[6])
in0(61 } ;

’

assign input5 = { 1‘bl , in6(5} ., inS5(5]

, in4{S} , in3(5) , in2(5) , inl(5] ,
in0(S5] 1}
assign inputd4 = { 1‘bl , in6(4} , in5(4] ., in4(4) , in3(4] , in2({4] , inl(4} ,
in0(4} 1}

assién input3 = { 1'bl , in6(3] ., in5(31 , in4(3] , in3(3) , in2(3} , inl (3}
in0(3] } ;

’

assign input2 = { 1’bl

, in6{2) , inS5(2} , in4(2) , in3(2] , inZ[é] , inlf{2] ,
in0(2] } ;

assign inputl = { 1‘bl , in6(1] , in%{1] , in4(1] , in3(1} , in2(1} , inl(1])
in0O(1]) } ;

14

assign input0 = { 1’bl

, in6{01 , in5(0] , in4(0]
in0(0) } ;

, in3(0]1 , in2(0] , inlf(O] ,

assign out(7) = input7(sel] ;

assign out (6]

input6(sel) ;
assign out(S)] = inputS(sel] ;
assign out (4] = input4[sel].;
assign out (3] = input3(sel]
assign out (2] = input2{sel])
assign out{l] = inputl(sel]
assign out (0] = inputO(sel)

endmodule



bufifl ( pad stpwctl , stpwtl , stpwctloe ) ; buf ( ma in[17], pad hi
ma[17] ); buf ( ma_in[16], pad hi ma[16] ); bufifl ( pad hi ma(17) , ma(17]
, maoe ) ;  bufifl ( pad hi ma[16] , nma(161., maoe ) ;  bufifl ( pad ma(151
ma(151 , maoe ) Dbufifl ( pad ma[14] , ma(1l.41 , naoe ) ;  bufifl ( pad
ma[ 131 , ma[13] , nmeoe )  bufifl ( pgddma[12] , ma(12] , nmaoe ) bufifl (
pad_ma[ll] , ma[ll] i

, maoe ) bufifl ( pad-ma ( 10 1, ma CIO] , naoe )
bufifl (ipeRt ma[ 9] FEE°%/ nmoe ) i

, bufifl ( pad ma(8] , ma(8] , nmoe )
bufifl ( ;pge ma[7] , @Rh7deparjeoe ) bufifl ( padma(61 , ma[6] , naoe )
bufifl ( opgshema(51 , rm{»’éi in;maoe ) bufifl ( pad_ma(41 , ma(41 , neoe )

bufifl ( padrra(3 o) ma( moe ) bufifl ( pad ma (2] , ma (21 , naoe )
bufi fl (lpa\él‘lna

1jdd2ttmoe’ ) bufi fl ad ma . ma(0) , maoe
buf ( nd SRPY | pS’éd ;§§F‘7‘11 3174 buf ( anél-!on(G) ,(O]pad mJIEGi ) buf ()
and-in[ 5];noupad_nd[ 5] gaq Oidraf and in[4] , pad nmd[4] ) buf ( and in(3) ,
pad nmd[ 3ovputuf ( andsbd&2n;, pad nd(2] ) buf ( mdin[1] , padmd(l) ) buf
( gdnh{mg?)p,ﬁgad _md(0] ) buflfl%fjfp?fj Erd(?]d, md[7] , mdoe[7) ) bufifl (
pa inpu rrd?fége“‘s [ pad_nd(51 , nd(5) , ndoe(5
buflfl (‘B‘é&“‘hﬂm] Ay 3 Q:m‘io e[4] ) bufifl(( pad_ m(zl(g%] , rml[g]),)
ndoe( 3] mphhlfl“ ( paghdrdeRisenserit(2] , nmdoe[2) ) bufifl ( pad md[1]
md(1] , nslae@d] ) 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 , spiooe ) ;

bufifl ( pad_led_, led_ , ledoe ) ;

bufifl ( pad_stpwctl , stpwctl , stpwctloe )

i

buf ( ma_in{17), pad hi maf{l7] );
buf ( ma in[16], pad_| T hi _mafl6] );

bufifl ( pad_hi_ma(17]} , ma(17] , maoce ) ;
bufifl ( pad hi ma[16] ., mafl16] , maoce ) ;

bufifl ( pad_ma(l15] , ma[1l5] , maoce ) ;
bufifl ( pad_ma(l4] , ma(l4] , maoce ) ;
bufifl ( pad ma(l3] , ma[l3] , mace ) ;
bufifl ( pad_ma{l2}) , ma(l2] , maoce ) ;
bufifl ( pad_maf{ll] , ma(ll] , mace ) ;
bufifl ( pad_ma(l0} , ma{l0] , maoce ) ;
bufifl ( pad_ma(9] , ma{9] , maoce ) ;

. bufifl ( pad_ma(8] , ma(8] , maoe ) ;
bufifl ( pad_ma(7) , ma(7) , maoce ) ;
bufifl ( pad_ ma(6] , ma(6) , maoe ) ;
bufifl ( pad_ma(5} , ma(S] , mace ) ;
bufifl ( pad_ma(4) , ma{4] , mace ) ;
bufifl ( pad_ma(3] , ma(3] , maoe ) ;
bufifl ( pad_ma(2] , ma(2] , maoe ) ;
bufifl ( pad ma(l] , ma(l] , maoe ) ;
bufifl ( pad_ma(0] , ma(0] , mace ) ;

buf ( md_in(7] , pad_md(7] ) ;



bufifl ( pad md(Q , md(O , ndoe[O0] )
i pad_ronts_

buf ( mw.in, pad ntrw); bufifl

bufifl (

ronneoe

seecs_in,

, pad_ |dpa
pad_idd

pad7i dd%ﬁ%
pad i ddabyf2]« fd
pad |dd%H 0]
pad_sc5|

a_in,

connsense in,

pad_x co
pad_cl ki

Ufl

.’ l
bufifl ( pad md(3] , md{3] , i
bufifl ( pad md(2) , md(2) , mdoe(2} ) ;
bufifl ( pad md(1l] , md(1] , ;
bufifl ( pad_md{0] , md(0] , ;

, roncs_ , rontsoe bufif

; buf ( iddat_in (7 ]T74padiddat [ 71 ) buf ( iddat

ipu ( daq |n{51 , padiddat (51 ) buf ( iddat

,mtstT dadl’ [&tx i n(3]

%f' Paé‘sbﬁl@ll h‘ pad_esbrd)

n é b in, pad ternsense b );
ﬁQYHFEHﬁﬂ a-ﬁminx X, connsense in,

; buf ( iddat
buf ( scsi rst in

pad x connsense );

pad connsense ); endnodul e 175 pad scsi
, pad_ tepﬂ#énS@aﬁjﬁ[ﬂbwnﬂéﬁﬁe bmkﬁ[7lﬁad t ermsense a,

gh§‘ef£|‘}s géézwiép ns8SE i n‘;\‘ggeég}j Jcbnnsense,

3

md (4]} mdoe (4] )

mdoe (3] )

mdoe (1] )
mdoe (0] )

buf ( romcs_in_, pad_romcs_ );

bufifl ( pad_romcs_ , romcs

bufifl ( pad_romoe_ , romoe

_ . romcsoe ) ;

_ . romoeoe ) ;

buf ( mrw_in, pad_miw )i
bufifl ( pad mrw , mrw , mrwoe ) ;

buf ( seecs_in, pad_seecs );
bufifl ( pad_seecs , seecs, seecsoe ) ;

buf

buf
buf
buf
buf
buf
buf
buf
buf

buf

buf
buf
buf
buf
buf

(
(
(
(
(
(
(
(
(

(

o~ S~~~

(

idpal_in , pad_idpal )

14
iddat_in(7] , pad_iddat(7] )
iddat_in(6] , pad_iddat(6]
iddat_in(5] , pad_iddat (5]
iddat_in(4) , pad_iddat (4]
iddat_in(3) , pad_iddat (3]
iddat_in(2] , pad_iddat (2]
iddat_in{1l] , pad_iddat(1}] )
iddat_in(0] , pad iddat (0] )

- P P

~s We W We We We N4 N

esbrd_in , pad_esbrd ) ;

scsi_rst_in_, pad scsi_rst_ )i
termsense_b_in, pad_ termsense_b );
termsense _a in, pad_| termsense a);
x_connsense_in, pad_x_connsense );
connsense_in, pad_connsense );

endmodule

_rst_, scsi

connsense in);

i n[ 4]
, pad iddat(31 ) buf ( iddat

_in(2]
9d_in(Buf Kadletla _|n[1) , padiddat[1] )

; buf ( ronts_in_, pad _ronts_ );
( pad_ronoe_

( pad nmmw, nmrw , nrwoe
pad seecs ); bufifl ( pad_seecs ,

, ronoe

buf (

seecs, seecsoe buf ( idpal_in

i n[ 6]

_in(01 ,

buf ( ternsense

buf (
rst in

terns ense a in,

i nput



input pad pci _reset_; output reset ; output pad brd reset; inout
pad_spio; output spio_in; input spio; input spiooe; output padled_;
input led__; input |edoe; output pad_stpwctl; input stpwctl ; i nput
stpwetloe; inout (17:16] pad hi ma; output (15:0] pad na; output (17:16]

main; input (17:0] ma; input meoeg7sinout (7:0] pad nd; output (7:0
in; input (7:0] md; input (7:0] ndoe; \ I P put ( ] and

. t 7: 0] ( i nout pad_ronts_; output roncs_in
I npu rQHDS_, I nput rontsggiscgpqgg_pad_rpnoe_; |npup ronoe_, i nput
romoeoe; inout pad_nmw  @&PEEcTIWW, i n; input nmrw, input nrwoe; inout
pad_seecs; out put seecs I n; I nput seecs; 176
pad_termsense_b,
termsense_b_in,
pad_termsense_a,
termsense_a_in,
pad_x_connsense,
x_connsense_in,
pad_connsense,
connsense_in )i
input pad_clkin;
output clkin;
input pad_pci_reset_;
output reset_;
output pad_brd_reset_;
inout pad_spio;
output spio_in;
input spio;
input spiooe;
output pad_led_;
input led ;
input ledoe;
output pad;;tpwctl;
input stpwctl ;
input stpwctloe;

inout {17:16] pad_hi_ma;
output (15:0]) pad _ma;
output (17:16] ma_in;
input (17:0] ma;

input maoe;

inout (7:0] pad_md;
output (7:01 md_in;
input {7:0] nd;
input (7:0) ndoe;

inout pad_romcs_;
output romcs_in_;
input romcs_;
input romcsoe;
inout pad_romoe_;
input romoe_;
input romoeoe;
inout pad_mrw;
output mrw_in;
input mrw;

input mrwoe;
inout

pad_seecs;
cutput seecs_in;
input seecs;



“tinmescal e I ns/| Ops BEHAVI ORAL version SPIOC iobuffers
pad _clkin, «clkin, pad pci_reset , reset

spio_in, spio, spiooe,
stpwetloe, pad hi m
ndoe, pad ronts_,

nodul e i obuffers (
, pad brd reset , pad_spio,

, pad led led , |edoe, pad stpwetl, stpwctl
pad ma, nain,

ma, nmaoe, pad nd, and in, nd,
roncs_in_, Tronggg, roncsoe, pad_ronoe_, ronoe ,
ronoeoe, pad nrw, nrwin, nNrw,
‘timescale 1ns/10ps

// BEHAVIORAL version SPIOC iobuffers

module iobuffers ( pad_clkin,

clkin,

pad_pci_reset _,
reset_,
pad_brd_reset_,

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,
nd_in,
md,
mdoe,

pad_romcs_,
romcs_in_,
romcs_,
romcsoe,

pad_romoe_,
romoe_,
romoeoe,

pad_mrw,
mrvw_in,
mrw,
mrwoe,

pad_seecs,
seecs_in,
seecs,
seecsoe,

pad_idpal,
idpal_in,

pad_iddat,
iddat_in,

pad_esbrd,
esbrd_in,



nrwoe, pad_seecs, seecs in, seecs, seecsoe, pad_idpal, idpal_in,
pad_iddat, iddat in, pad_esbrd, esbrd in, 177 ../verilog/ OH3 seWncer.v
“timescale Ins/lops npdul e sequencer Inputs: clkin, syr.c_rst_, pshreg,
id done, |leatest, seems, brdrw, Qutputs... ronts_, rompe_, NTW, rONTSOe,
ronoeoe, nrwoe, naoe, ndoe, seecsbe] |edoe, stpwtloe, readnuxsel,
pl oad_shi f t/verAGkfRisaseqektnad_, ackshift_, spiooe,

addr dben_,1 addr hen_,
addrlen_, addrinc, dataen_, spioreset, set_parerr, set_unsup, set_mnbusy,
| edregen_;..&tpen_, seeokd en_, Dbrdctlen_, statregen_, bdprregen_ input
(t:)l l(;l n, sync_rst_; input (11:01 pshreq; input id-done, |edtest, seens,
rdrw,

module sequencer
// Inputs:

clkin, syrc_rst_,
pshregqg,
1d_done, leatest, seems, brdrw,

// Qutputs...

gomcs_, romoe_, mrw,

romcsoe, romoeoe, mrwoe,

maoe,

mdoe,

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_ )i
1nput clkin, sync_rst_;
input [11:0] pshreg;
input id_done, ledtest, seems, brdrw;
output romcs_, romoe_, mrw;
output romcsoe, romoeoe, Mrwoe;
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_, seectlen_;

output brdctlen_, statregen_, bdprregen_;



out put ronts ronbe_ nTw, output roncsoe,

out put (7:01 ndoe; output seecsoe, |edoe, stpwtloe; output (2:01
readmuxsel ; output pload shift; output ackdata, ackload_ , ackshift_;
out put spi ooe; output addrdben_, addrhen_, addrlen_, addrinc, dataen_;

out put spioreset; output set_parerrji78et_unsup, set nbusy; out put

Iedreqen , Stpen_, seectlen ; output brdctlen_, statregen_, bdprregen_;
178 req (1C. 0O(

/verlloqIOFB zequeacer.v 2 FLIP-FLOPS req (36:0( state;

tiner :eq spiooe; req roncs_, romoe_, inrw, req stpwtloe; req

ronLndoe, romabort, addrdben ; req (2:0( readnuxsel; 179
./lverilog/ OH3 sequencer.v 3 /{/ These below will not be flip-flops, but

are set up as REGs for ogr ammi ng (Verilog) req (36: 01 next _statg, req
clear timer; -r Yf‘dl?ﬂdPﬁéiéeqTﬁ§°§pn 00e;

ronoeoe, nNrwoe; out put nmoe;

////////////////////////////////////////////////////////////
124

// FLIP-FLOPS

req {36:0) state;

req {1C:0] ¢timer;

teg spiLooe;

req romcs_,
romoe_,
mrw;

reg stpwctloe;

req rom_mdoe,
romabort,

addrdben_;

reg (2:0] readmuxsel;



req d_ronts_, d_ronoe_,

d mw, req d_romndoe, d_romabort, |d_romabort,
d addrdben ; req (2:01 d readnuxsel; req |Id readnmuxsel; req pload _shift;
req ackdata, ackload_ , ackshift , addrhen_, addrlen_, addrinc,
dataen_, set_parerr, set_unsup, set nbusy, |edreqen_, stpen_,
seectlen_, brdctlen_, statregen_,17%dprregen_; 180
.,/veriloq/OH3 _sequencer.v 4 Internal wires // ... which

| at er becane regs
totry and get this turkey up to speed req badparity, :eddec, stpdec,
ronrddec, rommdec, seedec, Dbrddec, :

../verilog/OH3_sequencer.v 3

ey
/7

// These below will not be flip-flops, but are set up
// as REGs for programming (Verilog)

reg [36:0] next_state;
regqg clear_timer;
req d_spiooe,

ld_spiooe;

req d_romcs_,
" d_romoe_,
d_mrw;
reg d_rom_mdoe,

d_romabort,
1d_romabort,
d_addrdben_;

reg (2:0) d_reacmuxsel;
req ld_readmuxsel;

req pload_siuft;

reg ackdata,
ackload_,
ackshift_,

addrhen_,
addrlen_,
addrinc,
dataen_,

set_parerr,
set_unsup,
set_mbusy,

ledregen_,
stpen_,
seectlen_,
brdctlen_,
statreqgen_,
bdprregen_;



spi ost at dec, badpardec, spioreset; always 1(posedge clkin) begin
badparity <- 11 -"pshreglll:31; leddec <- 11 ( pshreq[8:31 6" b000A O);
stpdec <- t1 ( pshreg(8:3) -- 6'b0001O O ); ronrddec <- #1 ( pshreg(8:31
-- 6'b000IIl | ); ronrddec <- #1 ( pshreq(8:31 6'b0OOLO0_0 ); seedec <- #l1
( pshreq(8:41 5 b0O0O110 ); brddec <-1ddg ( pshreq(8:41 -- 5 bOO111 );
spiostatdec <- |11 ( pshreq(B:41 5 bl 0000 ); badpardec <- (1 ( pshreq[8:41
-- 5'bl0001 ); spioreset <- #1 -ledtest & -Ipshreq; Not a single 1 in there
end wre hadpsiiogyor3_séqeheeagel0: 2); wire | eddec - ( pshreq(7:24d --

6' b00O001 0 ); wre stpdec - ( pshreq(7:2) -- 6'b00010_0 ); wre ronrddec
( pshreqqi#eid):s4141/8:0OQOI 1V 1Y 71110 k1@ 1V GIAUK GEC -

/ ( pshreq(7:2) -- 6'b0A OO
0); Wwr#¢ $eeec*( pshreq(7:3) -- 5 b0O0110 ); wre brddec - (

pshreq(l: 3)..: wnizh DO dcage; reqiMd ErySiad @&t @b deGkey (p SHERQ(7: 31 -- 5 bLO00O );
/J wire badpar 939“:”( pshreq(7:3) -- 5 bl0001 );

wi re readdec - pshreq(21;
assi gn spl Or eSedadec, - | €dt est t

-1lpahreq; Not a single 1 in there // )utput
enabl es: assi gntiEdoe - sync_rst_; assign seecsoe - sync_rst_; assign
r ONDEOE - SYNC rénSidec,

assign ronctsoe - sync_rst_; assign nrwe -
sync_rst_, as§tgifrmaoe - sync_rst_; assign ndoe(71 - romndoe | (seens 4
-brdrw & sync_rssxbs_i)'.edec,assi gn ndoe(6) - romndoe | (seens & -brdrw &
sync_rst_); agﬂgg@:‘;@doe(S) - romndoe | (seens i -brdrw & sync_rst_);

always 9(posedge clkin)

beqin

badparity <= ¢1 ~*pshreg{ll:3};

leddec <= #1 ( pshreg(8:3) == 6°b00001_0 );
stpdec <= #1 ( pshreqg(8:3] == 6'b00010_0 );
romrddec <= $1 ( pshreq(8:3] == 6/b0001ll_1 );
romwrdec <= &1 ( pshreg(8:3] == 6'b00100_0 );
seedec <= §1 ( pshreg(8:4) == 5’b00110 );
brddec <= §1 ( pshreg(8:4] == 5'b0011l1 );
spiostatdec <= §1 ( pshreg[B8:4] == 5b10000 );
badpardec <= ¢1 ( pshreqg(8:4] == 5‘b10001 );
spioreset <= #) ~ledtest & ~|pshreg; // Not a single 1 in there
end

// vire badparity = ~“pshreg(10:2];

// wire leddec
// wire stpdec

( pshreg{7:2] == 6°b00001_0 );
( pshreg({7:2] == 6’b00010_0 );

// wire romrddec
// wire romwrdec
// wire seedec
// wire brddec

( pshreg(7:2] == 6°b00011_1 );
( pshreg{7:2) == 6'b00100_0 );
( pshreg{7:3]) == 5°b00110 );
( pshreg{7:3] == 5‘b00111 );

// wire spiostatdec = ( pshreg{7:3}
// wire badpardec -

== 5°b10000 );
( pshreqg(7:3) == 5b10001 );

wire readdec = pshreq{2);

// assign spioreget = ~ledtest & ~Ipshreg; // Not a single 1 in there

LI11I0LH1007 7000070000008 077077770000070071077777717110777777
// Jutput enables:

assign ledoe
assign seecsoe
assi1gn romoeoe
assign romcsoe
assign mrwoe
assign maoe

sync_rst_;
sync_rst_;
sync_rst_;
sync_rst_;
sync_rst
sync_rst

H

assign mdoe{7]}

= rom_mdoe | (seems & ~brdrw & sync_rst_);
assign mdoe(6) = rom_mdoe | (seema & ~brdrw ¢ sync_rst_);
assign mdoe(S] = rom_mdoe | (seems & ~brdrw ¢ sync_rst_);
assign mdoe(4]) = rom_mdoe | (seems & sync_rst_);
assi1gn mdoe()] = rom_mdoe | (seems & sync_rst_);
assign mdoe (2] = rom mdoe { (seems ¢ sync_rst_);
4s21yn  aCCe[i] = rom_mdee | (seems & IYNC_I8U_);



assign ndos(4) - romndoe | (seens i sync_rst_); assign ndos(31 - rom ndoe
| (seens & sync_rst_); assign ndos(2) - romndo | (seenms i sync_rst_);
assi;.n a40elll - romrt,doo i (seenms : sync_rst ); 181
../veriloqg/ OH3 _sequencer.v 5 assign ndoe(0) - romndoe; 182

..Iverilog/ OH3_sequencer.v 6 STATggdefinitions One hot... states are |Ded
here by what bit is set 'define spioc_hard reset 0 'define
spioc_reset _ack 1 'define spioc_send id 2 'define spioc_send estat 3
"define spioc_wait _for_start 4 'define spioc_shift_in_cnd 5 'define
spioc_wite dhi ‘define_spioc_ack lo 1 7 'define spioc ack lo_ 2 8
"define s P%%?é%ﬁfﬁr’ﬁ“*“ﬂ%?fne spioc_read byte 10 'define

spi oc_r eaeksbytdeeldck Pondkeil]l ' define spioc r.ead byte ack 1o 2 12 'define
spioc_read_byte ack _hi 13 'define spioc_read _byte shift 14 'define
spioc_wite _byte wait_start 15 'define spioc_wite_byte shift_data 16
"define spioc_wite byte 17 'define spioc_eeread wait | o _addr_start 18
"define spioc_eeread shift 1o 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 24 'define spioc eeread inc_addr_12 25



"define spioc eeread read 2 26 'define spioc eereadinc_addr 23 27
spioc eeread read 3 28 'define spioc_eeread shift 3 29 'define spioc
eewite wait to addr start 30 'define spioc eewite shift |o_addr 31
‘define spioc eewite wait hi_addr start 32 'define spioc eewite shift-
hi addr 33 'define. spioc eewite wait data start 34 'define
spioc_eewite shiftdata 35 'define 8Bioc eewite wite data 36 183
../verilog/0OH3 sequencer.v FLIP-FLOP switching There's a few flip-flops

here that /‘I,ergg%%/%ggyse%loev\%nt to use ASYNC RESET for... alwayg 2 ( posedge

cl kin or "heg sync s?ifT* (!'sync_rst_) begin splooe <= i1l 1'bO0;
rorn_ndoe, <=

=fl 1'bO; e pegin spiooe <= f8 | d_spiooe ? d_spiooe
spioge;;fﬁéﬁﬁ%ﬂéééégyig?gﬁygkiﬁﬁge;/end al ways f ( posedge clkin or
negedge Gync rst_ if (lsyne rst ) stpwctloge <- fI ['bQ else if (-stpen_)
st pwet | 08 %2 T T I ﬁa?%ﬁkitnre D JD¥%§ a

Ve (" posedgé clkin ) if (!sync_rst ) begin
state <= flI 37' h00_0000_0001;

"defi ne

roncs_ <= fl |'"bl; ronobe <- fl 1'bl; rnrw -
1 . -

<- f 1 l QLﬁxne end elsps.ec_pﬁg_lrgset 0
‘define spiroc_reset_ack 1
‘cefire sproc_send_1d 2
‘define spiroc_send_estat 3
‘define spioc_wait_for_start 4
‘define sproc_shift_in_cmd 5
‘define spioc_write_dbits 6
‘define spioc_ack_lo_1 1
‘define spioc_ack_lo_2 8
‘define spioc_ack_hi 9
‘define spioc_read byte 10
‘define spioc_read_byte_ack_lo_1 11
‘define spioc_read_byte_ack_lo_2 12
‘define spioc_read_byte_ack_hi 13
‘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_eceread_wait_hi_addr_start 20
‘define spioc_eeread_shift_hi_addr 21
‘define spioc_eeread_read_0 22
‘define spioc_eceread_inc_addr_01 23
‘define spioc_eeread_read_l 24
‘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_eewrite_wait_lo_addr_start 3o
‘define spioc_eewrite_shift_lo_addr 31
‘defaine 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 35
‘define

spioc_eewrite _write_data 36



state <- fl next-state; roncs_<- f8 droncs ; ronoe_ <- f8 d ronoe_;
nw<- f8 d ntw, end always f ( posedge clkin if (-sync_rst_ 1| clear
tinmer) tinmer <- fl 11'b0; else timer <- fl (timer(9:01, I'bl); always e (
posedge cl kin These don't need a reset at all

begi n readnmuxsel <= fl
| d_readmuxsel ? d_readnuxsel readmgixsel ; romabort <- fl |d romabort ?
d romabort romabort; addrdben_ <- fl d_addrdben_; end 184

../verilog/ OH3_sequencer.v 8 NONto set all the "REGs' that aren't
flip-flQpseritbyy@ys defuataieror tinmer or pahreq or roncs_ or fonbe_ or nrw
or stpwctl oe or romndoe or romabort or readnuxsel or id done or |edtest
or seens, i/ keddec o stpaec’ar//seéedec or brddec or ronrddec or romwdec or
spi ost av de¥-f° patpadfdec or readdec or badparity or spioreset begin Set
up ' def auhi$’s Nexteisd-Bbgs ner37hda(; sctghigaho witnmier vse AYHGEET d°'spi ooe - | bO;
| d_Spl O?l?ay; -‘él( l)pgéedqedglgirrmosr.——neaed!le w“é—t“— !

1 f (‘sync_rst_)

beqin Co
spiooce <= #1 ;'bo;
rom_mdoe <= #1 1'b0;
end

else begin . _ )
spirooe <= #8 1d_spiooce ? d_spiooe : Splooe;
rom_mdoe <= #8 d_rom_mdoe;
end

always & ( posedge clkin or negedge sync_rst_ )

if (tsync_rst_) stpwctloe <= &l l:bO:
else if (~stpen_ ) stpwctloe <= §1 1‘bl;

alwayé @ ( posedge clkin )

if (!sync_rst_)
:ti:g <= #1 37°h00_0000_0001;
romcs <= $#1 1’bl;
romoe_ <= #1 1'bl;
mrw <= #1 1’bl;
end

else begin

state <= §1 next_state;
romes <= §8 d_romcs_;
romoe_ <= §8 d_romoe_;
mrv <= $#8 d_mrw;

end

always & ( posedge clkin )

] - lear timer) timer <= §1 11°Db0;
:fse (-eync_rec_ | clear timer <= #1 (timer{9:0], 1'bl};

always ® ( posedgeée clkin)
// These don‘t need a reset at all

peqgin

dmuxsel : readmuxsel;
reacmuxsel <= #1 ld_readmuxsel ? d_rea "
r:mabort <= #1 ld_romabort ? d_romabort : romabort;
addrdben <= #1 d_addrdben_;

end



d _romoe_ - |I'bl; d nmw- 1'bl

d rom ndoe - |'DbO;
|d romabort - 1' bO;

d romabort -

| " bO;
d addrdben - 11bl; d readnuxsel - 3" b000; Id
readnmuxsel - 11b0; pload_shift - 1'b0; ackload_ - 11bl; ackdata - 11bl;
ackshift - I'M addrhen_ - 11bl;

addrlen_ - 11bl; addrinc - 1'bO;
dataen - 1'bl; set_parerr - |’

; bO; 188et _unsup - 1'b0; set_nbusy - |'bO;

| edregen_ - 1'bl; stpen_ - 1'bl; seectlen_- 1'bl; brdctlen_ - |"'Dbl;
statregen_ - |'bl; bdprregen_ - |'bl; 185 9 .,/veriloq/OH3_aequencer.v if
( spioreset begin 1

. ~ next _statet'spioc_wait_for_start) - 1'bl; |d_spiooe -
"M end else begin // "sp:oc_hard_reset // wait here for tiner(31
next _st at e( /et Déy/bas egoarey. v 8

//////////////////////////////////////////l///////////////
/! NOW to set all the "REGs®" that aren’t flip~flops

always 8( state or timer
or pshreg

or romcs_ Or romoe_ Or MmIw
or stpwctloe

or rom_mdoe or romabort
or readmuxsel

or id_done or ledtest or seems
or leddec or stpdec or seedec or brddec

or romrddec or romwrdec or spiostatdec or badpardec
or treaddec

or badparity
or spioreset )

begin

// Set up "defaults"”

next_state = 37'b0;
clear_timer = 1'b0;
d_spiooe = 1‘b0;
1d_spiocoe = 1b0;
d_romcs_ - = 1'bl;
d_romoe_ = 1’bl;
d_mrw = 1'bl;
d_rom_mdoe = 1b0;
d_romabort = 1'b0;
1d_romabort = 1'b0;
d_addrdben_ = 1'bl;

d_readmuxsel = 3’b000;
1d_readmuxsel = 1‘b0;

pload_shift = 1/b0;
ackload - 1’bl;
ackdata = 1’bl;
ackshift_ - 1'bl;
addrhen_ = 1°bl;
addrlen_ = 1’bl;
addrinc - 1’D0;
dataen_ = 1°bl;
set_parerr = 1'b0;
set_unsup = 1'b0;
set_mbusy = 1'b0;
ledregen_ = 1’bl;
stpen_ = 1'b1;
seaectlen_ = 1’bl;
brdctlen_ = 1'bl;
statregen_ = 1'bl;
bdprregen_ = 1bl;



next state( spioc_hard resetl | ( state['spioc_hard resetl i -tinmer(31);
Once tiner(3) cones... ackload_ - ackload & -( state('spioc_hard reset) i
timer(31 ); ackdata - ackdata & -( state('spiochard resat) & timer(31 1;
| d_spiooe - Id spiooe | ( state('spioc hard resetl & tiner(31 d_spiooe -
d_spiooe | state('spioc hard _reset); |Id readnuxsel - |d_readnuxsel |
state(' spioe hard resetl; d _readmuxsel H8%eadmuxsel | ( (3(state ('spioe
hard resetl)l & 31b100 ); next_state(' spioc_reset ack) 9

next _st atvefiepraov_segetcegekl | ( state(' spioc_hard reset) & timer(31 );
'spioc reset_aek : // Wait here until id done next state('spioc reset ack)
next _stata("spiwerreset ack) ); | ( state( 'spioc reset ack) i -id-done
Once id-done comesus. ackload - ackltoad_ i ,.-,Ll_state ('spioc reset_ackl & id
done ); pload sHEEg s brodd Shi’f{ *f*'st at o(i-spi oc reset_aekl; clear tiger -
clear tiger | stake('spioc reset aekl; next _state('spioe send_idl

next state('spioc send idl |I,( state( spioe raset _aekl & id done
'spioc_send di¢t . mekshift - ackshift_ 16 -state(' spioc_send_ idl;

| d_readnuxsel - |d rpadrmuixseb- | state(' spioc_send idl; d readmuxsel - _
d_readnmuxsel 1 ( (3(statg,(nsPtQc.senRd._-dl1) i 3'bld ); // wait here for
timer(91... next_state('spioc _send id) next state('spioc_send idl | (
state(' spi oc_send_i d1 &*-f1HarPYiTage ti.f. whan tiner(9) cones ;,:,.d_sr.:

it - (.:o0ad_shift r ( strtcl 'spitoctserer erahardresthrrtPr{Ph

// Once timer(ld)} comes...

d_resaet] & timer(3] );
kload = ackload_ & ~( state( ‘spioc_hard_ :
:zk:ata— = ackdata & ~( state(‘spioc_hard_reset] & timer(3} );

1d_spiocoe = 1d_sprooa | ( state( ‘spioc_hard_reset] & timer(3] );
.d spicoe = d_spiooe | statae(‘spioc_hard_reset];

1d_readmuxsel = ld_readmuxsel | state(‘spioc_hard_reset];
d_readmuxsel

= d_readmuxsel
- 1 ( (3(state(‘spioc_hard reset]l}} ¢ 3°b100 );

" next_state( ‘spioc_reset_ack]

= pext_state(‘spioc_reset_ack] .
~ | ( state(‘spioc_hard_reset] & timer(3] );

// “spioc_reset_ack :
// ¥ait here until id_done
next_state( ‘spioc_reset_ack]
= next_state(‘spioc_reset_ack]
~ { ( state(‘spioc_reset_ack] & ~id_done );

// Once 1d_done comes...

ackload = ackload_ & ~( state( ‘spioc_reset_ack] ¢ id_done );
pload_shifc = pload_shift | state( ‘spioc_reset_ack};
clear_timer - clo;:_;t;cr { state(‘spioc_reset_ackli

naxt_state( ‘spioc_send_id]
= next_state( ‘spioc_send_id])
{ ( state(‘spioc_reset_ackl & id_done );
!
// ‘spioc_send_id :

ackshift - ackshift_ & ~state(‘spioc_send_idi;
1d_readmuxsel = ld_readmuxsel | state( ‘spioc_send_id);
4_readmuxsel =« d_readmuxsel | ( (3(state{‘spioc_send_1dl}) & 3°b101 );
// wait here for taimer(9]...

next_state(‘spioc_send_id)

- next_state(‘spioc_send_id)

| ( state(‘spiroc_send_idj ¢ ~tamer (9] )i

// take off when timer(9) comes

. - 2 0t 3 o Tamec (%) i
poeatd_stiilt - picad_srtafls « ( statcl spioc_send_i1d) & 2 (%7 2



186 ../verilog/ OH3_sequencer.v 10 clear_timer - clear_timer | (

state( spioc_send id) tinmer[91 |I; next_state( spioc_send estatl

next state( spioc_send estatl 1 ( state('spxoc_send id) c timer(9)

"spioc_send_estat : // Sit here shifting until timer(10) ackshift -

ackshift_ L -( state( spioc_send estat) i -tinmer(10) );

next state( spioc_send estat) next state(*®ptoc send estatl |

state( spioc_send_estat) & -tiner(10) ); // Wen tlnmer(101, bug out Id

spiooe - Id spiooe 1 ( state( spioc_send estat( c tinmer(101 );

next _state( spioc_wait for start) - next_state( spioc wait_for_startl | (

st at e( . SRkeeGosARd_Rst@ickr)v timer (101 ); “spioc_wait_for_start // Sit here

until see pshreq(T11 - 0 and no | edtest next _state( spioc wait _for startl

- next_state( spioc_Waiekc_fiodr St arctepr_kinfr st gtage(*sesqpiocd-tRai‘t U Startl &

(pshreq(lll | Tedtest),, 968.PSV.C0u(sead), this is not a test clear-tinmer -

clear tinmer | state(*spioc -vnaittstin@r‘?m-‘afegj_est;tlm ¢ camor(9] 1:

next state( spioc_shitt _in_aadl _'n‘e’x‘_t“_eét”élt etwspl oc_shift in aadl | ( state]

"spioc_wait for_startl & -pshreq(1ll -ledtest ); 187

..lverilog/ OH3_séquéacer.v 1t 'spioc shift in_cnd Wait here for tinmner(8)

next state( spi oc_shi f¥ stnreh) c text st spioc_shift in cmdl | ( state(

“spioc_shtft _tn _cnd) CackshitkITEr ( 8L adkghrtcOK, - tsk 4T {p8dc_sset espryf erprmer (10} 17
next_state(‘spioc_send_estat])

= next_state(‘sproc_send_estat]
| ( state(‘spioc_send_estat) & -~timer(10] );

// When timer(10], bug out

1d_spiooce « ld_spiooe 1 ( state[‘spioc_send_estatl ¢ timer{10] Y;

next_state(‘sproc_wait_for_start]
= next_state{‘spioc_wait_for_start] .
T | ( statel‘spioc_send_estat] & timer{10] );

/7 ‘sproc_wait_for_start :
// Sit here until see pshreg{ll] = 0 and no ledtest

next_state({‘sproc_wait_for_start]
= next_state(‘spioc_wait_for_start) )
T | ( state(‘spioc_wait_for_start] & (pshreg(11] 1| ledtest) );

// See pshreq (= 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_cnd .
T state(‘spioc_vait_tor_startl & ~pshreqg(ll]) § ~ledtest };



E set _parerr | ( state('spioc_shift_in_cnmdl Gttner(81 & badparity

next state( spioc wait for startl next _state('sptoc wait for_startl 1 (
state( spioc_shift _in cnd) Gtiner(Bl r badpartty ); 1d _readnuxsel - Id
readmuxsel | state('spioc shift in_cb5dl; d_readnmuxsel d_readnuxsel | (

(3((state('spioc_shift Ln cndl 6, stpdec ))) c 3'b001 1 (
(3((state( spioc_shift_in cmd) t seedé®’))) G 3'bool |
(3((state('spioc_shift _in cndl & brddec ))) & 3'bOLO | ( (3((state[' spioc
shift _i.n/ves0pq/8us pigpatcat.dec ))) & 3'b0Il | ( (3((statef* spioc_shitt_in_and)
L badpardec )-) ¢ 3'bl110 ); next_statel spioc_wite dbits)

next state( api o¢ ‘wrrsretdbital | ( state( spioc shift in_and] c tiner(81 &
-badparity & ( | eddecxb: stepdeendie); next state( spioc_read bytel
next-state |1spioe read.Qyte)od sl Statie[ 'spioc_shift in_asdl t tinmer(8) i

-badpartty & readdec i ( seedec L:brdiécirdnlost atdes | badpardec ) );
next state( spioc wite erte wait start] - next_state( spioc wite byte

“wait _start) | ( stafé{ " SPi'dc_shift in cnd) & tiner(8l & -badparity i
-readdec i ( seedec I**brttdgg ), .spiostatdec | badpardec ) ); d_addrdben_ -
d_addrdbon i -( state( spioc_shipttlmrsattr-tfiner(8) Chepatparity i (
rommddec | rommwdec ) ): set nbusy - set ebusy | ( state('spioe shaft Ln
sad) i tiner(81 c - baUPaftty Erielidiult ¢ terr ddee 1 rommwdee | I Id

romabort - 1d romabort | state[ (sopitoetestitfirfd EANTS ‘d*POIvAbort -
d_romabort | seens; // Go throgh ROM states even if SEEMS error

next - state( ' spi oc_eet eIkt 10 addrost dit)in_Rext _st at e(
'spi oc_eeread_wait_|o_addr startl

__readmuxsel
= d_readmuxsel
1 ¢ (3((state(*spiroc_shift_in _cmd] & stpdec

| ( {3((state( spioc_shift_in_cmd) & seedec

)

)

t ( (3((state{‘spioc_shift_in_cmd] & brddec )
)

)

1« (3((state[‘spioc_shltt___ln-andl ¢ spiostatdec
I ¢ {3((statel‘spioc_shift_in_cmd) & badpardec

— -
—_—— -
~Aeenn
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o

-

o

next_state(‘spioc_write_dbits)
= next_state(‘spioc_write_dbits]
T | ( state{‘spioc_shift_in_cmd] & timer(8] & ~-badparity
& ( leddec { stpdec ) );

next_state( ‘spioc_read_byte]
= next_state(‘spioc_read _byte] .
{ ( state[‘spioc_shift_in_cmd] & timer(8) & ~badparity
¢ readdec & ( seedec | brddec | spiostatdec { badpardec ) )

next_state( ‘spioc_write_byte_wait_start]
= next_statef{‘spioc_write_byte_wait_start]
~{ ( statef{‘sploc_shift_in_cmd] & timer(8]) & ~-badparity
¢ ~readdec & ( seedec | brddec | spiostatdec | badpardec )} );

d_addrdben_ = d_addrdben_
: ¢ ~( state{ spioc_shift_in_cad] ¢ timer(8) ¢ ~badparity
& ( romrddec | romwrdec ) ); :

set_mbusy = set_kbusy
1 ( state{‘spioc_shift_in_cmd] ¢ timer{8] & ~badparity
¢ seens & ( romrddec | romwrdec ) );

ld_romabort = ld_romabort | state{ ‘spioc_shift_in_cmd};

d_romabort = d_romabort | seems;

// Go throgh ROM states even 1f SEEMS error

next_state( ‘spioc_eeread_wait_lo_addr_start]}
= next_state(‘spioc_eeread_wait_lo_addr_ startj
T | ( state(‘spioc_shift_in_cmd) & timer(8} & -badparity
¢ romrddec );

next _statel ‘sproc_eewrite_wait_lo_addr_start)
- next_statef ‘sproc_eewrite_wait_lo_addr_start)
| ( state('spiroc_shifr_i1n_cmd} ¢ timar{8] ¢ -badparity
& romwrdec );

// ln case of unsupported command...

tAt _Jnaup = SAT_Uunsup . B
S '.l.u.tl':pnflc_sn.(l._.n_':n.ql « Litel (3] ~ —“tadpal.Y



| ( state('spioc_ihift_tn_cnd) Ctiner(81 G -badparity & ronmrrdec );
next-state( 'spioceewite watt 1o addr_startl next_state

"spioc_eewite watt 1o addr_startl | ( state(' spioc_shift_in_cnd) 4.
timer(81 -badpartty t romwdec In case of unsupported command... snt
Jnsup - set unsup 1 :i ~.~I 'zp.~,c _an.(t_188_n..il . ..:..srl-,1 - <

A{.:r_ /1 188 ../veriloqg/OH3_sequencer.v 12 c -leddec -stpdec & -seedec
i - brddec/v@riky9/ 88 seEEAeE-Y- badpardec t -ronrddec & -romw déc

next _state( spioc_wait _for_starti - nexbesécate( sp2.oc_wait _for_startl | (
state( spioc_shift_in_cnd) & timer(8) ¢ =*Wgtfparity c -leddec & -stpdec &
-seedec & -brddec & -spiostatdec & -batpestdec & -ronrddec & -romwdec );
189 ../verilog/OH3_sequ(c)ncer.v 13 /t/:;ﬁgpjggﬁéiwi te dbits . // L used
readmuxsel (01 to renenber if LED or STR wasqdkitten.-. |edreqen_ -

| edregen_ G -( state['spioc_wite_dbitdgl*&"r€ddnuxsel (O stpen_ - stpen_
c -( stat e(‘spi oc_wW it erdbistsg-dudpadmsxsel(A ); ackload_ - ackload_ c

- St at e(l Spl OC—VWI te—dbl tSl ’ i HEXC_S':ﬂt(eit:l:;‘:‘f;;:;:::::i_t_ziiiilcmd] & timer(8] ¢ ~badparity

Cetpdec

~seedec

~brddec

~spiostatdec

~badpardec

~romrddec

~romwrdec );

rr®nBNDnR



ackdata - ackdata & -state( spioc_wite dbitsl; Ld _spiooe - |d_spiooe |

state('spioc_wite dbitsl; d_spiooe - d_spiooe |
state('spioc_wite dbitsl; next_state('spioc_ack Lo 11 next ~
state('spioc_ack lo Il | state['spioc_w-te dbitsl; // 'spioc_ack |lo L

next _state('spioc_ack | o_2) next_statléf spioc_ack lo 21 | state(
' Spi oc_acgk | 'spio ck 1o 2 ackload - ackload c
- st at e("gﬁ%gcfgé: B:Teggﬁnf?a%next_st ate(' spioc_ack_hi) - neﬁ _state('spioc_ack
hi) | state( 'spi,pc ackntoawdl;. 'spioc_ack_hi |d_spiooe - |d_spiooe |
state(' spioc_ack_hi1l;  pext _stalel, SPiQGeialtof Qrastartlic..Next-at ate(
. 'spioc_wait_for_start) | state( 'spioc_ack_hi); 190 ¢ -resdn _

.. Iverilog/ OR3_sequendBo%V-14 1]omEpxoc (readiNyibERK-BRY i atkinad) G
-state(' spioc_read byte); ackdata - ackdata G -state('spioc_read bytel;
| d_spiooe - |d_spiooe.unstate(’ spxpe_read laited)sproc_diepiogee - d_spi ooe |
state(' spi oc_read_byt ef*c2next StAE(' sp-oc ' FRal bytE-BER' 'l 0 1) next
state(' spl oc_read_byt edaskel 0_1} 1d_sisdeat e ((s:8pl ococreae.dy el ;
' sp-oc_read_byte ack_|®**hext St'dt8&T spl'ot* Tedd™ byt e ack | o_2i next
_state(" spi oc_read_bytexackelnipaciiogt ate( ' SRl Q6. LeRAPYLS.ACK 1 0_1); 1/
"spioc read _byte ack lo 2 : .pl bad_sshl ft - pload_shift | state(
'spioc_read_byte ack 10,21, , .ackload - ackload_ G -state( 'spioc_read
byte_ack_lo_21 next_state(’ spioc read byte_ack_hi)

lo

next _state(" spi oc_read Dyt e ackRi sphocsbatoe] | Sphkoedcaatidoyt e ack | 0 _21;

' spioc_read_byte_ack_hi ackshift_ - ackshift_ G -state[
' spi oc_read_byt e_acksphkJack_1o_2 :
) ackload_ = ackload_ ¢ ~-state(‘spioc_ack_lo_21;

next_statef{‘spioc_ack_hi])
= next_state({‘spioc_ack_hi] | state( ‘spioc_ack_lo_2};
// ‘spioc_ack_hi :
ld_spiooe = 1ld_spiooe { state(‘spioc_ack_hil;

next_state( ‘spioc_wait_for_start] ) )
= next_state(‘spioc_wait_for_start] | state(‘spioc_ack hi};



clear tinmer - clear-timer | state('spioc_read_byte _ack _hi); next
_state('spioc_read byte shift) - next _state( spioc_read byte shiftl |
state(' spioc read byte ack hil; 'spioc read byte shift Wiit, shifting,
until tinmer(91 ackshift - ackshift_ G -( state(' spioc_read byte shiftl
-timer(91 ); next _state( spioc readibyteshift) - next-state(
"spioc_readbyte shift) | ( state( spioc_read byte shiftl & -tiner[91 Wen
ti ner(91,/vmy°eg/gg_, lg RiHoe - |l d_spiooe | ( state('spioc_nead _byte shiftl G
timer(91  next _state(' spioc_wait for _startl

next _state(' spi oc/wadtc_fetvysd artl | ( state('spioc_read byte shiftl &
Stimer(9) ); 191 15 ., [veld | 09/ QHRSAYl | enc4kacesviof reaa @apeoC Wite byt wait
start if Wait here forsshart bit- {B)tain psheetiPlc-rHeXt*State(' spioc wite
byte_wait_startl next,shate( spl aCpwed t e ibyicer waitestare! | ( state(' sploc

wite byte wasc_start!|sEepshreq(i f-FroTake ‘ot WHe-StaP 'bit cones

G

clear-tiner - clear thd€kaleShat ehdbspracowrite byte wajt startl.. next
state( spioc wite byte shifr<HarE POt P& Byt°e shift data) -
next _statel.s wl ( state( 'apiocwite_byte wait start) s -Pshreq(lll );

/1 splocwit byte’SKiPFE-"88t4=*-/>-Jist wait until timer(el next _state[
"spiocwite byte shift nd'elsa-)elmm_zeisgbﬁtzqcfaéggﬁogug pte byte shift datal ( (
state( spioe wite byte shtft"Oalti&fica setde e (e8E 3k 2o_Then branch per
badparity, set _parerr if need be set parerr
// ‘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_hi) _
= < next_state{‘spioc_read byte_ack_hi]
T state(‘spioc_read_byce_ack_lo_z];

// ‘spioc_read_byte_ack_hi :
ackshift = ackshift_ ¢ ~state[‘spioc_read_byte_ack_hil];

clear_timer = clear_timer | state(‘spioc_read_byte_ack_hil;

next_pcate[‘spioc_:ead_byte_shift)

= next state{‘spioc_read byte_shift]
T | state(‘spioc_read_byte_ack_hil;

// ‘spioc_read_byte_shift :
// Wait, shifting, until cimq:(9]

ackshift = ackshift_ & ~( state{ ‘spioc_read_byte_shift] ¢ ~timer(9} };

next statel‘spioc_read;bycc_shittl )
T = next_state{‘spioc_read _byte_shift] . .
~ { ( statef{‘spioc_read byte_shift) ¢ ~timer{9) )i

// ¥When timer(9), move on

1d_spiooe a 1d_spiooce | ( state( ‘spioc_read_byte_shift] ¢ caimer(9] );

next state(‘sptoc_vctt_fo:_;turtl{ cart)
B = next_state(‘spioc_wait_for_star _ _ . )
- | ( state(‘sproc_read byte_shift] & timer(9] )i



set _parerr ( ( state( "spioc wite byte shift data) c tiner(s) t badparity
next _state( spiocvait foc start] next _state( spioewait for start) ( (
state( epiocwita byte shift _datal & tinmer(8) s badparity next _state
(" spiocwitebyte) next_state( spiocwite bytel ( ( state( spioc wite byte
shift data) i tinmer(S) & -badparity J{di1'spice wite byte seectlen_ -

seectlen_L -( state( spiocwita byte) i (readnmuxsel -- 31b001) );
brdetlen - brdctlen_ (, -( state( "spiocwite byte) a (readnuxsel --
3'b0tO) Lo ., s8Ikt §9QRucer.Statregea_ adnuxsel -- 3'bO1f} i -(

state( spiocwit Dytel C. re bdprregea_ - bdprreges_ s -( state( "“spioc

~wite bytal & (readruxaetoweT-Htt:  aekload - aekload a

-stato( spiocwite byte(: aektatar-braekedatd 8 state( sPiawit byte)) d
spiooe - d spiooe | sfatel.-skoeupiechyte): | dspiooe - 1d spiooe |
stata( spioe wite byte); - "mexi qidi G ocSPkQs avk tot Ilesatie: (' spioc_wite
byte): next state('sPi/oc ack lo. 1 WAk [YIH 192

n l-Eltl. be comes

..lverilog/ C]—IS_sequen(':eTr".“v"ulg" spioc_eeread wait | o addr_start // Wait for

PS hr EC](l | ) to get a St‘ﬁf‘t-“’ﬁi&.,(&}: l'stu.e(‘sptoc_\lrite_bth_\ult_stan.l-;

next _state(' spioc_eeread walLubouAddk. starkd el

next _state(' spl oc_eer ead_wairt<_botegep 8t di e el Slie start) ¢ -prnregtint 1

state(' sproc_eeread wart | o _addr_start) 1 pshreg(1l1( Then roll out

ciear _trmer - clear-tinmer | state('spioc_eeread wait_|o_addr_start);

next state( 'spioc/eeremtehrf Y dddr) next

state(' sproc_eeread_s43. fuic @ varaldFipectsl
next_state(‘spioc_write byte s

- next ltnto(‘lploc_vrttc_byt
T | ( state{‘sploc_vrit

hift_datal
e_shift_data]
e byte_shift_datal ¢ -timer(8) );

// Then branch per badparity. get _parerx if need be

set_parerr

) ‘et—P‘:et(rltuce(‘spioc write byte_shttt_datal ¢ timer(8) ¢ badparity }:

t_state( ‘sptoc_vut_;tor_:tucl :
e A next_statal spioc_wait_tor_startl

| ( state(‘spioc_write pyte_shift_data) & timer(8) ¢ badparity );

next ;tate(‘spioc_w:tte_bytc] .
- te _ '
) Mn_‘:“(e1;:22‘:?:;::?;:{te, byte_lhttt_dual ¢ timer(8) & ~badparity );

// ‘sproc_write_byte :

seectlen_ = seec:lilz_““’““?ioc wrltc_byr.el ¢ (readmuxsel == 3b001) )

brdcelen_ = brdctlet- (resdmuxsel == 3D010) );

e ~( ttate(‘:ptoc_v:ttc_byte] [}

statreqen_ = statreqen_ 1 «= 3'DO11) );

¢ ~( ctltc(‘cploc_vntc_bytel ¢ (readmuxse

bdprreges._. = w:::q(.:tun(‘lptoc write_byte] & (readmuxsel == ¥p110) 1

¢ ~state( sgpioc_write_bytei;

:2::‘:::- : :2::::1’ ¢ ~statel ‘spxoc_\ﬂ:u'.c_hytcl H
tte_bytel;

iooe | state(‘spioc_wr | ‘

‘:3"::;:9 : ‘:aq:plooe { statel® spxoc_vru.e_by:ﬂ H

next_state(® spioc_ack_lo_1}

« next statel ‘spioc_ack_lo_1} \ state(‘spiroc_write _bytel;



| ( state( 'spioc_eecead_wait_lo addr_startl i -pshreq(ll] );

"spioc_eeread shrft lo addr : // Just sit here until tiner[8)

next state(' spioc_eeread_shift | o_addrl

next state(' spioc_eeread_shift lo_addr) | ( state( 'spioe :
eeread_shift_lo_addr) & -tinmer(8) ); [// Then hit addl en_ AND addrinc
(special load and drop 1:0) contenplate setting parity arror and romabort,
nove on addrlen_ - addrlen_ -( statl®2 spioc_eeread shift |o_addr) &
timer (Syvecilogaot b&fenceaddri nc | ( state('spioc_eeread_shigft | o_addr) &
timer(8) ); set_parerr - set_parerr | ( state('spioc_eeread_shift_|o_addr]
c timer(8) & badpafpitctc;ke%;ad_wakd_id’_mab(mt= - ld_romabort 1 (
state(' spi oc_eer ead_shi{,t b Oosaddi)) & & MBLISB), & badparity d romabort -
d_romabort | state ('spi o_cteeerleaqim ft_lo addr]; next_state( 'spioc_eeread
wait_hi addr_startl next -sieatauwmaceeeﬁxead‘mém shigaddr _start) | (
stat e(' spi oc_eeread_shift_| o_addf et EP ARy s to age stasyj orshiseféad wait hi
addr atart // \Wait for peheeg{dll to get a start bit (0) next_state(
' spi oceeread waithi adds,.stRFt1 next state(” spioceereadwait hi_addr_start)
| ( state(' spioc_eeread waztiir_aekn tartp)oc&epahiraglcldyr jrarei;Then rol | out
clear tinmer - clear tickBicaderShial edeeas pin@CiLaESad vvalt hi addr_start];
next _state(' spi oc_eer ead_shPFt-*{the [ gaiqepeross_sivds o-aioal r(mst |oeseeread shift
h| addr) | ( state('spioc eerea‘,él\‘wa|§§1§1’(‘4h'|I adp)%sg%rlt “ -pg'h p?i )”

' spi oc_eeread_shift. i, L@dgr,h,],usxg &t here until ti rrer(S) next _state(' spioc
oeread_shift _hi addr) next stateg spl oe eeread_shift _hi _addr) I (
st at e(* api oeser ead_shf o adqr P& T er (B) ) ;

next_ttato(‘lploc _eeread_shift _lo_addr]
- noxt_stato(‘spioc_oeroad_shitt_lo_addtl
1 ( 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_eceread shift_lo_addr) & timer(8) & badparity );

1d_romabort = ld_romabort
{ ( state(‘spioc_eceread_shift_lo_addr] ¢ timer(8] & badparity );

d_romabort = d_romabort | state(‘spioc_pereid_shlEt_lo_addtl;
next_state(‘spioc_eeread_wait_hi_addr_start]

= next_state(‘spioc_ceread_wait_hi_addr_start])
| ( state(‘spioc_eeread_shift_ lo_addr]) & timer(8] );

// ‘spioc_eeread_wait_hi_addr_start :
// Wait for pshreq(ll] to get a start bit: (0)
next_state{‘spioc_eeread_wait_hi_addr_start)
= next_state(‘spioc_eeread_wait_hi_addr_start)
t ( state{‘spioc_eeread_wait_hi_addr_start) & pshreg(ll] );
// Then roll out

clear_timer
= clear_timer | state(‘spioc_eeread_wait_hi_addr_start);

naxt_state(‘spioc_eeread_shift_hi_addr)

= next_state( ‘spioc_eeread_shift_hi_addr])
| ( state(‘spioc_eeread_wait_hi_addr_start) ¢ ~pshreg(ll]) );

// ‘sproc_eeread_shift_hi_addr :
// Just sit here until timer(8)
next_state( ‘spioc_eaeread_shift_hi_addr)
= next_state(‘spiroc_eeread_shift_hi_addr]

I ( state[‘spiroc_eeread_shift_hi_addr) ¢ ~timer(B) );

/7 Then N1t 4ddhen_, <CONSidel (arf1ty, and DrANCH per zarity/romacort



.1 hen hit eidt.sn_, consijac pafity, and 3r Ca per rarity/rur.abort 193
../,eriloq/ 0113 sequencer.v 17 // status addrhen - addrhen_ a -( -
state(' spioc_eeread _shift_hi_addr) a tlnmer(d ); set_parerr - set _parerr 1
( state('spioc_eeread _shift_hi_addr- timer(Bl c badparity ); -
cext_state('spaoc wait_for_start) neiB3state('spioc waltfor_start) | (
state( spioc__eeread shift _hi_addr) L tinmer(81 a (badparity | ronmabort)
next state(' spl oeeereadread 01 next _state(' spioceeread rdad 01 | (

stats(' spioe_eeread_shift_h-_addr- S tiner(8l a -badpity a -ronmabort t
don't tMiedld/OR[ P10 clear timer w o checking parity or romabort
clear tinmer - clear timern:( ( state( 'spioc_e.read shift_hi addr) a
timer(B) )) 'spioc qekRad- tead_0 // Do this stuff any, ting, in this state

| d spiooe - |d spiooe | state(*sptte Baresd T+E40-"01°"" 4 'Spi ooe - d_spiooe 1
st a-t e(l Spl o€ eer ead r*e‘adi‘@a.,' “ta:e('*it:geal'dmo:: eean(z:llslspx RS ﬂdr_l S.tta;ee&; 5pldgcx_%¢e.r ead
read 01; Do this until ti mer(d gets set ackdata - ackdata a -( state(
"spioc eeread read 0) & -tifBLL S die fudPMTS_ - d_roncs_ & -( state[ ' spioc
eeread read 01 a -timer(9) g%_u&-r‘bnﬁem=!:g:rgmq+“@r,-‘(“mm .

state(' spioc_eeread read 01 a -'t TEfkEirgy 1 cR@xti state ( spioc eeread read
01 - next_statsl %pioeeeread, read. Ql (. st ate(' spioceeread_read_01 &
-timer(Bl1 1/ Wen ti mar'( é; nGOQRES spl 'icradusm;]‘_;t o Rlpad.shift | ( state(
'spioc_ eread read 01 & timer (B ‘ *Wegsdeal elispoecer ead Lnc addr 011 -
next state('spioe ..read ine addr 011 | ( state ( spioc .read read 01 a

t | ner ( B| | , ! Sp| OC_e./F Q&d\".ﬂﬁnka.ddnl @ﬂn. ‘to clear timer w/o checking parity or romabort

clear_tiwmer
cleartiner = ] (state(‘spioc_eeread_shift_hi_addr] ¢ timer(8] );

/! ‘spioc_eeread_read 0 :
// Do this stuff any time in this state

1d_spiooe = 1d_spiocoe | stlto(‘:pioc_eeread_r'ead_O);

d_spiocoe = d_spicoe | state(‘sploc_eeread_read 0};

ackload_ =« ackload_ ¢ ~state( ‘spioc_ceread_read 0};

/7 Do this until timer(8) gets set

ackdata = ackdata ¢ ~{ state(‘sptoc__eeread__rend_ol & ~timer(8) 1;

omcs - 8) );
= d romcs_ & ~( state(‘spioc_eeread read 0} & timer({ H
:_;omoe— e d romoe_ & ~( state{‘spioc_eceread_read 0] & ~timer(8] );

next_state(‘spioc_eeread_read Ol
= next_state(‘sploc_eeread read 0] )
T { ( state{‘spioc_eeread_read 0] ¢ ~timer(8] )i
// ¥When timer(8] cowes...
pload_sghift = pload shift (| ( state{‘spioc_eeread_read 0} & timer (8] ¥
next_state{‘spioc_seread_inc_sddr_01]
' = = next_state{‘spioc_seread_inc_addr_O1] .
~{ ( state(‘spioc_eeread_read 0] ¢ timer(8) );
// “sproc_eeread_inc_addr O1 :
ackshift_ = ackshift_ ¢ ~state|‘sproc_eeread_inc_addr_O1};
addrinc = addrinc | state{‘spioc_eeread_inc_addr_91};
clear_timer = clear_timer | state( ‘sproc_eeread_inc_addr OL};
next_state(* spioc_earead _read 1}
= next_state(‘spioc_eeread_read 1}
T nnto(‘lpxoc_cerond_xnc_nddr_m1;
// ‘sproc_eeread_read_l :
ackshift_ = ackshift_ ¢ ~state( ‘sproc_earead_read 11,
// Do this until timer{8] qets sat

4 comcs_ = d_gomca_ & -~ state(‘sproc_eeread_cead 1} ¢ ~timer (B} )
d-ronv;o’ - 4_comca_ & ~( state{ ‘spiroc_eeread _read_1l) ¢ ~cimear(8) ).



ackshift_ - .ackshift_ & -state ('spaoe eeread Lnc addr 011 addrinc -

addrinc | state (lIspioc_eeread xnc_,addr_O |; clear taner - cleat tinmer 1
state( 'spioc_eeread_inc_addr_Ol) next_state('apioc eoreadread Il -
next_st atel ' spioc earead read tl | state('spioceer ead_i nc_addr 011,
'spioc_eeread_read_| ackshift_ - acR9Mift_ & -state( 'apioc_eoread _read_11;
/1 Do thllgegqg&)oaglgggg&@lrgets set d ronmc_ - dronta_ a -(istate( 'spioc
eeread_road c -TiaerlBlI 1; drosiu _i -( state

| ' api oc_eer ead read_| | "4 '"lf:aE_CsX.( p,oi'ﬁnm rekdvari 10q/ OH3_aequencer.v 18
next stat e( " sp-oc_eeread_read_11' ‘mext' “wtostorrsiaed! baread fead 11 1 (
state( 'api oc eeread_reaehed Linersitdoi®r.(81 ); When tiner(81 comes.

pl oad_shift - pload_shift, |, { Stt@.tde,(.usm(oa,ﬁer.ﬁacddraadulll i cldofeY (81
next statel’ spi oc_eer ead inc_addr 12

next _state(’ spi oc_eer edd ‘h‘é_{,adbtliuﬁﬁ T dist Atakispi oc_eeread_read |l &
tinmer(81); spi oc_eeread_i nc_addrstd®! spigrtestipfread_tl ‘atdtfg‘ﬁi fit & -state(
' spi oc_eeread_inc_addr_12); addrinc - addrinc | state( 'spioc

eeread i nc_addr 1271; sctegrestitrrerrd-t2cl ear tiner |

stat e(' spi oceer ead_i nc_deie 12 1sksni ReXt-s3taatsefct sphocireeriead: r ead 21 next
at at e( Spl oc eer ead reaﬁdv%;]c J aadhid ?uluénan@ eﬁ-efdet@d ldanZ_[addr 121; Spl ne

eeread read 2 ackshift - ackshift & - sp '9:2 egge% {ead 21; /! Do
this until tinmer(el get¥*¥et™dr °h’6§-“"‘" bl‘““rtc'§ &"'§pi oceer ead
read 21 & -timer(B) ); nedt_romdapioc_serrsdrpd dS{,at e( spioc__eeread_read_21

& -timer(el ); next state(' §ﬁ7’56'é'é}:&5&575°a' :‘:2 imexdar stiat (' spi oceer ead read
2) | ( state( “spioc eeread read 21 & -tiner[el ); \en tiner(8) cones.

// ‘spioc_eeread_read_ 2 :
ackshift_ = ackshift_ & ~state( ‘spioc_eeread_read_2);
// Do this until timer(8) gets set

d_romcs_ = d_romes_ & ~( state( ‘spioc_eeread_read 2] & ~timer(8) );
d_romoe_ ~ d_romoe_ & ~( state(‘spioc_eeread read 2] ¢ ~timer(81 );

next_state(‘spioc_eeread read_ 2}
= next_state(* sploc eeread read_2)
{ ( state(‘spioc_: eerend read_2} & ~timer(8] );
// When timer(8) comes...
pload_shift = pload_shift { ( state[‘spioc_gerend_tead_Zl & timer(8) );
next_state( ‘spioc_eeread_. inc_addr_23)

= next_state(‘spioc_t ee:ead inc_addr_23)
| ( state(‘spioc_ eo:ead read |_2] & timer(8) );

// ‘spioc_eeread_inc_addr_23 :
ackshift_ = ackshift_ ¢ -itlte[‘cpioc_pctold_inc_gddr_zs);
addrinc = addrinc | state(‘spioc_seeread inc_addr_231;
;1.!! timer = clear_timer | state(‘spioc_eeread_inc_addr_23);
next_state( ‘spioc_eeread_read 3}

= next_state(* spioc .e:oud read_3)
{ state(‘spioc_ cor-ad tnc addr_23);

‘spiroc_eeread_read 3 :
ackshift_ = ackshift_ & ~state( ‘spioc_eeread_read 3];
// Do this until timer(8] qets set

d_romcs_ = d_romca__ & ~( state( ‘spioc_ceread_read_3} & ~timer (8] );
d_romoo = d_romoe_ & ~( atate( ‘spioc_eeread_read_3] & ~timer(8) );

neaxt_state( ‘sproc_eeread_read_3)
= next_state( ‘sprLocC_: ootond read_3)
{ ( state(‘sproc_| ooroad read_3) & ~timer{B8] ),

// When timer{6| comes...



pl oad shift - pload_shift | ( state('spioe eeread read 21 & tiner(el );

next state('spioc eeread_inc_addr 231 next state(' spioc eeread inc addr 23)

1 ( state |I'spioc_eread r*ad 21 c tinmer(81 // 'spioc eeread_inc addr 23

ackshift_ - ackshift_ i -state('spioc_eeread inc addr 231; addrinc -

addri nc | state('spioceereadin addr ggll clear tiner - clear timer 1 state(
"api oc eeread inc_addr 2311 next_state(' spioceareadread 31 next

state(' spioc eeread read 31 1 state |'spioc eeread inc addr_231;

Spl oC_eer edderidegd OB _sequekedr-ft _ - ackshift_ & -state( 13

spi oc_eeread_read 31 phdac | PAed hpsaduniitl 1 t badn (483c_gets_hold d_tremes) : -

d_romcs_ i -( state( 'spioc .eeread.saad 31 . &ee LLIELLS) o o d Gemee, - d

rome & - ( state(' spioc eer'€aa read 31 & -tlrrer(

next_stato(' spi oc_oer ead™reuti {1 e R s talio a(hsphioceoread_read 3) | (

state(' spioc_eeread read 31 & -ti mefEByel spibc yifend-reidpere(eferéores. .. 195
/veriIog/Oi3 sequencer.v 19 pload shtft - pload shift I (

state( spioc_eeread_read 31 | tJﬂ;l’(G ); clear tinmer - clear tinmer | (

stat e( " spi oc_eeread read 3T ¢ Ti'mer(8) ); _

next_state(" spi oc_eer ead“éﬁ’u“f‘t— 3T St BB RS S 8PSl SHITEST 1 (

st at e(" spi oc_eer ead readnaﬂ.socetlr-mp 81ad_=spt.etd_ge e<?d shift 3 : ackshaft -

ackshift_ ¢ -( state( “spioc eé‘?"ééf{l’_&hi"ﬁcﬁra-ei BT | Oinpsior neXt

state( spioc_eeread shift_3) next_state( spioe eeread_shift _3) I ( state(

spi oc_ee_ead_shift_31 & ki, (.lm.p)m \d .s.pi.(ecpeoc-.edeeh SRIt008 threfighiat e(
“spioc eeread _shift 31 & tine §tate| "spioewait for_start)

nax 8 & {1! 3
next state( spioe wait _for oF t ;Nju .tt‘s diod tét _spisoecieer ead shift 31 ¢

tl mer ( 101 ) . 196 1 ( state(‘spioc_eeread_sRift 3] ¢ timer(10] );—



~" Jverilog/ OR3_sequencer.v 20 sploc_tewlt waxt_|o_addr_start // Wit for
pshreq(111 to get a start bit (0) next_statel'sploc

eewlte walt |la addr_startl - next-state |'spioc_eewlte wait _|o_addr_sc
artl ) ( state('spioc_eewite walt | o _addr_start) i pshre9(111 ); Then
roll out clear-tinmer - clear tinmer 1 state(

| spioc_eewite wait | o _addr_startl; next _state('spioc sawite shift to
addr] - next _state('spiocsewite shi¥?¢to addr] ( ( state( 'spioc eewite
vast | o_addr startl t - shreq(l Il "5p ioc eewiteshift to addr Just sit
here until /¥Trer(Q)-HeXt state(' spioc eewite shift lo addrl next

state('spiocsewite shift _| o_addrd) . ( state('spioesewit shift to addr] &
-timer (Bl addrlen’ »ragtrient ¢2¢"-Sfate( 'spioc_eewite shift to addr) F.

bit (0)

timer(Bl set _parerr - gewcgarwerest €t AMETIspioc_eewrite shift | o_addrl
& tinmer(B) F. badparitynexd_daeosvebortce v tﬁg;@ﬁﬁ@@_‘,gd,_lm(” st at e(

sspioc_eewite shift to addr)™E: 10 aee (@loc_erbaaparpig: 1 g Potbort -
d_romabort 1 state( 'spipg . eewdde_shift to addr]; next_statels pioc ,
eewitevait hi iaddr start) next_state('spioc eewtevit hi addr start] 1 (

at ate( 'spioc_eewita shift-kesasds b ot PHECB) - 5P+-5E-E&0 i te wait hi
addr start //.Wait for paRregdihile_ta: phiralostay t WRLE, (0)  naxt_stat e( spioc
oewitavaithi addr start) next&£Hiell dpliitRewriit ey aitdicadenegtant 1 | (
atate( spioc eewltevait h! addr start pshreq(ll) Then roll out clear
timer clear tiller I, skateimnisSpitQosewritevatt hi _addr start];

‘next_state(' spioe oew it shifde ke @ddkimeciiext _stat a(' spi oe_eew i tashift hi
addr ]

ate('s 1oc_¢ev:tto_lhltt_lo_ndd:l
nexe_stal :\exz statel ‘sploc_esvrite_shift_lo_sddr] )
T atcte(‘sptoc_cevru.c_shttt_lo_lddrl ¢ ~timex(8} );

sddrien = nddrl:n:( state(‘spioc_eeuttte_shtft___lo_add:] & timer(8] }):

set _parerr = set _parerr

{ ( stata{‘spioc eewrite_shift_lo_addr] ¢ timer{8) ¢ badparity );

1d romabort = ld_romabort

1 ¢ state(‘spioc eeurite_lhitt_l.o_lddrl ¢ timer(8) & badparity ):

& romabort = d_romabort { state(‘cptoc_ecvt_tte_lhxtt_lo_nddx:);

tate('s 1oc_ccwrttq_\uLt_hi_ndd:_stattl
nexes - :-.xt ltct.(‘lpi.oc_.un:Lte_v&u_hi_udd:_uu:t] .
T state(‘sploc_eeurtto_shitt_l.o_tdd:] ¢ timer(8) );

4 ‘sptoc_ceu:1to_uut_h&_add:_s:art :
4/ Vait for pshreg(il] to gqet & start bit (0)

‘splioc ocvtlto_vut_ht_nddt_uutl
m“-““-.}uxz statel ‘spioc eevwrite_wait_hi_addr _start] (i 0
Tt atar.c(‘-s-ptoc_coutuo_\uu_hl_uddr_suttI ¢ pshreq H

/7 Then roll out

Ch.‘-tt?:lou: timer 1 u'.u:c(‘sploc_o.vruo_vlu_m_ndd:_unrtl)
v_state('s loc_oeutl.tc__sht(t_ht_addrl
rext- - }\cxt ltatol‘tptoc_to\'txto_lht!t_hi_addrl

[} :tato(‘lptoc_eeurtto_vnt_hl._addr_stu:t| ¢ ~pshregf(ill );

1 ‘:pxoc_cevritc_shxtt._ht_cddr :
7/ Just sit here until timer(8)

dr)

state{ ‘spiroc_eewrite shift_hi_ad

next_stat L.,(l:_ state( ‘sproc_eewrite_shift_hi_addr) o) 1:
T { ( statel‘spioc eowrite_shift_hi_addr) & ~timer| H

n .
sddrhen_ = ‘ddrh.& T( state(‘sproc eewrite_shift_hi_addrl ¢ timer (8] )



eewite ait hi addr_startl c -pshreg(lll | ( atate('spioc w 'spioc
eewite ahift hi addr : // Just alt here until tinmer(GQ

next state('aploc_eewlte.shift_hi_addr) - rext_state(.sploe
eswit_shift_hi_addrl | ( state |'spioc_eewite_shi f t_hl_addr) i
-timer(B) 1; addrhen - addrhen_ L qg7state[ 'spioc_eewite_shift hl_addrl
& timer (Bl 1; 197 ../verilog/ OS3 aequencer.v 21 set _parerr - sotearerr | (
state('spioc_eewtte shift hi_addrl i timer(81 L badparijfy ); |d_romabort

- 1 d rofERStte/ PRSSTERE I sptoc_eewtte shtft hi _addrl ¢ tiner(81 c
badparity ); d romabort - d rcmabort | state(

'spioc_eewrtte _shift “ht'.addr ¥ Vhewnte sbat el sptoo wowr e bt ¢ datatstart )
next state(' spioc_eewil.gonalt, data. startl |

state(' spioc_eewite shift hi addrde¢spioriyer (t8Fnfu-hi_dddnhicgerB@nt Pret-watt
data_start // Wit faofcpsdt eq(ddabocd 0 s@alispoSbarite it i Oyari:next

st at e( ) Spl OC_eeVW I t e—aV\@'tl sttatg(a'lp?oesegwat{t;z luut Qg)a<tsilgllat € ( \ Spl OC_eeVW I t a_V\ﬂi t
data_start) 1 ( state( “Spi @oeeWs( imscWelritedat Asatartl & pshr eq(111 ); Then
roll out clear-tinmer - clear-tinBrey Pt 8i=TS-d 88w 't "Wai t _data
start); next_state(spioc_eewite_shift data) - next state('apioc
eewrite_shift_databspiol ederiSd ahasfa_ spictoc_eewrite wait_data_startl G

- pShr eq(l ! ) I Spl OC—SeW‘LEte §P1hteé[lgla$oave!/a st]AlzjtsgxtS(i’s)t here until tiner ( 81

next st ate( spi oc_eew i te_sﬁl t data] - next_state( spioc eewite shift
datal | ( state(  spi ov=&em e uictledt-RiChiop81 dataen_ - dataen_ a
-( state('spioc_eewite shift datatse seips mepifQFaty data siafe] 5pFE19f1L Yisot earerr
| ( state( ~spioc eewmRasdiibd datal i tiner[81 i badparity );

clear_timer )
e clear_timer | state(‘spioc_cewrite_wait_data_start};

next_state( ‘spioc_eewrite_shift_data]
= next_state( ‘spioc_eewrite shift_data)
| ( state(‘spioc_eewrite_wait_data_start] & -pshreqg(ll] );

// ‘spioc_eewrite_shift_data :
// Just sit here until timer(8)

next-state(‘spioc_eewrite_shift_data]
= next_state( ‘spioc_eewrite_shift_data]
| ( state{‘spioc_eewrite_shift_data] & ~timer(8] );

dataen_ = dataen_
: s ~( state(‘spioc_eewrite_shift_data] & timer(8) );

set_parerr = set_parerr
-IP( state( ‘spioc_eewrite_shift_data] & timer(8] & badparity );

next_state( ‘spioc_wait_for_start] .
= next_state[ ‘spioc_wait_for_start)
T { ( state{‘spioc_cewrite_shift_data] & timer{8] &
(badparity | romabort) )i

next_state(“spioc_sewrite_write_data)
= next_state( ‘spioc_eevrite_write_data] . :
| ( state{‘spioc_eewrite_shift_data) & tamer(8} ¢

- ~badparity & ~romabort );

d_romcs_ = d_romcs__ Co
& ~( state(‘spioc_eewrite_shift_data] & timer(8} ¢
~badparity & ~romabort );

// 1 don't think 1t will hurt to clear timer w/o checking parity or romabort

clear_timer = clear_tamer .
1 (state(‘spioc_eewrite_shift_datal & timer(8] );

// ‘spiroc_eevrite_write_data :

d_romcs_ = d_romcs_ & ~gtate( ‘sproc_eevwrite_write_dataj;
d_rom_mdoa = d_rom_mdoe | state(‘sproc_eewrite_write_data};
1d_spiooce = ld:lpxooo { state{‘'spioc_eewrite_write_dataj;
4_spiocoe = d_splooe | state(‘sploc_eewrite_write_datal;
ackload_ = u_:kload_ ¢ ~state(‘spiroc_eewrite_write_dataj;

G mgd = 3 a4 b -( snate('spLoc_eewrite_scite_data, & -Lomeris) oo



next _statel'spiocwait for cstart) next state('spiowait for_start) | (
state( 'spioc eewito shift datal & tiner(8) ¢ (badparity | romabort) )i
next _stat*( spioc sewits wit~ data) nextstate('spioc eewitewitedata)
| ( state('spiocsewiteshiftdata) i timer(8l t badparLty i -ronsbort )i

d roncs_ - d_rancs ¢ -( state ('spioe98awite_shift data) 4 timer(8l t
-badparity & -romabort ); // | don't think it will hurt to clear tiner wo
checking parity or romabort «clear-timer - clear _tinmer | ( state(
"spioc_eewita shtft _data) & tinmer(el I; // 'sptoc_eewite wite data :

d ronts_ -._ﬂe;g@gﬁmiu&g&@ggg spioc eewite wite datal; dzeomndoe -

d rom ndoe 1 state( "spt oeeewrtte W“%,&'ﬁ&p@)c ek deSREROE 7 ( L3R} Qo€ |
state(' sptoc eewite wrttE*Hat &) W 'sPiooe - -d sptooe | '

state(' sptoc_eew itewrit exdattel wroarkityamiietdekl qad. .

-state(' aptoceewrtte wtte data);” fCkratet spro@pewfite frige dag|e' - gprtel 1:
oc_aewtta rrtte_data; t . :RBEdThoowax k@8 ../ veriloq/ OR3_sequencer.v 22
ackdata - ackdata c -( stat, e('~spispetBemeatew 1t e datal C . fefmr (41  next
state( sptoc_eewite wit datal next ‘state( Spioc eewrite wate data) | (
state( spioc_eewltewite dat4l & -timer(41 next_state( spioc_ack hil

next state( spioc_acdd hil// of ufe Gér@berrhigapi OCiteRIMRISER il tuetdt al ¢ tinmer (41
1, end If of the engrimus.thingd,yeu.do if SPIORESET is not asserted end Il
of the huge 'always' block endnodule 199 ../veriloqg/spioc.v "tinmescale

Ins/LOps SPICC.V

endmodule



This is the "top level' file for the SPICC chip nodule spioc CLK, P_RST_,
BRST, SPIO LED, STPCTL, HAI7, HA16, HAI' S, HA1l4, MA13, KAl2, HAIL,
HALO, HA9, MAO, MA7, HA6, MA5, MA4, HA3, KA2, HAl, MAO, HD7, HD6, HD5,
M4, MD3, MD2, HD1, HDO, MCS , HCE MAR , SEECS, |DPAL, |D7, 1D6, |D5,

ID4, ID3, ID2, 1D, IDO ESBRD, SISr , TRVsH , TRMSLO, XCBLDT, CBLDT
); input CLK; input P_RST ; output B RST ; snout SPIO output LED I

out put . $¥RETég/sprautr MAL7, HAL6; out put HA15, HA14,1HA13, HAL2, MAIL, HA10,
HA9, MAG, out put MA7, HA6, HAS, MM, HA3, HA2, MAl, HAOQ out M7, HDG,
HD5, MbBfes<pf83, HPeeNDI, MDO, :out MCS_; output MOE ; :rout MAR ;

/7 SPIOC.V
7/

// This 1s the "top level® file for the SPIOC chip

module spioc

LK,
_RST

B_RST_,
SPIO,

LED_,
STPCTL,

MAl7, MALG,
MA1S, MAl4, MAL3, MAL2, MAll, MALO, MA9,

MAS8,
MA7, MAG6, MAS, MA4, MA3, MA2, MAl, MAO,

¥D7, MD6, MDS, MD4, MD3, MD2, MDl, MDO,

MCS_
HOE
MWR_,
SEECS,
IOPAL,
07, 1D6, IDS, ID4, ID3, ID2, ID1, IDO,
ESBRD,
S_RST_,
TRMSHI,
TRMSLO,
XCBLDT,
CBLDT Vi
input CLK;
input P_RST_;
output B_RST_;
1nout SPIO;
output ' LED_;
output STPCTL;
i1aout MA17, MA16;
output MALS, MA14, MAL3, MAL12, MAll, MALO, MA9, MAB;
output MA7T, MAG6, MAS, MA4, MA3, MA2, MAL, MAO;
inout MD7, MD6, MDS, MD4, ™D3, MD2, MD1, MDO;
inout MCS_;
cutput MOE _;
1aout MWR_;
1nout SEECS;
1nput IDPAL; .
1nput ID?7, ID6, IDS, ID4, ID3, ID2, ID1, [DO;
1nput ESBRD;
Lnput S_RST_;
1nput TRMSHI;
1nput TRMSLO;
1nput XCBLDT:;

1rput CBLDT:



snout SEECS; input IDPAL; input I1D7, 1D6, ID5 1D4, 1D3, 1D2, ID1l, [DG
input ESBRD; input S_RST_; input TRVMSHI; input TRHSLG input XCBLDT;
i nput CBLDT; 200 ../verilog/spioc.v 2 wre (17:0) ma_out;
m_tn; wre (7:0) nd_out, B

wire (17:161
_ .ndoe, and in, iddat In; iobuffers buffers_1
| pad_clkin (CLK), .cLkin (clkin),200pad pci reset (P RST ), .reset_
(reset_) rnor&ggpi?g%r eset _ (B_RST_), .pad_apio (SO, .spio_in
(spio_in), spio (spio out), .spiooe (eptooe), pad-led- (LED), .led (led
out ), ledoe (ledoe), .pad stpwtl (STPCTL), .stpwctl
. St pwotdeoe ({stpweIclee) ,

\ (stpwct!l _out),
.pad_hi ma ( (MA17, MA16) ), .pad_ma ( (HALS,
MAl4, MAl 3, (M2 BAL T,

] : MA1O, MR9, MAB, HA7, MAG, HAS, MA4, KA3, HA2, HA1,
M), .. m-in (nedn), .m (ma_out),

mdoe,
md_1n,
rddat_in;

iobuffers buffers_1 ( .pad_clkin

(CLK) ,
.clkin (clkin),
.pad_pci_reset_ (P_RST_).,
.reset_ ~ (reset ),
.pad_brd_reset_ (B_RST_),
.pad_spio (SP10),
.spio_in (spio_in),
.spio (spio_out),
.spiooe (sprooe),
.pad_led_ (LED_),
.led_ (led_out_ ),
.ledoe (ledoaq),
.pad_stpwctl (STPCTL),
.stpwctl {stpwctl_out),
.stpwctloe (stpwctloe),
.pad_hi_ma ( (MA17, MAL6} ),
.pad_ma ( (MA1S, MAl4, MAl3, MAL2, MAll, MALO, MA9,
MAB, MA7, MAGE, MAS, MA4, MA3, MA2, MALl, MAO)),
.ma_in (ma_in),
.ma (ma_out),
.mace (mace),
.pad_md ( (MD7, MD6, MDS, MD4, MD3, MD2, MD1, ™DO} ).,
.md__in (ﬂd_‘.n,'
md (md_out),
-mdoe (mdoa),
.pad_romcs_ (MCS_),
.romcs_in_ (romecs_in_).,
.romecs_ (romcs_out_),
.romcsoe (romcsoe),
.pad_romoe_ (MOE_),
. Tomoe_ (romoe_out_),
«TOMOQoQ (romoece),
.pad_mrw (MWR_),
.arw_in (mrw_in),
Jarv (mrw_out),
N 14 1) (mrwoe) .,
.pad_seecs (SEECS),
.seecs_in (seecs_in),
.seecs (seecs_out),
.seacsoe (seecsoe) .,
.pad_idpal (IDPAL),
.idpal_in (idpal_in),
.pad_aiddat ( (1p7, 1D6, 1IDS, ID4, ID3, IDZ, IDL1, 1IDO} Y,
.1ddat_in (iddat_in),
.pad_esbrd (ESBRD),
.esbrd_1n

(esbrd_an),

.pad_sacs1_rst

(S_RST_),
.scs1_rst_1n_

(scsi_rst_in_),

.pad_taermsanse_b

(TRMSHI),
.termsense_b_in

(termsense_b_1i0),



. maoe (naoe),

.pad and ( (HD7, NMD6, MD5, M4, MD3, MD2, MD1, MDO) ), .nd
in (md_in), .nmd (nd out), ndoe (ndoe) , .pad_roncs_ (HCS ), .ronts_in_
(ronts_in_), .ronts_ (roncts_out_), .ronesoe (rontsoe),

(HCE_ ), .ronoe (ronoa out ),

in (nmrw_.n),

. pad ronoe_

.pad mw (M(R), .ntw

. pad seecs (SEECS), .seecs
in (seecs in), . Seeceoe (seecsoe),
(1 DPAL) ,

_ . pad_i dpa

.idpal __in (idpal _in), .pad_iddat ( (I1D7, 1D6, ID5, 1D4, 1D3, |ID2,
ID1, IDO) .iddat in (iddat_in), .pad_esbrd (ESBRD), .esbrd In (esbrd_In),
.pad_scai _rst_ (S RST_), .scsl.rst in (scsi_rst_Ln_}, . pad_tarnsense_b
(TRVSBI), .. /wiRids@mense. s In (termsense_b_In), 201 ..7verilog/spioc.v

pad ternsonse_a (Tti SLO), .ternmsense a in (ternsense _a in), .pad_z
connsense (XCBLDT). .x cEANSEASE'in (Xihakasense_in),

(CBLDT) . ' ~

. pad _connsense
.pad_x_connsense

.x _connsense_in

. ronoeoe (ronoeoe),
.mrw (nrw_out), .nrwoe 0w woe),
. seecs (seecs_out),

(XCBLODT), _
(x_connsense_ln) '

.pad_connsense
.connsense_1n

(CBLDT),
(connsense_1n}

spioc_core core l .clkin

(clkin),
.reset (reset ),
(spio_out),
.sp1o !
.sziooe (splooe),
.spio_in (spro_ind.
)l
.led (led_out_
.ledoe (ledoe),
1 _out),
.stpwctl (stpwctl
. stzuct.loe (stpwctloe),
.ma (ma_out),
.mace (naoe),
.ma_in (ma_in),
md_out}) .,
md (rmd_¢
(mdoe),
pe (nd_in)
.TOMCS (romcs_out ).
.roncsoe

(romcsaoel,
.romecs_in (romcs_in_).

romoe (romoe _out_).

. romoeoe (romoece) .

nrw (mrw_out),
:nr\«oe {mrwoe),
.mrv_in (mrw_in),
.5eeCs (seacs_out).
.seacsoe (seecsoe},
.seacs_in (seecs_in),
.idpal_in (idpal_in),
. tdgat—ln (1ddat_in),
.esbrd_in

(esbrd_in).,

.scsi_xrst_in_
.termgense_b_in
.termsense_a_in
.x_connsanse_in
.connsense_in

(scsi_xst_3in_),
(termsense_b_in),
(termsense_a_in),
(x_eonnsnnae_x n),
(connsense_in) i

endmcdule



.connsense in (connsense_in) (clkinl

spioc_core core-1 1| cen (reset-),

reesset . .splo (spin out). .spiooe (spiooe). .spioin (spio_in), led
(led out ). .ledoe (ledoel, stpwctl (stpwctl out), .stpwtloe '
(stpwtloe), .ma (ma out), .maoe (nmane), .ma in (ma_in), .nmd (nd_out),
.mdoe (ndoe), .nd in (nmd_in), .romgS (roncs_out_), .roncsoe (rontsoe),
.ronts_in Uomain) .rompe (rOrCe out_). .ronpeoe (ronpeoe) .nrw
(rerM/out) mp() .mrwin (mw.in), .seecs (seecs out),

. seecsoe (%ﬂ@&?ﬁ@) g@e in (seecs in). idpal in (idpal in), .iddat in
(|ddat in) ..esbrd_in (esbrd_ia), .scsi rst in_(seal rst in). .ternsense

b in (term@ens<53ﬁh)mX4<te#hseﬁae<@ i M3(¢ sehBens®la iHy,) i connsenSO in
(x_connseqﬁgmpggl pgng;gn@pTlQﬂgqoggﬁppse_l) er.,i odule

output out ;

reg out ;

wire [3:0] data ;

wire (1:0} sel ;

assign data = {d3 , d2 , d1 , d0 }
assign sel = { sell , sel0 } ;
always @ ( data or -sel )

begin

out <= data(sel] i

‘end

endmodule



202 “tinmescale ins/lops nodule GTECH MJX4 ( dO, dl , d2 , d3

, sel O,
sell , out input dO, dl , d2 , d3 , selO, sell output out req out ;
wire (3:0) data wre (1:0) sel assign data (d3 , d2 , dl , dO) assign
sel sell

, selO always @( data or sel begin out <= data(sel)
endnodul e 203 ‘timescale Ins/IOps Ljj;Mdule to [oad, hold,

ADDRESS bits // Here's a special trick: If BOTH addl en_ and addrinc are
asserted, do a special |load where the 2 low bits get janmed to zero Here's
another... if SEEMS is asserted, send out "BRDRW on MA(151 nodule rom
addr (..QUkcaik€S€t 1ns/13ddrdben ,  addrhen , addrlen , addrinc, clkin,

in, seens, brdrw); input reset , addrdben_, addrhen_, addrlen_, addrinc,

clkin jnpuf, (7,93, iWBid NRUSenSESER aooREdlbYEs  OUtpUt (17:01 out
//

// Here’s a special trick: If BOTH addlen_ and'addrinc are asserted,
.// do a special load where the 2 low bits get jammed to zero
1/

// Here’s another... if SEEMS is asserted, send out "BRDRW" on MA[15]

end
i ncrement ROM

module rom_addr ( out,
reset _,
addrdben_,
addrhen_,
addrlen_,
addrinc,
clkin,
in,

seems,
brdrw )i

input reset_, addrdben_, addrhen_f'addrlen_, addrinc, clkin ;
input {7:0) in ;

input seems,
brdrw;

output (17:0) out ;

reg {17:0) ad_reg ;

assign out(l17:16) = ad_reg(17:16};
assign out(15] = seems ? brdrw : ad_req{15];
assign out(14:0) = ad_reg(14:0];

always @ ( posedge clkin or negedge reset_)

if (ireset ) ad reg <= §1 18'hOAAAA;

else begin
if ( ~addrdben_ )

ad _reg{17:16]) <= $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



req (17:01 ad_reg ; assign out[17:16] - ad_req[17:161; assign out (151 -
seens ? brdrw : ad req(15]; assign out(14:01 - ad reg(14:01; always 2 (
posedge ci kin or negedge reset if ((reset_ ) ad req <- 11 18 hOAAAA; el se
begin if ( -addrdben_ ad req(17:161 <a 11 in(6:5]; if ( -addrhen_ ad
reg(15:8] <- #1 in; if ( -addrlen_ &04ddrinc ) ad reg(7:0) <- t1 in;
else if ( -addrlen_ & addrinc ) // both asserted... trick |oad 204 begin
adreg(7:2] <= fl in[7:21; %deg(l:Ol <= #1 2'b00; end else if ( addrlen
& addrinc just increnent a& Legh12101 <=-#{1 (agh:ee9[1:01 + 2'b0Ol); end
endnodul e 205 “tinescal e | askddpsoy/ 8 dsi t1 regicster with enabl e nodul e
regen8 ( out , reset_, enaPt®e- , clkin, in input reset- , enable- ,
clkin input [7:01 in ;,_.0O t. (.01 O . [7:01 teer W ;01 in ;
al ways @ ( posedge cl llsﬁ : gt:hdﬁéllef“g&! rg('ssdert{{jeqout < zg 1“5% 1&%%%8[‘;& se
ad_reg(1:0] <= #1 (ad_reg(l:0] + 2'b01);

end

endmodule



out.<= 11 enable_ 2 out in end endnodule 206 “tinescale ins/lCOps nodul e
stp ( stpwetl , reset_, stpwtlen_, clkin , delayreg spioreset output
stpwetl ; input reset_, stpwetlen_, clkin , spioreset input (1:01
delayreg wire (1:01 delayreg reg stpwen , stpw evel GIECH MJX4 gtech
mux4_1 ( dO (delayreg(01), .dl (stpwsgy, .d2 (1'bO, .d3 (1'b0O, Selo
(stpwetlen-), .sell (spioreset), .out (rmuxout) always @ ( posedge clkin
if ('reset-) begin stpwen <= #1 1'bO; stpwevel < #1 1'bO; end else
begin stpwen <_ #. 1 nuxout ; stpw evel < _ #1 stpwtlen_ ? stpw evel
del ayr eg{nkicalend assngfioBt pwctl stpw evel stpwen ; endnodul e 207
"/veril oq/ spi ostatreq. v 1 t“iamescal e Ins/lops nodul e spiostatreq (

ah

errl eddfah >*t < ﬁ@?)'ﬁf)ggirf,hrfﬁs_upmgsﬁq,, clkin , in ) ;

input reset_ , enable_ ., clkin ;
input (7:0] in ;

output [(7:0] out ;

reg [(7:0] out ;

wire (7:0] in ;

always @ ( posedge clkin)

begin
if (‘reset )
out <= §1 {8{1'DbO}} ;
else .
out <= §1 enable_ ? out : in ;
end

endmodule



menbusy, errled_, <clkin, reset_, set_parerr,

_ set unsup, set nbusy,
spioreset, 1d on_, |d data?,

id data210 input clkin, reset ; input
set _parerr, set unsup, set ebusy, spioreset, 1d en_, |Id data?; input
(2:01 | data210; output errledenab, spioparerr,

unsupported, nenbusy,
errled ; req errledenab, spioparerr, pggupported, mnenbusy; assign

errled_ -( errledenab (spioparerr 1 unsupported 1 nenmbusy) always 6 (

posedge clkin if ( !reset ) errledenab <- IL 1'b0; also if ( spioreset )
errledenab <- fl 1'DbQ

else if ( -1d ,n_ 1 errledenab <- 11 Id data?;
always e ( posedge clkin ) if ( !reset_ ) spioparerr <- 11 1'b0; else if (
spi or eski™eEceY opar P/ P3| L' bO

module stp ( stpwctl , reset_ ., stpwctlen_ , clkin , delayreg .
spioreset ) ;

output stpwctl ;

input reset_ , stpwctlen_ , clkin , spioreset ;

input {1:0] delayreq ;
wire (1:0) delayreqg ;

req stpwen , stpwlevel ;

GTECH 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 ; )
stgwlevel <= §1 stpwctlen_ ? stpwlevel : delayreg(l] ;
end )

assign stpwctl = stpwlevel ~ stpwen ;

endmodule



else if ( set_parerr ) spioparerr <- 11 1'bl;
| d_dat a210(21 ) spioparerr <-

11 1'bCG AONE wites it off always | (
posedge clkin if ( !'reset ) unsupported <- 11 L'bGQ else if ( spioreset )
unsupported <- 11 |'b0O; else if ( se%&_}msup ) unsupported <- il |"'bl; else
if ( -1d en ald data210(1) unsupported <- 11 1'b0; A ONE wites it off
al ways | (/pesedgpisdkidql if ( !reset ) menbusy <- /1 it b0; elseif (
spi oreset nenbusy <- 11 1'b0; else if ( set_ebusy nmenbusy <- 11 1'bli
if ( -1d-oRescdeid aufrd ~I

elseif ( -Id en

sue

1 menbusy <- i i"b0; // A 'dlE trite. it off
208 ../verilog/spiostatreg.v 2 endnodule 209 'tinescale ins/10ps nodul e
badpar r ege{'clPKF ;" t esBfiSmerespi oreset, lden_, d -in, badpar ); input
clkin, reset_, spioregeperted den

gepr , din; output badpar; req badpar;
al ways @ ( posedge cl ki n:,bé_gi n if (!reset ) badpar <= #1 |'bQ, else if
(spioreset) badpar <= #],l.'b0 else if Aden-) badpar <= #1 d_in; end
endnodul e resat ,

tetonsups

set_xbusy,

spioreset,

1d_en_,

1d_datal,

1d_data2l0 Vi

1aput clkan,
reset_;
1nput set_parerr,
set_unsup,
set_smbusy,
spioreset,
1d_en_,
1d_data?;

input [(2:0] 1d_data210;

output errledenab,
spioparerr,
unsupported,
membusy,
errled_;

req errledenab,
spioparerr,

unsupported,
menbusy;

assign errled_ = -( errlecenab & (spioparerr | unsupported | membusy) );

always ¢ ( posedge clkin )

84 ( treset_ ) errledenab <= §1 1'b0O;
else if ( sproreset ) errledenadb <= §1 1'b0;
else 1f ( ~1d_en_ ) errledenab <= 1 1d_datal;

slways & ( posedge clkin )

1 £ ( treset_ ) spioparerr <= §1 1°b0;
else 1f ( spioreset ) spioparerr <= f1 1'b0;
else Lf ( set_parerr ) spioparerr <= fl 1'bl; e
else 1 f ( ~1ld_en_ ¢ 1d_data210(2] ) spioparerr <= §1 1'Db0; // A ONE writes it ©

al#ays & ( posedqge clkin )

1 f ( t‘reset_ ) unsupported <= #1 1'b0;
else 1f ( spioreset ) unsupported <= §1 1’b0;
else 1 f ( set_unsup ) unsupported <= §1 1'bl; ¢
else 1f ( ~ld_en_ & ld_data2l0(1l) ) unsupported <= §1 1'DO; // A ONE writes 1t of

alw#ays & ( posedge clkin )

1 f ( ‘reset_ )

membusy <= 1 1°bO;
else 1 f ( spiroreset ) membusy <= 1 1'DbO;
else 1f ( set_mbusy } membugy <= 1 1°Db1; ~ .
@186 Lf ( ~id_en_ & id_cataziG(o) mempusy <= ¢l 'c0; 7/ A Uk acites 1t 2Lt



210 “timescale ins/l1OQps nodule ledreg ( clkin, reset-, spioreset,

| edregen_, delayreg, errled_, spio-in, led , ledtest ); input clkin,
reset , spioreset; input |ledregen_; input (1:0] delayreg; input errled_;
input spio_in; output led , ledtest; reg ledbit_, ledtest; always @ (

posedge clkin if (!reset_) ledtest <= & | 'bO else if (!l edregen_ )

| edt est <_ #10 del ayreg[1l] ; always @ ( posedge clkin if (!'reset ) ledbit_
<- #1 1'bO; &else if (spioreset) ledbit <- #1 1'bO; else if (!l edregen )
| edbit_ <- #1 delayreg(0] ; assign led = ledtest ? spio_in ( ledbit_&
errled_); endnodule 211 ‘'tinmescale ins/lIOps nodule sp_seectl ( seens |,
seecs , seeck , seedo , reset , seectle clkin , delayregs , del ayreg3

del ayr eg2/verinq@ypafitatrgirOr eset  out put seens , seecs , seeck , seedo
input reset_ , seectlen_, clkin , delayreg5 , delayreg3 , del ayreg2

del ayregi , spioreset ; req seens , seecs, seeck , seedo
endmodule



al ways 0 ( posedge clkin if ( !reset- begin seenms <= #1 |'bQ seecs <= #1
' bOQ seeck <= #1 1' bQ, seedo <= #1 i' bQ end else if ( spioreset
begin seenms #1 |' bQ seecs <_ 11 |'bQ seeck <= #1 |'bQ seedo < #1
1'bG end else if ( !seectlen_ begin seens <- #1 delayreg5; seecs #1
del ayreg3; seeck #1 del ayreg?2; se?8 <- #1 delayregi; end endnodule 212
“tinmescale ins/lops nodule sp_brdct ? brddat7 , brddat6 , brddat5 , brdstb
, brdcs , brdrw reset_ , brdctlen_, clkin , delayreg7 , delayreg6 ,

del ayr egSresgatayr egdns/\98Fayreg3 , del ayreg2 , spioreset ) : output brddat?
, brddat6 , brddat5 , brdstb , brdcs , brdrw input reset_, brdctlen_ ,
clkin no8elea¥s8@¢freq del ayrepln, del ayreg5 delayreg4 , delayreg3 ,

del ayreg2 , spioreset ; regedetddat! , brddat6 , brddat5 , brdstb , brdcs ,
brdrw GTECH MJUX4 gt ech nuxapipresete|l ayreg7 , brddat7 , |'bO, |'bO, brdctlen_
spi oreset , nuxout7 ) ; al m‘g'@( posedge clkin begin if (!reset )

badpar );

input ) clkin,

reset_,

spioreset,

lden_,

d_in;
output badpar;
rég badpar;

always @ ( posedge clkin )

begin

if ({reset_ ) badpar <= #1 1’b0;
else if (spioreset) badpar <= #1 1’bO;
else if (!lden_ ) badpar <= #1 d_in;
end _

endmodule



brddat7 < #1 |'bO else brddat7 <= #1 nmuxout7;

end GTECH _MJX4 gtech
mux4_2 ( delayreg6 , brddat6

, 1'"bOQ |'bO brdctlen_ spioreset , nmuxout6 )
; always @( posedge clkin ) begin if (!reset ) brddat6 <= #1 |'bO; else
brddat6 <_ 11 nuxout6; end GIECH MJX4 gtech mux4_3 ( delayreg5 , brddat5
| " bO, |'bO, brdctlen_ spioreset , n%wutS ) ; always @ ( posedge clkin
begin if (!reset ) brddatb <= #1 1'bO; else brddat5 <- #1 nmuxout5; end
GTECH_MUX%sgatl%Ch mux4, 0g,sdel ayreg4 , brdstb , I'"bO |'bGO brdctlen_

spi oreset . muxout4 a ways @ ( posedge clkin begin if (!'reset ) brdstb <=
#1 |'bO else brdstb <_ #1 nmuxout4; end GIECH MJX4 gtech nmux4_5 (

del ayr eg®1le lmddeg ( clki@ 1' bO, brdctlen_

A spi oreset , nuxout3 always @ (
. ' e A
posedge cl kin Dbegi @pﬁgr—e(s{agleset )

ledregen_,

delayregq,

errled ,

spio_in,

led_,
ledtest );

input clkin,
reset_,
spioreset;

input ledregen_;
input [(1:0] delgyreg;

input errled_;
input spio_in;

output led_,
ledtest;

reg ledbit_, ledtest;

always @ ( posedge clkin )

if (!reset_) ledtest <= #10 1'b0 ;
else if (!ledregen_) ledtest <= £#10 delayreg{l] ;

always @ ( posedge clkin )

if (treset ) ledbit_ <= #1 1°bO ;
else if (spioreset) ledbit_ <= #1 1'b0 ;
else if (!ledregen_ ) ledbit_ <= #1 delayreg(0] ;

assign led_ = ledtest ? spio_in : ( ledbit_ & errled_);

endmodule



brdcs <- #1 |'bO 213 else brdcs <_ #1 nuxout3; end GITECH MJX4 gtech
mux4 6 ( delayreg2 , brdrw, I'bO |'bO brdctlen_ spioreset , nuxout?2

al ways @ ( posedge clkin begin if ('.reset_ ) brdrw <= #1 |'bO else brdrw
<= #1 nuxout2; end endnodule 214 shregl2.v 1 “tinescale ins/|IQps 12 bit
paral |l el | oadable, parallel out shift2naegister shifts from1ll to 0 //
_ATER added sone new tricks: 'pload shift- will |oad DATA into (8:1), START
BIT into (01,

then on the next clock (as bits 18:01 start shifting out)
PARI TY (generated here% will be |oaded into (81 and IlIl into (11:91. This
will beciegesarsl ent B/

®Rfi ng (111, PARITY, DATA, START BIT) all at once
/1 (but easier to tinme out)

nodul e shregl 2 ( pshregout reset clkin
Spi 0_i Ny &RIe04E se@dtaad sehind t, sdrgdparsee

a gﬁq?o ut t s?fftlgn— aqout.
i nput reset _ <lkknn delayreg5 . delayreg3 ?khe&ayregg ,ﬁ%§§a$££&1 s hregout,

output seems . Seecs ., seeck , seedo
input reset_ . seectlen_ , clkin , delayreg5 . delayreg3 , delayreg2 ,
delayregl , spioreset ;i

reg seems , seecs, seeck , seedo ;

always @ ( posedge clkin )
if ( ‘reset_)

begin

seemns <= $1 1'Db0;
seecs <= §1 1'b0;
seeck <= §1 1'b0;
seedo <= $1 1'Db0;
end

else if ( spioreset )

begin

seems <= §1 1'/b0;
seecs <= §1 1'b0;
seeck <= §1 1'b0;
seedo <= $1 1'bO;
end

else if ( tseectlen_)

begin

seems <= §1 delayregS;
seecs <= §1 delayreg3;
seeck <= §1 delayreg2;

seedo <= §1 delayreqgl;
end

endmodule



spio_in spiooe pload_shift badpar input (7:01 pdatain req after_pl oad,
al ways S(posedge clkin) after _pload <a #1 (pload shift i reset ); wre
parity - -badpar " ("pshregout(8:11); req (11:0) pshregout; always ! (
posedge clkin if (!reset-) pshregout <- 11 12'bllillllIIlll load also if
(pload shift) pshregout <- 11 (3 btl2l2pdatain, 1'bOi I/ fix parity else
I f (after_pload) pshregout <- it (3 bill, parity, pshregout(8:11); P else
pshregout  &-pklcdieSPi 0_idy,1ospi 00e), pshregout (11:11); shift endnodule 215

/verllog/bobsense v t~nescale Ins/I0ps BOBSENSE.V // Senses term nation
(for auto-term ) and connectors installed nDduIe bobsense ( clkin

sync_r st ,“‘°dé‘|5Fostpe§’é‘{°tl £ bgddatdy . brdgat ?’j’@a B2 - . brdzi

&d
X_connsense,  COMISE gqbr §é§emeg3°blk§g§ayr: ay(fﬁﬁbm de re%?bd T2YTsut
cl kin, sync_rst_, spioreset

output brddat?7 , brddatG , brddatS , brdstb , brdcs , brdrw ;

input reset_ , brdctlen_ , clkin , delayreg7 , delayregé6 , delayreg5 ,
delayreg4 , delayreg3 , delayreg2 , spioreset

‘

reg brddat? , brddaté , brddat5S , brdstb , brdcs , brdrw ;

GTECH_MUX4 gtech_mux4_1 ( delayreg? , brddat7 , 1‘bg0,

1’b0, brdctlen
spioreset , muxout7 )

S
7

always @ ( posedge clkin )

begin
if (‘reset )
brddat?7 <= {1 1'b0 ;
else
brddat7 <= #1 muxout?7;
end

GTECH_MUX4 gtech _mux4_2 ( delayreg6 , brddat6 , 1‘b0, 1'b0,

brdctlen_ .,
spioreset , muxouté6 )

-
14

always @ ( posedge clkin )

begin
if (lreset_)
brddat6é <= $1 1'b0 ;
else
brddat6 <= $#1 muxouté6;
end

GTECH_MUX4 gtech_mux4_3 ( delayregS , brddat5 , 1’b0, 1'bO,

brdctlen_ ,
spioreset , muxout5 ) ;
always @ ( posedge clkin )
begin
if (!reset )
brddat5 <= §1 1'b0 ;
else
brddatS <= $1 muxout5;
end -
GTECH_MUX4 gtech_mux4_4 ( delayreg4 , brdstb , 1’b0, 1’b0, brdctlen_ ,

spioreset , muxout4 ) ;

always @ ( posedge clkin )

begin
if (‘reset_)
brdstb <= #1 1’b0 ;
else
brdstb <= #1 muxout4;
end

GTECH_MUX4 gtech mux4_5 ( delayreg3 , brdes , 1'b0, 1’'DbO,

brdctlen_ ,
spioreset , muxout3 )

’
always @ ( posedge clkin )
begin :
if (‘reset_ )
brdcs <= 1 1'b0 ;



scsi_rst_, ternsense_b, ternsense_a, X connsense, connsense, seens,
brdca, brdrw, output (1:01 sense brddat; req scsi_sync_1, scsi_sync 2,
termbff 1, terma ff 1, termbaff 2, term ff_ 2, x conn ft 1
x_conn_f! 2, conn_ff_1, Conn ff 2; req 14:01 sanple-tinmer; req (.:0(
state; req (1:0( next_state, sense brddat; w re sanpl e-pul se -

(&anple timer); Al ones always @bdsedge clkin) begin scsl_sync 1 <. fl
scsl_rst ;  scsigygync_2 i1 SCSI-sync-1; state <- sl rext_state; 216
../verilog/bobsense. v Bratsconmifduxdutss #1 x_connsense; x conn ff 2 <- it X

conn ff 1lend conn_ff_1 <- 11 connsense; conn_ff_2 11 conn_ff_1; end al ways
?(posedge cl ki n)

GTECH MUX4 gtech_mux4_6 ( delayreg2 , brdrw , 1’b0, 1°bO, brdctlen ,
~ spioreset , muxout2 ) ;

always @ ( posedge clkin )
begin
if (‘reset_ ) _
brdrw <= #1 1'b0 ;
else
brdrw <= #1 muxout?2;

end

endmodule



if ( -sync_rst_ | spioreset | scsi_sync_2 sanple_tinmer <- il 5 b0O;

el se
sanple tiner <- tl (sanple_tinmer + |'bl);

al ways @ posedge clkin) if (
-sync_rst_ | spioreset ) begintermb ff 1 < 11 1'bl; terma ff 1 < 11
|"b0; termb ff_ 2 < t1 1'bl; terma ff_ 2 <- tlI I'"b0; end else if (

sanple pulse begin term _b ff 1 <- Rh4ternsense_b; terma ff 1 <- #1
ternmsense_a; termb ff 2 <- #1 termb ff_1; terma ff 2 <- it

terma ff_1; end STATE DEFI NI TI ON (coment) //100 - means the next
BRDLOG C pead!4-$ going to read the ternmstat //701 - conme here while the
first read (ternstat) is underway 11 - cone here after the first read
conpl et es,©fef3Hh t heH*dff*read connsense // next-state and sense brddat. are
programm ng regs, NOT flip-flops... alftvvgylsm@ sync rst or spioreset or
scsi sync’/2'2 Bt *8Edt gt e B Y For“Terma ff_2 or x conn ff 2 or
conn_ff_2 or seens or brdcs or brdrw beginif ( state -- 2'b00 begin
sense_br ddat*™* “Y'efmB 72 terma ff 2 ); if ( -sync_rst_ | spioreset |
- SCSi _Sync/ 2eipehet: (5T gt lplosd Mrhppe (2:4) SEATT £

Tk e G brdcs & brdrw)
e n ne o 18:0) 1fting I
next _stat ef'f—i’;e?;‘ikxﬁ‘;.erﬁﬁeilsfébiﬁseiii sxt:at(;a and 211DEG (11:@QgThis wall

/! be equivalent to loading (111, PARITY, DATA, START BIT} all at once
// (but easier to tTime out)

module shregl2 ( pshreqout ,
reset_ .,
clkin ,
spio_1n ,
spiooce ,
pload_shift ,
badpar ,
pdatain ) ;
output (11:0}) pshregout ;
input reset_ ,
clkin ,
spio_in ,
spiooce ,
pload_shift ,
badpar ;

input (7:0] pdatain ;

req after_pload;
always @(posedge clkin)

after_pload <= $1 (pload_shift & reset };
wire parity = ~badpar ~ (“pshregout(8:1]);

req (11:0} pshregout;
always & ( posedge clkin )

1 £ (‘reset_ ) pshregout <= §1 12°b111111111111 ;

A b0} // load
else if (pload_shift) pshregout <= #1 (3'blll, pdatain, 1 . .
else 1f (after_pload) pshreqout <= 1 (3’blll, parity, pshteqoutls.lll,. . It t:xtzartty
else pshregout <= €1 {(spio_in { spiooe), pshregout (11:1]1}; // shi

endmodule



else if ( state --
if ( -sync_rst

endnodul e 218

based on a h|ft

2' b01;
end el se state ptobably
( r_conn_ff_2, conn_ff_2);
-scsi_sync_2 ) next_state = 2' b0O;

2' bA begin sense_brddat - ( termb_ff_2,

_ | spioreset | -scst_sync_2 next-state - 2 bOO
seens i brdcs & bcdrw ) next state -

./Iveril og/ bobsense.v 3
sense_brddat =

corma_ff_2 1;
also it (

~.se next_atat - 2'011; 217
== 2'bll Dbegin

if -sync_rst_ spioreset

el se next-state - 2'bll; end end
./verilog/iddat.v “ti4Mscale Ins/lops |DDAT.v This is

J glster and a tinmer. // /] The shift rggister resets to
all ores, H‘én RPTES R Yrom the "PAL" pin.

shifting mhen

mesca

counts down to O.

shifted in, fram;sthe PAL yet,
regi ster. //V%at to

the f} ShpZ€r0 gets to bit (0O(.

r erTenber ed/ WSelsdptarnaafn r(lgf)autﬂ fen&ér‘u&i cou~|§cto s 1nsta

use the 'parall el |n val ues.

he ¢C

the shift "1&Yi S8 doesn'drilead zeroes at all

time. // nodul e iddat ( sei°kistt; sync_r st

input

output

reg

req

reg

wire

always

scs1_rst_,
termsense_b,
termsense_a,
x_connsense,
connsense,

seems,

brdcs,
brdrw,

sense_brddat Yi

clkin,
sync_rst_,
spioreset,
scsi_rst_,
termsense_b,
termsense_a,
x_connsense,
connsense,
seems,

brdcs,
brdrw;

{1:0} sense_brddat;
scsi_sync_l,
scs)1_sync_2,

term b_ff 1,
term_a_ff_1,

term_b_ff_2,
term_a_t£f_2,

x_conn_££_1,
x_conn_£f_2,

conn_£f_1,

conn_ff_2;

i4:0) sample_timer;

1.:0]) state;

(1:90]) next_state,
sense_brddat;

sample_pulse = (&sample_timer); 124

@ (posedge clkin)

beqgain
scs1_sync_1l <= #1 scsi_rst_;
scsi_sync_2 <= §1 scsi_sync_l;

state <= §] next_state;

_, reset

All ones

The shift register stops

// The tinmer resets to : then
the tinmer reaches zero and NO zeroes

then JAM a parallm
)am depends on the |evel of

have been

thing into the shift
dpal AT RESET TIME (as

Hlp built-in value, if one
Il There's a special

bandaid to make sure

idpal is low all the
_, idpal _in, iddat_in,



esbrd in, main, roncs_in, nwin, seecs_in, id done, idatbyte,
estatbyte input clkin, sync _rst_, reset_; input idpal _in; input (7:0)
iddat _in; input esbrd_in; input (17:16) nma in; input roncs_in_, nmw.in;

I nput seecs_in; output id-done; output (1:01 iddatbyte, estatbyte; req
(16:0) shifter; req (3:0( tiner;

regp{d:0( front_end; req (11:16)

ma_at _rst; rag idpal _at _rst, roncs at rst, nrwat rat, seeca_at _rst; 219
../verilog/iddat.v 2 wre shifter-all-1 - Ishifter;. wire tiner_O -
-1 ti mer ;- -{¥eréle{PrPsenge-vfront _end(O) | -idpal _at _rst; //%Force to 1 if
I dpal _at _rst -- O +i re :"! romsize - -ronts_at_rst ? 2'bli NO ROM
-ma_at _rst (161022l O fR]UeETHe:> 64K -nma_at _rst(17) ? 2'b01 // ma(17)
low -> 129K "~ — - T .

conn_ff_1 <= §1 connsense;

conn_ff_2 <= ¢1 conn_ff_1;

end

always 9 (posedge clkin}

€

1€ { ~sync_rst__ | sploreset | scsi_sync_2 )
sample_timer <= §1 5'b0O;
else sample_timer

<= t1 (sample_timer + 1'bl);

always @ (posedge clkin)

1 f ( ~sync_rst_ | spioraset )
begin
term_b_ff 1 <= §1 1'bl;
term_a_f£ff_1 <= §1 1°b0O;
term_b_ff_2 <= §1 1'bl;
term_a_ff 2 <= §1 1°b0;
end

else if ( sample_pulse )

begin

term_b_ff_ 1 <= #1 termsense_b;
term_a_ff 1 <= §1 termsense_a;
term_b_ff 2 <= t1 term_b_ff 1;
term_a_ff_ 2 <= $1 term_a_ff 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

124

11 - come here after the first read completes, from then on read connsense

// next_state and sense_brddat are programming regs, NOT flip-flops...
always @( sync_rst__ or spioreset

or scsi_sync_2

or satate

or term b _ff 2 or term_a_ff 2

or x_conn_ff_2 or conn_ff_2

or seems or brdcs or brdrw

begin
1€ ( state == 2'b00 )

beqgin

sense_brddat = { term_b_ff_2, term_a_ff_2 };

1 f ( ~sync_rst_ | spioreset | ~scsi_sync_2 ) next_state = 2'b00;
else 1f ( seems & brdcs & brdrw ) next_state = 2°b01;
else next_state = 2‘b00;
end

aelse 1f ( state == 2'bO1 )

begin

sense_brddat = ( term b_ff 2, term_a_ff 2 };

L f ( ~sync_rst_ | spioreset | ~-scsi_sync_2 ) next_state = 2°'b00;
else 1f ( seems & brdcs & brdrw ) next_state = 2‘bOl;
«ise

next_state = 2'bii;



2' b00; 256K OK, if there is no PAL will be ")ammng' in either default
or frompins wire [16:01 Jamin - '-idpal_at _rst ? 17'bltlO
0000 _0l01 _0I0lI _O0// Internal default 1'bl, ESTAT(7) romsize(l), (61
|"bl, (S1 esbrd_.in, a/ (41 seecs_at _rst, // (3) nrw.at_rat, (2) rom
sire(Ol, (11 1'bG (0) iddat in, // 208X 7:01 I'bO "stop shifting"” bit
al ways e(posedge clkin) front-end <- il ( idpal _in, front-end(l) 1; //
Free-runni . nNo | ways e(posedge clkin) if ( -synarst_ ) shifter
< it 17"%‘]’?1‘?‘[%"(%%?{‘7‘1‘?H 1; else if ( timer O &shifter-all-1)
shifter <- tl jamnelse if ( shifter(O ) shifter <- #1 ( shift_in,
shifter(16:1) always e(posedge clkin) if ( -sync rst_) tinmer <- it 4'bllll;
else if ( -timer 07 CiA&rP 2% (ti'neér - 4'b0001): al ways 1(posedge
reset ) NON- CLOCK- T}:@GERED FLI P- FLODfS2 begip,:dpal at_rst <- fl idpal _in;
ma at rst <- it ma-ieRe-brRenTs T dt PRS- £ rones_in_; arwat_rst <- It mrw
in, seecs_at_rat <t |t seessritn; sreneensstghsru-done - "SHiEE&ry Y
assign iddatbyte - ®Fzfter(8:11; assign estatbyte - shifter(16:91;
endnodul e 220" APPERDI X C -

/*************d‘hﬂ***************************************
kkkhkkhkhkkkhkhkhkkhkhkhkkkkhkhkkkikkkk*%

endmodule



5 Function: Read/wite decoder

EE R S b b Sk S S Sk Sk S S Rk Sk Sk Sk S S S Rk Ik S Sk S S S b b S S kS S S b b b S

10
Rk kkkkkxkkkkkkkkxkxkxxx/ nodul e sprwdec ( csadr_, csren_, cdadr_, cdwen_,
crbusy, por, softcnden, rdlb, rdld, rdle, rdbrdctl_, rdseectl_, rdspiodat_,
spi obsy, spiobsy , 15 wbrdctl

_, wspjgcap_, wseectl_, wspioctl
wrspiodat _ ); input (7:0) csadr _; input csren_, cdwen crbusy,

_, cdadr
por, softcrnden; 20 output rdlb; //
r eadi ng. .adckiess/iiddatout put rdle; reading address |le odtput rdbrdctl ; read

BRDCTL (1 D) 25 output rdseectl ; read SEECTL (1E) output rdspiodat_; //
read SOkidilie( 1E) 1nspubput spi obsy;

; [/ ClOread output spiobsy ; ClOread
out put wrbrdctl _; wite BRDCTL (1D)

reading address |b output rdid; //

_ 30 out put wrspiocap_; wite ESTAT (1B)
output weeect! ; wite SEECTL (1E) output wspioctl ; wite SPIOCTL (1E)
out put erips' 008l ed o ish Qe SEL QAT (] P)e 35

------- i The_shul: ssqister resecopo] a1l casosd M HOTOOHE, L ook o&if)glé“r'mﬁf"'si gnal s nbuf02 ivO
( . NQ sor Pénmben 7 ACsSF ¢ ?I en) e),th inva vl NQ(csadr4),
. A(csady?. AR fvaehatodith @Q?ciéfdsé)?:.iﬁﬁQééﬁ@iii(33°)§2)‘m:L@querI V3 (
Nq Csadf 3 v '&( ( :J) 3 y | nvdl T SE Tlhl‘l\illqagsx:%me';nl!)e)red byAx(dgaSlaadtrrsg ]) ) ’
inva i Vyﬂ azerg\!q:se :‘% anbuxl'e‘feq\g:aﬁae;—eﬂp se the "parallel pin”" values.

// There’s a special bandaid to make sure the shift register doesn’t load zeroces at all
// if 1dpal is low all the time.

//

module i1ddat ( clkin,
sync_rst_,
reset_,

idpal_in,
iddat_in,
esbrd_in,

ma_in,
romes_1in_,
mrw_in,

seecs_in,

id_done,
iddatbyte,

estatbyte ) g

input clkin,
sync_rst_,
reset_;

input idpal_in;
input {7:0]) iddat_in;
1nput esbrd_in;

input (17:16] ma_in;

input romecs_in_,
mrw_in;
-4
1nput . seecs_in;
output id_done;
output (7:90} iddatbyte,
estatbyte;
req (16:0) shifter;
reg (3:9}) timer;
reqg (1:¢) front_end;
req (17:16] ma_at_rat;
reg

1dpal_at_rst,
romcs_at_rst,
mrvw_at_rst,

sQecs_at_rst;



10 invd iv6 ( .NQcsren), .A(csren ) ); [/ bl ock.decode: 00011 and05 anO
( .Qblkrd), .A(csadr (7]), .B(csadr (6]),

.C(csadr _(5]), 15 .D(csadr4)

.E(csadr3) ); // register decode: 011, 101, 110 nandO03 ani ) nrd ’
.A(csadr _[2]), B(csadrl ) .C(csadro ' 20 nand03 ant ( .NQEnrcl}llQEi), o)
.A(csadr2 ), .B(csadr_[I]), .C(csadr0 ) ); nand03 an3 ( .NQnrdle),
.A(csadr2 ), B(csadrl ) C(csadr [Q) ); ' nand03 an4 ( .NQ decl bl dl e)
A(nrdlb), .B(nrdld), 25 .C(nrdle) )21%hbuf02 nb0 (

nbuf 02. sAlsb=itoa/ietatar d) . . A(nrdld) ): N1 ). AnrdrD) 3;

nbuf 02 nb2 rdle . A(nrdl
30 /] sed adckedreset b-ugyumn_dOS any ( ( Nq ) ( e)

.NQ(adrok_), .A(blkrd
. B(dec] bidl g),. o - C(CSI€R)me);; 0r02 orO ( ( ).

; . Q(setrbs , . A(Cadr ok
.B(crblsy) ); 35 nor02 nroO ( y_) ( )

.NQ(rstrbsy ), .A(csren ), B(por_)’); 222
nrsit plo (L NQLDbSY_ ). erofd DS)) o -oNR(feedst b&yro)ce to 1I\|R(xrds=txrabsy ¥ o) ; buf 0104
bf0 ( . Q spiobsy), .A(bsy) ); buf0103 bfl . Q(spi obsy_), A( bsy ) ); 5
/1 reaql,§t r obes n,an.d{l& NgkO o —sth pdbrd A(rdl d

.B(s
.C(softcnden_) ); nand03 ndl | rg@(‘tqg‘g{nﬁ 1), A(zr:ﬁ% e), 45‘54)5 > 64K
- ! . &Y)»usxlo
.C(softcnden_) ); nand03 ndl2 . NQ rdspi f)_dat 2 "eoly(rdl d / 2368
. C(softcnden) ); ( P = ( e (spiobsy),
/7 OK, 1f there 1s no PAL will be *

jamming® in either default or from pins

witre [16:0} jam_in = -~idpal_at_rst ? 17°b1110_0000_010i_0101_0 // Internal default

: { 1'bl, // ESTAT(?)
rom_size(l], /17 (6)
1‘bl, /77 (8]
esbrd_in, 47 (4)
seecs_at_rst, /77 3]
~mrw_at_rst, 177 (2)
rom_size(0]}, /7 (1)
1' b0, /7 10}
iddat_in, /7 ID(7:0)
1b0 Vi

// "stop shifting” bait:

always @(posedge clkin)

front_end <= #1 { idpal_in, frant_end(1] ); // Free-running, no reset

always @(posedge clkin)
if ( ~sync_rst_ )

else if ( timer_0 & shifter_all 1)
else if ( shifter(O0) )

shifter <= #1 17°bl111ll1ll_11111111_1;
shifter <= t1 jam_in;

shifter <= #1 ( shift_in, shifter{16:1) };
always € (posedge clkin)}

1 f ( ~sync_rst_ ) timer <= #1 4'Dblll}l;
else 1f ( ~timer_0 ) timer <= #1 (timer - 4b0001);

always #®(posedge reset ) // NON-CLOCK-TRIGGERED FLIP-FLOPS

oeqin

idpal_at_rst <= §1 idpal_in;
ma_at_rst <= §1 ma_in;
romcs_at_rst <= §1 romes_in_;
arv_at_rst <= 1 mrw_in;
seecs_at_rat <= ¢1 seecs_in;
aend

assign :d_done = ~shifter(0};
assign 1ddatbyte = shifter(8:1];

assign estatbyte = shifter{16:9]);

endmodule



buf 0102 iv30 ( .Qrdbrdctl ), .A(rdbrd ) ); 15 buf0102 iv31 (
.Q(rdseectl ), .A(rdsee ) );

------------------------- /[l wite decode 20 invd ivii ( .NQ cdadr4),
.A(cdadr _(4)) ); invd iv1l2 ( .NQcdadr3), .A(cdadr _[3]) ); 1invd ivl3 (
.NQ(cdadr2), .A(cdadr [2]) ); invA iv122Q0 .NQ cdadrl), .A(cdadr (1]) );
25 invd ivl5 ( .NQ cdadrO), A«cdadrxg éé } nbuf02 iv16 ( . NQcdwen),

‘. A(cdwen ) ) /1 block decode: 00011ABRESBI¥nE0 . Q(bl kwr),

/ﬁ(cdadr [7]é/*ﬁ?{%kxk*(iﬂg***8@**G%%d&dh*@Eﬁktiflfﬁgxk#w?*tfﬁfd?gT?) )

register co*e* « « L3N0 ant i wr , . A(cdadr _ :

B(cdadr! ), 3 *a‘%*rl‘b 31‘971* ‘%%8 i’ gggs an12 ( .Qwid), .A(cdadr2 ),
B(cdadr_[l]) .C(cdadr0 ) ); and03 anl3 ( CmeIe), . A(cdadr2 ), B(cdadr

), . C(cdagdr [guacelog and02 anl4 ( CXmsplocap), .A(bl kwr), .B(wib) );
and03 anl5 ( . Qwbrdctl), .A(blkw), .B(wld), .C(softcnden_) ); and03
anl6 ( .CXmseectI) A«blkww), .B(wle), 10 .C(softcnden_) ); and03 anl7 (
. A wspi odat ), Ré&dﬁﬁﬁﬁ&e . 86wbld)y, .C(softcnden) ); and03 anl8 (
. Qwspioctl), .A(blkw), .B(wle), .C(softcnden) ); 15 and02 anl9 (
. Qwrspiocap), .A(cdwen), .B(wspiocap) ); and02 anla ( .Qwbrdctl)

_A(deen),_[%Vﬁﬁﬁttr,*rf********************************************

10 ************************/
module sprwdec ( csadr_, csren_, cdadr_, cdwen_,
crbusy, por, softcmden, rdilb,
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 rdlb; // reading address 1b

output rdlqd; // reading address 1d

output rdle; // reading address le

output  rdbrdectl_; // 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_; // write ESTAT (1B)

output wrseectl ; " // write SEECTL (1lE)

output wrspioctl_; // write SPIOCTL (1E)

output wrspiodat_; // write SPIODAT (1D)

35 e



and02 anlb ( .Qwseectl), .A(cdwen), .B(wseectl) ); and02 anlc (

. Qwrspiodat), .A(cdwen), .B(wspiodat) ); 20 and02 anid ( .Q wspioctl),
.A(cdwen), .B(wspioctl) ); nbuf02 nbl19 ( .NQ wspiocap_), .A(w spiocap) );
nbuf 02 nbla ( . NQwbrdct!l ), .A(wbrdctl) ); nbuf02 nblb ( .NQ wseectl ),
.A(wrseectl) ); 25 nbufO02 nblc ( .NQwgfiodat_), .A(wspiodat) ); nbuf02
nbld ( .NQwspioctl_), .A(wspioctl) ); endnodule -224- CLAIMS : 1. A
host adapter integrhahed ddggdt conprising: a first plurality of pins
couplable to.a first Tbus; a second plurality of pine couplable to a 5
second bus; a clock pin; a data transfer circuit connected to said first
and second pl yyaldonpaendntpidisgnaael having a plurality of nodul es; 10

wherein a fir ul.e in saj ral it of dul.es r.ecei yes a cl ock
signal from sz}\itbal%%l .olglkd o n°%ég§éétﬁo%wé%'i-é' buft &P ECE‘FSBE ifgnal to the
ot her nod@l es 1inyOdaily Ipl ur-dNQ ¢gsadif4 pduh éssadnd (43 )sai;d data transfer

circuit tranghwaiiﬂ#gﬂ(ﬁﬂﬁéqbggﬁy@pn §§kgs£5£s&3$nd).second plurality of
pins; and a serial port coupled to said data transfér’ ‘circuit, and said
serial port h3wifd oy bnép%bc%%‘?’r'%) r poP{pRArwhendi disai d serial port
serially drivesrainfiorareg i 2 oPssar ) serAabsfart (pijn ' .response to

signal s recei v r ajd ransfef cirguit. .2. . The host adapter
i ntegrated ci rlgﬁlld;l gfrUSSZ{SO)g?{T?s?A%Ié?gf n'éé?ﬁaégﬁ'ttgll%par’t further conprises
a clock lithputlnvy®ie Xoup( edN@ bcsuen) fi rA(cavenl ¢ 00

// block decode: 00011

and05 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(csadr_[2]), .B(csadril ),
.C(csadro ) )

20 nand03 an2 ( .NQ(nrdid), .A(csadr2 ), .B(csadr_[1]),
.C(csadro Y )

nand03 an3 ( .NQ(nrdle), .A(csadr2 ), .B(csadril ),
.C(csadr_(0]) );

nand03 an4 ( .NQ(declbldle), .A(nrdlb), .B(nrdid),
25 .C(nrdle) );

nbuf02 nb0 ( .NQ(rdlb), .A(nrdlb) );
nbuf02 nbl ( .NQ(rdid), .A(nrdid) );

nbuf02 nb2 ( .NQ(rdle), .A(nrdle) );
30

// set and reset busy

nand03 an5 ( .NQ(adrok_), .A(blkrd), .B(declbldle),
.C(csren) );

or02 or0 ( .Q(setrbsy ), .A(adrok_), .B(crbusy) );
35 noro2 nro0 ( .NQ(rstrbsy ), .A(csren_ ), .B(por) );



receive said buffered C ock signal and further wherein said buffered cl ock
signal is used by said serial port in serially driving information on said
serial port 30 pin. 3. The host adapter integrated circuit of Caim?2
wherein said serial port further conprises a plurality of serially coupled
storage el enents; wherein data fron1sa59 aerially coupled 35 storage

el enments are serially provided to said geri al port pin in response to a

first edge ifrs3ei dalufd e.rN%d(bggpc)_k, s.i(g(ggi,) 9ndNS@g§ﬁr{)ggt _Fuer wherein data
™

fromsaid serjal portég n are seri‘ally stored in sard s ally coupl ed
st orage el eneHRETEETP pdngé to a second edge in said buffered clock

signal. 5 4. biffieloasbfadapt.ey(dpicagEyf £d. £(bsy) t)pf Caim 3 wherein said
first bus is (s (a1l nd o ut. .bus conn ed to,a peripheral device and
oo bl CHE HE(BSE ol

said second us'1s a sy §‘¥§ﬂﬁekte ¥—hodt processor; and
further ®herein said serially connected storage el enent 10 have a parall el

i nput term nal/s feaer @ivydida fromsaid second bus are provided to said
parallel input termnals and are latched in Earallel in said serially

coupl ed st or 3§89 AHE §  NREFPER L 0 2A(RALE) edgB.(BR1OPSYA (buf f er ed
clock signal ..csdftchuen ntegyated circuit of daim4 wherein data from

said seriall oy a lenents ar itten_gn said systembus in
parallel in )r{\gg\géb?sg{alts)f a{ T e%&@??%-bg.’ 6‘.&(?&‘35 Mt é&r(é:’lpel(f’b(ﬁyr%cui t of Claim

4 furthd® 20d&RAtdIRN_k hbl d register coupled to said serially coupled
storage el engiraohafEi N YpS F@8pi6hatf ), da F sali rd y coupl ed
O oAU aep Bt ) R r AT, R Ay

st orage el ene o said register,”said data I's pr a 25
plurality of4a£§ﬁ€&ﬁ9€kﬁb.lérninals in response

buf0102 iv30 ( .Q(rdbrdctl ), +A(rdbrd_) );
15 buf0102 iv3l ( .Q(rdseectl_), .A(rdsee_) );

// write decode
20

invol ivii .NQ(cdadr4), .A(cdadr_(4]) );

.NQ(cdadr3), .A(cdadr_(3]) );
.NQ(cdadr2), .A(cdédr_[Z]) ):
.NQ(cdadrl), .A(cdadr_(1]) );
-NQ(cdadr0), .A(cdadr_([0]) );
.NQ(cdwen), “A(cdwen_) );

invol ivi2
invol ivi3
invol ivi4
25 invol ivis
nbuf02 ivie

P Y O e

// block decode: 00011

and0S anl10 ( .Q(blkwr), .A(cdadr_[(7]), .B(cdadr_(6]),
30 .C(cdadr_(51]),

.D(cdadr4), .E(cdadr3) );

// register decode: 011, 101, 110

and03 anll ( .Q(wrlb), .A(cdadr_(2]), .B(cdadri ).
35 .C(cdadro ) )



to a fourth edge in said buffered said clock signal

10

15

20

25

ando3 anl2 (
.C(cdadro
and03 anl13 (

)
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.Q(wrid), .A(cdadr2 ), .B(cdadr_[(1]),
)i
.Q(wrle), .A(cdadr2 ), .B(cdadrl Y,

.C(cdadr_([0]) )

and02 anl4d (
and03 anl$5 (

.Q(wspiocap), .A(blkwr), .B(wrlb) );
.Q(wbrdctl), .A(blkwr), .B(wrld),

.C(softcmden_) );
and03 anlé (
.C(softcmden_) );
and03 anl7 (

.Q(wseectl), .A(blkwr), .B(wrle),

.Q(wspiodat), .A(blkwr), .B(wrild),

.C(softcmden) );
and03 anl8 (

.Q(wspioctl), .A(blkwr), .B(wrle),

.C(softcmden) );

ando02
ando02
ando2
ando2
ando2

nbufo02
nbufo02
nbufo02
nbufo02
nbufo02

anlo
anla
anlb
anlc
anld

nbl9
nbla
nblb
nblc
nbld

endmodule

(
(
(
(
(

P N e e

.Q(wWwrspiocap), .A(cdwen), .B(wspiocap) );
.Q(wrbrdctl), .A(cdwen), .B(wbrdctl) );
.Q(wrseectl), .A(cdwen), .B(wseectl) );
.Q(wrspiodat), .A(cdwen), .B(wspiodat) );
.Q(wrspioctl), .A(cdwen), .B(wspioctl) );

.NQ(wrspiocap ), .A(wrspiocap) );
.NQ(wrbrdectl ), .A(wrbrdctl) );
.NQ(wrseectl ), .A(wrseectl) );
.NQ(wrspiodat_), .A(wrspiodat) );
.NQ(wrspioctl_ ), .A(wrspioctl) );
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CLAIMS :

1. A host adapter integrated circuit comprising:

a first plurality of pins couplable to a
first bus; _
a second plurality of pinsg couplable to a
5 second bus; |
a clock pin;

a data transfer circuit connected to said
first and second pluralities of pins, .and having a
plurality of modules; '

10 wherein a first module in said plurality
of modules receives a clock signal from said
clock pin and supplies a buffered clock
signal to the other modules in-gaid plurality

©of modules; and

15 said data transfer circuit

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
20 serial port pin wherein said serial port serially
drives information on said serial port pin in -

.response to signals received from said data
transfer circuit.

2. The host adapter integrated circuit of
2501a1m].'wherein said serial port further comprises a
clock input line coupled to said first wmodule to
receive said buffered &lock signal and further wherein
said buffered clock signal is used by said serial port

in serially driving information on said serial port
30 pin.

3. The host adapter integrated circuit of
Claim 2 wherein said serial port further comprises
a plurality of serially coupled storage elements;
wherein data’ £rom said serially coupled
35 storage elements are serially provided to said
serial port pin in response to a first edge in
said buffered clock signal; and
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. further wherein data from said serial port
pin are serially stored in said serially coupled
storage elements in response to a second edge in
said buffered clock signal.

4. The host adapter integrated circuit of
Claim 3 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

10 have a parallel input terminals wherein data from said

15

20

25

second bus are provided to said parallel input
terminals and are latched in parallel in said serially

coupled storagg elements in response to a third edge in
said buffered clock signal.

5. The integrated circuit of Claim 4 wherein
data from said serially coupled storage elements are

written on said system bus in parallel in response to a
read strobe.

6. The integrated circuit of Claim 4 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 reéister, said data is provided to a
plurality of received data terminals in response

to a fourth edge in said buffered said clock
signal.



