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EI.D OF ON
i The present invention is related generally to a
' serial port for an integrated circuit and in particular
to a serial port for input and output of information to

30 a circuit external to the integrated circuit using a

single pin terminal of the integrated circuit.

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

35 integrated circuit, hereinafter IC, increases,
,typically the number of pins of the integrated circuit
-aldo increases. However, as a rule of thumb, a
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2 packaged integrated circuit with a | arge nunber of pins IS nore
expensive to fabricate than an 1C with relatively fewer pins9 Al so, a
| ar ge number of pins adds to the cost of the board on which the ICis
to be 5 nmounted. Packaged ICs with,a | arge nunber of pins at t he
peri phery cannot be used due to |lack™of real estate on the board.
Packaged ICs with nultiple rows of pins I nsi de the periphery at the
bottom of the W integraampd céredik twikthah layge mwumbex bfiapinand

i ncrease 10 E: erél‘}éqtt%r QBP:F&{t% ‘%’i’xahhﬁ%bﬂé”vﬁth The nunber of

pins of an IC can aI SO rnpose a limt he nu of functions that
can be perfor reRlativied¥ ﬁgyer pins. M’Wrer? aprge nwrRer £f RARE adapter 112A
t hat I Nt eidds &> thei epat ﬂmthatbdwsd o grh:.SESthé)lm ilsote & host

conputer's 5SYS S {B:H £0Nn a plug-in
board 110, the‘}l&;l‘lijﬂ L&S ?agkaﬁ{q 14 Wi&g host a%%? ?‘%2% I S not
constrai ned i nthe PerlphﬁfﬁrfFW%’-f bgauged %tt%&& m& eFtate1A) has a
nunber of pi nSonWb%’iraL nspaldikkagkd i¢@-with muli:iﬁlél tows®f piupport an

adapter read-op 111 .f S I nput t ftware,

her ei naft er t@%&%glgypenphe agt% {fﬁillﬁt\-‘wm o' he lp%?f hal | ogic (not
shown) is need@ﬁq%r%@délhmal laYeéiIapll'('aa $aaxds apoNCERRAR er

read- onl y1aen0eam|§;ﬂéutl§obf2§nce&mhes o &he0 e |Q‘ﬂi§¢rﬁﬁ\ﬂo@z§| Reference

Manual " by uf ure ration Avenue lrvine,
CA 52714, NoveRbAIISS. 38, 16| b B LE3) BRoss| o 4P F nOb CHe HRBRE. [ o)
m ni mal  anount off functdonal thituecdroPecperformed dpqbheclCt o serialize the

paral | el ROM data" vgfkn aglpgge SAich as%&éﬂ@h&&&%@ﬁiéﬁ%ﬁé@ the information
fromthe adapt ort d- onl ¥1 marmry bg cop| ed %ﬁe@l ré/stem menory 170
for quick accel® %’i/taa}ﬁfﬁ 4% € n@f“ Fefdt fed to as
m croprocassorhdasti c@fputer’s sYstenobuBase,gm hubkos({Freamadr i512B (FI G
1B) is &'orf P 1 rup%e&afi@l@f alet)%&seel of%EfﬁiE er,
3 t he nu er .o I NS can be |1 d to, for
exanpl e, 100 pPRg %%E}P Esi‘d?é"aﬁ é%gﬁt s ot &%Fﬁﬁ%@e%nlm her board 160
as conpared tompjogity 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-wmemory 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 111l. For
25 example, ®"36C70 SCSI IC Technical Reference Manual® by
Future Domain Corporation, 2801 McGraw Avenue, Irvine,
CA 92714, November 1993, discloses a hosgt adapter in
which *[a] minimal amount of external glue logic is
required to serialize the parallel ROM data”
30 {page 3-1). During system start-up, the information
from the adaptor read-only-memory can be copied into
system memory 170 for quick access by host
processor 161, sometiﬁles 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,



board 110. Host adapter 112B elim nates the need for a 5 connector that is
ot herwi se necessary for a plug-in board. Host adapter 112B (FIG 1B)
does not have pins to access adapter read-only-nenory 111, e.g. pins
112- 1, 112-2, ... 112-N of host adgpter 112A (FIG 1A). BI CS for
host adapter 112B is | oaded from processor 10 read-only-nenory 162 that

al so contains the system BI OS for m croprocessor 161. Thus host

adapter 112B is the humbd:2bfl pifierdOHEs] afapter arll2® Bahabé C1imitdd ons,

such as data tran fer ggt%%ﬁ%@négl éag @ggléw#al_ Qért put bus

140. Such a host use Poard 110 e. g.
i f host adapter 1?2311&131@6155“@&1%@@4 mor@ama}:edeﬁ@rylug—m A

way is needed forb%airﬂnii@d Roati a&@ﬂi‘éﬁ qcizs elnﬁiﬂafﬁést theUfBed SEOSH
adapter 112B 't use res

read-o wi t hout
i ncreasing the 20° Hﬂﬁﬁ gtﬁ‘arg‘l A, oglbeme f‘ﬁﬁe%%\w %%t aggﬂge’r 112B can
be used on both abwerfler Hestr ddaptien 2R -(FAGholR ) .does not BamypdhsOF THE

nventi on, a host “SUoLer | Bg Bt e pl e |y B T Phe -
adapter”, has a ndvel Ré Thyl e pi ﬁ% N’ Egmtaﬁdﬁm‘? %s‘ggﬁal ﬁgrt uses a
single bi di r 8d0Sofat wst, adepter alisfBernsoloadéd riivam protrssvrnd to
a circuit, sucd a3e3aSHRPP dendryCiE: LM al%o390nt§j?ﬁse rt'i'x%' Ergté&?esf&gt

adapter. The support ci.rcuit contains resources that s ort certain
functions that TaPLCHeRTORASSPELTEL i n host %‘%Péiﬁeé' . The
sgri al port all owdiwdreduso rm{hﬂoemmg drdist certaiﬂmm ,fuhﬁ:tctomwni cate
with the support Cs‘ucﬁuh QEQP B, ”B Ec Sk 189 hn?' E]npuThe

serial port also a ovvs software on a rocessor t
4 connect ed CBPHE RoR (1 4fdapferhfy I‘aPS§y§ti L3P cann@&nﬁﬁm cate
Wi th resourcessinuskd suppbud-in boaird.1ihe.g. ifchosd fdaptetasiny ot her

pins that are conr%c‘ersego[: ﬁ;%f‘ort a ﬁ;g&)o&{ ey for information

transfer, such as errup i gnals or other control
signal's for handshaki nd Uwalsjarre&deﬂo%qtrm rlrmrﬁeér@n integzadedent, the
host adapter seri aireofit, agdcH & 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 INVENTTON
In accordance with the principles of this
25 .invention, a host adapter integrated circuit,
henceforth "host adapter®, has a novel single pin
serial port. The serial port uses 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



support circuit are operated synchronous with each ot her by a conmon
clock signal that originates froman 10 oscillator. A sequencer nodule in

t he host adapter buffers the common cl ock signal and passes the

buf fered clock signal to various nodul es of the host adapter,

i ncluding the serial port. Oné enbodi nent of a host adapter

I ncl udes a master 15 serial port input-output circuit that receives

vari ous i Nt &ichilectednBd stﬁer @.msxaaa&%e%waeéy@éeut BRishest adapt er
and drives one or_nore.conmand . signal s actjve onto g serial port
command bus t hat JEPGiFate LG r%ﬁ@“rces B thy SW‘P’:‘: IHre8ibonsT¢ o an

active command sispydlal ort hdwe reepthér guirs @,hateraresccm:mmdndobtyhe

formats the &@?&E c?i‘én?xﬂ o2 in@éfﬁ%;&“‘ér&ﬂ?fle g the

packet on the_seria ngr serial port rms a packet
from any byted oféontrol; pi ’f’n%ﬂ’f JRtezTrRe tﬁ%ﬂ-ér?ﬁfﬂﬁ}%ﬁ%”ﬁ conmand
byte, 25 an addrse:gnaliyt foprhandidiakibyt er by datdi ajock fhiar.t [nt one bef ore

the byte, foll O‘A’E'%nbt&ﬁlﬁ\eﬂer'éﬂe tﬂotsta?t:\%%%#;esgmal gg{.@ %Qf %t eStop bit after

the parity bit mtt o the support
circuit, the seriSHPRMSEt ChEFeit fage Qﬁeﬁé%ﬂy@&§§°ws ©earhom t he
support circuit. other by a &bmnicsQ06R &igrixlt ltmtceﬁx@mhtfdsgrf&bﬁ, ahhe
serial BL aates, 008 ddRARILE SuS AUTTR (P AR agopeelP | N0 Y

fol'l owed by One or nore addres serially on

the serial port puffexs: the commqredrely %mﬂewépawqe@%mffem@ seri al

Port ) clock signal to various modules ff the Cigbate adRiptelrgsponses
romthe support 0 serial port pin. I n one
enbodi ment, the s(ei'lrcirlg"ll&lhgr Phéexsgecr a‘élsggnE command cycle to inplement a

seri al port i nput - out}%‘le smbedinantofon bpﬁiacﬁdéptsﬁqmﬂe@@p@cmscero t he

command byt e fgtirg bb%ﬁsi@d@dmtﬁﬁf: @i(ﬁéﬂiite thhl FESPBASE va@iBus
comand si gnal to, one or,t

I S hi e

i nput - out put bus @ant@ﬂandr@smeaa&baoe m@ra a:ompand sxgmil-a)lammveci rcuit

i ncl uded . in <|sz&% %U\I/%ﬁQiél ﬁ;‘“cbmlﬁfi& &?s"tﬁ‘ﬂaltp%tc&%&?é‘dﬂeﬁls t:b Bht o
}’V{ ;tngmcf[”ggnl nq.gﬁ%eerﬁl?:% por: ' 8 ® e oibe POS Lant A Y9ES command seign'ais to be

20 the ser1al 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

.



transmts a packet containing the command byte and 15 waits for an

acknow edge packet follow ng transm ssion of the packet. I n
response to a command signal to wite a byte, for exanple to a
predetermned register, in addition to transmtting a packet
containing a command byte, the 20 sebial port also transmts a packet
containing a data byte and then waits for the acknow edge packet.

I n response to fecdiverndlli pedporisesWErbm tthdwuppbet circwitspacthec address,
for exanple to I he erasabl e programmabl e read only nenory,
the serial port S%tgrl%nsﬁé% pm packet contai_ni ng conmand byte, followed
by one or rmre%‘a@@ét§%'%ﬂ%rn§h?h%e% POt pgXqautes g t wo

packets for a léodmdnddgictasto finglewedtby seniadkebrt inputowiapatng the data
byte and thgn BLSGLLA e packe YAAULELUHRATEE! cohe commanll M Lar!Y.

in response”t o connan for exanple froma
predet er mi ned rbyfethaing ﬁ§ansferr§§l” aF"Ob'o?’Ea“!Hl&nsFmt?@%WKéP gont ai ni ng

t he comand co:mazﬁi@i hmeﬂowaﬁtt% bae ép atd<m%¢d§@cm%cé<%t that is

6" "0 Y 3 Piahind R Pudh e R SBFO 2 AP en R Sinsr, cuch as

a random accessorefdy pqm&emmmlqmptf the inputsoutput Puglaxt teont ai ni ng
the commandgbyt gef&t |HWAGve seisi/ai \WorRasksh @-&fﬁiﬁu%' aiﬂaquxﬁi%%as byt es

and then 5 vvalts f.or an ac cket packet s
cont ai ni ng dat a*BytR% SUPPOr cu"'l‘ﬁ‘g" %S‘So??r’cqo"r a?w? Bﬁg‘é‘?‘iﬁ%@s Kife nunber
of packet s wp@tmmdncmbesnh@llcpothe fenilad poxt inclugémpt er from

the contents of th@eppashket b@oﬂié’ﬁéﬁﬂﬂzehhﬁnl@he doniiang de. After
receiving all ex ected packet su }Eort Ci rgﬁﬁstar

&
transm ssi on of thpRsmit écPﬁSfﬂPéa‘b@tﬁa‘PRE? o SRR SfM%ing the
acknow edgdspackeits pirf @nnmeckhewbssigenpacket nthldatwdagbyransmigdienc onmand
byte. On conpl egfoehgf 4&1%toperat|on the 15 support circuit term nates
transm ssion of the acknow edge packet and dependl ng on t he operation

transnits one or mur¥* FRSPOPEEKE EP <2 jqommapdseignal to writé apeise of such
a serial port t@ooféxdrgsck tar aopsedeterniinadt remisstefr,aihoaddibiant eo to a

support Circuit ¢igngmPQiny AphbkN lcddBREAYRTEE edMBRaPHLE, Altle | Nt Egrat ed

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

In response to a command signal 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 Similarly, in response to a command signal to read
a byte, for example from a predetermined register, the
gerial 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.

.



circuits because the serial port reduces the nunber of pi ns 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
provi des 25 various functions, such as support for an external
read-only-nmenory. Instead of a slave serial port | nput -out put circuit,
a programmable logic circuit or a shift register can pass to the host
adapter, for ex anyp lreadaadfour-<bytecwdrd i f1aim an bgdeessdibyt e of 30

stat us of vari OUgeg&SpUIERS B6CESIIMcR-bBEOMEMRy the SEHAl HROEL . The

sane host adapter ca |'so be use erso corrputer rmt her board
to provide data transwits,ef Bﬁckﬁﬁc‘f‘?‘!ﬁ'é‘}nlﬂﬂt copmapd Byte fqldowed
I n response to abyactws pdietsi tontaiaring theraddess bynesoand adiest er, the

serial port Gperghepyifhid hefbkmonlediiBabRet b g BF' £l POTT passes an

i nternal signal t he host
adapter to the sBRFketfsontaipingidatacbyaPs. port exits the test node
only when reset. The suppogBectridti d@enermimed theahtmber of a support

circuit, the ser bgllk?% teﬁ%egtggabf&? l?\%r r‘ggﬂht%}q% O?t tﬁe or mat i on

transfer is used nternal si gnal ,
such as turning B@ﬁEFe#(ﬁr%frhe COQ@%%#l bhe ppaked smtamnmqhm her

reducgs t he steot al::ormuandllﬁnigfr Oi\f@éflsrec‘éieltlng ﬂﬁsteﬁ%ﬂharpi@&%és :n | over
cost ue to a s aﬁga Se S ng and vol une
AP Bb R S ihetldbizn

production for as a plug-in board. Such
a host adapter ahRsknowkedge PaCkas@%pdﬁéeohrmwgmhed and so reduces

the overall a&kﬁaemcrgéstpat:ﬁét$ W&ﬁn@gtﬂét@péﬁa&&&heﬁ.naﬁéé{@f&‘@
system bus and agpl ut-o
C

e
predet er m ned pr PR y ﬁ *on %%g’leﬁfgﬁr% 3%‘ PS?EF‘%‘%’M@% wai t s
for another 15  suppeyt atigrbuditr termindtes mgsmmrbplfl theof contention

for serial port h@ﬂﬂ&wpéag}wtpabkee aﬂal&%&ahh Sé@tH¥ operatPaskets and so
el imnates need for coptrol 1ines to serial port

i nput - out put | i n&*BBEWEEH e °F “‘g'éﬁla 93 %Sﬁgﬁ#salﬂdﬁceﬁﬁﬁﬁ’t’er’ and a
support circuit. The BRieEOIDESCR| # B« alFpItE RRAMINGBad various F| Gs.

1A and 1B il ust rf%etwas e A ndkt S@APUErCE022 sufpoeC @ blfE 56 @ host

adapter for data tra g
oni 1cant 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 hogt 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 wmother 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 pasges an intermal signal



bet ween an i nput-out put pus and a system bus. FI Gs. 2A and 2B
show illustrative high | evel block di agrans of two enbodi nents of a
conput er system i ncluding a host adapter of this invention. 30

FIG 3 shows an internediate |evel bl or?k di agram for one enbodi nent of
host adapter of FIGs. 2A and 2B. FIGs. 4A-41 illustrate the
sequence and tim ng of vari ous packets generated and received by the
seri al por tobfthiel BosB.addpter to tlid Geriaill post Eires Fhdubesialf t he

serial port of rt ExPre3the test mod hen Fédar 6 shows an
Il lustrative Iov?cfevgk&gfocke 8 dfnag? m orw eﬁe nerator of FIG 5.

. byte ge
FIG 7 shows an illusfr SP?\/%‘“ITW“F%eIf‘bI% senﬂ%ébfr SYPPPRE converter
of FIG 5. 5 circdiltG tBe sdemimlaport | pixt ndiaity dés shetmaldiyagisad for t he

shifter statg n%&%a%ﬁoﬁ'%i%séegyi?h%s%%ﬂi the ﬁ&@%&ég&ﬁifg% the

timng of signals contr ] state macChin |G 8.
FIG 10 shows arfefauls: iatexnal signalel swih @8 Fornima Rovey SPXt BYS packet
i nput - out put congésminatioh on andlo@f, 7which furtherFrédudels itheusbtal es a

mul ti pl exer and Lo-flQp. .. Oy, L | ' ls..S in the
shift register Jl&weg']{ °%I B0, Us%g,ﬂ 5 hbé@lﬁ%?‘tefgﬁ%%#sifg}?ﬁggt rate two
alternative cegthoWientat a3 Salilier npwber Off Rdnper sMligcdis size

FIG 13 shows anahd lwihimat preddbtdlon evel uéd @ik a mothélh agizam fer wei® sl ave

serial port input-output cirgcuit f_FEl 3.1.2 FI 14 shows an
illustrative stafe adi‘{}g‘flgaﬁf‘f ?ard' S&Sﬁu%n%"%t #888?%%%’3‘%? otra"%FG 13.

FI G 15 il | ustraless Apagsponad methed heandprdso reducegden@varalhgl e | oad
on the PCl bus igyéten cost e8B0sligiRAtingSdata trankfer Béwdwiva an

illustrative circuit diagram/for . _inpl ement i ng host adapter plug-in
board of FIG 3. 5Ystem bu aﬂi@n 2PBYE ﬁg??‘é&uss’kew acceptabl e in the clock
signal s of R8st adaptBre ase chcsudmvepsedetérngied proto¢abuin eldpht circuit
of FIG 3. 30 one idtddgrat8aSOviuitn alllchys walts Eobi GRotigael bl ock

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
gserial port of a host adapter and a support circuit.

RIEF DESCRI ON OF E D INGS
FIGs. 1A and 1B illustrate two prior art computer
25 @gystems that use a host adapter for data transfer
between an input-output bue 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-41 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,



di agram of an enbodf ment of a conputer systemincluding a host adapter
of this invention.connected to nultiple sl ave devi ces. FI G
19 shows an illustrative high I evel block 35 diagramof an enbodi nents of
a conputer system including multiple host adapters of this invention.
9 DETAI LED DESCRI PTI ON l.g_accordance with the principles of
this i nvention, a_novel single pin serial, port 230 (FI G, 2A IS

)
i ncluded in an int egf B ed® cFRMA 1an shikhstnaddives lowh dedelobdocker i al port
230 uses a singitageamafopothe byteiderdbatdr ESFI@lapt.er 240, for serial

transfer of i nfo tion fromand 10 cir.cuit that i ternal to

host adapter 240, su%ﬁaas's)s%%'%tar(’:ilr%][}ﬁat%vel’hioév iaéavei %ﬁ‘ﬁci(harp

contrast to thedhagnah ofrile gunvertwmt o) FIGy@.cally requires at |east

three pins.g Therefopgs g shé'déé[‘fri J{mégﬁi&ur&g eo@r_;ia%%qlr { dt ier cuit
Itiona abl'e er

pi ns can be reduced or ad pI ns are aval or o

functi ons. shiftex phate wa¢kine IBFIGiclTudes a sl ave serial port- 15
i nput out put ci rcui t 284, t§RLe¢ N EIiAGes M de IRy of si@?faf‘llszg’()’ and

t hat supports a nunbei % functions, using var i ous extérnal resources
such as resour cEeR5EQl1leg by the ghifter gtate maghine of FIG.pért 230 can
use support Ci rEDGt 2560s¥dys tan piIMigterdeitie @ dwll aividll Galdckn data 20

f inkgialj ' f I bl e | ogi
cireut, (3 batteotafl,Fo8IPHE backbe Sl fafbmnsr cetiti 155 66+ from a

menory resourceFIG. 7.for exanple read only nenory, henceforth "ROM', and

(3) turn on and f h rnfﬁﬁl’!;:‘f Fasf242 , 4 | i ght
emtting diode, hencg?%ftﬁl"fwfat{%% elréia? po%ogf&%ipznt%élropaces W th
a master serialused t@oimplepert cutPutfter wliage in wheishifdstregigiear 240

whi ch control s gger®&. vapi ous resources in support circuit 250 by
vari ous m)ggl es of d%tg transfer 30 cjrcuit 220. Data transfer circuit
220 transfers data FioSpeltRed\stRnt trats Fre PiLmedive e coupl ed

to syst em bubodf@entd 6fptiie Olimpeltcditsrd el ol F123 o hat are
ot ooty 8% U5, e TS D, " 5,
222, sequencer 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.



nodul e 223, and system bus nodul e 225 that are all

10 connected to each other by a data transfer bus 226 and all of
whi ch are described in, for exanple, copending and commonl y assi gned
U. S. patent application serial nunber 07/964,532, entitled "Intelligent
SCSI Bus Host 5 Adapter Integrated Circ8it", filed on Cctober 15, 1992,

by Craig A Stuber et al. that is hereby incorporated by reference in
its entirety. Nﬁﬁgn QRP E ' used to tenporarily store various
dat a val ues t hat rmnare in sequencer nodule 223. 10

Wen used with supporkn @ccogfancsyithothe princigdpseef Xduisioes not need
certain pins, foinP%Mde a novel Hiteleadth airipilnporei 246 dai@ pAps and

two control . pins f accessing a of her,.control npins for other
resour ces, and p'bge"n%?ﬂ’g{e& oji{niom p‘l’ﬁ:?gFﬁ (a2 sk 8Pﬁ€r?7\nﬂéo ecessary in
prior art ho$t asduptss 240TheSerial pout| 230 msdser efinglesadialwpoute of
host adapter 24Opin 2%1' 'bfaBBthQ&déE&‘i' blgl t£&l0 Jali ol eOMAKSESROYsSUppOrt, as
descri bed below n_reference to FI'G 2B. ,Alsp,t&ge ) smal I.er nunber of
pins allows use LREpAtion,from ang topa cimcuih,thak: 18 &5 £Re nunber
of pins is |imthdstcadapter 200patudh st puppedt atirenipr28@ct This is
Moreover, the usenofnfol ¥odRRabt o tHd nSPhhR!serial POEL Blidt 241,

henceforth "pin 241" r seria comunl cati gn wth support circuit 250
is a signifi*@ant tyBicakiy IequiEss ak deaghi bhres PiRgst ZpePtha%e®: because
serial port 230 ettiversheheonalimumbiar pfninfeyraped aircuit mwiommeamcation to

the smallest posphbleauiPel Ghatiibhal pins! afe avdi3aBI0: £ dehdsown 10

those skilled in e , as Integ on on a chip increases, one of
the 30 liniti nf"P8EIMNS is the numbers of pins on the i nt egr at ed
circuit. The smaller supprat efirpuits 250 Hasludes a adapkeeserfidl frat-i t at es
smal l er die.sdze; S ro.s X a [ ' I S ty as
conpar ed tolg’ri o?’ﬂgt(r}if mﬂu%h(%{c%l ag%gér gﬁagSfx?té’iq?a ogﬁﬁg’g&al.r esource
in support circuPPrp5230.,4and thapEHRPtedat Butheih ofefunrtieons using

i nstructs mast er various external reésources 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 memory, henceforth *ROM", and (3)
turn on and off a hardware resource, for example, a
25 light emitting diode, henceforth *LED."
Serial port 230 interfaces with a waster 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
X 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



serial port input-output circuit 210, on master input- out put bus 245

that is connected to data transfer circuit 220, to access the resource
t hrough seri al 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 signals d0tive on serial port input-output
bus 246 that connects serial port 230 to master serial port input-
output circuit 238unleeq to eddl HERES! ataathucagmmdb%g gerial
port 230 generates an ﬁ pac et optlonaIIy

fol | oned by one &l nﬁﬁe“’afbl%h é§f§ descr’ﬁkﬁﬁ(é#‘s AN erampleackePsndbigal Iy on
pin 241 that is and caaru@ﬁnpl deaigHpROU s Cipatent aGPlivatdonesepiaport input-

15  output |i ner,],i‘or O 0 O ffs%” h %H&?le%al Qntellaﬁg% scs}_onhﬂdi-x AL e

recei pt of the i ransr’n port crrcurt 250
transmts an 5 A@@Kﬁﬁmﬁ%ﬁﬁﬁ‘%ﬁ@ékﬁﬁ@ﬂﬂm@%@@n Qﬂ-‘rﬂhﬂ!t 18i r 2992, 250

can transmt onef dfattg ﬂa@@ﬂo%ﬂaﬂ aDe ttOigORéVelhyP ﬁﬁorpbeaae@se to one
or nore packets from p.ort 23

exgept that foI a power-on
Ceser. “support . BY TetfEtive B B RRRHT Y BBRCRL RR 220 A8
i nitialization |nﬁnﬁhﬁprbﬁmp¢«axmﬂecetgxecﬁanNQEStdeta valuaﬁ ﬁh&tlenelon
packets, w thin adueeet eifhwaed inTBegRenced MREUPEVEE3 on reset, indicates
to serial port 230 to defaul t_internal on Iine SPI O,
f or exahpl e for ”Hﬁﬂt-%?ffﬂﬂ?hbﬁg P%’F’tn‘ﬂﬁr oﬁ 5%% Entrol
i nst ead of transmdaptey P4ekddess not need ceﬂanmplpertfm@mler ansmt on
line SPIO at any3Q eent hBrd101piH4NPEY h@'da(t‘:‘é' bigRe0ahd RS dnkeygd to
transmt, for exanple after t he, "t wo kAl aﬂiz atio g %égc ets.. Such a
predet er mi ned pr Ao EOFNAGRFRIING @ ROM, other, copkyolp o REDET vai t s
for anot her i nt egresicadrces, amnd rwier ehdngrmauings ppossthat iwgreof contention

Egr line 35 15SPId¢he 3 8bdRelddry I PEIAAEA! RoBRUadGEdldT NFHES

smaller number of pins allows use of host adapter 240
in applications thdt 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
module of data transfer circuit 220 instructe master



need for control lines, in addition to Iine SPIGO, bet ween serial port
230 and support circuit 250. Serial port 230 receives all
responses from support circuit 250 on the sanme pin 241. During 5
recepti on of the acknow edge packet at pin 241, serial port 230 drives
an acknow edge detect signal active on 11 serial port input-output bus
246. In response to the active acknow edge detect si gnal ,
master seri‘al pordexriapUpoftit Mputcioueput Sihftuli®t 210} i ore masteemiapdt-

know ed
Ut - out pat bus Ao 0uE T et 08 eoonededl 83 ik EABIRT, 1 ogr s

and the r esctireatits 2Bﬁsyt° acgesgothe\ZF50NB e FB¥°‘5¥bﬁ?§rla command
cycle, until conpleyd @300f Iberedponest tGOﬁ’fﬁmﬂxci:ion sigi#ls from a I n

FIG 2A, for ynchr Us, 0. t t upport -
circuit 250, %n o‘%céeﬁ%atggrﬁgég A‘%H:t%% Qgg’s E&P}_&i a‘%’%%&gugn both (1)

host adapt er outiptk clrauipRLa Kxdves ‘é@?ﬁi’é@t GBW‘%IW%@r m nal 242 20

of host adapter 2£&1Woﬁzheﬁi@DQfdrtChhﬁutiotiﬂpiﬁ:kbus 246 12208, shown
dotted, that is connected to. ,—éé)rt U|t 2%0 Sulll}_a connon

osci | lator elim reHeqHg,seTial port 230 5° eg:l sexigt PO Rost
adapter 240 to outmuppdreuitr2ift 250. d ock terninal 242 of host 25

adapter 240 ppovi des QIﬁlrgﬁboﬁéQriﬁ:l tﬁaQanhﬁaﬁ&'fél%ﬁﬂstserlal sequencer

modul e 223 to all internal nodul e host t 240. So cl ock
termnal 242 is mTuddo ?Sﬂerates ?&defﬁ Wiy 551“"?15{')‘ gﬁr emand a5 done
by certain ppadetacptiosal byl fsildoged Sop paet ogi movetaddurse 30 | ne

208 is not neceSS,?aaicéés %ntauaa#_&rﬁw@t@r sbPially o%UBE!ﬁrhf'Etﬁéﬁ t;g250 is
directly coupl ed

mrand cycle b 1
generation of ‘fé&getté’ PPBPr?’Etorﬁ?'&'ﬁH%l 6‘7‘1@@’ & ffr??grg‘?ﬁ%ﬁ%‘w of %/h((e )
gener at ed paaket sowtrput diimgl SPPOH, hkhcedindtl imMS SPIOecepti on of the

acknowl edge packet on M%ﬁ;@&@'fe@eﬂm of thlifHedRhsE1bhec AR kg

additional |ines, such as
or more control | PREAT 4l SHEPRFY | HiFoMite?FYgiransmitsan| s or ot her
handshaki ng si gnaackmswledigel patket ron linef SPIO-ser iSmpppott c2BEuito 280pport

ci,reuit 250 and Bk fifananof 85L 51 A3, BaSRELRloP UheNSHIOD dyiyy 190 P

241. 5 A single pin serla heavanta es 0 | ess
pins on the 2fo | FeEpeI e eaelmég?roﬁ pgckets from serial “port’ 330,

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 tiwme

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 power control,
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 SPIO-, avoids collision of packets and so eliminates

4



circuits, less PCB etch routing, reduced timng constraints of
multi-signal interface by elimnation of signal -t o-si gnal skew
concerns, fewer signals, less 10 noise and | ower power requirenents, than
conventi onal serial ports. I n anot her enbodi nent, the sane
host adapter 240 descri bed above, i32also used in applications in

whi ch support for read-only-nmenory is not needed, for 15 exanple, on

a not her board 29gef&! for ¥ntrolN1bhda, 4B additiddl @ fehehoBtoadapter 240

I's | oaded from procgssor . _-ROM 29 hat, al.s ont.al S em Bl GS for
host process FEE%T.I fferfltal%i §°§€b%300|t r?glﬁt ,%u é?llgtalr&%gpgtzgg& drives a
default internal signafewiplpipere4230 redeiveg albearomsee fxomcconpli shed

Wi t hi nt the IC pacgagﬁ?ﬁf, cifrcqilaoglgoa?&am}ﬁr_ slaﬁg4 em{;tﬁndgﬁ&-i 2ﬁ9 :hat
connects a serlal _por i sa erJmi na on of _hos

adapter 240 t& a §PSERE P eo?g]f'ﬁ%wﬁdée packet at p&“sgg?'e St hal 247
is coupled to serpartpz3® PEvesoannackniwledgs2detert signahi 8ctiveamn al port

230 from resgggggfgoglq: q_q?gﬁengﬁé%wq}u% hpgm master serial port
i nput-output circuit 210 except for the default qiS{/;Jter nal signal .

In-such an inhibited sIBtEeSRANFE 5D the agkive pokngyladge,getegtiapt er 240
for bus term nati edgnahj rmdgteas serial demdy iinpdtbelttput wirehétedte to FI G

12B. When di sgpl ®drives @réﬂng@na%zkﬁéwiﬁgte g@.gﬁ?f%{ae% cOfimbAl PRy 230 is

t
configured to transfer_data between naster seria ‘Eort | nput - out put
circuit 210 and sEAEBRL *FHINE coBaster JNPutsQUEPIY RPS 349 tPn reference to
FIG 2A indicate that the command cyclelils in progresksandfthdie sane

host adapter 240 %ngk&ggri@ busy.,”glt. %né}pggtgiggg]ééféogvgﬁ%gg on a plug-in

board 270 (FI resultsin, r costs producti on
of a single die f&P"BBRR c¥eke. nPFddyeoupletionoef heyurrensocaraandas
smal [ er die-size, cyonkl er nunber of termnals and therefore | ower

CE ot e 240 al o FRcEEaL T BBy et ch MBS D02t

system 200B (FI G 29Bptepedlanch F¥PPIet Gkaydér 2590 3R Qasiddaress2¢eal

estate than a dR9ReeNii elvdk AghaddoK4r on both (1) Hodtr adppbae to

various internal %ilggﬁl fix% mtthat 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
golely 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 game pin 241
eliminates the need for additional lines, such as one



adapter 240, such as a read instruction signal or a. wite instruction
signal froma hardware nodule, 15 firmvare, or software in data transfer

circuit 220, an instruction router 311 (FIG 3) in naster serial port
i nput-out put circuit 210 passes the instruction signals to a resource
controller, such as hardware resource 13 controller 313, soft resource
controller 314, 20 initialization resource controller 315, and nenory

resource contr ol b£rmo¥ed control 1med:<fbretsa£ﬂ&&rﬁmgrmtto an internal

signal on ma rlal n 1©
har.dwar e resourcé}‘&a F*‘Qﬁ s?x%#%n&fééﬁgﬁn&zé C%Ere:irlfg ter LED
350, instructi onf¥%t@n@i-11’9§§s%3§) &0 supmrlt Cinesik 280 nd ithexeby

hardware bus 311lfhéD frates & &t t%a{rﬁxgpqmndnsqmﬁ Qdier, ln
har dwar e r esour c%cont IE'rol ler 31 suc awite
gnal ,

In
instruction &i BGs) BB AR P8r§0 ' YAH395P 8Fi ves one
or nore comand éegmmgwam tbe two :@tgrcannmadequésgr@@d\al LEDREQ ( not

shown) active tOcircuidyl a8s8 ﬁcﬁeéwﬁtmhein@ar%eadr@mgce LED 350 and a

_)

-

LED state signal LEDSTA'I’E (n 0N iye to te that LED 350
shoul d be turned®8hs W%P ;5%‘19?‘ é‘oﬁﬂ‘é‘?ﬁfﬁﬁ?sbgzgi’fma‘ﬁ’?ni %I uded in
serial port sn.gnaﬂ: trm-tsp.gnabuskés:tl&oncerns, fewer signals, less

15 1,0°0 ﬂsesa AlowelhBbwd Getp@thhéttd O t%aaeém&&mnav ncl uded
in support ci rcwt 250 ave a reference numeral that is a conbination

of the command t AE¥13l RLSyrce. In general, for resource "X, reference 5
nunmeral XREQ i s a r esImnraxstheguesnbodingmni!, the gars0 host adapﬁer ratfoer ence

numer al XREAD | S aBabERed itk {94 a0 HERAULS S kabenaRcE, NP XSEND

is awite signa resource ce nurrera XB. I's a busy
signal for resouPERPRE Harirgag- E‘&W'ﬁ‘@%ﬂ oR e needediofoBRD, LED, SEE

and SOFT, whasr e ekéile cmreserbsher bdardROMD39PIG." BRY. r ppareB®Nt2B,board

cont 1ol fooie 27grq cor bl gaggeg éy YD1 388eq SR pleBEESSP!S SOT1 o

EEPROM 380; and resen réesour I n response
to active comman&Oli ﬁﬁhl"s?‘ats@éﬁOa qaing; systen RS £ognkPst EDREQ and LED
state signal LEDPFédE&ssor 281C0NTRNEhixekibiodimer®, eaerddl epoat czagrand cycl e,

such as 2. Wil Go § OXTRIEIYC i freddhi WA iy a2 BYES
20 embodiment is accomplished within the IC package of
host adapter 240 by a bond wire 249 that connects a
serial port disable terminal 247 on the die of host
adaptexr 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 unconnected, serial port 230 is
configured to transfer data between master serial port
input-output circuit 210 and support circuit 250 as
35 described above in reference to FIG. 2a.

4



generator in command executor 320 first generates a command whi ch in

this enbodinent is a conmand byte 410 20 (FIG 4A). I n command
byte 410, nost significant bit R that is shifted out first is set for
a read command cycle and cleared for a wite command cycle. Bits COto
4 In conmand byte 410 are conmand hi4ts that are used to 25 encode
various commands that can be transmtted by serial port 230 to support
circuit 250. Anobng bit e ificant bit.
Bits DO and D1 ﬁrgs%e%f%thieté a%%&l tadg&éf ‘T‘:ﬂf“‘c’n gingi—n%ll cant

bit in command byPethgd (RIG o rRR3r P§r°¥‘rﬁc¥&ﬂ9&ﬁ& bRaxdit 310 320
formats the demeunzhwesuloboin uwaraedspacdiss ,toswellume command

packet 420 (FIG %@bdué ideflicE QHQQHéi@r%J.eI %o%tg&t.h uses. bi Poé%gv S | nserted

at the start of t et and I s command byte
410. Conmand 35 adapter 240 ahee has é“‘ﬂ&?-??yd’fﬁ"tm&ﬂ aﬁﬂ lern a
stop bit 423. Al mmbenndsf (ﬁdxﬂlinamslamcthelreﬂmﬁalmiver ‘costs, all of

16 execut or e |4l n 241
(FIG 3) that is conngc @%%O%gﬁg\%{\%e%{% £OHT |n u -oﬁ‘%tﬁgrcb?%%'t 254,
al so referred to dost adaptmni2495alse redusest tber@mna125sysb9m|¢¢st SPIO. 5
In the exanpl e fObfLED:&E;ﬁm&sgysbea me(,ne 2§PI“B€<Biu§éeﬁHé@r 320

executes a bi | r‘r‘r@mj d execut or 320
transnits a L Séﬁggﬁr S%ff@f‘eﬁslleﬁzlrﬁauﬁtﬁrgﬁ%iaﬂcf"udes bit R"0", a
comand code ceopyentignal heptradapter.si gnal LEDREQ in command 10 code

bits C0-C4 (FIG 4A), thoresoibeoto il Snterna®idila1bFOFRIL I n data
bit DO and a consta I'n general,

conmand executor 3 FSF%4 ﬁé‘gke?s 2% &Bﬁeﬁ‘é"%l%ﬁmalp%k%t an
address packet or wxitiet instrugtiokesignal fyont anbardwaw tollaled21 (FI G 4B)

having a 19 | "Etiri(\ﬁ&ie@ té?@%o'fiw&?é'%tay tﬁaﬁ@fﬁ?@ﬂz@iﬁ@ 239, an
address byte or a, da% te res cté y g arity bit 422
which in turn is f8F %h “EF Fﬁﬁ §“HEV%ﬁ§'§e§ééghﬂ°V%Jue
di fferent fronlthenputsouﬁﬁmt makuaﬁt 210 HaBsedBthstArdtrinict 168 lsbdsalas i r st
val ue of a | @9l Gafedbifrbe RBRELIRILLS 5%9815#&%99 el r&88ukSe
sel ected so that tgxezt;éffsxf- e3r1r3edsg tt:erésoo erceeéox\'/xvtl:roller 314
. r
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.



péfity bit has an odd parity, stop bit 423 has a second val ue of a

| ogi cal one hereinafter one, and packet 420 25 Is transmtted on |ine
SPIO. Line SPIO is pulled up to a default value of one when line
SPIO- is not being driven either gsseri al 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 permts transm ssion
of information aomaad| signfd Chatt ate gipecifieets 4 haasqureei bl e

Wi t hout active ng C ]FE%V al se detection
of additional pacﬂgg%dé)e{% ? L{##Ee%ycwtaiéf i #gremﬁf eft at zero
with only the pubpueyalghat, é%l%tQﬁ“‘btléiaFaR’é 9% fhesppmmand thee,

17 Af f8sowrdd.anIfil génerall,i Earpeémfkc“ép |, &eﬁa)ence that is

associ ated w it h f

dependi ng on the}"%'g1 rﬂ éa&@ l‘g a el E%bgg%gr% e%sutt g@ ?r ansm %I tional
address or data Xp peksxansespumexsl iNREADHES o ZaRd \ﬁ&gﬂélf%?r an acknova edge
packet 430 (FI G ré&dutdaix;i &eﬂ@ﬁ&idebeﬂme@u XSERD disehYwrite diRjmaWw, during

an acknow edge w.ndow time perio | f command

n Fl G 4D) .
executor 320 doeSChoteFESe & a‘f‘? rrse[fefﬁncéi’tm%‘?ragnxgl?gnbw 2 ¥ Ypacket
wi thin acknow edgégmihdtor resourdersX.peileydinnX camminenanyxere el mm sets a

bi ttNOAgK 10 :ﬁRﬁn BED grsﬂheghétfﬁﬁfﬁﬁrénﬂﬁowh%rbﬁeﬁi:@ 2A) hof t

syst em bus rodu nates the_ co inturn
generates a targEFpﬁg%a:fgor'esbghser‘Wf%ﬁ’F 1gga’b$o?%§§8} %%q"‘\:mzf %he command
packet transnitt &UEDh represenhs UED @&50gi fSEB Femrasentenmentabf host

processor 281. I@E@ﬂemesﬁmﬂlaﬁamsoﬁ@k%\yzﬁgeﬁtwimwresour&énﬁ:perIod Tn is
ei ght clock cycles after conmmand executor 320 drives a Stﬁ:ﬁ bi t on p| n

241. 20 I n gent? #feSRORSE £ A oo cqmR Bk ePUCR R LED
LED command ysackeeqdbadt sigmad LEDREQ zput LEDnptate s:LgnaauLBDsTm,cwt 254

starts transmss ag og&&%g_g pgcg&ﬁmaﬁg eg g t he
action i ndi %g?tggﬁ%aékcegr%%ﬁd te 410 fetrl eve rc%@ £ commnd
packet 420, for @xYgpre %‘@‘H‘Rn& Shelg o LEptispcommang fCYFPré 9a?56fee of bit DO
IS one, while cogkehapatier tin commahd asyssdutorha2ackivetl edperateked. On

gg;ﬂg' etion of e mmana il ih"hes! GibdM neAETRY % st d0py Sl a4 Seri al
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 C0 is the least significant bit. Bits DO
and D1 are data bits and bit D1 is the most significant
bit in command byte 410.

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

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



| nput -output circuit 254 conpl etes transm ssion of 30 acknow edge packet

430. In general, slave serial port [nput-output circuit 254
waits for a first turnaround period of time and after receipt of a
stop bit of the |ast packet expected fromserial port 230, before
transm ssion of an 35 acknow edge pack®t. Serial port 230 also waits for
t he first turnaround tinme period to becone sensitive to an

18 active ségaaktai 32iongetRANYy ftraisti ey etine idoatmandrpacket iamput - out put

circuit 254. Thepﬂirﬁ1 twf&qr Ey%%% conn?g%{é)%?g nsigvgngegﬁqget erm ned

tinme period e.g.”one Cl ock ., two Cclo es or any other nunber
of 5 clock cyclisput-output cigewity|2549r alogorefarred §f @ second t ur nar ound

t: me pelri od BePSEOR5A GANBEPFoRDiFeudtt 250,) ageilphe0EPTO-. p-ackgt from
sl ave serial port in - QUt put. Cci I culi 4 T cggg urnaround tine
period can alsgo be aﬁ%;ltg‘% %ﬁﬂ@%%rérjﬁéné%%t P?r% %?ésr"{}o&%one C %’ck cycle, two

cl ock cycl egfvmma@dmm&prnmeexe&utepoé Kbty Mrise pampard cycle

enbodi m%‘_nt,d t he figrﬁﬁiéwrémauadeié&&elsaodtﬁmeﬁi% a LEDS@&lﬂﬁ&hd ur nar ound
tine period are ideptjc ar equal to t Qek cycles.

In general, ackngﬁfgﬁzbef%a(a:({%gpwgﬁ) i%%ggg&g&es ly\"H-T?’ng‘bi A a
second bit 433, otk MY tfor LED remuestf signal/ IBRRERQoRhogemnand a t hird

E\if( 4\%4 gaViﬂﬂ chd23b§€§%uid4f‘|(g%.t had) | %ei ¢r£ﬁ5c=§23073f fI.JE:t@_fTbI:QléeL ! rstbvgl ue.
cknow edge ‘packe can_incl yde.any .nunber o opti onal bits, between
first bit 431 analgﬁegrhﬁ‘kﬁ’i”&sén datgahﬂt 85 T h %%af‘ﬁees%rreé A% st

val ue, dependi ngdata bit Dlhe anount of tine needed by slave serial port

i nput - out put ci | t aghd adL,C
command byte 410. In ?ﬁégéen%%'i'rrgﬁt 0 Eé:%chg%r ?éldr ?Enlén% hblﬁtaeg%‘?yand'
second bit 433 b&PRBHEAG R fGIEAN PRckSter 31 address, Paakietyopi & 98% has

second val uei®ne paciied byinheverafing a staptt dial 421t (FHB248) havingval ue zero
o o o S FE e 8 oSl B, 7 L
pi n 241, command 3KEEFERYERET 2 datR ke FTSRERRHYRBhgdod pued kY ghal
ACKDET active onparityabktovdcdfécHeiciurn ie B8Pléwssd bys acenopcted to each
of hardware resoy;¢eS9nhLAldf s RLdond YA Qi ELSPUC From the first
20 value. In ?iG. 4B, start bit 421 has a first value of
a logical zexo, 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 1resistor to take line SPIO- to one.

.




controller 314, initialization resource controller 315 35 and nmenory
resource controller 316. Command executor 320 continues to drive the
acknow edge det ect 19 si gnal
active on acknow edge detect |ine 322 unt|I receipt of third bit 434 on
pin 241, at which point command execdtlor 320 drives acknow edge det ect
signal ACKDET inactive and term nates the command 5 cycle. I n

t he exanpl e for LED 33ftdgser thansmirmien time pericdsmpns¢EIGO 4D) ,active

acknowl edge det eCtngt Gfiflasdointed it lanfi futhd L@ GopERRA. cONLrol er in

har dwar e resource (iontro 313 drives a set busy Signal® SETBSY 10

(not shown) acti vE°THR cﬁ’??&f‘&o{:hﬁofa%??%&n%cﬁ”c the copmpaRdR¥Y<Afcle is in
progress. \Wen ackeing edgeutetectransmitsi gdditimed laﬂﬂcésﬁeor r&ruivvare

resource cont kol | Bhcidds as dedky5 S0l aNa AL £BETES L LARGH AN

waits for t he next actlvelnstructlon Sl 1I'on
router 311. packety430, (FI8noHdi ﬁ&af:o’-ﬁnd?ﬁ‘@ﬂk{?ét MgRe seeFRistely
har dwar e r esour cebebomw; alurmng3an ackriowdedget wireddw tdme periodddi ti onal

i nstruction signalgggf ofpyexanpl e for changi ng the state of LED 350.
St at e change 20 I nstruction signals for LED 350, that occur at a rate
faster than the speed Bf CCEPRRE exeguters3pfndess Zot recepvieren Eigmtket on

g|42 241 alnd ts.er %_ﬁbltwﬁléﬁ a@knaﬁledge packaoWrbeigie Rekkel adgd hﬁ.n‘%ﬁ&)}et p![ n
are | os a_ser. state
change 25 |nstruct|cﬁ1 5| é Ié%@g::@%&? tﬁ&%%ﬁg"’%‘éﬁfoﬁ%

sl ave seri al port1Fn%taﬁiﬂrpﬁ99€$¢%mlwg4(n°t shown in| RI@ne2@nieddi nent ,

i nstruction rout esyStdm MReCmsatle 225 ARdI ﬂéﬁﬁm&ce% ¢nal cb&%n&fbﬂ%t er
i nput - out put bus 245, ma status_s tgc g circuit that %descrlbed
t

in 30 copending an clc?rrrtrzo yIaeSt itEa 2Ur e EABGFPRRES 1P host gerj g
No. 08/301, 438, AP%%‘F?\%%PHD@@I%et 1Nd’-h€l\/1099@3nd packednttirehedittStdtars | ndi cat or

for a Host Adaptepinof4l origPhhtédBirom aCebfmardbOMdskes S. Fannin, filed

e T T N

software of host hiE®treri®d0Tn 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
dcknowledge 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 D0 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 padket expected
from serial port 230, before transmission of an

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



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

LEDREQ in Table 1.below. Table 1 |ists exanples of conditions under

whi ch various command signals are generated by master serial port
input-output 5 circuit 210. Tables 2-9 list definitions of the bits of
various registers in master serial portl8nput-output circuit 210. Sone
of the bit definitions and signal val ues described herein are simlar

or identi cal tg actiww@agndtssﬁimiléisthbAlfr&Bma%I sBtfalVgsdrar Si %I e- Chip
10 SCSI Host Adapter, Data Bogk-PreliJg,nary:.  p .S 'Q Decenber 1993
avail able from Ag%‘f‘ 'c",“tPHg cgﬁ u%o&@ﬁ’ ¥he I\#lt%lpﬁtt gggﬁ%u ev%rtd', | pitas CA
95035, that is peri¢hmanpbeasny predeternined timecprriadiegeer et y.

TABLE 1 15  Copnsal §cd8d! two clock cycleEUSEdry other nuhbdRER (write)
Turn on or off LEP 3]§0 1 STPVWREQ (write) Turn on or off
power to 5 clock cycles. /O bus terninators 360

CHPRSTREQ (mﬁipe) _ Serial Eesétzznzmﬁitgefpa|apngqgnd turnaround time
i nput -out put Cirgiio@a%b send a EShHA PhEREL O£ty HRbeipt &€agl from or

g&b&?Lt?n boar d gaﬁF?E”from slave serial por?°9£§Lé¥33€5%¥ Eg é&%@ggﬁT 20

SOFTREQ (read or Thei sejond tRradrbéumdntdmenperiod ccan also be any

soft resour g 340, edeterminedREMR: (A4 one clock cycl@GCeldecis@ntification
byt e | DDAT and egtrgr%a?m Ye resource status

byt e cycles or any other numherrgf flock @yslee-o5in one

embodiment, the first turnaround time period and the
second turnaround time'period are identical and are
equal to two clock cycles.

15 In general, acknowledge packet 430 includes a
first bit 431 and a second bit 433, both having the
same first value fdllowed by a third bit 434 having a
second value that is different from the first value.
Acknowledge packet 430 can include any number of

20 optional bits between first bit 431 and second bit 433
all of which have the same first 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, inijtialization resource controller 315

35 and memory resource controller 316. Command
executor 320 continues to drive the acknowledge detect



21 Command Si gnal Functi on ROVREQ (read or wite)

Read ROM or EEPROM nenory” | ocati on or
wite to EEPROM nenory | ocati on

SEEREQ (read or wite) Read from or jte to _

sertal EEPROM Si gnal LEDREQ ( LE 1) is a wite-only signal 5
that controls the state of LED 350 that is connected to a pin LED# on

SSPI OC 254. Si gnadigrnalREGtiea @i isgkhowkedge detestthime spmimesl A first

source is autonaty, eccebgs 984@3@{§1%t|49@ q_r a&gg bgt &@Q%O%otlgtuse state

of I nput - out put om no wthd ransfers to
busy or from not ‘Eﬂ%‘sﬁn&n&"&ﬁ?‘&‘l’-cﬂétﬂ?@ fzives aqipapalﬁﬂgmﬁ@qeqto busy with data
transfers, if slaviggnal ACKDE®NinddtiveSEh@MROnisates i tiee (donthan@ne) in

ext er nal esowlﬁzl% status register SPIOCAP in instruction router 311
(TABLE 2) and bit GLEDEN is not active in 15 register SBLKCTL (e.g.,
bit 7 in reg. 1Fh is Z& &hejexample fapubER A50udeporibedghovea1in| n response

to an LED | fcw&agwimbyte ﬁ@r%éﬂl%nﬁcﬂnm%eadéﬂéc% Osigfiﬁlcatﬁteuset t
state charged from bus not, bus ve ser por i nput - out pu
circuit 254 drives rﬁﬂgé’nga r?\étﬁfﬁ ’&rﬁ%ﬁe’f to an LED

command byt e contxgssdunge Conmlm 333adrives @ommus}o ditgjiaialSETBS’e state

char ged i60M (e ikhd¥m) Oa@t‘:lﬁ% +%) 3481 Sd ThaBOh!sdfHUA
circuit 254 drives thei ?8-%2’59 pin LED# | ow,_ Bit or an LED

command byte is afUHTEY in prﬁrg%%bngh?Bu?E%“%“fl%q I SeteEBREQ i s
gener at ed by nglmiglgngﬂ mactilves bardwareDinaGoEDGR ¢asntm§gmab:e31$BLKCTL

(e.g. bit 6in r%l@&hehnbwlﬁlgﬂéﬁpﬁﬁw 1nact199dé511@ \?az.l.:'t’ opyi ded bit

SSPI OCPS i n exter resourc at Us regi ster OCAP 1s active (e.qg.
one) and 30 bit @_QE‘ISERFH"? e’d}wtﬂl&?@a@'bﬁp‘? nstFtion) s

active (e.g.1bne)rolegp3iaa.this case bit Dl is al ways
While responding to an instruction signal,

hardware resource cdontroller 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
modwle, or firmware or software of host adapter 240



22 zero and sl ave serial port input-output circuit 254 asserts the
signal on pin LED# | ow when 'bit DO is zero e.g. bits DI AGLEDON and
DI AGLEDEN are both one. Sl ave serial port input-output circuit 254
drives a signal on 5 pin LED high when pit DO is a one e.g. bit D AGLEDEN
S a zero and bit DI AGLEDEN is a one®®r I nput - out put bus 284 is not
busy and bit DI AGLEDEN is a zero. A third source of signal LEDREQ

s generated by turndi 'dr{neﬁxﬁeoﬁf et 1R QSUééé&l%ear ?ogeiﬁﬁ‘%qﬁféfsg Comnd
10 -byte to put se#al BOIH%T?E Ego his_test

i ndi cated by settf t n&%i AR ow. &ﬁ?ﬂ'ﬁna g, e’ﬁ’r‘ﬂﬂ’lFﬁ th| s
test node, |ine S@f@omd;ltlonsugadezt ovhichnyavitus mommanl sigmelss sate host

adapter 240 t@r’r}ngggé,_atdéyg_ f Opof€ it T ggi ng 15
pur poses. %e S%PI OC, 254 receives a 25 ko T | acket with bit D1

at a one, the>SSPFEECWHy &0y sTables @e?pgﬁﬁFn‘éeft’d“&P-Pnﬂoﬁﬁa% Rid€et s and
sinply passes theof varsugnakegbstérasdnSRaE:enssdtialsipgntl :Lﬂphﬂdildpﬁla#

The test node is Sﬁ.'&@ﬂ: ofloy. bgﬁ@e r&s 28“2‘%’9%1 E#aﬂa JLgwer - on

reset. In the test_ nod ost adapt er exes o nt er nal

signal s onto vaines ﬁsﬁrlaéﬁe‘iﬁﬁ%@ Gﬁ‘et ﬁ%m@rsﬂéﬁéﬁlq’# tha s
TESTSEL [2:0] of thotetdssciRbERATA (ahldh)787ehPCch Hid Master SbhdXe-dhipest
node are assi;gned t

reserved. Thg Vaﬁf&%fj&&f@d%ﬂt@?%géﬁkcggéo%?ﬁﬂ% “ﬁ) %5%4%&“]

di fferent int er naPecembex 1693 availabhlee fropcAdmiec, Sae TO®L BB@itihe| ow f or
definition of bitmiTEUHFIBdudefhrd, Milpitas CA 95035, that 1s TABLE 3 30

Seri al Por.t Test . Q/RE A&%ﬁs tr&éf‘ nlctel BBI‘?JSH in l&isr SBF% ?91%6 Narme of

internal signal in da rans

TESTSEL ( SPI ODATA 35 " [2: 0] )TABLE 1 :
23 7 or{® OmassTyned
15 Command Signal Function Il
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. J
EIREAD (Read) Receive identification

byte IDDAT and external
resource status byte
ESTAT from SSPIOC 254




5 ° DFCACHES 4 DFCACHETHLA 3 PAUSE ( not

equal PAUSEACK) 5 2 VREQPEND 1 FRAMEO-

0 DEVSELO- Each of the above internal signals is supplied
on 10 a LED test signal bus LTSTSIGL that is included in mast er seri al
i nput - out put bus 245. In response to a 21 wite to register SPI ODAT, soft
resource controller 314 passes a selected internal signal to serial
port 230. Sy glla: PFEACHES—+rReHeates—that—tirere—+s—data—or—3}5
space of one sel egPewmantt fdanghe i n FI FO nddiinstipn t hat by
syst em bus nodul efR2 S=Seret ' [

o s T -~ -~ - oo s - - ———— - —— E SSI ng
system bus 283. ROMREQ (rBadnak &WF{AGHETHL ag ﬁ
stream ng cache IJnes to inprove bus perforqﬁgﬁ fro : . FILFO nodulje 222.
Si gnal PAUSE requpsts sequencer nodul e 223 }t0 ({:ltllf:);1 g}:2‘9‘533‘%"’? a'ftol ons \

described in the |U.S. Patent Application EERROMe ReB9TLr ERGRtAODSt ubdlr

ref erenced above. SIgmal_ VREQPENO T mdi cates that, a Temnor

request is 25  ppABERER f Fead-PEsEritelsyst dnRensks £39m Y wide khus

nodul e 225 to trapsfer data between FI FO ngdsdaeiad? BERROM syst em fenory
282. Si rad—FRANEQ—-s—ah—hterhdl—sighal—that+s dive

when host adapter 240 is acting as a bus nmaster 30 and_is the signal .
supplied to the PCl buSignal LEDREQq(EBABLERANVEAs a write-onlgj gigwalDEVSELO- is

an internal siggnaknkt OBALINEhe stitS JPOEEbE3I DR T HAAY of SoRRbENES Waen host
adapter 240 is acting as a bus

target and is the2sPHRAAERR, S SERIOG 254- ¢ fiopr} &ﬁﬁ?iggchgﬂﬁ}g L#.
In addition to thé&ronrehrengoverscest A (fiiastl BOREGe is automatic

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

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

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

20 high. In response to an LED command byte containing
bit D0 as a zero command to indicate use state charged
from not busy to busy, slave serial port input-output
circuit 254 drives the sgignal 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 SBLKRCTL (bit 7 in reg 1Fh) is
active (e.g. one). Also in this case bit D1 is always



descri bed above, when any one of the status bits is set 5 (an OR
condition) in slave serial port status register SPI OSTAT i n SSPI OC 254,
SSPI OC 254 drives a signal on pin LED# active to visually indicate an
error, such as a parity error, provided that enable LED error display
bit 7 is set. This feature can be used 2% aid in 10 system debuggi ng.
Referring back to Table 1, in response to comand si gnal STPWREQ
comand byte bit i e s : Lot NGYELo2ES register
DEVCONFI G of syst%n%%?a élm’f t%%ﬁgi%%%#é‘pﬁet °%%‘E‘im§’?fet tg,g%gte of bit
STPVEN in 15 rediSSPEFsSSEREAID fopnam-leﬁaﬂpéﬁwb'f&ew DO23% zexgy s
command si gnal i ®.igssbdts AIIAGLEDON anhd SHIAGLEDENOAre lwtth one. t 518BGS|
termination pOwelgeilish CpEhati fdil-but il Fl ddic 254! SPtVe ! BimEPd € 221

and there after whenever. . VEN changes state. Changing the state
of SC3I 20 Fer AimMLFBNhighabarbEF BY (LS PoRPeVRLS; Pl QLBGEEHEN 1s
nodul e 225 does retzexrauardtlits DIAGLBDEN sigaloneocobeinput-autpued. Si gnal

STPWRE | t it | j.st SPI OCAP i
 can onl )ty SHLESBL88 Wy sp o RREMIRTELL Ty e O 1

one. Fol T ow_ng asser a reset s | 25 system
bus 283, SSPI OC 254 k@epbixggourgePiafighpldROREQ is ganrasedpb STPWCTL
in a float condi tfivwalrer 62 séftivire usingd ipre-Aefinéd tscfynsamiafdgnal
STPWREQ i s rggei \ﬁﬁ a Th f SSPI CC
254 control sfgCSI St %on ?lto% O\ﬁg?%&&(;nﬁirgl tSIStI;I 5 BVCIﬁﬁ’g%s;égg%n val ues
of bits STPWEgEL s dad g\ by setting bit D1 one in the LED TABLE 4

Si gnal on SCSI Tejidiidd@id efcPoamdCant thls MdbtSHBAETL1ine sPTO-SIBW EVEL

?IEYES st at e) SHJQQETEO %%ing out(%nternal signals ofzgost adapter 240 z
STPW.EVEL S|y system opgspRndPn for real time dgbugging 0
0 95 purposes? Once SSPIOC 254 receives & LED command 1

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 (1bh), 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 fzzol)




3- 1 0 1 4 1

1 0 Bits STPW.EVEL and STPVWEN are transmtted to SSPI OC
254 frombit STPWEVEL in register DEVCONFI G and bit STPWEN in

regi ster SXFRCTL1 when command signal STPWREQ i s asserted. Bit STPVEN
Is used to activate bus 10 termnators’ 360. Bit STPWEVEL indicates the
vol t age needed to deactivate bus term nators 360.

Term nati on powef supplr e(T PuUS fermnators 360 to rnput-outgut bus
284 is turned onjor 78 ié na‘??‘&ﬂ"’fgt ed by bit STPWCTL, based on tlhe

val ues of bits 1p ST V\LEV TPVEN T1sted 1n Tabl'e 4. When
SSPI OC 254 is noj present or Pﬁ&b W re 249 (FIG 2B) is pregent,
pin 241 defaultsfto SC§I D%&g falion power control tunction and causes
t he out put of pin~241 t 0 .l’Al bit STPMEN is witten, 20 as

descri bed below {n reference 2B. enever a nodulle of
data transfer cifcuit 220 i’Rtjvx#zllkt nsojtt gqga%e%%%%\r FXRCTL1 (not shjown) in

i nput - t pyit bus nDduIemﬁgé%a' struction router 311 passes a
signal to a singie byté witg Co nd controller (not 25  shown) of
har dwar e resourcg¢ contgoller %ﬁﬁmﬁ@ transfer the current state pf SCS
bus term nation power level Signal STPWEVEL and power enabl e s} gnal
STPVEN t o' bus terginatO'Bﬁggghép support circuit 250. The conmand
cycl e executed by serial por I n_response to_30 command_si gnal
STPWREQ for controlling bus termnators 360 is simlar to the sequence

of2 6act i onz descr gheH s AR hbBovel BitdieR1t 816 S5 sapptpedt bat
- 26- i t

<l gnal s STRELVER 4R SPhusianado BUF, parif o BIAE! Is oliebiegnciy o

CHPRSTREQ ( Tabl e mesties peximld impuf-outpyedma 245 . seln irepFponseCEHPRST in

regi ster HCNTRL 'v&:&e téy t@tss@dﬂi'? 2ot Reayheed dditothavesy esent
bit SSPI OCPS i s one. ort ;230 is . dlff%é nt for

eri
conmand si gnal Clwg?ﬁEb ? Ottel‘?at"ng a8t o POty AP - LEDREQ
Rat her than t r ansSignal dlﬂﬂmspanﬁmama tthet athersstigp dagadoparity 10

bits serial port g£3fkeSofPbYe Hd1beted 84GHAI1i08 Rh'FZAI 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.
S8ignal FRAMEO- is an intermal eignal 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




to a predeterm ned voltage for a predeterm ned nunber of clock cycles.
Specifically in response to an active reset command si gnal CHPSTREQ
serial port 230 resets all internal registers except for system
configuration 15 regi sters located in _system bus nodul e 225. Seri al

port 230 al so executes a soft reset com?éxd cycle in whi ch serial port
230 drives a signal on pin 241 to | ogi cal zero for 12 or nore clock
cycles to reset shaying as aSbubatapsut andpis- the Bilgnalr suppl L&dl.td n
response to 20 C 4 resets certain registers

I n SSPI OC 254 thaﬁ:ﬁ%?%égl E}Sbﬁg Fﬂlh%?dﬁggg 240, such as registers
SPI OSTAT, BRDCTL and SEEERGition tocséﬂret&hﬁeﬁwmqe@p@ft Rhgndb|IERRFY addr ess
for Bll Gs g%asaeﬁlwda aboire! eﬂféxﬁ angPbhe 854%1&{ %(tadﬁBVBSBtf mgs %&EEVEL

si gna onpln cte ctive sta |

unchanged and 5pi t@:ﬂ& n@‘:ﬁl‘e’ng 1 1 genal'ﬁé’orresgttaﬁgé KeTT 89 ssued as
soon as possi bl e SPIOSTAY dm Sﬁ@lpﬁazﬁ‘hg 56830C 0254 idnialesCaPREMal qrast er

serial port inputp@htet# Gidtavet t8 Wisddl1ly knddca@ndn %Qror?xé?@cm a soft
conmand, SSPI OC 2 4 is.reset o

curren mrand, and
soft commands ?‘é“%o‘?i’é’&ﬂ?’?‘ﬁ‘e‘fﬁ a&‘ ﬁﬂ%@f&%‘? SFEO% :|'£fp t sent.
Therefore, nasterbitr7als meatt. | Bbis -frature can bejusad to2addaim serial port
230 provide a_oseagi,ggémadgi, ing¢onpatibl e interface between resources in

U0t 1 S e kS RpALEP! SR, e Fmans
resources: slave ségnal SKAWREQR paommand bytei biti Pl 251 set tol €k 3htend bus

termnators 360, Ui e NPFAMRVEL in FEHUTCDEPRGNEId %rf %ﬁteﬁwnd
executor 320 and 5 erlal g #éZBO oh a sin

| e
addition, a nodul E‘ fiﬂ HRt> F Do set td %‘%eeq' EP&FaS'Bg‘F%NcH‘ data
i nput bus 3255 t hatgister SIRRCALLtefl :tzqnn:—wntpetdalaanMIQDm | mritdisded i n

dat a transfer Bi3aR?6idri2h %aﬂpé@eé%fmg&t tR9 A-Addhess 4P, 1 Of a

mast er board contr ol reﬁl st'er, in war e resource controller

313 on naster inp&P-SEPhtemiRasign power Mrite; enaklm bite §TPEEN it e
address bus CDADthputuﬁharbut moduhedm:la atnrdalnhéeé after? dhenkteresponse to

such a wite W dsconiy ol hsi & @%[))g{:_ Hé:#lon 15
router 311 drlves a sl gnal actl e on a har S é g E&elﬂf up ed to a
board controld%r CEERiREAGH Power level bit STPWLEVEL in system bus

module 225 does not cause this command signal to be

issued. Signal STPWREQ can only be generated when
bit SSPIOCPS in register SPIOCAP is one.
Following assertion of a reset signal RST# on
25 system bus 283, SSPIOC 254 keeps SCSI termination power
control pin STPWCTL in a float condition (three state)
until the first command signal STPWREQ is received as
shown by Table 4.
Thereafter, SSPIOC 254 controls SCSI termination
30 power control pin STPWCTL based on values of bits
STPWLEVEL and STPWEN.
TABLE 4
Signal on SCSI Termination Power Control pin STPWCTL

. STPWLEVEL STPWEN STPWCTL

35 )] ' Z {three state)




har dwar e resource controller 311, if serial port 230 is avai |l abl e and

I f board control logic 370 exists on support circuit 250. 20

I nstruction router 311 al so determ nes the source of an internal

signal on master input-output bus 245 fromthe state of a sequencer
source si gnal .PAC2SPI O on mast er i Pt - out put bus 245. Dependi ng on
the source of the internal signal, |nstruct|on router 311 drrves a 25
stretch signal, duch as s re c SequenqeT

stretch host sig the STRIE.: " of such
as sequencer s """——‘——T—‘*——rr“——r?r—T—""—————————————*——'the
command cycle is conﬁ#eted. comanfl cycl e,

i nstruction rout gr—3trdrives the OT TESpOoTaT g Sstretchr-stygmat

I nacti ve. 14 repponse @0 an dctive Anstrucfion sighal on

har dwar e bus 311HfTomingtructTonm TOUt St —tte board—comtTofjl er in
har dwar e resour ceg coﬁirol er 31335 drives Soard r pgquest signal BRIPREQ
(Tabl e 1) and bo T tTe STgmat gROSEND actTvelom seratr—port—gomand
28 bus 323. In respopse to hctive jconmand signals BRDRE® and
BRDSEND commagd eXecutor 320 exXecures a byre Wwite commandCcycte t hat
Is simlar to the cle_descr.i 0, D 350,
except that cormangé% ﬂﬂ'{}%vggo?mg% W@néﬁ?t% rap (!I‘Htt ga e%(gpzt@ 3:§gsequent
to t ransmi ssi nowfbido ATRWHEYEk Kot registed BENGONEIC sndopit STRMEN

acknow edge paCkein‘lﬁé’gifdﬁE? skerETITE Whdh B8fhand Milgnal sTERREM 1L I CUIi t

254. boar d, co o] nd_si gnal. accesses 10 board
control register Eﬁiﬁﬁi %égl%fféﬁgﬂis ?ﬁﬁg to ac%ﬁﬁiﬁﬁcﬁ Signal is issued
when an addr @9s ft;erlmrs 360¢oB¥tISTPYGEVER 7indicages] the i woHmgessed

By ocap i 5 act “eeﬁéﬁ't‘?&'deg&lg‘g@mﬁ B o S TAVDEN i . ext ernal
is active and so ommand_enabl e | in externa
resource register SPI ¢ion p‘?"FFJctsi“PBL%e‘?th?’r’é; Lerminatarg 360 nost

processor 281, to tmmpﬁﬂodfﬁﬁw#bmsrzam ilsusufB&d ion wat ofét asned by system
bus modul e 225 unahaléaree&%gmme sﬁm' p&gg 3 Wehe valubi®o of W is from
séqu oc¢ it

sequencer noduyl e 223WL encer IS stretc e unt S
command is cdmpl ePERWLEVEL an EﬁENc}HﬁﬁﬁFer Tafastder BRDCTL, that is
defined in 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 .dafa 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

e terminators 360 is similar to the sequence of actions
described above in reference to LED 350, except that

.



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

external device (s) interconnected to the SSPI OC' s nmenory port which
may be shared with EEPROM 25 and SEEPROM

TABLE 5 Regi ster BRDCTL in SSPI OC 254 and in Hardware

Resource Controller 313 Bit # [ggépition 30 7:5 BRDDAT[ 7: 5] .
4 BRDSTB. . 3 . BRDRW. . '

29 1:Bltﬁn83eﬁnﬂi$£ %ﬁREEﬁLT?W%@?g byte contaip the Stales g

BRDDAT[ 7: 5] aré ségdalsi ERPYREVEL andi STPUENtrespecmivelypnnected to pins
M) 7:5] of slave 5 ' AN -gyﬁg t (fl [ 4 ﬂﬂ§& [ EMS is
active. Bits BRDDASFBg'#Eélﬁ\l/iw P?é{‘%hgﬁ%\%en ggs%éggadi) ZPSwrl e i%i%s %DR\N
defined in Tapesudti ofi agtting batgCHPRST ziR oFeghrtenHGWTRE akn val ue of
bi ts BRDDAT i gyatesl be 28 ph5S Prbv¥idbd fRat slavé\ioredddt BRORWIs
active e.g. ong?%bitg %R%Bg% are ﬁ%%aﬁ bits. Ch% %%bodinent of slave
serial port ikjkt SSPIOCES: dgt oBer cuThe2agtioneEiseriak pprpe39 A% (o

pins = M [ §iFlfeirente&dr! bempdhaeBighali CAPRSTREG ©hahMehat signals on

ins MD[7:5]., Anqgther enbodinent,of slave erjal port input-output

P Fouit baa coeeTAbeg pBove. ERRCRIFRRL, DERRFSNORSHHEE (hRER s BRDDATT B: 5]
to SCSI c dhlanstdtteat commangupapket €BthEstant, )@Bb@ETaﬁ@cpa?ityshﬁvm))
or SCSI m IO ctd LQRUL : RI T 0 shown
dependi nt&%gn ?ﬁtgss%ae g“%%f EDglg‘t@'sbgg Eé&h@%BE%E%Rﬁ&&ﬁgl mlnélog%d strobe
bit BRDSTB i s teo@ppagdesegimanydivahtage forpat peednteruinedi manbeten bit

BRDSTB i s actigie i®ck cycles. Specifically in response to an active
reset command signal CHPSTREQ, serial port 230 resets
all interngl registers except for system configuration

15 registers located in system bus module 225. Serial
port 230 also executes a soft reset command cycle in
which serial port 230 drives a signal on pin 241 to
logical zero for 12 or more clock cycles to reset slave
serial port input-output circuit 254. In response to

20 this reset packet SSPIOC 254 resets certain registers
in SSPIOC 254 that are visible to host adapter 240,
such as registers SPIOSTAT, BRDCTL and SEEPROM.
Certain flip-flops that hold the address for BIOS
accesses are not reset. SSPIOC 254 also drives the

25 signal on pin STPWCTL to the selected inactive state
(bit STPWLEVEL unchanged and bit STPWEN inactive).

The reset packet is issued as soon as possible
after the leading edge of signal CHPRST by master
serial port input-output circuit 210. In all commands

30 except a soft command, SSPIOC 254 is reset on
completion of the current command, and soft commands
are aborted if the last command byte is still not sent.

Therefore, master serial port input-output
circuit 210 and serial port 230 provide a seamless and

35 compatible interface between resources in support
circuit 250 and various host adapter modules. Host



one) pin M4 is asserted low. Normal use is to store the desired wite
data in bits BRDDAT[7:5] and a one in 25 bit BRDCS and then store a one in
bit BRDSTB to activate external pin MM of SSPICC 254 at a | ow | evel
and start the strobe to wite the data jnto the board control logic. A
zero in bit BRDSTB, ends the strobe. 27 Board chip select bit BRDCS
Is aread/wite bit 30 connected to pin MD3 when bit SEEMS is asserted.

When bit BRRESptér a0 tRurhs. én £t )ofLOHE Pléagt) tm'trael\/%fﬁérent SSPI OC
220 1 255 Lo Qe mavelBiidhl SARLLG N FECENLEON e, (e
The state of bit HBRDREP aand hugntevninatinrsddfa, us’-ng:llhaé'élﬂﬁﬁﬁ of bits
BRDDAT[ 7: 5] . WieReBbhr8EEMNtrS11er 313, command executor 320 and 30
active o 0 2oLl ERDY oRl a gl Bh SR PN WIS o ssserted
unused bits are ignor&d. addition, amltllemlnghgﬁb\ﬂmqﬁo%me%nal resources
is a functi ga-iek a &ﬂéwte bﬁuaa:me ﬁﬁsai; BRs Gl kh@e is device's
timng. Bits SEECTL, as cLintgllca ed rrg% %@%for oard | ogi c
control if desir&gnnected to aurite SOFDB% CkdP 9842 sl ave
serial 10 port itmensfeutlous 226 cfor @mnm by petrting adlataddressp:aliket 462

and then stajds Ufalasma§éé:?’bd§rda%ﬁ%:€%%mterp&ﬁi’@fh 4§13ha§h@¥§ese“ al
port input-output circuit sI ave board cont #g'ltster

BRDCTL with the YeSOYXfF§ B%‘éfqléﬁﬁ 8%%0“? MBRE8AL h“%‘lfé’ttph‘éz bot h
15 the master bddat dencomiectegi sbea write hddsess couwso rDADR 1nc1udagi ster

have Identical valigaraFprafiiteBLENeSs. (th respodlitd GhithCRCErILde! al
BRDCTL is used for e master board contro gﬂster and the sl ave
board contr ol to i"‘éﬁF?Fe‘P"a@r soptyet | xgoisser P o MFFEUEELRRi t 254 20

t hen conpl etxs trmmrssuarﬂﬂfvemchneﬂgmlgaqmavbebnélaﬁamardware The

actions of comm%seégggtgéu&%% d h%dﬂw g?lhégsg&glqﬁncaggyol | er 313

subsequent to receipt oevl e :&é are simlar
to the actltﬂ?srdéfésferlf%%ﬂ‘% gnixoe %Péﬁeelfosmﬁ%gﬁ%ls packet

452 for LED 350. aidlabhe amknidfvbedgs caitaeil logicsSiTmadxidEsDbh goes

i nactive on ackn(gc/}\{ q)g.@ del&ede 250, |1 ne 322, the comand cycle is
conpl et ed angl0 har :

Instructlon 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



resource controller 313 drives a board ready si gnal BRDCTLRDY acti ve
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 t he host or the
sequencer inactive to indicate con%l etion of the wite to slave board
control 35 register BRDCTL. 31

In response to alead23f. alnmsdsponseatd aciniveolkcommand exigiads BRORER, the

actions of instrugld HRoseitbCéoniahd- exec@@éxd‘@roee&éé&&léé?ea R rigs 313,

conmmand executor 320 sl ave ,serial_ port ipput-output circu 254 are
5 sinmlar to the %Wa&ﬁ’scéfgg%r‘?}?é'd ig,EBLIFr (Ror éPgnlB'bt ite CPH'E‘anl te to
mast er board contewtle elgssttkbecB%ﬁb for mecsfsm ehaeptccnhm@ommandtor 320

executes a byte rgad Er@p%@x 0
transmts a 5 cormﬁlr%: et I% '\é%] after I’ECEI%t of§§

acknowl edge packe‘frwls\ﬁ&f’{‘s°f cﬁ°“H‘a&9t BagkRK ét614?8 wadhfaf@rexecut or
320  passes a dat camydcknoelledgy gshdkenn63 frdlﬁtsiapachehadﬂibm Aapatved data

lines 321 to retr %ﬂ: : g t outer 312, which in turn passes the
retrieved %&‘é’ e on gt%% nput bus 326, that in one enbodi nent 15

is coupled to a destl r%v bragd: coirelcopnand §ignad BRCTLREQ RQCESELENST er
bus 226, to tbe npskr® ddm&omrt@gMeQdBRDCTLtiiﬁSSDteanMSl gmﬁjs to read

data from naster ro.I [ bit
definitions $Mnd s?ngfb Ard c%%t'?’% Pgt&%esgﬁL ané1 a slave 20

board control reg¢erterolpRogic A7Q |9 st-eé}DhnlS ,%P—TSS?@ provideqd egsdMvhst er

Si ngl e- Chip SCSI tostrdd datesrbeti iBpekternal ﬁsehrabnary" avail abl e from
Adapt ec, Inc. It as California_t SII’ICO por t.ed by
ref erence above M'g’p ter Spggﬁxp cOmisTd ' Si g'l’i I a} Is only 25

i ssued as a A8sul bitfSQRICMDENDnN edteymals veseunse Z@gléter SPIQLE’éheﬁcer

modul e 223 to serighctidfd. CAREAOthe acceb80iS!BFowoRLSET, r@é@s&% ixgh port
data regi ster SPI ODAT. res%{ace co troI I er Bef ore issui ng

S
a soft comafitt™¥d r?a"imﬁoﬁ‘ﬁé%‘ Ryfe 5F iin % s}Ptemy ani nes
t he external resooweeanadhdey22begitilethePcO@Adnd is cowmplietedni rithemhet her

soft commands ar etﬁé'pél’:lfés%da.s-rbﬁom seque am%cmeez&el ueh@né*e&wﬂ%rr of
bytes to be 5 i nlgferr dfo%gv&ngggt ﬁcom*randd¥l 1 dreglster
based and al POws §1P% A% &5FE56°hBR 1 ¥hds command is complete
_ 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 5
Register BRDCTL in SSPIOC 254 and in Hardware
Resource Controller 313

Bit # | pefinition :

30 7:5 | BRDDAT[7:5].

4 BRDSTB.

3 BRDCS.

2 BRDRW.




35 acknow edge detect signal functions the sanme as in the ot her
command cycl es. 32 I n
response to an internal signal froma nodul e of data transfer circuit
220, to wite or read a register in soft resource: 340, instruction
router 311 drives corresponding sig@8l s active on soft controller 5

| ines 311S that are connected to soft resource controller 314. The
operation of sofl operfti on

S5 10
of board cont r&l’loeri Vougnd dikse BRRKEc0bntrol | er 313 desck i bed
above except that The actions of 50TT TU —TESOUrCe Conirolrter 314 are

controll ed by the val gsagé data btlggo%ﬁ%@%r% daj_,g {ef%/ﬁ%rg_g_‘gfgégn that is

listed in TaQIe e con I'ncl udes a
first-in- f ibides. shat neye ranly sppnectathtoppine P iz Sloofhsdaveytes 15

of data read §rorgexdfll pE£OUIrRt3dUtpit IEiFRAIEC260 Wwhen bitl SBHMENSE M UCti ON
frominstruction rquter 3&%{:? 320 .buffets fourth

d £xecut or
byte of data fr oSSt g‘ea§i0‘f’nete %lES Whellhémf(ﬁir ggggof regi ster
341 in soft resownige3bt 2BRDRY slefdpad| tm|Tablet Reimdihantsvef (ehg. mast er

board control zeXc3 Uhal et hEREGHredNdal S U B LB NBRISBATEH 3 hksaBt gt S
register 341 if a bit, S N is active in a regi ster SPI OCAP that

i s described in THhPE"s 2 4and ot herwi se sel ects master board
control regi3¢er BRDCRben2Bit BRDRW Bpi active iesgui oge a lsidfet BROPASBNarsi gnal

SOFTREQ SOf ke L0WIRED CHRD| b mefiE CAVIdENvE Ns&Xi & DRIt §RQUECE
status register SPlI OCAP gust,be set. Soft resource o] er 314 is

ntrol
cl ocked only wherPHRUE Eonfdky Ffageanects hyte 5%@535 t2cPADE.

Therefore, to corMeriieSpoterrelD thesohtremmimgdcehabtatdidf SBETCVDEN i s set
only when a é@:{al%ogﬁagﬁnéirﬁ‘ 7:5% . | AR HROE RS Efhert@/ct §HQYL De
t aken when the firnmware I n equencglr rr%du] e 223 issues 0so%t conmmand

2 )
i nternal sighdl s $RC&IsBOTE HRRUGHULPUt clrgpit, 268 SPPIRAL RO thost
processor sof t warBRIDAT (Tdsto35in Mfaphdr cénnenta BRDDAS BySIngos @CSIr esour ce

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.q.
one) pin MD4 is asserted low. Normal use is to store
the desired write data in bits BRODAT([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
S8PIOC 254 is asserted low.
Board read/write bit BRDRW controls the output
. state of pin MA15 of SSPIOC 254 when bit SEEMS is
i 35 active. The state of bit BRDRW also controls the data
direétion of bits BRDDAT[7:5]. When bit BRDRW is

RN



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

i ssue a soft command signal, sequencer nodule 223 5 shoul d first check
lock bit L. If lock bit L is not set, sequencer nodule 223 | ocks seri al
port 230 by setting lock bit L to oﬁ@ in serial port control

register SPIOCTL that is defined in TABLE 6A.

TABLE 6A 10 1nact1v§eé|§l i@fd bcienﬁmbm‘ mlsat 8fe SHUtPut. and pin

in soft resource r.ol | er Functi on 7 Send
(S). 15 6 104tk 1ok 'L low e.g. ze‘?? Lock (L). 4 Tinmer

(T). 3 2 Res éimegd bitmyas:er edways readpas zero and mrjtReatio

(R1:0]). 20 unused biEBN&rdiignaresd.Wwitten active (e.g. one) after a
byt e has been \Aﬁltten%g re |steri PE%T att addr ess 1Dh._ After the
byte has been®shifted tHLFg Rrovide & FelW e d&nfrol I er 314
clears bit S. Wefugfiongofipauseftivardarautinsdilet matches t2R0 sanples bit S

inactive, the nexjePided Ielmigcurﬁﬁ@t sﬁﬁ@ﬁﬁn%scaadheatea hRAd8 gl Nt O
regi ster SPI ODAT. After the 'S t as i ndi cated by
bit LB, soft resdeff diFed for %ﬂ??q}i °3?2“E¥@ﬁr£¥ gﬁﬁﬁr?#g for a response
for the 30 current dimeandeteipt lafneotikRafl .packet 461, dkeste lBeixdabit LB is
set when theq bast%és% Srit -blEput cirddiEedhse CAETRNEokSthe dftSent or
received. After packet 462 and then starts transmission of acknowledge
packet 463. Slave serial port input-output circuit 254
updates a slave board control register BRDCTL with the
data byte retrieved from data packet 462 so that both
15 the master board control register and the slave control
register have identical values. For convenience, the
same reference numéral BRDCTL is used for the master
board control register and the sglave 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 31i3. 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.

4



34 byte has been shifted out or in through Iine SPIGO, soft
resource controller 314 clears last byte bit LB along with bit S

Lock bit Lis aread/wite bit without any 5 hardware function. Lock bit
L is used by host processor 281 ag sequencer nodul e 223 as a senmaphore
to prevent overwiting -each other if b h of themissue soft comuands.
A semaphore is not needed if sequencer nodul e 223 does not use soft
commands. 10 I mesponse Tt sa ardesy dfiar cnastesr boardpeotdd f or

sof tware usage i@ iseér Hroe180f tn@r&&dmr okoﬂpstﬂidﬁbn rout&¥ t31h ,when
witten active

aut omat i ca S | actlve 80 S after
| ast byte bit L a?:gwar retﬁ°é'§F§d°°‘ét%°n|e§s? gyt‘é""ﬁﬁa"@o npl etel y
15 shifted ouand 8have isenialsporf eirgutedutpuln cidrduiiit eBeckre si gnal
byte bir LB> SIRELERTO the potions dehcIBl RAtNITAR FerasLRRL (& 1ot
yt | |
expected in resﬁBﬁsEr%Bet%“g%FF‘éwm nr%%’ﬁg % RDCH enbodi ment ,
aft_er a byte hasxbept timt tcethmandf executor 3RDnex&Rit@s antbyteansddrred to
register SPl CDA 8lcycle ihSeflEbh NSl BRbEEE: Y b éﬁéﬁ&k‘g

of t ware can

controller 314 ecrenents the va read
read the val ue CovEaRd PRt HIR t(ﬁéGslﬁq)t &ad ﬁfﬁ%’f aF‘?l‘? fvail abl e.
Read bits Rdl: O]ackﬁbwhe&@e tgaekiet! 02) Ngaits foxah udsta Qaadlhtby'ws expect ed;

1. One byte expci%I 2oxec tng\QQ b%égfese&o%;:gd%}ét} ‘Expect ed.

I n one rea are enco |ts
and DO in the S(ﬁattacB 474 enf 6‘9%%1"?—41 dagapdines t:i?]BGO r@BﬁﬁﬁYﬁfi si gnal
SOFTREQ. dataVeiteeta1d,owkibht it s pabaks Pehid raiieokd

0 o oo bk ol SRR Bl Sk, EAR o e SERATALIE °
expected. |3¥5serdd lsoup ﬁst&%@ desginghion d@ﬂﬁabﬁ%ﬁ@h’%%“@éﬁnﬁhd cycle
i s being expedl edahfed Hlite 208, atd OtRd ivoddde dyRdte asilgiaatea PC
35 the internal signal' to read data from wmaster 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 external resource status register SPIOCAP
to determine whether soft commands are supported. The
command byte value and number of bytes to be
transferred following the command byte is
register based and allows all values to be used. The
35 acknowledge detect signal functions the same as in the
other command cycles.



RCNTEEPRONIaccess) the soft command signal cannot begin until the

current conmand cycle is term nated. I f host processor 281 wants
to gain control of soft resource controller 314, host processor 281

- first 5 pauses sequencer nodul e 223 and examines lock bit L in regi ster

SPIOCTL. If lock bit L is set, host 32processor 281 un- pauses sequencer

nodul e 223 and retries at a later tine, until lock bit L is not set.

Fol | owi ng this proceburrespoagents an degeroak sionadr fxpm1@ mgdulie 280. Host

processor 281 dagtan@fardfer eBrcuit 22¢,0EBL¥Fi AT red4PA action to access
serial port sters si.nce sequen b 23 can | ss a soft
comand and ovefﬁﬂgg% Shodt 89F5ERED 93553 ‘ 1né£r“é%1°Pnr3 et lgi}onnand
cycle, serial pdriveateorregponding =igrePeOppfive ams sdftocontursiiler

i nformationgo §§B€%£ﬁ41that arésc&ﬂ@@%eantgaﬂﬁ: &@source

Tabl e 6B er_al Pﬁf‘ ggt ta Re ster 20
SPI ODATA in Sof F°P§§8H%% Boni r SR S l°“ §es° 94 FUNCTI ON
7:0 Send corwahdel bebdr3dgds ;Lsoss.mba]taa: bt hehepetsttion of board Sis

active in regis%%ht?&t@ﬁ?ﬁ. e dwagé(kesouB%@dcéﬁﬁfbﬂM@§n3Q t Sis inactive

reglster t hough certain bit
def initions for %@FF&P&E)W"‘* exc%?ﬁ'\ttrsl'lﬂt T §‘P%’r°r§3f’&?9fﬁnd serial port
data regi sty resobFtélidnkmildede3Ts idred coateclled F@seheeg'abﬁercsf can be

Eggg \tM.ot Bu?t gg::l g'lgf pg*;% %%%{gbeﬁ&%g& Sg% sera%fI porglﬁa a regl g%/glre 'S

SPI ODAT i s used Ta® . control register to indicate which internal
signal is to besaﬂss;@esbdxﬁcai Borthloller 314 includes a first-in-
36 1 ft %tCSWmoW gléﬂeﬁg q{ﬁsattegu?&té? A\‘;Ii:At% thiee 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 procesgor software and host

35 adapter firmware in sharing soft resource

L]



val ue 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 conmand cycle 5 is inplenmented to access the serial port status
regi ster SPI OSTAT. Serial port status regi ster SPI OSTAT is read when an
acknow edge signal NOACK is returnetPto deternine the exact cause.

Readi ng regi ster SPI OSTAT returns the current status 10 and witing a one
tS 0 a bit clears icbatrbller 314. The following is one schehdBhfing lock

erial port stat register T in slave serial port

i nput - out put  ci  Bie Boag E se?‘gb%gét# Definition 15 7  ERRLEDENAB
Enabl e LED error di spFhythe firmwagezin geayepgey module 223pwantssiQOPARERR

E) ecei ved data Pgrﬂsts)deEér@cht coumag_dlsignallgsh’@m_@' @madzmtean o
Reserve ‘ | an ther bit or
D TR et Rbong,sires, QiR gERICRE I fodEpiR0E B P
i'ndi cate an err osetongpgnenrceBmedERRI FENaRks seriml nPrts2B0 B¥ro after
power-on reset. atting 16 b3R| EPARERR % $8tiuDqRorSRLREr3D4 detects a
parity error in the.s@ft%ghé%t?%h glt %DIf(PA E;RR,@%G cl eared when a
one is witten tFaFE-8H what 1s delinfRs iRy Bormand bi t
UNSUPPORTED i s set when SSPI OC 254&AB3Eehhes an unrecogni zed or

unsupported g§ comand. UidiRRAr peet Curradd PogidNSURBEBERR | s cl eared
when a one is witten to unsgggé)r ed command I t UNSUPPORTED.

37 Simlarly to re t §9F%€%,°%§P&Eﬁ¥ 314 59p| OERRGEN i n
SSPI OC 254 is accessed by using command signal SOFTREQ (Table 1) with

t he appropriate g - n bit
O0is Bit # | Function

7 Send (S).

15 6 Last Byte (LB).

[ Lock {(L).

4 | Timer (M.

3:2 | Reserved. Always read as zero.

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

290
Send bit S is written active (e.g. one) after a
byte has been written into register SPIODAT at address
1Dh. RAfter the byte has been shifted out to line
sPIO-, 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



5 set to one in register SSPI CERRGEN, sl ave serial port I nput - out put
circuit 254 sets the parity bit so that the packet transmtted on |ine
SPI O has even parity and so exercises the parity check circuitry in
seri al port 230. When bit O is set to zero in 10 register SSPI OERRGEN,
"SSPI OC 254 sets the parity bit so Xhat the transmitted packet has odd
parity and this is the normal node. See TABLE 8. Command

signal ElI READ (Tebte Has lu‘eemssus:ﬂc&a/ out ori fmttiatdughi Loner SBIOH CE
controller 315 fggkgwgg‘?&% Eé N e(;_r anf) axas S.La%'il.a FQQS%BP@ST# (not

shown) of host ter eing rese 254
automatical ly seﬂensw%mtasl zat | on packet S cont ai ni ng bytes | DDAT

and ESTAT to initial |za&1t ®it L 1sr@s,_eg§57@rge@t15p& lviithdht. aMpii | e waiting for

20. initializat any h ess C causes a target
abort responssé tggﬁg{@% “rsfi 1Py %dp?’ggpgn "?9 %f%i PRFEi al i zati on
packet s, commndproceﬂmcaﬁlopngzaem podal ¢[33¢3T9@né BOWAPIRYEAT t o
initialization regoprEfet® Hvetkretid] 2achNdtheR 1#/1HbLAO0 of MEhb@RSiditiee | DDAT

|ntoadeV|ce|dent|f|cat|o reqi,ster ,DEVI CEI D conf uration
regi ster 00h, '"‘33'“4151 sPsPe mauﬁ‘%t ]qﬁg\gllfl g Eg F¥%r al |
comuni cati ons \Amplduheszzmrdmesmt @9  sofitd coumanddyt e ESTAT in

resource Stajyis 1 egi Sighe AP 6 1B Maddiakel €1l bUSPILARASEEHCL I ON

router 311 to deternmine ce of vari Qus rei urces_pn support

circuit 250. soffware éﬁ%ﬁ%&ﬁtgﬁ%‘ffg@ EPEFRT S 18O LoPR - o THRAF | ow,
Byt e ESTAT i s st dri¢édTawhewevtiitgleni actixg stesg. SP) mmatlcalm acknow edge

packet starting ge%%hehhfni&ﬁ.q}engosdﬂé’ 1?]@” agfrgi@éc ifgRal 380 earlier

than 4 clock cycles and no es Rrecedes byt es
| DDAT and cleared, e.qg. 1a e of commag 1s c 15'&13 Y| f

initializatiph r@x:'uflted oat! r ahectiddd doaeferenced teceidveMHs altdclow edge

packet within 16 gl f i sing edge of the signal on
pin RST#, ini t| zgt?n(l)n I Sﬁéfgeﬁ“g‘%“rﬁgﬁf’er 315 ti mes_qut and

assumes that an exterﬁ&l °§‘Faﬁf’§°°§éF‘F§F pHstepdp et - last hyfhe it c?-'Pcwt 254
does not exist. read b:.tsURl[lJo]t kef ihe i hova lniangt byﬁeﬁcmn‘mmi) ®ecle is

conpl et ed, any ng?te hﬁ%%%%n%g Egpét?é’ 2ri8E! commaRfl2PUe sadf) 1 S

responded to with signa

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. In one
embodiment read bits R[1:0] are encoded as data bits D1
and DO in the soft command byte formed in response to

30 command signal SOFTREQ.

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

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




10 that only the shifted in byte | DDAT is accessed by host processor
281 and existing external features have been I dentified and enabl ed.
When a sl ave serial port input-output circuit 254 is not used and
device ID substitution is desired, an 15 external device, such as a shift
regi ster device or a programmabl e BBgic circuit, provide bytes | DDAT
and ESTAT. The rules for mnimumtine before driving |ine SPI O and
paever 1 byt R e ooe ol 0

wever, i y i S an ar | and, stpo | are.al so e.qg.
one, the exter ng?egm “naé%i{lée c%ﬁrSPBpgma G §YFE et Fﬁe(’}’m%'é'ﬁ&gfl'shi fting
out bit 0 of bytlf BSFATPregessoy RAp|want®t &g gainmentyiol of  device in
one enbodi ment. LlfOWeRBuLEE Eitdio1abrds¥4 Chost prblesSdsiP b1l tirgrt he SPIO

early is one_reason for 25 choosi ap,.odd parity sc i.n ope,

enbodi ment. > pauses 5&&%‘@%&%"?*8& E%geﬁmgfexﬁﬁ‘gf‘eﬁzg%ﬁ%mﬂg‘, in

i nstruction routmgﬁlﬁbrpﬁ?ié@ﬂ:nsmﬁjdbbbnb'sﬁ gpélssgeb, l_logt i n! tialization
resource contr ol blockbd! 9af Ciklncla sequilfbeChiolides! 443 Gild on byte | DDAT

and a resource status yie STAT from s) ave S%EI al :gg(zrt I nput - out put
circuit 254. No TR 3FadktRtes Wl B?t’clor?’\?é’llfd it L s Rk &°t320 on pin
241. Fol | owi ng resElgwisigathisepradedure ppevéntimputiesdlpek «f rsexiifl

aut omat i cal pl %gbs t 13302 SeBUbhdd ndtf L &ondition and
sends 35 Hitigi I zat1.on ’88% ﬁs"{gce%%t ai, n?ngﬂ%yt gs ID%% and ESTAT.
Devi ce identifi catEIALR pPapspARARI asthen fR access serial port

39 devi ce | degigtdreaistinte Casimenaerempdule @23 banhbssue a sfapter 240
when register 0 Pgm) | host processor 281.
When byt e | DDAT vélrﬁltjaél%l a(nﬁl év? , aenll‘?)rsl'}:elraﬁa gevi ggplxdent i fication value

is 5 used. ResourcelBsBaB@st hGemnangr KYCdent 38l RPEENdRTYFegistey pe

stored in ragi st sPIGHAIOGCAPused to trandffesr ShEfvnatdbnatopsSsSPIOC @H4-,0uUt put
circuit 254, a | ft. reqiste or a programmabl e device is absent, an
acknow edge pack%? 7%%3% g'gie)lf%/eci;'bet ween 4 clock 10 cycles and 16 cl ock

cycles after signal RST# becom ng' i nactive. In such a case, conmmand
executor 320 causes | n! ti a! I zati omapb®ess ce controller 315 to use a
def aul t devi ce i den}slﬁglﬁgg}t%% (igd%s\éé{otqs‘%:{ Dt%)étaeReEg;.l_'égelgo FFh, and

to pass the default inte
: 20

SPIODATA in Soft resource Controller 314
BITS | DATA FUNCTION

7:0 Send command, address, or data byte when bit
S is active in register SPIOCTL

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

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



15 pin 241. When present, slave serial port input-output

circuit 254, on being reset, starts transm ssion of an acknow edge
packet on line SPIO that is connected to .pin 241 before conmmand
executor 320 tinmes out. Wiile 20 tran%gnti ng the acknow edge packet,

sl ave serial port | nput -out put circuit 254 can take any anmount of tinme

necessary to obtain the device identification code from for exanple,
a programmabl e | ogi c Ifi tdei cosgandiyte in regiwsterqSPIQRRATA hass@nbl e byte

gigATbby pol I'i tngva\/ﬁié ?Fa2§grgméﬁ&c&8&e§st§é@ﬂ?e® m%%ﬁ& ,1507d. . gggur ce
us ermnators onty o 0dgl.C

and EEPROM 390. 2FTefS &ﬁgéﬁﬁ?ﬁgggﬁs&@%v DB‘EBI‘% i EETRY SPF‘?;’P%e seri al
port input-out pudetinesiiiin Tehlee? nian®werdal portt tﬁ@aauhnmwgb qysdeet and
transmts twa '”ié'fd@l?e%ctén‘éad?’go aél%s‘éehﬁetﬁ@hag.oﬂbétnséﬁ@xém obt ai ned

byt es. ort f cle SSPI OC 254 is
i ndi cated by thereoggg tsggoﬁﬁg%bel% % ESTAT. The bit
definitions of reegbtteer SPIOSART aiee read whhnvvm |ac:kﬁabll.edﬁe I f the

initialization cggmi NOMERE 1 5ot nllRP £oVbefinidnethe ERIAT daudeh. none

of regi ster bits are set to

40 | nsB® ‘?%rFergdﬁf'SF ﬁﬁo%eirﬁ'r"é?‘? e GUEFERE Stat'é‘}sgnal s to
access a resmur cendniyitaifrigeia daeetonanibig thears thatebdhce of the resource
on support circuit 250. Instructionpfgyiet ¢ 311 determ nes existence of
a5 resource fromthe value of the corresponding bit _in an ext er nal
resource status regi ster SPrERhrPorh status registeg SPIOSTAT [ ogi st er

SPI OCAP" that is def| ﬁlﬁdsldkre serI&hIpoﬁt beipnw-oﬁt@kt etsiﬂmuh.tBE@CT L for boar d

control | ogi S
|n|t|aI|zedtob : : TABLE
2 Reglsiee_SHLOCAR | pn Lot et on_PRaouter 211 Rit_#JRead/
Definition afs fu Pﬁﬁﬂzﬁsﬂm Enable LED erYbit@isphay R
SOFT[ 1: 0] .
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 feset.

25 Bit SPIOPARERR is set when SSPIOC 254 detects a
parity error in the ghift-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.

‘



5 R'W Soft Conmands Enabl e ( SOFTCIVDEN) . (Def aul t

"0".) 4 R BRDCTL. 3 R SEEPROM 2
R EEPROM 20 1 R ROM 0 R SSPI OC Pr esent

( SSPI OCPS) . Bits SOFT [1:0] of register SPIOCAP (Table 2) have
no hardware assigned function, but all 25 software/firmvare to be aware
of external conditions on a board to board basis to all ow

customi zation f lsdwiDatiy \to DegisteNBEIONTIAT, | Aefixtier t hat ext ernal

support is pres ¥R f ' y "5 SYPR .
pre-defined sof fégspofmnggﬁ %@éﬂo&?é%&&com%g%dgﬁrggfseuﬁ Fokg?gdwi tten
active signal SOFTREQ {(Table 1) with the appropriate qgwgyngy host
Erocgsdséogvégl Orcé‘diﬂliexnﬁ'egist;.]er smdnhf A 2Pfable aagbl ewheaofgit @OmngS. x\hen
it T Is_lnactive, . Ry s -l nd 1Eh are

regi sters B L??tl'gtbﬂ émg) l}én%%%’fé%bgﬁf?%a&ﬁlﬁ g?_‘?ére?s%%catll ?E}Fg When
bit SOFTCMDEN i sirputi-putput ciyeuideRbAi sebmsheopagdtly eifesolthaind 1Eh are
regi sters SPI CDAdMe (phaiRee EBamdititted 6n3)imeGrI0-Ohdl even (p-Ea:BJt? 6A) ,
respectively. Bit,SOFTCMDEN i s trl% . affecc ed.g)é g%ﬁval ue qt bit 5 of
byte ESTAT but i¥84F° FEEEFHPTE 15 BATAEY Tt SE5F & =Ed&ncer
modul e 223. port 2A%5n When BROCTL issset die,zeawt dnrnal logic is
pretsenlt to a@?t rPéB%féﬁe‘Lir %@bﬁbﬁgﬁ%@p@gmbcl23344gse%§0thetpa£&§ﬁsﬁifessbo boar d
control register in _hos a er re_automatically
redirected to bo%\li‘%tDcéLe tEBﬁF‘Fb‘Fterde@aé’gg{; Wﬁéapﬁrﬁéﬁﬁé 2%3‘.8 %ﬁﬁen boar d
cont rol registerthﬁﬁiﬁﬁmaﬂsmadegw(ﬁeewﬂmsbs 80 bit BRDCTL are ignored
and reads to board CQunna’ 894 L 'ERERET ¢Table 1) is issued by

initialization resource controller 315 following each

15 assertion of a signal on pin RST# (not shown) of host

adapter 240. Also, after being reset, SSPIOC 254

automatically sends two initialization packets

containing bytes IDDAT and ESTAT to initialization

resource controller 315. While waiting for

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 00h,
byte 2) 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



return all zeros. 20 When bit SEEPROMis a one, external logic is
present to access an external serial EEPROM Accesses to serial EEPROM
control register SEECTL in host adapter 240 are automatically
redirected to serial EEPROM control register SEECTL in the external
SSPIOC. 25 Whien bit SEEPROMis a zero 3fites to serial EEPROM control
regi ster SEECTL are ignored and reads from serial EEPROM contr ol

regi ster SEECTL ESTAFn dlfl inétdglization resowem dontrEEPROMIS doesne and

the ROMbit i S ahéQ fece:.ve aaea&meag@nshcﬂ@%ﬁ%syepemcx s al so

witable for ace Bl dat e \Wen bit ROMis one,
external |ogic |§’eﬁ%£%rﬂftF5 the ’aﬁf’d?s?dﬂﬁ %&t%&ﬂ%ﬁ&"m Bi t ROM when
stored as a RO, ddinisldegtiom rrdadRObETtontrdllercd3hsi gimes iamk space
of : syst em mogul eaﬁa%é&nt& kRae &bt&t{éﬁa‘ia!aﬂév&%ﬁil %H:tﬁib @ bit ROV

i ndi cat i ng PCl external Bl 0 ROM upport. When not one, reading

regi ster EXROVCTPY tput circuit 254 does not exist. 42 returns a Oh

val ue indicating no Sumpidr ttlfrh.erlnmyia/hlm:wn commdnd rcycde EXROMCTL.

Sl ave present bi W'@% 254 is
connected to pi nkgﬁﬁﬂ‘%o Ies tﬁ&%&d ﬁ%ﬁésﬁ% %Eisg§§32 T command
cycles. Bit SSPREEPLRY 8240 1Sn6?58‘é¥ ded te whthtsignpls RETRI: Lo reRFURAmDI e
logic is 10ise@hke @ﬁw ﬁhé hhietém byte IDDAT idaitressed Byahod8OVREQ is

R e

EXROMCTL is acti ‘}éenﬁifl%RmEENab regi ster COWAND i s active and the
acces ts | sE\;(\n Rtgf\l/;:_r; wh&e aﬁ%lﬁwt Qeﬁﬂﬂprpbz%ddﬁﬁﬁﬁ- cii'@ﬁﬁﬁ 25y g
register e_coman
backet e e BREasA ansl SBuTES o A BRE TR e R peq ot

doubl e word ¥ bexiernalcdbvire, heuektas malshifforggister gepice 954 uses 18
address bits MAlpri¥pCamhsbBC A% c circBiD vi&é hoypsesRPWDAT EEFROM Bits

AT RO e et il AL B S fig e
command packet i $PBPtsamd strarth] pagibty and gtpg bits ﬂ'%(f,olllnwadnbm)ry read
comand cycle 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 extexrnal device
to stop driving the SPIO- early is one reason for
25 choosing an odd parity scheme in one embodiment.
During power-on reget 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 packete containing bytes IDDAT and
ESTAT. Device identification byte IDDAT contains the



SSPI OC 254 requires that bits MA1 and MAO al ways be 0. 25 SSPI CC 254

| ssues four ROM conmands to conplete the doubl e word required for host
processor 281 ROM access. In one enbodi nent bits [17:16] are used to

access up to 256K ROM If serial port 230 is busy, the host
processor's 30 ROM access is term nat edwith the PO si gnal RETRY,

W t hout generating a command signal to nenory resource controller 316.
If the nenory pdevica SBRItGFi2zB%ios code tiouby prowided birehoetiory port has

been reconfi 0ur elabPly 240 wHEEPEEMotdle pYIRRTD] SLI! BhBaRPGII th & PO
Target 35 Abort, vmth%ut ﬂperatln a comrand_si 3? nmeno g/
resource cont r olA6Pe8¢8 byrhest: Rrecedseh28tenp ‘g W’e I0DAT value

43 can be det &fhj nadl inteenali devipdiiideSEEffcation valagi ¢ er SEECTL.
of o host processst oot anedl skachlpies RERR gntsing nESRRH ARG 1O
active (e.g. 1) to be SF?rﬁ(RGVEﬂgFHt‘F‘ég?WEXRO\/CTL is active, bi t

MSPACEEN i n regi st er wheh/NiNIYe Beikl Visortaritipubeoutputacdesaits2séf i n the 64

KByt e menory ad t EE? t nory
wites, in 10 %’g'g%t ﬁfft R'hé ot goggo#‘% gg ﬁé‘ﬁg‘?ﬂ;% eg?he&gSPRO\/l
bit in register W gieiRackesoigenal raaeiyedebgtween 456d0ckn the menory
wite conmengl Cysiest aﬁdcmnmrasd:k cycDée ketitelrs sh gha Db yebvmingldr ess

packets and a dat et_contalning h IS e witten
in 15 t he ext Zir %‘cltlféﬁ suie ta case%l"?o“%%%lg ?%éﬁﬁ rgég.!)egé‘? es are
used to identifyinitialiratingn cegounge wontinallessplodoswes defatte data
byte into the EYviMe 28éneffitfationPLedd NEd MRLtVEYE€ ESTAT theFphat es

acknow edge packet nd| cat| t ite_ 20 ed, so that host
adapt er 240 can aé?s& Pt P che éz%aﬁigl% gﬁﬁ“&(w{%&hggt processor

281 to 1% er ipima2d 1t he transacti on. In response to instruction
signal s on master Wheﬁ%f@éedﬂ‘p'élaeétwlaﬁu of@oih @%&%&ta menory

3800 | not ruct i orPAESUREr 2541 b HedBa, FORE ( ViFRTEs CFRRAHARRISN OFi Shal on
menory bus 311Madiaxowﬂ.sdgerpmmi¢ee:don line oSEEOthat eis uramectetdr bbl er 316.
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 regources, 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
regisster SPIOCAP bits are set to one.



In response to an active instruction signal to 30 access EEPROM a
parallel menory controller included in menory resource controller 316
drives a ROM request si gnal ROVREQ (not shown) active on serial port
comand bus 323 to indicate the request for nenory resource

EEPROM 390. The parallel nenory control #8r also drives 35 a ROM read

si gnal ROVREAD (not shown) active or alternatively a ROMwite signal
ROVSEND (not shown) 1Instruction router 311 generates instri#tion  active on
serial port commyds $g5adGdd'dl $8b6utce on1baEE0 HEUUIMINEHE Qe d Wi LE
command cycl e, espectively. I'n"Tesponse to an active signal
ROVBEND, conmand Bresepgecf okhes xgseuseet @3 sppexsr §L¥MIE #50te comuand
cycle that |imnstirdctibnt fouthd BRIDAFtMiihed ekEstaibard aycl e

descri bed aboye for b on register . hat_c nd
execut or 320 #ran’gerﬁ sr%te V\ggét'gdér:heesga%e 8|%ac eetcs?%gggéﬁ%m&?&? FF& ng}-ri)a

bet ween conmmand l€Xteraalereasurcee dtakug yegiater4§RIOCAP, alsc After

recei }/it ngSle | tpafi@ﬂﬁ'rﬁaltboaé’r%qg&ls&éﬁ SPIOCHYS' 'taiatpﬂétdeitﬂm& ot SUE

ci rcui star ransm ssjion_of . e C updat es
EEPROM 390 at t hef%hélﬁnrzygﬁgggt [ c}lr?hl 38n{’|1€iq%1§ﬁ#}' %ﬁg g%ﬁf@é%g?% (F:)ont ai ned
i n address packetkodig? 338d 4Betegnal resour¢e statiscvegistrx] SBIOCAR dat a
packet 484 afn@ thed initial®688 N eytecksent et daeket. 485. I n one

enbodi nment , sl ave serial port input-output circuit 254 uses two
data bits DO and D1 of conmand packet 481 as high order 20 address bits in
accessing the nenory |ocation. The TABEE| dns of command execut or 320

and menory resource Regyaééxoldp&bciiﬁiﬁtﬁfe%ﬁeioﬁ%m Al 10f
acknow edge packet 485 on_pin 241 are simlar to the actions

descri bed above i|npitefgel reed/t poeciiiiicrdae paskeion!2daBde bivs LED 3$50.
In response to arf active rpad command si gnal ROVREAD, comrafd

execut or 320 exedqutes a Py byte read command cycle in which
conmmand execut or 3
address 30 Packdts?#®2}an® 49BSOFFR @1 -4)) After receiving all
packets 491 to 49

T,_?V_E\Lr— Sertal_port I'ﬁﬁUF-GWJarts
transmission of dn asknpwFddye| Patk fomrends, Enaple o SOFTCMDEN) .

(Default ®*0".)

4 R | BrRDCTL.
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



transmitting acknowl edge packet 494 retrieves a byte of 35 data froma

menory | ocation identified by the address I n address packets 492 and
493, conpl etes transm ssion 45 of
acknow edge packet 494 and transmts the retrieved data byte in a data
packet 495. On recei pt of data%dacket 495, command execut or

320 passes the data byte retrieved fromdata 5 packet 495 on received
data |ines 321 to(er%”bﬁ&? Bilbst ré@e@ﬁr&ba okNsé@sdieze to the data

byte on recelved a a rguter 312 wites the
data byte into a'™® ég%n%?ye%}ag’él st%? ncﬁ ga;, |va1 syst em bus
nmodul e 225 vi a dah:a: GOFFGMDEN riiess mzstlml Tthe d@ﬁén@;ﬁm fom adfress 4|,
host processor 28p1)sRRCiehaare regﬁeuérbyﬁ@cmr d'raaleezeocmnacmmo ROM

So, during i on_ of 4 [ aI

I nput - out put 2i rc{ﬁaﬁ%aﬁgﬂn’é?m%lg Z’%t gbw&@ l‘éﬁﬁress

packets 492 and 4g® Mlmtlm@raadgresmdm BpdelBl ake a from EEPROM

port i mput - cotezs %ﬂ??ngo“‘?‘?bﬁém"% e o o reeE e

packet 496, and sr"FFB?L!'ﬁ th‘?‘EP%"F Yrt P %F&Wﬁﬁ G{'a packets 497

and 498. 20 affl&m:dcbyotbe ofalmeninbite e oft byt82BSTAN butt diseved

data router |d{:|E ﬁﬁq éegi&t%tsﬁﬁeagsséﬁ'iﬁ 82dgequendd@urth bytes are
scr

simlar tot ove the first byté. Wien all four
byt es have been mod 2@ibled in the byte assenbly register, retrieved
data 25 router 312 dmueesbatFimncmadp ai omes RIBOhWRDYldgnixt is shown)

active to system émﬂléloe SatrdieSdt el HED l%o¥d 'd%ﬂh%iefo%@t:«xﬁl | four

bytes are avail able ost pr ocessor hough t he

above descripti onA? hoaedisiaptzgl regishinr. BREEBRAR FAEL o different
Menory resounse, Sdmjsl:er 240aara afticrati chibk eckdiRebted €6 asdardPROM or a

EEPROMV can %ﬁst&rﬁﬁ(ﬁ&. if $@s53! SOxR ?% except
that instruction rou er W Writing based on
bit EEPROM of st afeRtzl resegte#éﬁgéﬁECEAPa zero, writes t° bit BRDCTL

are ignored and reads to board control register BRDCTL

return all zeros.

20 When bit SEEPROM is a one, external logic is
present to access an external serial EEPROM. Accesses
to gerial 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 epace
of system module 225 to be read with the value one

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



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

menory resource controller-316 is enabl ed when bit SEEPROM in register
SPI OCAP is active and soft command enabl e bit SOFTCMDEN in register
SPIOCCAP is 5 i nactive. Command signal SEEREQ is issued when naster

serial EEPROM control register SEECTL (4%h) is witten or read, with
the timer SEERDY expired and no other comand in process. When
the request is fiQpiasta D6RSAER 1381catitly 48 suPbGRAlECERENG bE14O!

returned until the omran f?é‘ conpl eted.” Wen the request is from
sequencer ??3 t os'@'bencer clock is stretched until the
comand cycl e | S corrplséaeel present bit SERAAORS beingloBEEREDcaRbsal ts in

3P on 204" e R o An eI iooPthRer nd g SR o

i i vi des
read comments? arid 'ngpﬁg %%‘gegpépkﬁeaﬂ?‘?‘fﬁan %Ycif‘@o |%(ﬁsﬁl§f"§ stfds back
as a real data byict tslet if a aldifitemregister lor pragrasmabls lEgRROMscont r ol
register 20 SEEQJlag W {E\Qsérhﬁt ke §BSaPEEPROM control signal s and

serial data out. | ave “seri al EEPROM_contr ol re [ st er SEECTL on
SSPI OC 254 provi des tﬁ@%tﬁ’rw ROMREQ 1 18, ondy, dpgyed a Fting an
external serial lothid hoePRebbeEBEcIE 28 ahcddss” whent bi i SRGM fmur pin interface

et onal 165 Re e&'s‘ﬁzr JopRLIPR T8, R BIE AR £ O

SSPI OC s nenory p'@ﬁﬁch ishaceivey thitaMSPACEROMIEEPROM or boar d

| ogi c devi ces. teraadmmliéacutreraﬂmumqub&edsbmtmhanternal
tSFEPE;M IS provi dYe% % KB e oft ?regéjﬁ}& thg%ﬁg%é‘(z:f sxt rrtnejmde\alll ce's
har dware ti mer |sr?9‘3@ﬁfrea‘e§XR@M¢ms~ter serial EEPROM control register

SEECTL to easg softwarm detﬁéh@ﬂﬁ%ad?’éomaﬁkﬂ d¥cQ¢l, denposdikidd tpacketabl e 8
shows the bit 1s(¥§flgh%hoﬂy %%b%%er 5%%%:23 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-MA8S are sent in
the second address byte, and bits MAl7 and MAl6é are
sent in the command packet in bits DO and D1. 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.
1f seriallpo#t 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
busy 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



47 TABLE 8 SEEPROM cont r ol

regi ster SEECTL I n menory resource controller 316 and

sl ave serial port input-output circuit 254 5 Bit# Definition when bit
SOFTCVDEN SSPI CC 254 S igactive in register SPIOCAP I/ O pin
- Table 2) 7 reserved = 0 6 reserved = 0 5
Serial EEPROM Mbde Sel ect bit SEEMS. 4 Seri al EEPROM

Ready bit timer can be determfSfélD¢ exbdining Kit sBEMEain EEPROM Chi p Sel ect

bi t SEECS 2 Seri al EEPRONICIock bit SEECK.
VD2 1 Tegister Eégggr Data Out bit SEEDO.

0 Serial EEPROM DatEpPY fregpry reads, cpmpand signal ROMR@Eﬂable 1)
48 Ser ial 1mwadeeae1tew &i hosfigodessar 281 rastas ite bit

whi ch when el aghLyq,.e s 9heredladl sprockf Al LAER1vE- o O, CAUSES

menory resource coh STsEhd réquest 10 for 5
access to SEEPR@@BWWQ&?@IM E&ROM@@'el%?thves An active bit

-SEENMS reconflgurgittﬁgyﬁﬁﬁﬁNOQh St €20 COMMAND 1i @ldc@ve SERRR@YLcONtrol bit
SEECTL to redefine |ns gDé OAéE Table%#y gactlvate SEEPROM chi p
sel ect bi t SE § ots ydrnde o ﬁg FE°8oW3IST 10 1 ogic.
Once SEEPROM nodetexéedcin piegiSEENEXROMMTIer t Eor memory writes, in
10 addition to the above bite for memory reads, the EEPROM
bit in register SPIOCAP must also be an active e;g.
one. In the wmemory write command cycle, the command
packet is followed by two address packets and a data
packet containing a data byte that is to be written in
15 the external EEPROM.

All bits in the address bytes are used to identify
the byte being writiten. 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, oxr
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 wmemory controller included in
memory resource controller 316 drives a ROM request
signal ROMREQ (not shown) active on serial port cowmand
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)



access to other resources of SSPICC 254 such as a ROM and EEPROM i s

I nhi bited until SEEPROM node sel ect bit SEEMS is inactive.

Serial EEPROM Ready bit SEERDY is a read only bit 15 that provides a
hardware tinmer that is used instead of a software tiner when accessing
SEEPROM 380 or board control logic %470 t Each tinme register SEECTL is
witten, bit SEERDY goes inactive and after a 800 ns or | onger del ay

when access to SEEEEM?&D:;&:L&Q%:% RémAEnd OO I3 86t iN@icHd).a ONE. The
state of bit SEERDY. Ju be. read actlge bef or% continuing to the next

step of addre55| ng W% BT & Wt Chi p Sel ect
bit SEECS is a respegtiwelvt-e bit that is used to control SEEPROM chip 25

sel ect pl n SEECS of SSij Qespafise MD% %EEEP@\éféﬁaq ROMSEﬁﬁ' e@émntarfd SEECS to

active, gne can dri bi t

SEEVE |5 acti So. | BRACuESE Bored8Buren, . pRBETY Jo Sl Prgmti QseoC
menory i nt er thate 14 mimiderRO(He siegoay sbyie writehcSmtmRDdR8@ 30

and board control gkggi-foel ArdNe 961%‘5@{14 boa?ancéﬁli%i reglsééﬂ%ié‘eiotan
external pull down resistor jf SEEP | S pres

Serial EEPROM cl oER3bi ¢ e?‘gc‘ét‘?%éﬁ/ov\ntir?ﬁs%’r’is a ﬁ?s%ont rols the
state of pin MD2 phckéts t8&2oandc483 FG.04Hhcbstweeanl coamand! ock i nput pin

of SEEPROM 38§@, acket 481 and dat ket 484. 49 Seri al
EEPROM Dat a Qut blpt SEEDO | ana 2 %I/paq S bit that controls the state

of pin MDI. Pin MDL i sAfter c?&ﬁﬁélf%%%l at]d- Pﬁskﬁ‘aﬁ #8156t 48fn BIIVEEPROM 380.
When bit SEEDEezhall JiditS iapatacttipit cdrguivnzss mtarkPl is 5 set to a

hi gh level for w t Qe EEPQ, can be used '
wi th ot her resourg;ergﬂigur‘lfsa%'égn P(%ngc %ggﬁEg%(“ﬁ%goa% Fo? exarrpl e bit SEEDO
can be used as a EEPROM, 390, at; th an%!m ileFaton Hideptddird buttheits

BRDDAT[ 7: 5] tisat addrésstahtiainddbie didrebsepadipdts 4@21AndW s eecHi bbl e of

Lo Pl "B e 2 S84 Yned 10 M aER B0 486 il o
access data from Serpieatess@cknpulelge pagkes 485 bi (InSerpl epbedimens t he
val ue of pin MXO shaeé dériall pogniwmitcduiput heifaiit Q8upubesetwd nal s of
SEEPROVI 380 when g!a&a%ﬁ::é\@ dos a at bY%%f 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



One set of bit definitions for a master serial EEPROM control register
SEECTL and a sl ave seri al EEPROM control register SEECTL are listed in
"A1C- 7870 20 PCI Bus Master Single-Chip SCSI Host Adapter Data Book-
Prelim nary" avail abl e from Adapt ec, Igg. of MI pitas, California.

A nodul e of host adapter 240 issues an'internal signal to access
SEEPROM 380 by setting a serial EEPROM 25 node select bit SEEMS in master

serial EEPROM cogf rfdknowledg@dpsdiedt a8eClhd trun=RSRENERe IFatiriet@d OF Wite
to an addr eéstm;m?:r mast er .seri al EEP control register SEECTL
in menory resour B3R T orPeR @ BAEFLETT on router 311 passes
‘correspondi ng i nst rud@n geceiiphatt datagpackentdbr eosmred control ler 316.

I nstruction rout ggeddtor 320 Pab¥ES the dataShptdlretEEBRERDMrdunagitave for at
| east 800 nanoseconds

dth ti t.Q . dri | EBRDRDY
active |8 unBRRKSE 495 o FROR TGRS, LLBER CRI6R! FREFERe, fte:
i ndi cat es conpl erbeteni3tZhe IvcrespanseSEBPER $8G1 byte on recaiymehse to a

read or wite inggrpal il 099, f PELALARI data router 312 writes the
50 to SEEP 380, the actions of rremggry resqurc controller 316,

conmand execut or 9358 BYkf ikPeaHYTe assembiy, regifhar. EBPEu?h‘BW)Cl}i”t 254 are
simlar to the systetilbme wdatei 225 wrodatanouttfuwtr dinest 326 cadlrand wite 5

f d . . ’
or master heardegantfitlafnedicsber pRRDGHL h?sgl%r%%ecfskﬁ 99? %gf?%ﬂ-l% nt

master serial port iRnput-out put ci T cui seria ver e
i npl enent ed usi n&§OUr PYYR wardy fors earle ascegfpkaiM-C SR APEIMiche
appendi X A i n patiranshiggidrhefVERktd Gackedr aas| nekavh@eridl porth Tabl e 9.

The VERILOG code ;i,g, ADRgadie¥ CQréﬂ@t_arw aRReaMLX 4 eneCta}gﬁ&ggs was
conpi t hat

synt hesi zed usi ng Nopsys er version 3.1, I'S available from
Synopsys of WEGRLYES in addregsipagfals 492 and A% Fod retriedetia  in a
host adapt eris nt egeah@doytie @fi datapE LS EEPROMN3IONE kin cotphetis®rdf as 0. 8
m cron st andard %%th@%é.érgto%gﬁ?;:ggoacket (iisg(,:u.éiave serial rg._ he VERILOG
subrouti nes shown 1 n Tabl'e utirtnz and’generate Si nBPE-that are
specific to a padnpPebrentput cizeydti 2ahitrsmsnsts thmpesondsbyteaites 10 and
11 20 define sigaeal paéitettadef,r ant dsdinmi tarapstRirdidrdlifouz8f bytes and
serial port 230 ri%sggggix\,/géﬁ/etssod‘tsga;n& hé)gsaq skilled
20 The actions of command executor 320 and retrieved

data router 312 in response to the second, third and

fourth bytes are similar to that described above for

the first byte. When all four bytes have been

assembled in the byte assembly register, retrieved data
25 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.

4



in the art can inplenent the invention in other enbodi nent s.

TABLE 9 25 VERI LOG Code used in Mdul es of Host Adapter

VERI LOG Code of Appendix C Modul es of Host Adapter and M crofiche
Appendi x A Sof t war e Resource : softctl, softcntrl,

Control | er 314 sof tcnmdsm sof4® egs,

softtinmer, spfifo, spfifoctl, spfiforegs

Har dwar e Resource CommdHd@Abhhl SEEaid NMBLIOVLSBhatlis gbRekdtrdd er 313
sbwecet |, | ed, Ey

| VERI LOG Code o A‘b‘%’g?l L gource c%ftﬁﬂl&§ 1";1?40’5? %g&ﬁg Whe%md M crofiche
Appendi x A blneﬁﬁﬁlpR%mmgwter SPIOCABnt® | actsiveomd| sofeecntrl

Controller 316 command er@1e bH SOFTENDEN in regiéﬁéx* %IPiIé@KPOI's Resour ce

ei sm iddatest at stctl Contral | 5. S ructlon Rout er
311  sprw, s%rmé‘f‘?g 9%t r SO8fpand 815AaY 'dEerig 1 s ssued Whbt WALEH kgen and

sprwdec ReserégbdEERROY Rontrel regimtémuf8EECTL (ER) is wrBetém| Port,
Byt e spar Rene¥ad, méﬁe&%aﬁs?ﬁeél&mw expPFddlandPhb, ofREyert er
spent, spctl, spctls spcntrl and spshft

TABLE 10 15 - cgf“ﬂng sufé”ﬁé’FésTr ansfer Circuit from Serial Port
. When the request is from host processor 281, PCI

10 signal TRDY# is not returned until the command cycle is
completed. When the request is from sequencer
module 223, the sequencer clock 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 dBmments, 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 watches 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
3s and provide portability. Table 8 shows the bit
definition of register SEECTL.



Si gnal Name in VERI LOG Code Function

From To 20 berren generate parity System bus Seri al
port error to , nodul e 225 230

exercise parity check Htg circuit
chprstb reset chip System bus VBPI OC 210

(initialize) nodul e 225 and seri al (self

port 230 resetting) TABLE 8 52

Si gnal Name in VERI LOG ofq¥%§isegr SEECTI, From To
<lrparerr_ clear parity |, s stem error
that is nodule 225 238 m-e““-"rY res°“€€ﬁr?9¥FF? %Frﬁ}s and report ed
(sel f r esetdélavg) seeidliPort inpattovfputatcdrcuitressi eved
Sequencer HF-aRs+er —gat-a—-outer——MaetH-e—223—

bus 226 is 5 3Bix# | Definitdonsybérrbit SOFTCMDEN b|ssymd54

bus nodul e 42 40 40 MHz
cl ock Sequencer *ﬁ(&géffﬁve in reglsterfg?1?$%ﬁ gfyo i nodul e} 223
and seri al ST éKPbH-F‘-’gﬁ to

save power in FOTIe T CrO T
Sequencer I nsi
6 reserved =
5 Serial EEPROM Mode Select bit
SEEMS.
4 | Serial EEPROM Ready bit timer
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 MDé6

SEEDI.




[ 7: 0] transfer Modul e 223 router 311 bus 226,

or system destination " bus nodul e write address
225 cddat part of data Sequencer VBSPI OC 210 [7: 0]

transfer Modul e 223 and seri?é bus 226, or
system port 230 destination bus nDduIe wite
dat a 225 Si gnal

Name in VERI L(Bgrial EEERQM Mode SelPGﬁcPiLBrFEEMS is aprom To
‘cdwen_ dat aeddwsies bit Sﬁmuhnahﬁn seti Betivef i0y. one, or set bus
226, Ayl £ éde é?%t%er lcauses memory reso tination or
system e Bud oo e

225 csadr - controlijer 36, ikef §?nd a S@m’@ﬁéeFo SSWéthrziSévéﬁr [ 7: 0]

bus 226, sow ce acdeds! o 2$ERPROMABA0 IGHttRS board control logiaddvess

or system 312n actiy bit SEEMS reconfigures the %h Ty port
Y S, reconks r

225 csren_ rans er ncer e r|e
bus 226 source tonsddp¥ SEE?RONUQPatIQiuh%t SEECTL to redeflnﬁeaﬂnEnable

or system 313mi2:0] (see Table €)1 ¥68$ {Rhte SEﬂil&)MTQQﬂb%elect

225 5 Itst5| . est_bus Soft
for test §L5§UF 15 %@F aﬁ%??ﬁu?géééﬁgﬁbm 380 or bo ﬁPP@E&gtlon
nmodul e 221 locodmmgblerOnce SEEPROM mode sglgmeh| bit SEEMS is asserted, 314

mpar cken e”atﬂ&%sﬁa{:btdtherg)i%ts‘éﬁkéé’é of Frhdb 2 tsuch ag a ROM
checking of anrg)%EPROM is :u:Euglted until SEEPROM mode se‘iect
bit SEEMS is inactive,
Serial EEPROM Ready bit SEERDY is a read only bit
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 active, e.g. one. The state of bit SEERDY must
be read active before continuing to the next step of
addressing SEEPROM 380.
Serial EEPROM Chip Select bit SEECS is a
read/write bit that is used to control SEEPROM chip
25 select pin SEECS of SSPIOC 254. When SEEPROM chip
select bit SEECS to active, e.g. one, can drive signal
active on pin SEECS only if bit SEEMS is active. Pin
SEECS can also be used to qualify the SSPIOC wemory
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.

]



hackets pac2spi o Sequencer is in Sequencer I nstruction

control of bus nodule 223 Router 311 226

54 Si gnal Nane in VERI LOG Code Functi on
From To por power on reset Syst em bus Initial-
nmodul e 225 ization 49 - fromPCl Resource
reset or Controller chprstb 315,
MSPI OC 210, Serial EEPROM Data Out bit SEEDO is a regd/wmiteort

230  rstib  pit tRet &E6m@tollOthe st&@é P pus Mp1 N tP:LQl' MD1 is
kg;gh?L;ze égﬁ%ek egzéb tﬂ. %5 1nput pin of SEEPRdﬁi ﬁtroﬁglngs

315 bit SEEDO and SEEMS are active, e.g. &EBP @Em2MD1 is

SQr!aL DOLt get to a high level for writing a bit into SEE%&QM ?%%1sled
scsi bus busy

out put bus Res&ﬁﬁgégEDO can be useg@wﬁﬁﬁﬁ°qh§§ FS@?ErceqniﬁuPadiﬁipn

Control |l er to SEEPROM 380. For example bit SEEDO can be3i8ed as aondec_

ROM decode goes f%ﬁ?ﬂ%ﬁb@ﬂsln ddHBA to three board d%ﬁélﬂfi gihen bits

nodul e 225 ti on Rout r ena
are active and RDDAT[7 51 thaﬁuiiﬁeéés?%é)ln Table for examplg 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 bitl 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.

311

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 regource controller 316.
Instruction router 311 also drives a
signal SEEBRDRDY inactive for at least 800 nanoseconds,
and then continues to drive signal SEEBRDRDY inactive
until a signal from memory resource controller 316
35 indicates completion of the access to SEEPROM 380. In
response to a read ox write internal signal for access



5 r omadr Address of ROM System bus I nstruction [ 15: 0]

| ocation to be nodul e 225 Rout er 311 . read.

55 Si gnal Name in VERI LOG Code ~ Function

From To r ommr ROM wri te Syst em bus I nstruction

command nodul e 225 Router 31%9 st pwenb SCSI power down

| nput - I nstruction bus term nation Qutput bus

Router 311 to SEEPROM 3860Ntkdladtiibng) of RMdre iaéource stpwlvib  SCS

power down Oonflg '1;1at]|_l Igi%r uction d f\ t ermi nation on

Regi ster Rout er °841¥o++er command gxgsrutor, 320,And Flavs Fenta

bit 1) pbuts input-output circuit 254 are similarnpouthke 225 i ddat

gg\(f)v devi ce | acéféﬁ@lde%&abe&ym RuSreference to read ax%iﬁmﬁﬂ‘tgcat i on
nodul retrieve

Sequencer 2 [ fﬁf maStert P&ﬁEg eFoRel rggagt[:edrlsg% * nodul e, 223

226, source 312 In one embegimenh.bmaster serial port inputhaldtipmt

230 0 opy EERpAE 0 oBE BEMAN RO, 230 Wi imBIbhont I I o tem

) | S

bus the W%"Q%Sﬂﬁle ha apqe@@g,gfr eand mﬁﬁ'&’ﬁ'gﬁ?%

been stored in appehdix|ferin particular, the VERIINGEmubroutineslghown
DEVI CEDL 10 in Table 9.0 W ¥8rRAOG code in appendi&QEegnd
appendix A microfiche was synthegized using Synopsys
compiler version 3.1, that is available from Synopsys
of Mountain View, CA to generate a gate net list used
in a host adapter integrated circuit implemented in one
15 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
20 define signals to and from data transfer circuit 220
and serial port 230 respectively so that those skilled
in the art can implement the invention in other |
embodiments,
TABLE 9
25 VERILOG Code used in Modules of Host Adapter

VERILOG Code of Appendix C

Modules of Host Adapter | and Microfiche Appendix A
Software Resource

softctl, softentrl,
Controller 314 softcmdsm, softregs,
softtimer, spfifo,
spfifoctl, spfiforegs

Hardware Resource brdentrl, brdctlsm, sbwcsm,
. 30 Controller 313 sbwecetl, led, stpwr

]



noack Send t ar get serial port System bus abort
to host 230 nodul e 225 processor
56 Si gnal Nane in VERI LOG Code Functi on
From To ronrden ROM pr esent serial port SPI OCAP
enabl e 230 regi ster 91
and system bus 225
spronrdy 4 byfes o ROV MENOTY Srem nu dat a
i's resolirce nodul e 225 RILOG c°d§v8?I%RP%PQ%ﬁ'C
controller Modules ofhHS#&#t Adapter andl Bicrofictspiappendix ESH OC i s
seri al port reg %SP' OCAP
seems  SEEP mgweaesouz!u@mr y rbi61 M Gifrofctl, seecntrl,
sel ect signal; Eseur ff 3&# outer 311 seec Spromsm only SEEPROM
control | er on er %4%d BRDCTL Bhem sp
oper ati ons %c . \ access 1.0 HOM
LED, EEPROM Imuahzatmé’t% fg“ $APBnctqdatestaty EPLAEGHL
Menory Syst{ dengreller 315 byte from ROM resource
nmodul e 225 - o321 comtTotter
hol di ng 5 Ipetruction Router 311y egisprwy sprwctlspispgtireteh, Par|ty
error Serial |port System bus spclkgen aréelepeiv@dci N P30
modul e 225 packet recej ng
Retrieved Data Router sprdmux
312
Serial Port, Byte sparbomux
Generator S10
10 Serial Port, Conv%rter spent, spetl, spctlsm,
520 ' spentrl 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 System bus | Serial port

. resetting)

error to module 225 230
exercise parity
checking
circuit

chprstb reset chip System bus MSPIOC 210
(initialize) module 225 and serial
(self port 230




| nstruction

on line SPIO 57 Signal Nane in
Code Functi on From To spbrden Board enabl e
Serial port Register 230 SPI OCAP
spseeen SEEPROM enabl e Serial port Register
230 SPI OCAP spiobsy  Serialdort Host
access in adapt er router 311 pr ogress
nodul es - 513,43t ; I
315 and 316 strgtchdERpstrptch cl ock | nst ruction bguencer
of cycles, Rasiner i1l Modul e 223 sepuencer
nodul e 223 spi ofc knpw edge I nsfruction Hopt
packet detected |routeéer 311 adapt er, - conti nue
modul es €oderand cyclE?nCtlon From 3,
tittr e S—rre=e e SRR eerg
packet jcleeebpakxhy Bopsgstemtbud | sebkdalrpoit on
Syst em bus Or "SEEREOM that 14 OUf Rbadid 22e10ing 225
rel ated conmand cycl es haVe
sequencer conpl=F@HrentlY being ﬁDdJ|e 223
reported (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, ' or system
destination bus module
write address 225
cddat part of data Sequencer "MSPIOC 210
I?:O]_ transfer Module 223 and serial
bus 226, or system port 230
destination bus module
write data 225

VERI LOG



TABLE 11 Signals to Serial Port fromData Transfer Circuit
Si gnal Name in 5 VERI LOG code Functi on
From To ackdet Start of Seri al Mast er
acknow edge port 230 seri al Bgrt packet detected,
I nput - out put
circuit 210 xbsy X Resour ce Resour ce I nstruction
controller is cqntr9F1 r router 311 currentlTylactive
and service for{ Sigma a command {i gnal is
currently in Name in progr ess. xr ead Command exegutor X
Resource  CommiandygriLog 320 isJto read ntroller execut or
data from : 320 . reqource X. 10} xreq
Service request | X9%%ourde  EYRFHIRP From for m@sourcé X
controller  ex ) ) 320
xsend Commarjccdwescut or | datedaanser chﬁmncer instruction3?0 is to
wite control ller executiopus 226, modudat 2280 |r es@tEEX 11
320 X. . . 59
destination or system
write enable bus module
’ 225
csadr_ data transfer Sequencer retrieved
[7:0] bus 226, source | module 223 data router
address or system 312
bus module
225
csren_ data ttansfer Sequencer’ retrieved
bus 226 source nodule 223 data router
| read enable or system 312
drives CSDAT bus module
225
5 ltstegigi LED test bus Input Soft
{7:0] for test .output bus | resource
configuration |module 221 | controller
signals 314
mparcken enables parity Syétem bus Serial port
checking of module 225 230
received
packets
pac2spio Sequencer is in | Sequencer Instruction
control of bus module 223 Router 311
226



ngnal Name in VERI LOG code Function From
To chprstbsy Chip reset is Initializat Conmmand
currently active ion execut or
resource 320 controller
315 chprstreq Service request Plitiali- Command
for chip reset zation execut or
resource 32 . contjrorrer
315 cl kaobl| S3@BEk dignal for Comfand
various parts off Name in execut or host adaptef 240
320 ei read VE ng executor Initijaliz- Conmand
320 is to read atiaon execut or initializatjon
resour ce 32  Code Fupgtkt s frjom Fro®mcont) ol I'ed®
line SPIO; this .
triggered by por pefemhon RreFat 4 Systiemdbuat o Intiale of |ED
LED corjmand ‘module 225 [CORAELIM er
execut or : leﬁQardﬁg&e ééézurc
resour ce cort™ e
313 60 | reset o%®i gnaj Controlldae (i n
chprstb 315,
" MSPIOC 210,
serial port
230
retib_ PCI reset to System bus | Initial-
initialize module 225 ization
varioug things Resource
Controller
315
MSPIOC 210
serial port
230
sled scsi bus busy Input- Hardware
signal from | output bus | Resource
SCSI led logic {module 221 Controller
313
romdec_ ROM decode goes | System bus Instxruc-
true when bits | module 225 tion Router
present, enable 311
are active and
address is
valid.
5 romadr Address of ROM System bus Instruction
' [15:0] location to be |module 225 | Router 311
N read.




VERI LOG code Functi on From To noack
Ti meout before Command MSPI OC 210 recei pt of first
execut or bit of an 320 acknow edge
packet rstspios_ Power on reset 55Initializat Command
I on execut or resource 320
controller 315 sel roma0 Sel ect
first ROM Menor . nrfand addr ess respurce
execut or Slgnago cqdntroller 320
316 sel romal] N&geedt decond Menor y Conmmgnd
ROM addr ess I YERULGE execut or
controller 320 a 5 sgﬁe
SCSI term nation] Har re ower abl e
resource exe J ] controlre 320
313 st pl romwycs| t rFPMhATS®  Hard fgstruction
power | evel resource | commerelit or module 225 | Router 311
controller 320 343
61 Si gngl stpwenb nECSI power dowikHl Ligimt- CcOoletruction
Eg”Ct 'ng” From bus t2rminati&AdPbutput pHB! 4 RGAL&r 311 | Data
(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, B
iddat new device serial port | System bus
identification 230 module 22§
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
e 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




desti nati on transfer execut or addr ess

bus 226 320 spi owdat Data to be. Dat a Sof t
witten into transfer resource soft resource

bus 226 controller regi ster 341 341
r omadr Addr ess of Menory 56 Conmand menory

| ocation resource execut or to be accessed

controller 320 . In ROV 316 xack

Resource X PR Vari ous command

execut or resqur §ewme in ackngw edge has 320 _

control lers VERTLOG been detected i n nastef

serial port . I nput -
Code Function From

out put di r cui £9210
spnakabrt noack Eﬁﬁ#@ﬁiﬁ%ﬁﬁﬁﬁ%
xomxggnor | ROMnRygeend 25 serial port

syst em abort SPIQMAR
320 $i gnal xbsy |resadies true untlidadg he curr gniegiwaand
service is conpl dted. Exanplles of signal xbgy include %rdbiym
chprstbsy, ronbsy|, sbwcbsy, |seebsy, softbsy land 10 spio%% Fysce
62 Si grlal ackdet i|ndi cates that a |command packlebusRpSs any
addi ti onal packetjs—were—stuccesstut-ty—sent—tqg—stave serat—port
i nput - out put ci r Juénraedly | 4 bytesCofnBAM dimerdryxr ead |t 8Veten dusi ghal
readspi o. 5 Exgnpl es of sijgaata reead 1 ncl Yogedhidicead, [ asaerd. 225
sbwcread, seereaq softread d ejread. Ex | es] of signal xf{eq

i nclude brdreq, dhprstreq, av?%ﬁﬁﬁlﬁ,f?ﬁnreq?°§§§§xg%F spftreq and sfpw eq.
Conmmand si gnal xdend triggershestynal sendbyt}e3180 Exanp) es of signalf xsend
i ncl ude brdsend, jromserntd; -

sspiocps SSPIOC is serial port | register
present 230 SPIOCAP
seems SEEPR&M mode Memory Instruction
select signal; resource router 311
only SEEPROM controllexr
and BRDCTL 316
operations

allowed (no
access to ROM,
LED, EEPROM

etc.)

5 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-




seesend and softsend.

br dack,
To summari ze,

chp

command si gna

rstack,

| edack,

Exanpl es of conmmand si gnal
seeack,
in response to an instruction signal
host adapter 240, master seri al
active

ronack,

port

sof t ack
15

and st pwack

xack i ncl ude:

froma nodul e of

i nput-output circuit 210 drives a

and in resp@we to the active command signal,

conmand executor 320 generates a command packet and transmts t he
command packet sgrrarty om g STgte prm 22y that 75 20 COTMETTETd " tjo a
sl ave serial por} i8pERalbutput circuit] 254. Hence, ] host adapter] 240
accesses a e@iiec@ncopnected to sl ave| serial port}input-out put
circuit 254 by upe Ihé& bne pin 241. So,| host apapter 240 cgn
perforn1read andl wite At i ons 't o an 25 external rggister or ngnory,
in addition to t rnlﬁg&®n éh%mﬁﬁanaribus &8 nal | reso®@es, (sing a
seri al port E£ oo :
interfaces to ot1spb:mmn|(3n Bbahdsenahiapter Séﬁia&ubort t
interfaces to thg external fegisters or 30 gory. gprocabost ddapter
240 does not neef _pins_deditated to acrtess certajpiresources that were
otherw se necesshgysesen | Nl BERSRORdndi3! Rdapiel aﬁ HeGIBLURr | 0
resour ces f)r¥g§%nple EE ERCNI390 The bse of %’ bne “pl n_241 for
serial comunicajion with slave serial port ﬁBut- IRGRPcircuit 254
is the smal | est poOSSI DI e nugyoer .o ) 63
pins for serial {&RMNFEati pFeTARY BF % his | HPERti on TnEGEUesidst s as
not ed above. In re$porsestinan act | adapberand $impusleroAidne| of
serial port conmand |ines 32§"°§rgyée gener atal,pd0 5 |(FIG 5) in pommand
executor 320 gengrates a by{e t _ tra1sn1tted su¢h as a conmand byte
410 (FIG 4A). Command byte 410 incl ude$ *Rdur3Ebmmadd bits CO 4
preceded by a reqd-wite bif R and fol | owed Bystandﬁhn61 bits DO-pPl. The
speci fic order of +S5—hRet+—10——rportant—to—pHacti-eRg—thE
i nvention. Tabl ¢st2etibsesy Stretqp chmnand Insertiotien | Sephelmgewne
enbodi mrent of byte gen r&tg <Pdp; Byte %ﬂ%&i‘tﬁl 5j%3d§11%°§§§i nes
referred to herefn as a co generator

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 | Boaxrd control Instruction System bus

or SEEPROM router 311 | module 225

related command and

cycles have sequencer

completed module 223




15 TABLE 12 Si gnal Conmand Byte
For mat Addi - Res- conmmand (FIG 4A) tiona
ponse request Byt es Bytes 20

li ne Bit R Bits Bits to be COVWANDREQ 0 = Co-C4
sent I Wite (Mg 6) 1= DL DO

[PRRORITY 1 Read 25 = Hi ghest] RST# NONE

0 2 [ 1] when REBLE@aoNes (| DDAT/
I}:)gffcz)lr\r/rga command '§ignals to Serfa%T'%Drt from Data Térznsfer Cﬂ%aggtslrgég y
Al 11 bits zer . ne 0 [12]

bit of Slgné; q zero

after Name in zero

bits 4

0 . 04h Al

and DREQ
1 07h 07h
0 0 1 data Startg@iorg 0

0 1 10 atEjowledge Gsirt 2300 Seridl dwirx

packet detected,

circuit 210

xbsy X Resource Resource Instruction
controller is- controller router 311
currently active
and sexvice 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 Comumand
for resource X. controller executor
320

x*send Command executor ]| X Resource Command
320 is to write | controller executor
data to resource 320

X.




STPWREQ [6] O 02h (&) (b) 0 0 SOFTREQ

(d) 10-1Fh (d) (d) (d) (d) [7]

SOFTREQ 0 01h 1 0 0 0 15 (test node)
(e) [ 7] SOFTREQ4 1 10h 0 1

0" 1 ( SPI OSTAI D7] 0 10h 0

0 1 data 0 20 SOFTREQ 1 1l h 0 1 0

1 (SPIO . REHGEN) [ 7] 0 11h 0

0 1 data omgnatf 65 | LEDREO

0 01h 0 Nape im 0 (a) stlate of bit STPVWEN; 5
(b) state of bi|t EMdgVHL; (c) fchange in stlatus of i npuf-output
bus 284 if Hit DIAGEDEN is a zero or gtate of Dbit |DI AGLEDON if bi t
‘DI AGLEDEN is ongd; ©°¢%€ (d) PR def i fed af*PPme df usel®10 (e)

areal-tine int

5sed to

pin 241; chpratbsyck bR arasgtaisact i|iikiat d2af nePmeArd conpand
send |'ine COMWANDSEND | i nf ausféntlly @efiwed iwand 15 | eesc@@AVANDBEND 1,
COVMANDSEND 2, . . COVMANDOSEND N, W th irr]es%n%icﬁl p r%mgommnd_ bls 3_23,
command send | odic el erent 620 (FIG §q), in fthrs enbodingnt is a
logic OR gate, drives a sehd byte signal SHNERNTRller etive on ong of
control termnalls 512 that]are 3185
chprstreq | Sexrvice request | Initiali- Command.
for chip reset zation executor
resource 320
controller
315
clk40bl Clock stignal 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




20 connected to input control bus 521 of converter 520 (FIG 5). The
signals on command send | ine COVWANDSEND | can be, for exanple one of
signal s xSEND, such as board send signal BRDSEND or ROM send si gnal
ROVBEND. 25 When a resource controller, such as a hardware

resource controller 313 (FIG 3), drive80a signal xREAD on a command
read |i ne COUWNDREAD |, the sane resource controller also drives a
signal xREQ acti e omone qf commmaEnd T gquest T 1es JCOVVANDREQ T]in a
set of command 3¢ SigBRbst| |ines COMANDRED 1 ... ANDREQ N wi t h| n
serial port commgndvdmes ia23. The set of comyand request lines afe
input lines to Ccn“?ﬁ#&LOG prioritizer 630.] If only ondg signal on ope of
comand reqyes i nes JCOWANDREQ | is dctive, conmg prio itizer
630 drives a sigral %R8K acltive Bipion (g i
COVWANDACK |, i n et e e
command acknow eqgeddines (CRAKMeERCKe . drives
a signal active dn a comman i i rhi M QAYMBNDPEND of

command pendi ng . ] | f
nmore than one |i P15f°fc&ﬂmnd 33¥uest linkes carries a
active signal wh aoknowleﬂgeonnanc request |line goes active,
comand priorfitizer % ¢ 6) drives fjactive signgs on the

i "t he command perding line 10 correspondling to
the highest pr'Or'iékéEEH@a”dpéﬁéPﬁﬁireset "Qﬁp&ﬂ%hl 86 PBofifidnid © 5'?”3'

Assumi ng that anmdng the conmand request nes t arry an active
si gnal , t he lcommand refuest |ine COWANDF) has th SReEReY

priority, command prioritizer 830 drives a diggmiurte acfBge on co nd
acknow edge |ine {COMWANDACKi | that is a%%ﬁﬁﬁk E%Etus bus 322 and a
signal active on conmand pending lin & NO I. Command
prioritizer 630 priori i zes the command #¥uest linps in the order of
decreasing priori ] D VE and 20 ordcesses any
renai ni ng active €F%ERWPQm hSgiect ‘tirate ROW | Yemqry accorjpﬁﬁm?ﬁ t he
priority of the tive addavrassl signal . | resource | n| egepatise to |an
active signal on ja command pendi ng |i ng ggmy&u@ggNthzoconnand gncoder
640
) 316
gelromal Select second Memory Command
ROM address resource executor
controller 320
I 316
5 stpe SCSI termination | Hardware Command
power enable resource executor
controller | 320 )
313
stpl SCSI termination | Hardware Command
power level resource executor
controller 320
313




25

extensi on mul ti pl exer

comand pendi ng
di fferent

670.

supplies an 8-bit command code on conmand code
Speci fically,
| i ne COVIVANDPEND |
| ocation in a command | ook-up table.
extension nul tiplexer 670 is
is the output

each active

to command encoder
The 30 byte passed through
det er filned by the signal on a port busy
| ine of command busy | ogic

bus CMDCODE
si gnal
640 addres

to

on a

Ses a

| i ne PORTBUSY t hat
el erent 650 whi chl’L rétu
| i nes COMVANDBSY _ )

STPWREQ, comrand
encode bit DO, or
term nati on power
enabl e signal STPE
command code. In
| ogi c OR gate.
busy lines are in
on command code b
bus HWCDAT t hat i
The byte pasp
by the signal on
mul tipl exer 690 t
initially, 15 S
command acknow ed
COVMANDBSY_N ar e
inactive and witg
command 20 data| B
that is coupled t
an active send by
5) that is ¢
i nput - out put cont |
paral l el bus 523,
and transmts the
connected to seri

10

a 10

b driven by the s
ANDBSY N. For 35
uses a LED

STPL apd the
F“ncFHm%ncod

éEWPnﬁ?¥a#Iy al

Best@Aatlbd i pl ex
t he si gn

dreﬁﬁut bus of

gnal's on
active sig
state signa
6 7
SCSI ter
bi tE9MO an{

D@tathe sig
PEr&dffer

a&i ogzgar d

at a

ar

command DU
al s LEDREQ d
LEDSTATE, t
t he SC

i nati on powe
D1 of°the g

&kmmendthe q

F[RRecbhe Si
conmmand d

I pl exer 4

Sy

(0]
S|

-bit
sa b5
ommand
gnal s
ata
80.

ﬂ%&%%’

1at is a

je |ine
nacti ve,

gh gLt

ellione

ta mult
1" that
writgncim® gat e

gnal s SOFTAGftapdsSEFIBSY

d co
sof

N

ND
&gl
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Signal xbsy remains true until the current command

service is

completed.

Examples of signal xbsy include

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

spiobsy.



30 controller 530. Sinultaneously, a shifter state machi ne in

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 |ine 531, 35 line controller 530
passes the signal on serial data 19%e 532 to pin 241.

- 68- When the signal on drive |ine 531 goes inactive, l'ine

controll er 530 stops sligndlngcklet silidlates phat 24 bommandngacketplaad pi n 241
via an input buf fe s ' I LAl ta.r jved
term nal 536 tha%g¥§£§£‘tlc%%%§2€%§53%so v%rgefgé?é%a a1 eggg\%e |?el;a§’le522 of
converter 520. ®erial ponthinpypopigputo cixcuiti2®L +ead signal on a command

read |ine COVMWANDREADfommard $etmel fewamisiggads lsigﬂailneéam\lb DREQ%L
COMVANDREAD 2. . . CO\%ANDI%EAD N_10. . .wihinsseri Qrd conman us ,
command read ogF:’ccamlp ° 4 er%ﬁf‘a%l’ﬁr%arél \rilléls?lgg?e Iddlge@rdlt’afo%??‘g‘si gnal
READSPI O acsbveread orresyeadosefitead andnaite®2 coupl ed to

converter 520 (FIG Spxanfhle@AS£SbIgA1 GaoPenci@de brdred)abRbBsORgy Of
resource reaggf/:?ggglrs XREAD, such_as 159éoard r‘ﬁﬁ% Eér%nal BRDREAD and ROM
read signal red. romned. Peerafy AGREKET 28 dad | ogi ¢ el enent
616 is a | ogi ¢ CPowesrgl signal xsend trniggpvassigmnalasendbyve. read seri al

port. signal READREL Qf ik ke &RNITRNLAE bRASQI CrbREerd) 20
retrieves a byte from ket_ of data received serially on serial

data received |i f&°82 Sa5terad- the retrieved byte on received
data term nals 524 t hBxamples sifecownupiddignalesack ethalaxde :bbed8@Kk, of

command exeeubRLe a0, (Flddckd) rodfck, seeack] AbRdACahvedepaske! is an
acknow edge packet, during reception of the packet converter 520
drives an acknoﬁ%oﬂ@“@éﬁ%@f LR GTRAPORERDE? &%t IRAFTHFtira Shynral

status termiml Z26mt Aahodislec @fphodtt adaptierardn) t master Heatiad pone 515 of

byte generator 5 1) t LV : si gnal
MO byre  putiobfRROdRale g0 AVAS) b Bofietine iel? dRLERE
acknowl edge ti me@o@ FBsTeFRONSS te hecachive sopmapd gignal, cgmmand

no- acknow edge siegeautd A0 apnerates stadmimandupadket and thranahfts t he

command cyol e curhenkhndiid PhoieCULEH1 P on & sinble Y Wa' BhabUELEN
command cycl e, -additiona
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. 8o, host
adapter 240 can perform read.and write operations to an
25 external register or memory, in addition to turning on
and off various external resources, using a serial
port 230 with a serial port input-output bus 246 that
interfaces to other portion of host adapter 240 and
pin 241 that interfaces to the external registers or
30 memory.

Host adapter 240 does not need pins dedicated to
access certain resources that were otherwise necessary
in prior art host adapters to access various resources
for example EEPROM 390. The use of only one pin 241

35 for serial communication with slave serial port input-
output circuit 254 is the smallest possible number of



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

69 byte wite conmand cycle, the respective resource controller,
such as hardware resource controller 313 drives a signal SELEYTE active
on select byte line 661 to indicate to conmand cycl e extender 660 which
of two 5 address bytes on seri al pcfr3t address bus 324 and the dat a
byte on serial port data bus 325 is to be passed to extend comrand bus
EXTCMD (FI G 6) pins §orkserxadsepmmumm&1@msi end nsp ttildlse deve8fDosuppl i es t he
signal s on gglsogo B to hardware command data 10

bus HWCDAT because port bus |ne PCRTBUSY has an ctive signal.

The active signal on*BoF$® tPna" PrEsANss popnand sz‘%’@ﬁef’&t gpe to an
active signal orsmialopom:)mmmdnd 11ndws%23| i aebyGO\ddiRBEYr| 51el ated to the
command cycl@ 1ryelll EPnih YodhaBC@kESTtor Wolo! GolatdB ld bjkexes K50
‘passes the data

yte or t ess % gm: sel ec ed by the
signal on sel ecttuspERiEEed. ﬁcé?Y?E atgo “‘“‘a"d 430t (BB e 4Pér i nal s 514.
Converter 520 f owmdand byte t4i® dakgaded fmfzecomtmnd Ipitok @0 -oki ch i s
transmtted by e..gont | er s n i 13 |
; ecedelChy O Fed- %?1?%0&@ ' gg{le&éﬁ R k8 &%@ﬁ { cad of

descri bed above Tor transti ssion ) conman
sel ecting a dat Pip 80FPdm sBhe spepdfic orderjgfat Fits {Ht BOGener at or

510 can suppby aimiralyt€o practiicefigSehislinventivtii t eradﬂIaamuszH OV\DAT

when the 25 c%ﬂeegonﬁgﬁg% c%ﬁa{:ehgécgsba}mﬁng 3‘%5‘1%‘%%3%

soft command, whén a si g command ac I'ne NDACK N
and on comand [HeRerRteE SIRAVATDSYgRReratory §d§ aetﬁmetw | ogi c el ement

690 drives a si Oflerred t8ChénsErORsS Al Eofdil® gehBea&éFT that in turn causes

30 wite data nultiplexer 680 to couple the serial port wite data
bus SPI OADAT to the shift-out byte termnals 514. I n one
enbodi nent, 1bn response to an active SsTABIH 12 on a parity error check
enable line in error control 35 bus 550, converter 520 checks the parity
of every packet receive im_x.m line controller 530 and in case of
Signal on Command Byte Format Addi- Res-
command (FIG. 437) tional ponse
request Bytes Bytes
20 line Bit R| Bits Bits to be
COMMANDREQ | ¢ = co0-C4 sent
1 Write .
(FI1G. 6) 1= p1 | po
[PRIORITY 1| pead i
25 = Highest]
RST# NONE 0 2
{1} when RST# becomes (IDDAT/
inactive, command is ESTAT)
automatically performed




70 an error, drives a signal active on a parity error term nal 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

ab signal inactive on parity error termnal 529 that is coupled to a

line in status bus 322. Moreover,

durin§4 execution of a commuand cycl e,

if converter 520 tines out, for exanple due to non-receipt of an
acknow edge ¢ ) 20 OTTveES a ST ymg—actTvE omr—a—16
command error terffHEASTEES adti veAlhall ikit@ogRERt ed t oone §$tat s buf 322.
One enbodi nent off convert er21320 i ncludes a shifter bit d@fe nmachi ng 720
(FIG 7) that crdates a nunbdgr of signal s that coQtroI operation of a
packet 15 contrdller 740 thgt is also included in on¥ert el 520. In
response to an adtive signal JSENDBYTE on i nput c@ftenl |bus 521
astillustrated i FIG 9A atftine T1, shifter dftate maghi ne 720
transitions fromjan idle state 810 (FIG 8) algng_a brénch 812 {o a
send 20 state §20 and drivegs a serial port enable sifﬁﬁﬁ Pl OCEN
active on one of {packet contrioller terminals 726 that bits are connefted to
packet control | erfbos— 722 ofJpacket cqntrorter—40— nrrespenrsejt o an
active serial por{tROMREQ enablje stgnpl &H ONAIHadEL| 2onddwl| er 4740 passes
a 25 byte of ddta received jorrparatter—bogs—52; t N
serial data ternijnal 527, witlh & sthrtO4ht |pAEtedileg 2 addx he byt e ahd a
parity bit an# a|stop bit fol|l owi ng|the byt e, I Ghg sipassed by line
controller 530 (IG 5) to pin|241 (FHG 3] as &hgstr ted in FIG 9A
bet ween 30 timgs_T2 and q%. Shijf t er | st at 2t he 720 al $o
drives a counter-qﬂﬁ) si gnal %O% FI ¢ 9A] acty ve on ¢ounier te¢rmna
723 (FIG 7))t :ﬁE(%s connect ed to-éhccun el _input 1% nel7132 of
counter 710. Courjter 710 iM@renqpts a nt o%gOEE dass|a cq nt eg-on
signal CNTRON is jactive at a rising edge ol cl ST ghal CLKA40B
Counter 710 suppl|i &ereg 1 +| o6n 0 0 o/l 1
10 [5] 0 06h o 0 |1 data 0
STPWREQ [6] 0 02h (a) | (b) 0 0
SOFTREQ (d | 10-1Fh{ (&) | (&) (d) (a)
(71
) SOFTREQ 0 oth { 1 | o 0 0
15 (test mode) (e)
[7]
SOFTREQ 1 10h 0 1 0 1
(SPIOSTATM7]
0 10h 0 0 |1 data 0
20 SOFTREQ 1 11ih 0 1 0 1
(spP10
ERREGEN)
(7] 0 11ih 0 0 |1 data 0




vari ous count signals, CNTO, 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. 65 TABLE 13 S| GNAL
FUNCTI ON 10 NCACK No ack packet Teceived within a

predeterm ned tine period for an acknowl edge w ndow ti nmeout
El TO No i ni tron {nfqornmgti regelvdd EAOSPI O, To [read

i nformati on on s#’gg*"é@ort n L %RC\I o AH’)ovs duntfer t8 i ndrenent

ACKDET Ack patket has lﬁ&b receijved 15 STRTDEf . Starg bit has| been
recei ved & '

- L
SK—actve at—rt+stng—edge

ENEI TO Enabl e sign?l El TO at risjng edge CNTO Count er has
not yet incremented (@} st@gpgof bit &"[ﬂ&@r’ has increnented 8 times 20
CNT9 Caunt er hadb) nostmmnbédbﬂt tSTRE.EVEL; CNTA Count er has

has been sent e output oh ser]
((ENEI TO and ( Cleit) PIAFLERENEETE) Fe¥m PT 'state of bit DIZ
bit DIAGLEDEN is one;

(d) to be defined at time of use;
1o (e) a real-time internal signal of data transfer
circuit 220 is passed to pin 241;

I ncrenmented 10 tines éﬁ{ Cﬁ&aﬂ;’é 2 athdl 32 9n ﬁupy&?cﬁut busegzlEgzil\rr Byte
AHS

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

i5 lines COMMANDSEND 1, COMMANDSEND 2, ... COMMANDSEND N,
within serial port command bus 323, command send logic
element 620 (FIG. 6), which in this embodiment is a
logic OR gate, drives a send byte signal SENDBYTE
active on one of control terminals 512 that are

20 connected to input control bus 521 of converter 520
(FIG. 5). The signals on command send
line COMMANDSEND I can be, for example one of
signals xSEND, such as board send signal BRDSEND or ROM
send signal ROMSEND.

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

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

35 prioritizer 630 drives a signal xACK active on a
command acknowledge line COMMANDACK_I, in a set of



72 SI GNAL FUNCTI ON ACKW N Vit wi ndow
for ack packet SETEITO Drive signal EITO at rising edge

STRTWN WAt w ndow for start bit 5 In FIG 8 when a nunber of
signals are required for a transition or alternatively a nunber of
signal s are driven active, the sigh@ls are |isted separated by a

comm ",". When signals are connected by a slash "/", the signals

precedi ng the sl agbmmdrtd HkBBNLEAGON ks COMMANTRICKS Hat €, NEGMMANDAGRONL O
drive the signals f éﬁowl ng_the sl&ash two.signal names are

. Al wh
and gleg drdleg’a elgral’Brtive on & command pehdhadinon 1 he

ol
connected by an "= S1d I :
signal follow ng liee"COMMMPPENBLT it a set of cowmandhpendib®di nent, when
counter signal CNI9né& aroMMANDPERDN £1. .7 1CoMMARDEEND W€ a gener at ed out put

parity bit PARO is_shi ft out tq.line SPILOO by _packet
control ler 748 and shifff ePSt gg@nn%’ﬁ-,ﬁ- &8%728 the et %ﬁsFWBﬁ%df rom send
state 820 to stopreuvest didmes carriscangpctiweisignalawbeni ansignslf toar state

machine 720 20 dpi ¥Sfm&i Hehest BidloesNIBINd Naimiaig continues to
dri-ve serial port epable, signal acti,ve. In .resgonse to active

Pl OEN . .
serial port enabl B¥iPHHZ Pls&N%E\% - 6) drives active. signale; opdihesyTESENT,
packet controll er cédfiand acknost&dgetine anhdpthe tcommamdnpadding owpl et e t he

11 25 bits fy acRackglonai ESSE’RQ.%S. agsg\lﬁg\i&yﬁ:f%mﬁaofech st Si gnal

CNTRON, counter 710 drives counter Sj . i nactlve ahd counter
signal CNTO activéine that has pp.active signahe ASFWEHAICHRAE F9DE
executed, if thendodmydrel segnast SEMEBYthat scatty \é woelive hsidmwal state 30

SR/ 9e) e PhoBoidied dlest oy Bbdupia ¥ e cnp nfufl Pk

state 820 (FI G 8Priekttig commandhpriquitdizeroB30 (xivesr aseageakmchi ne 720

drives seriallis active on command acknowledge line COMMANDACK 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 accordihg to the priority of the active
command signal.

In response to an active signal 6n a command

pending line COMMANDPEND I, command encoder 640

25 supplies an 8-bit command code on command code
bus CMDCODE to extension nultiplexer 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



-73- port enabl e signal SPICEN active and al so drives count er-on
signal CNTRON active to restart counter 710 (FIG 7). In stop
state 830, if a read serial port 5 signal -READSPI O i s active on input
control bus 521 (FIG 5), shifter state machine 720 transitions to the
wait-for-ack state 840, at time T3 (FI @7 9B). Shifter state

machi ne 720 can also transition from idle state 810 directly to

wai t - for-ack stathe880S¥iterinaltisncpoeh liekrell heidesld sT®Ii ahdperé si gnal

READSPI O i s %@SII v [ i_a f I
receive device identi ngﬁéﬁ%ﬁé%gpéﬁ?ﬁ%%gﬁdkg%ae?n%ﬁa I%%ﬁé%%‘?% st at us
byt e ESTAT. to encofle| it iD0; apd shhiaf thehpneity xpumandncadet - fEr - ack 15

state 840, shi ft atheseabodimait,neownfnd Buss 18gic elemstlt@sloedgeawi ndow
si gnal ACKW aCtlio‘QicOB pagket controller termnal 726 (FIG 7). In
response to the ag?i e dacknow edge w ndow si gnal ACKW N, packet
control l er 740 waits fFépcaninidiatdyackhofedye gbgmaks za the gompandKDET

that indicates raasyplinés dard inhcbive Pfextensish meldiprexdgespacket on
serial data receiyv

d Li 52.2. In response to a | ve acknow edge
det ect S| gn&ﬂa%ﬁERDE% LS, OB &7 ﬁPﬁE %%ﬁ?? F‘ﬁn%ﬂe ?rom
wai t - for-ack st atsdogads(en hagiware commarid delta’bus HICDAT &hatand ari ves
ShiTrer state | inetinput bus of VELLE ddtarBule fleRG GO e el es
shi S | i .. €.0. ,
shifter state mad¥t5eP?85°¢, ﬁ“?ggﬂ's'ﬁ?ﬁ éiagﬁgﬁgﬂtg&geﬁq}“ 680 cJ;'fsdl)é state 810
and drives set ndleickmineddye t3e signghain SETROsEK]e skind SOFTathatt i on
ti meout si 9@ tBETELRAATE KB FL COANY %u1e@p§£££@|eéa\f£%g§ is a 1 nactive,

and acknow edge w ndow_si gnal .A(:KWN | nacj.l ve .during the_transition.
In response to a\rﬁc°§d‘f"i 9% g%tte Ag this %E@%?‘i{?\megﬁge SR i nSERRAAYK, si gnal
synchr oni zer1¥30 s89nal §FSOFTACK anidvSSFERSYD ofc khbad exlgelisiegtalonact i ve on

status term nal RimbhRat adiSnARAGE ¢ Qxﬁgg%ﬁh
74 line 721 qof shi f?er st at C é|ne , g’t?—%rhaendnecﬁmand PFgYng edge

of a clock signaltiBeKFBMMANDRSY, N éggu?“?%‘ité‘d'e' thg pignil om epdkk si gnal
CLK40 driven by eycilel 2ine SORT 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.



(FIG 2A). 5 In end-of -ack state 850, shifter state nmachine 720

continues to drive acknow edge w ndow si gnal ACKW N active until
acknow edge detect signal ACKDET goes i nactive. When packet controller
740 receives the |ast bit of the acknow edge packet, also referred to
as the 10 third bit, packet controld68- 740 drives the acknow edge

det ect signal ACKDET | nacti ve. In . response to an inactive

acknow edge det ectWhen the gmigngloendrive ddae Sl goesonpastdNgr READSPI O
is i nactiige Sbhti6I16E 30 NACIP Aridnd ithes sa@inaqwoadganlauvm ndow

| ACKW N t d, t t to idl t 10 br anch
359, Br anch oY19| SOU TR it ZLL 11 (AR SRESR (L FRPFEn no. 720

for certain FIG.cOhmendseytaksdatan mduecverh teaamtimerl BBtbeshate iso be

received, gsuc | 1.6e. VHQQQ s Lt rced by the
command si gnaPsR%ei‘égﬁQt n%ﬁﬁf&é% Icélégﬁ’%gnqu@s?pgr%%g%tfg an inactive
acknow edge deoeterter 520 gnal ACKDET, if read serial port signal READSPI O
i's . active, fogy UL P t & 82 gonmmand
ﬁsedﬂ% §&96r state 2 i %\g omman

cycle illustrated |n F 5 machi ne tranS|t|ons to

start state 8B9agFk @eBWWmﬂlk%sa el émg@amqmdsu gnal ACKW N
i nactive, as 11nesltbmmm®m Fd:@m&ibm iare, T6.COMMANDREAD I start

state 86 shifiet state Ves a star nal
ST N 8B v hBEn SHEEEa TSR0 o dftena gud RS et e

i nactive. |nelementespondeitves aatreladsd;@rialmptdmvsmgnaéﬂ REBRBNIY packet
controller 74 S cket I n
response to agg? grrgﬁ 8]% b{g ¥8n£90fcon rféﬁ #Lzﬁ)ac(? 1eesdjt e start detect
si gnal STRTDE¢OQEertG§t 59@ éRIGece] ve %tm% ﬁmnﬁhaﬂ@m themt are coupl ed

to receive Stékﬁﬁpﬁﬁsoﬁgzoﬁf raBbhieL SLAd S {BedN £ SR, such as
75 In response ., to an_active start” detect %:ml STRTDET

(FIG 9Clt5 shPppef §F§tiesh€€*ﬂﬂ-n§m?§@m and RM sread shgnal RRARRALI gnal

STRTW N i nact lmethmé embodlifient] | ¥6fimans OPEdE 1OF & | glthekiNTEIN jactd ve on 5
count er term’rnL and,transitions to read data state 870, for
exanple as il ﬁgfLFa Ba9&terime T7 of FIG 9C In read data
state 870, shifter Int zkesponski he AROactive 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 weceived packet is an acknowledge packet,
during reception 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. 1If the
acknowledge timer times out, byte generator 510 drives
a no-acknowledge signal NOACK active on status bus 322
to abort the command c¢ycle currently being executed.

35 If during the current command cycle, additional
bytes are to be transferred, such as a data byte for a



drives the counter-on signal CNTRON active and also 10 drives a set

shift-in valid signal SETSIVAL active on set shift-in termnal 725
(FIG 7) that is coupled to set shift-in line 741 and waits for counter
si gnal CNT9 to go active. In response to an active set shift-in

valid signal SETSIVAL on set shift-in | %he 741, packet 15 controller 740
clocks in serial port input signal SPIQO serially fromserial data

received |ine 523riditite commaid fdydlegi ﬁherre(éiﬁbti’ﬂéV\feéduﬂaeG 7).

Nine clock cycleg 1 e$oU (}\%&Q@L count er
710 drives counterﬂéoel cﬁﬁ‘gﬁﬁ] SeLIve: Ks°Bor N acE

control | er 740 h‘é%lves a @lséﬂbosﬁwgﬁt gehivefon @I‘Flﬁpgst‘F%rﬁi‘t‘%‘Pe 68drial data
received line 52¢p indicate $batémitirdd keblecetunidied 660 which Sfyta CNTRON

goes active, foI I d b byte i |t t byte. 25
I'n response © 8%%53 é’y%gun?térsg}'gnapc’mgﬂeésybgﬁ ?? 5{% aq% machi ne
720 drives set s@ata bytes onj gerial parkndptIHNG: 3RS 46t tode pasfef e parity

of the byte in ¢o eitlf&xd %&maﬁe! B satrcip bm@h%qkedxnléuwsspm to an
active counter si transitions to

ter te hi'ne,72
check read state %Q%“‘f’fﬂncamug’)é‘ ;ﬁx%ﬁ MSs“ngl%%heeflgﬂaﬁg?{é CNTRON
i nactive, as il|extergismh gommand busEXTEMBf t&|l@rddare| aowtwand dadad st at e

880 the parijly pus HWcrHCBEEuES &%&'Hu%?dlbﬁé%kﬁﬁéyl haé eyl serial port
signal READSPIO i s actlve for exanpl e, during the 35 execution of a

menory read com@fi lﬁ?c?’émal lfustrated in FIG 41, shifter state
machi ne 720 returns tThetattive signal on port busy 11ne PORTBUSY is 76-

state 860 (FIG ?L.nei'étécf' QS ed §ﬁré.@élv%°%59nal "cﬂgﬂ%: e st Ao

i nactive, shiftel stat |ne returns t te 810 _
Packet control | ePus¥olinRS WM@WM% &elgted to the commgnd qvelens ity
circuit 102@s | pureepahsein @rogream. adluite datal nuttdpdegaal 6 SENDBYTE,

pard ty Cl I CUbLad02OlOYita! BRd A 2B00R g@&DgXil; agg d start

bit into send o | ster nse to an active

chip reset signaPegB"t fheysigng] (qp ﬁell@GFthl‘E?Zd-’ﬂ'Pl FELBYRIE e | port
out put signal SPeBDFgeduty byfteotprainsly iSil4 dacanvertetxelsrmnﬁbrﬁﬁ?s I n

response to the @ggl g%l&t%é?i %%gt m ° p%?c![etq;ﬁ) T Ygggh tkghl er 530

passes seri al put ~si 0 piLn | in
20 11ne controller S 0 1n 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 690 drives a signal
active on soft cycle line SOFT that in turn causes
30 write data multiplexer 680 to couple the serial port
write data bus SPIOWDAT to the shift-out byte
terminals 514.
In one embodiment, in 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



15 FIG 12B. In response to the active send byte signal

SENDBYTE, on the next rising edge of buffered clock signal CLK40B a
paral l el input multiplexer 1012 in shifter circuit 1010 passes shift
out 20 signals SHFTQUT[7: 0] on parallel input termnal Dl that S
connected to parallel bus 523 sinultangwbsly, I n parallel, one bit to
each stage in a shift regi ster 1014 also included in shifter circuit
1010. %aﬂ%ﬁ-o%ﬁresw% ghal actif¥ddod a paritpdedfhd N 25 of

shift register 14 ar n d,in seri at ored in a
stage, such as s? ‘i%igﬁl% %g‘ag ?%‘?Sﬁ'g% '%}t?t 588832%\“3 age, in
the direction respom 131 4nNacbive sfighali oh atckparierzor &kad he seri al

shift-in stage aﬁnétﬁgeewcéneﬁoi flﬁxssssbal cématequszaodrﬁ@sgea on each
rising edge of si total of eight

nal [
stages in shift ® signa }e’gﬂas‘ité'l”elﬁﬁwyeﬁpf“l g?ﬂb"@g“gg gft Bf %t ed cl ock
signal CLKA40B, tkeuplédstmreeding ihestatsts buage2201Moreover, ddundgyy a si gnal

on output term na&eéﬂéioﬂ*&t al SohfdRl Ccl, iFOcSivd R shbngidd?l of

parity circuit 10 -77: In
one enbodi nent, Q“Et afRr emIPlesdnne %fn°n‘re§Fé§%s°ﬁ.L(ﬂ‘4afkn°Wle%4 Nis
| npl enment ed by aphwketp convexternt20idetives aléigndFlaetive) oana a st orage

A ﬁ)UCh Xg@mshapeﬁ t }Z\Qnaﬁbé%a%t&bé' £ dge g Bgéct@&'ftf&r ed

cl ock signal a si previous stage drives term nal
DO of nultipl exeﬁtﬂ!ﬁe bus 3?@xcept that serial port input signal SPIQ
recei ved at pi N 26de b wiehe 6f r&dnwirtge. 520 sirg:‘.laide‘sr anshiftdr

mul ti pl exer 1012 %%] S X 1110.

Mor eover, signal %EklgB cffg\;]\élzg d@éte mthglq: %% A‘Qes r%Jt Leage&glllo I n
response to acti Pdgnalssthatn|coptrpiyqrerahion pEex packety passes t he signal
on. termyiml [Rbnteollép- 'idmn;hiiZﬂsaimlscotmuws& mlmam@&ter side signal

on term nal DO t(}nfk Qp&[lgg t]ollégx ag:élve f a SI ﬁQFt si gnal

READSPI O i s i nacti Ve, Circ 0 passes on i nput
line 1021 { SossEPh| bamiERY @ﬁrﬁhh\ﬂswedpam FIG¢i $h @ity tiosoTl,

conputes the par |§h)if&fart Beatsd @i&@lﬁn@n?z@ﬂ!ﬁaﬂshﬁﬂoﬁﬁzﬂrmn aln 1kkimere8p0nse LO
on sorial data  beatfoBio b, B aited e necRohin 8 R ERR S o Tine T
20 state 820 and drlves 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 Dbyte 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. S)
to pin 241 (FIG. 3) as illustrated in FIG. 9A between
30 times T2 and T3.
Shifter state machine 720 also drives a counter-on
signal CNTRON (FIG. 9A) active on counter terminal 723
{FIG. 7) that is connected to a counter input line 713
of counter 710. Counter 710 increments a count as long
35 as a counter-on signal CNTRON is active at a rising
edge of clock signal CLK40B. Counter 710 supplies



packet out parity bit. In response to an active byte sent signal
BYTESENT, parity circuit 1020 clocks a stop bit on serial data

term nal 527 to conplete 25 transm ssi on of packet. When byte
error enabl e signal BERREN goes active on an error control bus 550,
parity circuit 1020 passes the incorrect parity bit to serial data
termnal 527, and so exercises the parity circuit in a slave serial 30
port input-out putvadicss co@sd. signalees@iite @F8anCNTY arsk (NI afterseri al
port signal READSPI @ afot ghd 10 c1RIPLPEL &Y ﬂéﬁ’i‘;ehi:ﬁ@éf%sl.%xo@hciﬁht he packet,
shifter state nechi ne 72 gl’l ves seri al rt enable signal SPI CEN
i nactive. In resg ec’70°f‘h§l {FFROV 18 Actd¥e-ort enabl e signal SPI CEN,
line controller 530 tMheesignalssitbatstoiggert cdr mver dtP®én Wy Ghife8y, that

I's connected 5  grate machifl %pm 24 150ee® U anERIPS! frompin 241 is
a

I nhibited and pin 241 is usable as an 1 nput pin and line controller 530
wai ts for an acknow edge packet to be returned from SSPI OC 254 to pin
241 and passed as 5 signal SPIAO by iTBREE hoaf fer 1223. When send
byte signal SENDBYTE is inactive, paral l el input nultiplexer 1012 only
transfers serial port input signal SPIO fromserial port input |line
522 that is ougllgﬁmt_,o p| n 241, to the |ﬁ%ﬁﬁ] of f| rst 10 st q4ge
1014-N of shift rfeg ,l _______ln pon 0 3 ve sef

gFT%CY(Aéga‘gg §eeéel | dline 741} an
il T anGo Y, passes thelbits

in 241 an pxesietermined tlmfa@lﬁ?répdtﬁ@rsﬁmges of shift
regi ster 1014 int a‘gmmmeagaougld&gutqmbu&ms HoI d regl st¢r 1018
in turn passles

recei ved data terpinps 524 nShiditiaegiateon 1eEbrahton recélaﬁaﬁes t he
received bits to puwput—termnal 1011 \When 20 shift{-in-valid signgl

SI VALI D goes actiVREABSHJ f| Po read ingophatfARGHENersaRGbote pim a parfity

shift-in vali ﬁ
out put mul ti pl'ex
shifted in fromp

error Control huc CCN nar| s h| VhIIIL 1ﬂ’)ﬂ O Paes i’hn Fa¥aVaaat il A-Ve

( _ —bHs—650; ey 020—corpares—the—corput-eq
parity with a recleCNerbpar i tmfocbws Munﬂanttélmﬂa&éﬁt and drives |a
parity error det epted—sgraf—SPR-ORPARERR2—acti-ve—ar—packet—er+o+—t4r nm nal

529 in case of eryACKDET mblerpadlmar hparbéen areceiivedgnal CLRPARERR-| goes

active on er Fer—eert+o—Bus—550—party—eH-eti-t—3020—drves—&

15 STRTDET Start bit has been received

SETNOACK | Drive signal NOACK active at rising edge

ENEITO Enable signal EITO at rising edge
CNTO Counter has not fet incremented
CNTS8 Counter has incremented 8 times
20 CNT9 Counter has incremented 2 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

N ((CNTA) )




serial port parity error signal SPIOPARERR inactive until the next

parity error is detected 30 Al t hough one enbodi nent 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
enbodi mrent of line controller 530 (FIG %) I ncl udes a control enabl ed

out put driver 1210 35 (FIG 12A) that is controlled by drive signal

SPI ODRV on nef 531. I n response gg.g L‘?‘Ct Ive drive

-79- si gnal tput driver 1210 W a serial port out put
si-gnal SPI QO fro T : rive

si gnal SPI ODRV d Wait peindow fer agh wagketso provi des a hi dh

| mpedance to 5 M 24T anfl_input_purier 1220 passes tne stgnal

recei ved on pin PSETEITQer | RripersignaduEITPgilalrignpg edge to serial |data
line 722. TH T eSpoNnse 10 an active CED rtest signal LCEDTST,

line control | er FSBREUEN es| Hadt ovindayhEornea¥albito  signals TSTSIGNI[7: 0]
that is sel ect ed The val ue of DTS TESISEL] Z: O] descri bed above, to
out put ver 122 nse_to tlve ED est sSi

LEDTST, outp dri vergﬁzﬁk pgsgg t%emg‘éﬁe c?g ¢ redd c%l to pin
241. 15 | rforeapbnwmoanoacuwméwagﬁ anrpmbem gﬁaﬁlgnals PKGL-

that is passed by aoBdives Gctd%elf tﬁé GigiRisl hpe 11sced0%@i>59££ea b"y’SO
drives the serial_nport ipput

SPI A inacti n
irrespective of th& M Gnat on%‘%n s}ynals, pre gonnected ?’W Fegbﬁ%e to an
i nactive status Si/Jnakh€3AIERS, precedininéheoslash |re $3dggees fow
mul ti pl exer 51@23%lﬁ.@@e}25&te macﬁ'ﬂx@ 730 B0 andve {ihd %ﬂcglng.ﬂs]-25o to swtch

t he connecti o to, either rive | 531 and seri al
data |ine 532 or f(°g)1°3é$ u"r‘%e (?&ﬁﬁand &R" g’%“z w°t"|’1’aﬁfn PAMES BT
termnation si gnadmnSEE&\lEh&ELamr‘f&“, a sigTRNENrededinglithge ds"wheéder or not
status signal act§§'é" ch | n%‘iéﬂﬂitf&ﬁrmﬁ g PHs -533do%sa%%¥€e°r

i nactive respectively tes sence of sence of a
slave serial port inp&P- B}&’t‘b '§H*n cPHnteE Signdlc EN3P - ErdM ave
serial port 1:iputcoumttpnt 710 goes lacuure AlgmxemanEdobthmutSwrdtyvbsta first

bus t er mi natgq, ibgaﬁiféﬁf’%ptenlﬁw s#bot, Opg P ale turning on
or- off power to bus termnators I N
controller 740 and shlfter state wmachine 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
active byte send signal BYTESENT, packet controller 740
clocks out a stop bit on pin 241 to complete the 11
25 Dbits 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




out put bus as described above. 35 A sl ave serial port input-output
circuit 254 (FIG 3) is inplenented in one enbodi nent using the

80 VERI LOG code in mcrofiche appendix B with Synopsys Synt hesi zer
version 3.1 in SMOS gate array SLA 20000 avail abl e from SMOS Syst ens,
Inc. of San Jose, CA In resgnse to a start bit on slave serial
port 5 pin 341, hereinafter slave pin 341, that |s con et ed to line

SPIO, a shi fRO%egmakle gignal, Sh astiiye and 1¥6€- out put circuit

254 shifts dacuritesas aighal CNTRON Hcti&reDitd &éktatw toansker g1vhe
shifted in dabggﬁo ) sequencer 1330. In one enbodi ment, shift register
1310 10 tran s 1" bits of the shifted in data to sequencer 1330.
The 11 bits conpribe stwp rdcatier 880, if paddesid isecliadi poprd start bit, a
conmmand te, [ ' zﬁ?% 0 | r d ove. In this
enbodi rreb%/ JZ%IP&J ﬁé’z%ne% ibflé ‘f\ea\sﬁélt @ %?m@%?ﬁ H&Psr 5,alisequencer
1330 det er mi néEIGha‘-ﬁ) t ehifees \atthte mashuingt @onttatansisopsetocslgand byte

indi cative ofyait.pbandl GERRSTERT ax dad iied ROV e In

9B
anot her enbodi nent Shlft regi ster 1310 transfers {2 bits of the
shifted in data t SBEEERR it madtyime 120 @a%s dfsodmmasition Exem of the
12 bits i@laeémtémr&ﬁedéﬁﬁ ud\txeripf&t&-tatwc btdvd 848svia the

reset co nd, byt In r packe ft, register

1570, STV CeRinh o334 e o SRR, it S, R, e T ¢ ha

is specific tactireecofomnekdmyple ninmed sy edter rqmi:kettcand gener at es

control sign C L.asRonse to a
é?é é éﬂf@e :9 :Lcat:.c(%i(%et exts %

packet that confains a coman sequencer 1330°that is
wai ting in resan@ef%ta%wexbygﬁeﬁ%ﬁ&ﬂzo FIG. 14) initializes all of 30

the state vari abl efhand §H£‘fté‘f‘0é'§atté‘ d(@éﬁ:txie?r?:ﬁd ad in wa15$-5£td‘-‘r
I n one embodi ne sequence i s encoded "one-hot " state

machi ne 3200 FF?Ee ﬁﬁ? h%b+ﬁ5e¥|%ate mac}%jrr&ﬁ)g%%s%@r‘%ﬁ%&% th each of 36
states as |isiernewladgepaiedd® Sighdrradrwhe AupBrdion acket

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 clock cycles,
shifter state machine 720 transitions wvia branch 841 to
idle state 810 and drives set no acknowledge

30 signal SETNOACK, set initialization timeout
signal SETEITO active, counter-on signal CNTRON
inactive, and acknowledge window signal ACKWIN inactive

during the transition. In response to an active set no
acknowledge sighal SETNOACK, signal synchronizer 730

35 (FIG. 7) drives a no acknowledge signal active on
status terminal 733 that is connected to a status



In response to a reset signal on a reset pin 1501 (FIG 15) that is
coupled to a reset line of system bus 250, such as the PCl bus, the

sl ave serial port i nput-output circuit 254 is reset and sequencer 1330
5 starts in a hard reset state 1410, initializes vari abl es, goes to
reset acknow edge state 1411 and sidﬁals command executor 1370 to
recei ve device I dentification byte | DDAT and external resource status

byte ESTAT from fpoineEX@apbe. skt e seaPabhA-Hioe 9280 at AiHeC Webt330.

In reset acknow edge state 14 encer_.1 SO Cca

acknow edge nul t |’g‘}g%5?§r 995 ° %c?‘ scéﬁgﬂ fignal ﬁ%ﬁﬂg\/\f‘ﬁ%’b “pfc%é’%%&ﬁe%i n 341
that is coupl ed twersion pfneclek Gigheil GEK4®Myivensbyuesridilatdz028fays in
reset 15 acknowefifle sghate 1411. Sequencer 1330 stays in reset

acknow edge sjate 1411 for .a yariabl e nu r Qf, .clock cycl es pendi ng
on the time ndeded by JDERAT9g-ack “&&Fegg‘g'r s%%’ﬁ%eﬁh?té?‘nt%lé??é‘)rgﬂ? Hggfor
exanpl e presence centinuesabeedckrefacknoyledgmbhiindowgstgnal AGKMIIGEO (FI G

3). 20 I'n JosRRNSmLE® Qcﬁr?o%ﬂfe@bgaéée&‘ s‘ibﬂaif’ﬂélmﬂr goddsD- ESTAT

detector 1375 clocks in bytes | DDAT an roma a bl e
| ogi ¢ circuit 330™Magkive. waml?’iﬁg}’ac et FSPtB‘EIAjt]ﬁ I%BA’F“&?PCI"%%F%‘F T;%
| D-ESTAT det ect orbil;:’:}?d'f the atknesl eddgle, phokeex aljHoe refleered @b san cheof

programmabl e g&gﬁ et Xntldg et szesﬁlv@st end Oéclérﬁ%éeﬁﬁé

def aul t byte as te I creates Xte EST sensin
signals on vario e'{:ﬁ% qu@pa hr ASIRET: igac J-"e'absence of pull up or pull
down resistors on pl ugen responsd sy (inZiﬁaceﬁsvedeamnbeédbeIMédt ref erence

to FIG 16. 30 {?h& fpeCl Pro ek’ I

when bytes | DDAT %E%S iégseegﬁ?)q §3& ckelgcgg ?néf iransm ssion to
host adapter 240.inactive, ShF-ﬁ"—?%s%’@emﬁgh%% 'é'%ogﬁé‘FWPf"oﬁ?lFlE?

detector 13735 seqitdeersibadl ACKWIN tindkgive asndrAnsitidesttd iidld on state

iﬁllft and suppliesgslaad % (8L prancd™¥sh.P! gggﬁc&%‘%‘l 42 RagSyfe | DDAT to
transition for shiffter 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 T6.

In start state 860, shifter state machine 720
drives a start window signal STRIWIN active as long as

30 a start detect signal STRTDET reéemains inactive. In
response to active start window signal STRTWIN, packet
controller 740 becomes sensitive to a start bit of a
packet. In 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 weceive status bus 722 of shifter state machine 720.



register 1310. In send identification state 1412, sequencer 1330 | oops
back for ten clock cycles, indicated in FIG 14 by "X10" for a total of
el even clock cycles in send identification state 1412. In 5 send
identification state 1412, shift regist 1310 cl ocks out byte I DDAT in
an initialization packet on pin 3417 In one enbodi nent, an exclusive OR
gate (not shown) conputes and stores a parity bit for a byte stored

in shift register 131f}, %S%oglsgcgo%lae,tloe stdFEderboty subsequent to the
clock cycle in which teis uencer 1330

transitions fronPfs é%RTqEHeXF¥$1 'oﬁgﬁfgﬁﬁeqﬁff? Fﬁcgeﬁﬁs er nal
st at us st at drivds theistartowindwt wiguhbcETREINe dndativg awd ch 15

tie shift regsheho Gfvdd A0kSufitirfofi B1ERTRTRRGY activBaGket oN pin 341

and then tranS|t|ons to wa

response to & si Sﬁ‘&Pt‘F’Fcﬁﬁ@\Wi 7%§J|%’taertrf§§btl°ns t'1"n€ﬂ‘*€’9t?"f‘lE;arece| pt of a
start bit that i stdeeoa'mj, ifor2@xampleécasl 413estBited stqtdémeeT7 1880
transitions fro for-start state 1420 to shift-in-command state
1421. Sequencer f%BO | oops back in shift-in-comuand . State 1421
for nine clock cycl esIfead ﬁFPt state §70y; shiften frateoBRebiRe t RO rest of
t he packet from 3d%ivesntkel kounter-on sidrals ENUROK aictlivd@0and ababl e to

decode the rigpel uelveq o SATIARG: - BEWIRPL;LAE0 SN 4R34 D8k {0

wait-for- rt stat ncer recel ves a

command byte 30 setrehiffatimferménak 128 |‘§I§®nﬁhn‘épa:ﬁ g—ﬁaICOE‘BEﬁda%O LED
request signal LpEBEEhOfthits lieemy7aatfid waits! £6tesduntE?V\BEGhasequencer

1330 transi {100 oW ilerve . HAL2BUIR S208 Jdle UL GaiRES O d

control reglster noni toring clircurtr execut or
1370 35 to usevBlid sbonad @F%Vbh@mese@oﬁhéﬁa bwtlemeo'léﬂuvaacket signal s

to the Co”e.?flon@bﬁﬁrbﬁﬁé)ﬂr'ﬁﬁﬁ cldeRs asn I-15@913150port: input s:.gng%.OSPIOI I

52 s actmooy SaBeThTRy i Sers3 A SRS e SERETAAN o . 7150

on pin 341. On cekpftt regisftien Heot shown in FIG. 7). '
Nine clock cycles after counter-on signal CNTRON
goes active, counter 710 drives counter signal CNT$

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. 1In check read state 880 the parity
is checked as described below, and if read serial port
signal READSPIO is active, for example, during the

35 execution of a memory read command cycle illustrated in
FIG.* 4I, shifter state machine 720 returns to start



transm ssion of the acknow edge packet, sequencer 1330 5 returns to

wai t-for-start state 1420. In response to other command packets,
sequencer 1330 transitions to the correspondi ng state, such as wite
byte wait start state 1440 eewite-wait- | ow address state 1460 and

eeread-wai t-1ow address 10 state 147&- The actions of sequencer 1330 in
such states are_sinjl t I ons escrl d above in respect
to wite data $%3&e sqgé g}ﬁfé.o,s exoip“ta frea eREO&F 1330 causes shift
regi ster 1310 ¢ignd DCREADSPIO isaditidataned, a;ldjfm @tatat maphdhet F2as
necessary and ,q@a% executor 1370 to perform actions

I ndi cated by t %trl{alg%)etg?ll\i/a&élfcosn?fhnd &t'es such as writing or reading
internal registers BREGTt opntrolle3p| TN ARG udes ey isdd IRV or EERC]VI _

In one enbgdi NEPkoule 1616 M@ S PaiPiGirdlle 1WMCNTY LponsRl £cd DI L

In a status register, and es conmmand executor 1370 t turn on LED
350 (FI G amyactive send hyteigno FFRRY TFoorﬁ?Eﬁd:Yexecutor 1370

i ncl udes 802Edi €092 0! 168 St AIchd ¥ teligriza @m ashal 25
detects the presence gr absence of cabl es con,nect ed term nators
instal led for PhPhE-Bhtpik 5?155%%‘51 QERYt Hegls erarH) there is no need

for board control |Dgized8génse to ea edctaive ainlpnuwessar isdlgnedrt | nput - out put
circuit 2 Co e r cl an I ESTAT 30
det ect or ié?S %P?S‘H?Y eé@?{'fgg éc;n%‘%]é %&7(? cﬁ% AIO%'I’I s‘é‘}‘?ﬁa& AT from a
progr anmmabl e aonbyutogmvaheﬁEé@Qratmlve Braw) amj s(@;xa@erm 5| gnal s on
various pins seeﬁmgﬁﬁl 52920k Adpéitse PLOS A H-aivk MiiD (Eldae 16) for

ROM to detect t resence or ce of various predeterm ned 35
B

devi ces on supféPhadi FHERETBSY, Lire eentreer B3P prassessmeari@d 380, board

control | ogi C §59t b ut signal SPIOO to pin 241 as illust®¥hted in
t er m nat obg %Ig 350 (FIG 3). Any pin of slave serial port
t

I nput - out 54 that is nornmally connected to a predeterm ned
device carries, an ant reeponsestgnahevdneulvaesm&d@tt&r nsivethldevi ce i s

present on 5 sup %&?ﬁl rSH' {ah§59e§£'drf§1 scrdf%e%ébe Pte eﬁeod'&%cq?te

absence of the pre ef m ne evice I'n reference to
FIG 16. signallnCEH4PBi énpﬁna-bl%l:leiapw el indexer M¥krin  devi ces

can al so be sepgge¢rapdcgephie! 16860PYasta¥eshift 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. In
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.



10 sérial input-output circuit 254. For exanple, in response to.
command SOFTREQ (Table 3) serial port 230, can send a conmand packet
t hat causes sl ave serial port i nput-output circuit 254 to nmerely
passes to a soft resource 341 information contained in packets
received 15  subsequent to the command,.packet and so allows future
expansi on in the nunbers and éyges of soft resources i ncl uded in

support circuit 258%(Phe ewpodiment, a styge o 8iH £HONE Mt resource 341
is a debuggerstagesthal4is, poll edoby ®eipengslemarthdd K2R diwd g boot -up 20

dif d 2 i ddi ti | fi
data or botn PP oA ELBLE<aR: L fo B R orf iyt Sads ifmestt ne Toaded
firmvare and such asi fd$psfhopsi120debbmygeaclBdtising edge off n one

nmbodi , h 0 I ' i -
embodi men Bﬁ%fgggﬁégi?éﬂ sf&g?f éﬂﬁ48§ aé%%h?%%ﬁﬂ%%n;ys t-out put

circuit 254 are coup - 1 pose  a §in I em bus 250,
such as a PCl previoggsstage| fuiveat belrmingl D0 16f muliplexemn k110,

terninal 1501egbepka¥RafebbbaObbrt "PipnCUsRital SPIOE EdtidiveY do coupl ed

to a systembus réeset line o system bus™ 283, that carriges signal

PCI RST- . pin 24pndrivggnthe: Eigptagtage. siynaiond rorem npte
serial port | mpltipleRdr ¢olQUi(F180410Uf 8Lides terdmigaBnlDP@RST- in input

buf fer 1502 for.internal by flip-flop 15 exanmple to

gener at e “Tes ef“u&SPrﬁgﬁﬁe%ﬁ‘ig i gnHPTeRPRETRELY aél %%Dé@f\.% a‘ir{)%?‘f

i nput - out put termiokdcgiot oZ5hubtfipteserh2lblf f eledresgomase R REIEive

85 out put,. e nd ' Lgn - 0,

t erm nal 1504%#§%%2X§g%?§?T§éGTE§EE§§?§gga%#%§(%§%gg§'EHe gi&#%%togdapter
240 receives $egmanapcPrste- flipnflop 3la0eandrpbhepdife| awpplbes put

circuit 254 althee$qgnal ohNBLrmRhA11Ddlebhalipscubpfeigat fromserial port
pin 241. Host adap h i pput buffer

P, . t%r 24 pasigi S|gnaI.PCI§ RB— sp throgg U
and ¥Peset | i ndIRSFRE- 8% POLFi §i9p8tt REABSPRRst&r 1Rarthyeport
i nput - out put  parieyr edircudt0102es phbkpsf hopighad loaninpdd 21 inedoopie 10
T an actfve SeyRAEIa} FBLe terRinal doach BEEALER1ropiF 1928 [ osors ol |
st at e nachi nesomputetso thieeipariitiyt iodl theasdégnals oaspopet lidneohf®@hd
signal CHI PRSE'%Eges?%"sz%' t%oratct%]%% 0oNaLaLe8n2sREAKE! cirRo, £RREALNING &
reset command code that resets slave
20 circuit 1020 clocks a parity bit on serial data
terminal 727 based on the computed parity for the
packet out parity bit. In response to an active byte
sent signal BYTESENT, parity circuit 1020 clocks a stop
bit on serial data terminal 527 to complete
25 transmission of packet. . _
When byte error enable signal BERREN goes active
on an error control bus 550, parity circuit 1020 passes
the incorrect parity bit to serial data terminal 527,
and so exercises the parity circuit in a slave serial
30 port input-output circuit 254. 1In response to an
active read serial port signal READSPIO after
completing the transmission of the packet, shifter
state machine 720 drives serial port enable signal
SPIOEN inactive. In response to the inactive serial
35 port enable signal SPIOEN, line controller 530 three
states output driver 1220 (FIG. 12B), that is connected



serial, port input-output circuit 254. As not ed above, sl ave
serial port input-output circuit 254 senses the presence or absence of
vari ous resources fromthe signals on one or nore lines 20 connected
to the resource. For exanple, when | D ESTAT detector 1375 senses a

| ow signal on menory chip sel ect -7Bi-ne MCS# (FI G 16), |D ESTAT
detector 1375 deter t there i 0 EEP. 90, that is coupled
to slave EQePrY ggrt ?ﬂpu?ugﬁ’tlf)u‘?lg??iu?’forﬁﬁﬁ%%Ilasrl y, when 25

| D- ESTAT det ednbibised swdspina2#lghs sugakble oms SHEPR@WME pin @rnd sel ect

EEPROM 380 | & °° SRS ES) 520 vallE BBk né%é%eﬁ%%@%%%%f@e“ )

EEPROM 380, nbforptipngd §§P@053Pifﬂ6 RESutorpierz4l 3od pERREMarhi p sel ect
| i ne SEEC§g |ssq%%ghe@p&@¢ g§ang§tbguffer fopgsistor to a first voltage
e.g. high or a second ol t . Low respectivel I n one

enbodi nent, in resﬁ@ﬁ?@sﬁﬁdabNFﬁhséﬂﬂﬂ&IS%ﬂDBYT h%n%??gEHWb'select l'i ne

MCS#, | D- ESTA‘ﬁadatLeL@:LoriniaaESmaitlpseﬂégs:Lelgnahxyatr@n@ﬁémrs@hén gh
address |ines line MA17 nd

menory pof% input 51gnai g%IHEnEer sg%gg pogﬁd}%ggtafaﬂgpééé | f
| D- ESTAT det edbat l&ﬁ@o@@ﬂsésta pin Réw, stgntheoinput spimeodrFivekdr ess | i ne

MALl7 and 4gf so _ a S address |ine MA 16,
'D- ESTAT et 038 O%wd?t gr%mgﬁggtt %ggggﬁggg?%%f 5 EEPROM 390 is only

64 kil obytes. |f I reeRPnse tgefBcagtive7setefbdftaini yalidgnal on second

menor y adgyignm]l Ismsw»&,maaﬁ gsthghlééllﬁ Yayial 99ak o8] 1 &5t
menory address I|ne NA .or. I rst nmenory address

line MAL7, th&Y §Qé°4§ f%@u éanﬁPPﬁiyteénoPa§§%1?1#obytes
respecti vel y. passes the bivsespafted enafirow pifgnakioandesboyeds ihe

ROV 5 ciibl of A0 e atrgr e, af Buiet Pagastar, forecipb&eno5,” ot her
t han an EEPROdidgiB:-bit honataegm&terlaQEBateHo&drragmsuarihOI@nsnln
: . : "o
C oY oh) il i RRsSUTEy B0 gigrATOUARRRT DS
of slave serleﬂecelVGQMQQFqlﬁﬁﬁmﬁﬁ@ﬂﬁuﬁzélrc§hﬂfESIe§éS§¢§v19é4dé%ﬁ@e 20
identificati orpamges IfBA Treried vt w&sl toeoRupae tbahifial 101Dyt ewkSAT,
that is Ff(p ' ﬁlhfts icnair%ll O ram{aSI%ALID goeg 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
arnidd drives a parity error detected signal SPIOPARERR
25 active on packet error terminal 529 in case of errors.
When clear parity error signal CLRPARERR- goes active
on error control bus 550, parity circuit 1020 drives a
serial port parity error signal SPIOPARERR inactive
until the next parity error is detected
30 Although one embodiment of a parity circuit 1020
is illustrated in FIGs. 10 and 11, any other parity
circuit can be used in accordance with this invention.
One embodiment of line controllexr 530 (FIG. S5)
. includes a control enabled output driver 1210
35 (FIG. 123a) that is controlled by drive signal SPIODRV
on drive line 531. In response to an active drive

U'J



logic circuit 330 provides bytes | DDAT and ESTAT encoded in packets of

the type illustrated in FIG 4A I n one enbodi nent, device
identification byte | DDAT and 25 external resource status byte ESTAT are
vi sible to host processor 281 as register 00, byte 3, and as

regi ster 1Bh respectively of host ad_a—pger 240. In this

enbodi nent, hqst ad 40 and rial_port inputszout

circuit 254 ME%%(L)[%E) YnEREE ugFﬁvW &Eﬁﬁg%%gﬁ g ﬁﬁgf‘gld@?&led from
t he sanmouriitl ledigmal? BPI08e duenc eertaduleta23idei 5838 ko si gnal

CLK40B, that};§ian_uff%eqn\é%rﬁlv%ndgflvtehgl?gg?e Onﬁgoggfgbgggl CLK40 used

for timng b usm) and
i nput - out put BRPWE dxiptey 42201 anghep providesdawhipht impedancentan

internal g egigiieodf ARAUGHAR! LHIEHERE 1229, p%%%'é%”%ﬁb mgnal

87 nmodul’e 223 c| anps Signal CLK40B h|g , until down bit
is reset, to ?Qé?ﬁk‘(@dpcﬁﬁbrPiéb Seriglhport 1nPéE&a§t’-€Pap-n§€§P$t ed
circuit 240. to serial \Wx Nadsle adant er 240 drives a si gnal on 5 i ne
SPIO, a serial paqrt.230 that exhibit char act et i can have a
setup time Tss andk FHRPOES &9 @2 A 3’ \lﬁEIDu&els&t Ed9PR+E gb&%? A seri al
port 230 Iilm axititoller &X0 qiwms@nestqfceigém Hateraalet time Tsf
and a h Iat 0 I fast or a
sl ow sl ave s rfq‘f oatsgﬁ"iéﬁluﬁ (ﬁ utljsmsregt?(éttegfy §gl sarrpﬁE 3|f nal

SPI O at b*ﬁ%l?ﬁ}ﬁ%‘%ﬂj’e{mﬁ]( Ideiscﬁhedofahspvtﬂfo@lo Sugpat, when there
IS no skew i ngtger! 09X S1 GRS sPorii 1t t@@'tac%iQreamD testSkiYpageri al

port i nput - out put _ci rcuit 254. 1 However, a slave serial port

i nput - out put LEDTSE rQuiput sirivgr HRARY Parases ithe ﬁ?é\ﬁ"&edalﬁéﬁﬁpﬁ\le skew
inits clock signal ©s soeped to the cl ock signal of serial port 230
dependi ng_on the |layout of plug-in board,270. .Positive skew or

negat i veggkew can f’gsﬂ?’?p e Lﬁh "’E}AIQLCSFJIW @WS{% RS SRy QEE&K

respecti vel y,PMlh that ideastedbyrubritbiwire P9 fofr Hlgst 28hadameeri stics
and sl owg CS3LaM S éﬂﬁ‘ iﬁﬁ’-ti ri sing
edges as shown I n ﬁ?}fdéf $6Soda serlﬁfe ortr%Ii €% t e%r?ablts f ast

charact eri sti 8BIflisinaek e R 25 OnﬁhﬁﬁeQH%W%l%ﬁlé%ﬁlan@om
i nput - out put pip 24ircuit 254 that exhibits slow input characteristics.

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
SSPTOCPS 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 seriai 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



Exanpl es of timng characteristics are listed in Tabl es 14A-14C.

88 TABLE 14A . Mnimumtimng
required by slave port 230 of host adapter 240
Serial Port 230 Sl ave serial port ing§t-output

circuit 254 provides: 5 set up: 0786 ns 8.33 ns hold: 2.48 ns
5.08 ns The above set-up tinmes are also applicable when a

progr anmabl e | OgVERLLOG uedde Indinieedsicheoappendik tH wiith $Pnopd@yd i nst ead of
a slave serial p | : L Ci st - t ke s | DDAT
and ESTAT to hostgg'g‘ﬁié%%é%e‘o%%tﬁ‘g.g‘% in swos Gate (RO KLAC26U0F TABLE 14B
15 M ni muiveiirhle Frrom §MaSt Syaliense IBF; L fn Jose, CA.

i nput -out put circuit Z2h4response BoraadtaRey bif36n slEw) @eztal apoyiort

I nput - out put . . | rcuyi.t 4 neguisres, set up:
3.38 ns .97 ns P° ?4%bl%erel€?§§eﬁsﬂﬂe2_.%8l} %1%?20&. 8 aonne?tﬁde above
setup tines in t&9S éines9P iy phifl registpysileniiny sdgvRHeeridkk with 25

ns cycle and out pirt in pit-+ButPutScibasiy edashifes J&ﬁ&FihoadriaﬁllyDDAT Idn
one eood! o0t G BIYRL ol 48 st e pRERAEE BRSOV, 20
to host adaeauenger I3df.e InCré@wrpodiment ni shiifite yecietent 1310
10 transfers 11 bits of the shifted in data to
sequencer 1330. The 11 bits comprise the received
packet including a start bit, a command byte, a parity
bit and a stop bit as described above. In this
embodiment, when all of the 11 bits have the wvalue
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 responge 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 ieg 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.

‘



i'rrposed on programmable logic circuit 330 by 30 SSPI CC 254.

89 TABLE 14C For a shift register in a
programuabl e logic circuit hol d: -1.93 ns 5 set up:
8.86 ns One enbodi ment of gﬁfport circuit 1800 (FIG 18)
includes a plurality of slave serial po | nput - out put 10 circuits, such
as SSPI OC 254A, SSPI OC 254B and SSPI OC 254C that are all connected to
the same serial PR fedpdRb- @tbltaplffesbtnﬁ:l.@ﬂpod hafrebéthitm]ﬂIbltO t he

serial port pin of da ter Ea ve serial port
i nput - out put i rgéh‘;s &%4}5“% v %f% %ﬁsreetcel Ve ?ﬁesg%:rrg“ cl ock
signal s CLK4O frbus 250, canch Rat bhe BT bug: the #layes gspiabdpext host
adapt er 240. Eacanghav&x@;suﬂ ¥irpeit zsmptifs Pukdtland sequeh&siti1sdd ows host

d 240 h I
Sl ave ser i al por PEaRe hfdst ptret daue. LM TR BE ke anove

description vaniables cgoest t;ose—me@cap!mouh@ﬂgmsqta&eapﬁél 2od. For
exampl e, host ad%a;;ﬁmg%xﬁﬁ%dae&s&&tdzea@%csé :?@é'éh%ﬂ@ev1ce 1820 through
SSPI OC 254A, resquices,_ 1830 an 184]9 t.hr ou SPI C 254B and resour ce

1850 through 25 1988p{ErcafsinR DDAT apg f’ﬁ’é FEReHECBi SB'e 1
SSPI OC 254A has byte ESTABIfiyom donteéxamiplte; thpro@mswgrabiler legawe seri aI port
i nput - out puty £i r Yirky2p43gigscri bed above Therefore, sl ave serial port

i nput -output circuit 254A sends_two initialization gpckets cont ai ni ng
byt es | DDAT and ESTATID resgtyag ?W]a &tasgolebl | RAPGrETeL3

The ot her two sl aleoseausés pmldnowmpdlge mulmiplexer :ts':m:u:lot £end@Skh OC 254B and

ooy tha 35" sSfubOSelte perhel BPOEA MK W BY! ool 259

line SPIO- for as long as sequencer 1330 stays in reset

15 acknowledge state 1411. Sequencer 1330 stays in reset
acknowledge state 1411 for a variable number of clock
cycles depending o the time needed-by ID-ESTAT
detector 1375 which depends on, for example presence or
absence of programmable logic circuit 330 (FIG. 3).

20 In response to a reset signal on pin 1501,
ID-ESTAT detector 1375 clocks in bytes IDDAT and ESTAT
from a programmable logic circuit 330. While waiting
for bytes IDDAT and ESTAT, if ID-ESTAT detector 1375
times out, for example, due to absence of programmable

25 logic circuit 330, then ID-ESTAT detector 1375 uses a
default byte as byte IDDAT and creates byte ESTAT by
sensing the signals on various pins for presence or
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



90 cont ai ni ng command bytes of values different fromthe val ues
listed in Table 12 above, for exanpl e conmmand, byte val ues 05 and 08
respectively. The command byte val ues to which each slave serial port
i nput-output 5 circuit responds is nut | y exclusive fromthe command
byte to which another slave serial port ™ nput-output circuit responds
in order to elimnate the possibility of contention for line SPIO,

?VOI d tcﬁl i S£nd@eglfte9a£5ﬁs and s8hé M ditd FRB8E: b9 st ELQELZ' i nes. t10 ]
n anot her enbodi nent, a s|ave serla or ut circuit suc
as SSPI OCL910A ( FeGuengpr *’ﬁ %Q%Btgﬁc%‘a‘& c&’#ﬁ%ﬁry por t
interface of the indlcat:pf.iemim.l Mdbyn"XW"CﬂS‘?@F@tEBUSDWWEnSi ngl e- Chi p
gcgll Host Adaptercl%@!@c%n%gspinxgﬁe’ﬂgni‘& t1ﬁtcaft9.61§1§ta€é<élrm.| 2, Bages gsgf Otc 0
1910B are coupl eoset’#]sr@f‘té TR f§§53a3n92_k9§g EES regishsac P‘S 81y an

al l ow these two rmtnckadaptebxte(Inﬂnaren an 1nmmaablzntman(pauhat nannry
resources, such ap%blt ":Led 29 oné bbbt hent O xh e%%ﬁ@sﬁ?éjdl@ t%hr(ﬁHHh a

shar ed bus

_ uter system ] Fl al so
i ncl udes a host éﬂﬁﬁ?ﬁrc?gabt%ﬁ %HaasF9ﬁ% d%§EFPE¥db§E for & At 7870PC! Bus
Mast er Singl e- Chigtdied ihoshiftamgister 131Mton Bockeéked:ycmenary" ref erenced

above t hat cap alﬁa?&gafgggeé%ﬁzﬁ{e%g E&s% @dc #9§§clégﬁger A fa3 via

shared bus ar he use o pr ede protoco
as descri bed byiovie EioRRfch one or nore slave integrated circuits
al ways wait for a nastitien BéG@érdedt 1B0CUdnsiltidneafesn &endossi bility of

contention for t ey SHAGdaReLA Ahedl ana o dUH QULBHL: | 2l VOl O

collision of packels an m nat €s need Tor_contr lnes in
addition to the statesf4ddd weitsifqrotwelvipurlash sueles upadwdich naster
integrated chscuitimndHife sbgistdntisgoatbselkd louti bgte 3BSTAT as aAl t hough

the present i “Ve"é%&&th%% BEEM£PSHd RAdn tranditiSRANES Lk "}?ot:h the above

described illustr
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



91 enbodi ments, the present invention is not limted thereto. For exanple,
I nstead of a pin, a surface nount |ead can be used. Various nodification
and adaptati ons of the above di scussed enbodi nents are enconpassed by the
appended cl ai ns. 92 SERI AL PORT FOR A HOST
ADAPTER | NTEGRATED CIRCU T USING A SP&GLE TERM NAL

Stillman F. Gates Chri st opher Burns

or bus terminators 360. Simultaneously, sequencer 1330
also causes acknowledge multiplexer 1320 to transmit an
acknowledge packet on pin 341. On completion of the
transmission of the acknowledge packet, sequencer 1330
5 returns to wait-for-start state 1420.
In response to other command packets,
sequencer 1330 transitions to the corresponding state,
such as write byte wait start state 1440 eewrite-wait-
low address state 1460 and eeread-wait-low address
10 state 1470. The actions of sequencer 1330 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 reading'ﬁnternal 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 ie 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 MA16 and MA17 (FIG. 16) for ROM, to
. detect the presence or absence of various predetermined
35 devices on support circuit 250, such as EEPROM 3940,
SEEPROM 380, board control logic 370, bus



APPENDI X A

93 Function: Board Logic Control. Brdctl command is issued whenever
brdctl (1d) is witten or read. nodul e brdcntrl (ackdet, brdctlen,
brdctl rdy, brdack, bytesent, cddat, 84 cl k40b2, noak, rdbrdctl _,
rstsplos_, shitln, slvalid, wbrdcl _, brdbsy, brdctl, brddat,

brdead, brdreq, brdsend rstbrdctl ); paraneter FFDLY = 1; | nput
ackdet, brdcti entebmﬂmﬂmrd)wsosand LED BE0hAFIG0oazk., Any pin of ddkadiet |

I : I , f
S 05 o val ey g i ‘3‘—?‘# [53158’1%‘5?%‘&%‘% spoagrattly |

//brdct! control “BPPEche it 2 prede device /gagriesy 8RtaCHYS out put
br dr ead,; shgnahdwﬁﬁﬂ<ﬁn@optedu¢¢mﬁineﬂrdeeﬂce is present/omquest for

SPIO port Outga ut suBE;gi‘@ néiircu:.t 250 ané / aﬂ" lfntace%e V@lénpaldﬂ)alndzcate
absence of the predetermined device, as described below
in reference to FIG. 16.

In addition to predetermined devices, other
devices can also be sensed and controlled by slave
10 serial input-output circuit 254. For example, in
response to command SOFTREQ (Table 3) serial port 230,
can send a command packet that causes slave serial port
input-output circuit 254 to merely passes to a soft
resource 341 information contained in packets received
15 subsequent to the command packet and so allows future
expansion in the nuwmbers 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
25 gerial port inmput-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 eystem bus 283 that carries signal PCIRST-.
In response to an active signal PCIRST-, slave
serial port input-output circuit 254 buffers
signal PCIRST- in input buffer 1502 for internal use by
flip-flop 1505, for example to generate reset command
35 signal CHPRSTREQ. Slave serial port input-output
cirocuit 254 buffers the buffered signal PCIRST- in



out put brdctlrdy; /1 no brdctl conmmand active. output

rstbrdctl _: /1l reset brdctl logic /lregistered outputs reg
brdread, btdreq, brdbsy, brdsend, brdctlrdy; reg [2:0] brdctl, brddat;
/llnternal Signals reg br dact s1: /lsync reg br dact s2;
/1sync reg brdract; //brc?cfil read active reg br dwact :
[/brdctl wite active wire r eadr eq; [/ brdctl read request wire
rstbrdct! _; outpyt fafferalb0dratet [drilvgs ceignad PCIRSTRe e output

I rese': request Héﬁtﬁiﬁi Q.'Sotai Fop é’aﬁeﬁ“aw[ hhéﬂ?%,host adapéé:?réiﬁi' wr i tte
TN LN SN U IV T
rstbrdct| & - brdhavemerial pouttinpuacdyutpontcixtcuisl wsysa@m e cl k40b2
glrsgegedge rstbrgdgbhe)pin i¥520- ERALTHE difkerent from %@E&Uﬂ&t; #FFDLY 1Db0;
pin 241. Host adapter 240 passes signal PCIRSTB-

through input buffer 1522 and reset line RSTIB- to

serial port 230. Master serial port input-output

circuit 210 uses flip-flops 1541 and 1542 to double
10 synchronize the reset signal from input buffer 1522.

In response to an active signal on reset
line RSTIB-, serial port 230 resets all state machines
to their initial states. In response to command
signal CHIPRSTREQ, serial 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. In the absence of EEPROM 390 or serial
EEPROM 380, memory chips select line MCS# or serial

30 EEPROM chip select line SEECS is coupled for example by
a resistor to a first voltage e.g. high or a second
voltage e.g. low respectively.

In one embodiment, in response to a high signal on
memory chip select line MCS#, ID-ESTAT detector 1375

35 senses signals at a number of high address lines, such
as first memory address line MA17 and second memory



brdctl rdy <= #FFDLY wr done |rdatvat; [lbrdctl register [/[/bits 7:5
@ posedge cl k40b2 or negedge rstbrdctl ) [err] (-rstbrdctl] )

brddat <= #FFDLY

shftin[7:5] : brddat;

rstbrdctl ) | f
brdctl <= #FFDLY

rstreqgen_) | f

3' 000; el se brddat <= #FFDLY rdatval ?

(~rstbrdctl ) brdctl <= #FFDLY 3' b0O0O;

al ways

[l bits 4:2 al vay s @ posedge w brdctl _or negedge

el se

cddat[4:2]; [//bits 1:0 always "0" // request generation
assign witereq addrégst ting Migact TP ID-RETATcAetectysilTSr eanises) a-

brdactsl & brdactipd @ighaPrélfifiret ReMos JE5ReEE HDEmeMINGChha KLsdigpedge

<= #FE

1" bO; el se

~St b t x Y
br dwact <= #FFDL\1°&" %trgrelggzn ) §°@n‘§§'§?ﬁé%%g%f%ﬂﬁt]rl_n%|’%&6edge rstreqgen )

i.f (~rstreggen )

ID-ESTAT dettgahoxc3Zs detedimingsbthat thecledge of

br dract <=#FFOLY Jrlvkon 33b Ve onflPes SaRois/ed0b2rer pagdge st br dot

#EFDLY 1

br dact 52 <= #FFDIOPEbahgE 1375 senses B3Il AlamakroF \Saoq! memoryng
didtesss 1ine MAG[L ¥ndr ety |(1Dr drbow ;signal on firdt dact s2
<= #FFDLY brdact %t?e'moryeﬁgdress 10dr fifh FoF YL Y Wibh L& Rkl ohegdred |

begi n
brdreq & ~brdack;

10

15

20

25

30

35

memory address line MAl17, the size of EEPROM 390 is 128
kilobytes or 256 kilobytes respectively.

In response to a low signal on memory write
line MWR#, ID-ESTAT detector 1375 determines that a
read only wmemory ROM is coupled to slave serial port
input-output circuit 254, rather than an EEPROM.

FIG. 16 illustrates certain variations in
circuitry by an asterisk "*"_, For exawple, a
programmable logic bircuit (PAL) 330 is directly -
connected to line SPIO- in the absence of slave serial
port input-output circuit 254 to provide device |
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
external resource status byte ESTAT are visible to host
processor 281 as register 00, byte 3, and as |
register 1Bh respectively of host adapter 240.

In this embodiment, host adapter 240 and slave
serial port input-output circuit 254 operate
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
module 221. When a power-down bit is set in an
internal register of sequencer module 223, sequencer

_f)

el se



/lregistered outputs al ways @ posedge cl k40b2 or negedge rstbrdctl )

If (~rstbrdctl ) begin brdbsy <= #FFDLY 1' bO; br dsend
<= #FFDLY 1' bO; br dr ead<= #FFDLY 1' bO; end el se begin
brdbsy <= #FFDLY set bsy; brdsend <= #FFDLY set send;

brdread <= #FFDLY setread; end 7

95 /1l Instantiate state-nmachine brdctlsm brdctlsm (

. ¢l k40b2( cl k40b2) modatd dxgy( aﬂ.hdpé)a:@ifaiad.f(boﬁa@i@h until the power-

bytesent(bylesent g st ; g%)
. noack( noack), hswfl d%p J‘%Ckleg%{ és%;egrr%t(‘éia rea 1ﬁsué‘é?va (rd ovsé:l)
setbsy(setbsy) adaptendmteoraked cigcadte ﬁPdone)) endnmodul e

96 When host adapter 240 drives a signal on

5 1line SPIO-, a serial port.230 that exhibits slow
characteristics can have a setup time Tss and a hold
time Ths as illustrated in FIG. 17. A serial port 230
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.



Function: Board Logic Control state nmachine. nmodul e brdctlsm
(cl k40b2, ackdet, brdack bytesent, rstbrdctl , rdbrdctl , noack,
sivalid, setread, rdatval, setbsy, setsend, wdone); paraneter FFDLY = 1;

parameter [2:0] /'l synopsys enum state_info TSTO =3' b00O,
/| step through all states | DLB8= 3'b001, // Idle, waiting for
br dack : CvDC = 3'b010, // shifting command code RWAK =
3b' 011, // read command, waiting for A§E 14A RDAT = 3'b100, [//

readi ng data [ WMNK =

3'b110, //wite corrrran\c?QAIl ‘t’g tq"&%ip ﬁf&‘ﬂé& bggsggggor% 2€f11 ;I wite
command, waiting for end of ACK |°rfpbPStc¢¢@RH§Z 24Bkdet, brdack, bytesent,
rstbrdct | _, rdbr Ut pot tvaI;
/| read data val |Hc8amta|@ul>or'se23my, %latwtserselsm lmupuputmonne; L

Il write conmmandfis conpleted // ég,g._t‘ﬁttegsq%f&tﬁéson reg set rlead,

rdatval, setbsy, jsetsend _wdane; (Linternal
Il synopsys s&atd yactRy: Sbaé€ nd Us.33 [n& O] //synopsys enum statef i nfo

rhold: 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 cirduit
254 to provide bytes IDDAT and ESTAT to host adapter
240.

{  TABLE 14B _
15 Minimum tiwming 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
regset. 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.



state; // current state reg [ 2: 0] /'l synopsys enum state_info
next; // next state [/ conbi national 1ogic al ways@state or ackdet or
brdack or bytesent or rdbrdotl_ or noack or sivalid) begin setbsy =
1' bl; setsend = 1' bO; rdatval = 1' bO; setread = 1' bO; wr done
= 1' bO; case (state) /1 s¥fopsys parallel case
TSTO begin next = | DLE; .
97 setbsy = 1' b0; ppprgEeide | DLE: begin
next = brdack ? | DLE; \ . setbsy = brdqack:; . end ., CMVDC:
begi n i f (by%‘éEeﬁ'lgPlE&gFﬁngter in a Pm%’é%&'lmai’qfedi?%i BSLYPAF . RWAK;
setsend = rdbrdctl| _; setread = rdbrdctl| _;
H hold: -1.93 ns “
5 lsetup: 8.86 ns “

10

15

20 -

25

30

35

One embodiment of support circuit 1800 (FIG. 18)
includes a plurality of slave serial port input-output
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
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
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
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
initialization packets containing bytes IDDAT and ESTAT
to host adapter 240 following reset.

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
SSPIDC 254B and SSPIOC 254C respond to command packets



end el se begin next = CMDC; -end end

RWAK: begi n i f (noack) begin next = | DLE; end
el se begin next = ackdet ? RDAT: RWAK: setread
= 1'bl; end RDAT: begin next = sivalid ?

| DLE: RDAT,; setread = -si99lid rdatval =
sivalid; end VWDAT: begin next = bytesent ?
WAAK:  WDAT; containing Ieimmaad bytys efenhlues diffexieit from thé/\Y/\AKd

begi n i f k égga n en

ol ge begi n vaigask '].n_'rgléjk 12 aboye, ! fﬁlﬁgﬂpge command

end EACK: bﬂ@@lﬁalues °5 and 08 rqugg;lvegxkchhs eawrand dpyte

set bsy = ackdet; wvalues to whlch e&bHO§Eave-saekdEtport input-6tifiput

def aul t: nexté; 3%?§§8t5 E%?¥i¥ ?&%@Xgivé/ffgh th8! SoGlL"

al ways @ posedge C eged e rs _) )

byte to whlch 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 need for control lines.

10 In another embodiment, a slave serial port input-
output circuit such as SSPIOC1l910A (FIG. 19) or
SSPIOC1910B includes a memory port interface of the
type described in "AIC-7870PCI Bus Master Single-Chip
SCSI Host Adapter Data Book-Preliminary", at for

i5 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 COmMmMONn 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
“"AIC-7870PCI Bus Master Single-Chip SCSI Host Adapter
Data Book-Preliminary" referenced above that can also

25 access shared resources 1951, 1952, and 1953 via shared
bus arbiter 1960.

The use of a predetermined'protocol as described
above in which one or more slave integrated circuits
always wait for a master integrated circuit eliminates

30 possibility of contention for the shared serial port
input-output line, avoids collision of packets and so
eliminates need for control lines in addition to the
shared serial port input-output line between a master
integrated circuit and the slave integrated circuits.

35 Although the present invention has been described
in aonnection with the above described illustrative



98 if (-rstbrdctl ) state <= #FFDLY TSTGQ, el se

state <= #FFDLY next; endnodul e [/ brdctl sm

99 Functi on: ESTAT/ | DDAT state machi ne. Waits for | DDAT and
ESTAT bytes. After reading or tine-out, generate I dl drdy so that the PHOST
can accept PO commands. nmodul e e?sn1(c|k40b3, elto, rtls_, sivalid,
setckes, setckld, setread, eneito, setldrdy ); paraneter FFDLY
= 1; /'l cl ock- embgdiledrtys, the present invention is not limited

thereto. For example, instead of a pin, a surface

mount lead can be used. Various modification and

adaptations of the above discussed embodiments are
5 encompassed by the appended claims.

ol



parameter [1:0] /'l synopsys enum state_into PU = 2' b0O,

[ | power up ID = 2'b01, /1 waiting for |DDAT valid ES =
2' bl0, /1l waiting for ESTAT valid DN = 2' b11; /1 done

i nput cl k40b3; i nput eito; Input rstls_; input sivalid; output

set ckes; /1 clock in ESTAT outp@€: setcl dd: /1 clock in
| DDAT out put setread; /1 readport conmmand from el sm output " eneito;
/1 enabl e ESTAT/| DDAT tine-out output setldrdy: /1l set |dldrdy

/'l register declarations reg setread, eneito, setckld, setckes,

Tsynontys enum STENERBORT SRS FOr gt (1]

[/ synopsys enum stat €l

combi national logic always @sivalid or eito or state) begin setread
= 1' bO; eneito = 1'bO; setckldd = 1'bO; setckes = 1" bO;
setidrdy = 1'bO; case (state) /1 synopsys paral el _case

PU. begin nexd = I D; setread = 1' bl;

end : | D: begin eneito = 1'bil;

Stillman F. Gates
Christopher Burns

APPENDIX A



100 setread = -elto; setckld = sivalid;

If (eito) next - DN; el se

next = sivalid ? ES: ID; end ES: begin

next = sivalid ? DN ES; se55ead = sivalid;

setckes = svalid; end DN: begin next = DN
setldrdy,— 1' b1, end defaul t: next = X endcase end
/1 al wayg v AV T Raa s

i f (-rstby,

Function;

Board Logic Control. Brdetl command is fssued whenever brdctl {1d) is written
or read.

module brdentrt ( ackdet, brdetien, brdetirdy, brdack, bytesent, cddat,
clk40b2, noack, rdbrdetl_, rsisplos_, shitin, sivalid, wrbrdct(_,
brdbsy, brdctl brddat, brdread, brdreq, brdsend . rstbrdctl_);

parameter FFDLY = 1;
Input agldet, brdctien, brddck, bytesent, clik40b2, noack,

rdbrdeti_, rstsplos_, sivalid, wrbrdatl_;
Inpt  (7:0] cddat, shitin:

autput  brdbsy; 4 brdet! command in prograss
output  [2:0] brdel; I brdetl control bits

output  [2:0} brddat; # bedctt data bits

outpit  brdread; 1t read SP(O port

outpt  brdreq; . # vequest tor SPIO port
output  brdsend; 4 shift otit wrrito data

output  brdctlrdy, 1 no brdetl comtmand active.
output  rstbrdotl_: i reset brdctl fogic

&

H registared outputs

tag ‘brdread, brdreg, brdbsy, brdsend, brdctirdy;
reg {2:0] brdatl, brddat;

i

il intarnal signals "

reg brdacts1; f sync

reg brdacte2; fsync

reg brdract; # brdctl reed active

reg brdwact; I brdctl write active

wire readreq; I'brdetl read request

wire rstbrdet I reset all brdett loglc

wire fetreqgen 11 reset roquest generation bit '
wire wiitereq; 4 brdetl writs request

wire setread, wrdone, rdatvel, setbsy, setsend;

# reset logic

assign rsibrdotl_ = rstsplos_ & brdctlen:
assign rstreqgen_ « rstbrdctt_ & ~brdacts?;

it
# brdctt ready control
efways @(posedge clid0b2 or negedge retbrdet! )

i (~rstbrdctt_)
brdctirdy <= #FFDLY 1'0;

olse



101 Function: ESTAT/ | DDAT controller. Contains the ESTAT/ DDAT stal e
machi ne. | DDAT regi ster and ESTAT register. nodul e 1 ddat est at
(cddat 5, cl k40b3, eito, parerrdet, rstis_, shltin, sivalid,

swstrdy, wsplocap_, brdctlen, eepronen, elread, eneito, iddat,

| di drdy, ronrden, seectlen, soft, softc®#len, spbrden, spseeen,

ssplocps ); paraneter FFDLY = 1; paraneter [7:0] DEFAULTID = 8' h55; i nput
cddal 5, cl k40b3, eito, parendet, rstis_, sivalid, swstrdy, wsplocap_;

I nput [7.0] shltin; output brdctlen; - //board control enable

out put eeprbnen: /[l eepromwitable output elread; output eneito;
out ut [ 7: 0}, LAdal. el edamk AL L el SL 0L QUL Or .y
fini shed | oad

?-s

readabl e out pu bl & FEFDLY wrdoro | Metsik €T O C O O BHanT e
e wrdon utival
soft; [l soft comrmand capabllfgy bits output softcnden:
conmmand enabl%buu} ot sphrdens 1tbrdct| regi ster enabl ed out put
spseeen; gt oot | regi ster enabl ed out put sspl ocps;
/'l ext enal SSPl/®ks 78r esent /l decl are registers reg el read, softcnden,
brdct ! en, see@ﬂﬂ@@@ﬂﬁﬁpﬁmﬂﬁﬁ”ﬁﬂﬁnG@ﬁ@Jssplocps, |-dr dy; reg [ 7:0]
i ddat : f (~retbedcl
| ddat, brddat <= #FFDLY 3'000;
elso
brddat <= #FFOLY rdatvel 9 shitin[7:5] : brddat;
Ibits 42
aiways @{posedgs wrbrdetl_ or negedge rstbrdctl )
¥ (~rstbrdet! )
brdctl <= #FFOLY 85000;
else
brdctl <= ¢FFOLY cddatf4:2];
#bits 1:0 always “0"
7! request generation

assign writereq = brdacts1 & brdacts2 & rdbrdatl_;
assion readreq = brdacts & brdacts? & ~rdbrdcti_;

ahways @{negedge wrbrdetl_ or tiegedge retreqgen_)
K {~rstreqgen )
brdwact <= #FFDLY 1D0;
elsa
brdwet <= #FFDLY 1D1;

always @{negedge rdbrdctl_ or negedge rstredqget_)
¥ (~rstraqgen )
_ bedract <= #FFOLY 100;
elso
brdract <= #FFOLY 101;

always @(posedge clk40b2 or negedge rstbrdetl )
# (~rstbrdat ) begin
brdacts 1 <= #FFOLY 1°b0;
tirdacts2 <= #FFOLY 1°D0;
brdraq <= ¢FFDLY 100,
and

elsa bagin
brdacts1 <= #FFOLY brdwact | brdract;
brdacts? <= #FFOLY brdacts1; !
brdreq.<= #FFOLY writaraq | readreq | brdreq & ~brdack;

1.

# ragistorad outputs

always @(posadgs clik40b2 or negedge rsthrdetl )
#f {~rstbrdetl_) begin
brdbsy <= §FFDLY 1D0;
brdsend <« #FFDLY 1°D0;
brdread <= #FFDLY 1'bO;

ord

aise bagin
brobsy <= #FFOLY setbsy;,
brdsend <= #FFDOLY satsond;
brdread <= #FFDLY sotroad;

end



reg [1: 0] soft; /1l internal signals wre cl kddat ; /1 clock

i ddat Wre cl kest at ; /1l clock estat Wre setcki d, setckes,
set | drdy; reg ckes, cidd; wre rstsoften_; /'l reset softcnden
wre setread,; /1 /'l enabl e seec % and brdctl registers assign

spseeen = seectlen & ~softcnden; assi% spbrden = brdctlen & ~softcnden;

/1 | DDAT register /1 gated clock assign cl kiddat = ckld & ~parerrdet;
[lregister wite

102 al ways @ posedge cl k40b3 or negedge rstis_) begin if
(-rstls)) | ddat <= #FFDLY DEFAULTI D; el se i ddat <=
#FFDLY chdddat ? shftin : 1ddat; end /'l register /1 SPI OCAP regi ster
assign rxtsoften = rspls /1 gated clock

‘.:'1 fv f;‘;....
":}".’5;':2 5

¥
e

it
”

# Instantiate state-machine

brdctism brdetlsm { .clk40b2(clk40b2), .ackdat{ackdet), brdack{brdack),
Jbiytasentbytesent), .tstbrdotl_(rstordct!_), -.rdbrdetl_(rdbrdetl ),
noack{noack), .sivalid(sivalid), .setread(sstread), .rdatval(rdatval),
sethsy(setbsy), .satsand(setsend), wrdone(wrdone) );

1.
4

endmodule



assign clkestat = ckes & -parerrdet; // register wite for bits 7:6,4:0
al ways @ posedge cl k40b3 or negedge rstis_) begin If (~rstis.)

(soft, brdctl en, seectl| en, eepronen, ronr den, sspi ocps} <=
#FFDLY 7b0000000 el se 96

(soft, brdctl en, seect! n, eepronen, ronr den,’sspi ocps} <=
#FFDLY clkestat ? ~(shft|n[7 6], shftln[4 0]

:(soft, brdctl en, seectl en, eepronenronrden'sspiocps} end /[1bis7:6,4.0 //
reglster ‘Wwite for bit 5 al ways@ posedge mwsplocap or negedge rstsoften_ )

begi n iif (~rstsoften ) . el se
sof t crder o S

out puts s S =

idrdy <= #FFDLY 1 bO ckid <= #FFDLY 1;bO;

#FFDLY 1' Ip@iction: el read <= #FFDLY 1' bO; end el se begin

| drdy <= #FFDLY setidrdy; ckld <= #FFDLY setcldd &
(shftl|nI38”%W$5°““m““°m“*h°ckes <= #FFDLY set ckes; elread <=
#FFDLY setread; end assign ldldrdy = I drdy & swstrdy; /1
Instantiate state-nachine el smelsm(.clk40b3(cl k40b3), .elto(eiko),
rstis (rstis_), sivalid(sivalid), . set ckes(set ckes),

set ckl d( sellkid)wsblfiBad(SLLLBAL N wwnBRBILBLEALI 1 0) ,

setl drdy(setldrdy)): endnodul e

moduts brdctism ( clk40b2, ackdet, brdack, bylesent, rstbrdctl_, rdbrdetl_, noack,
sivalid, setread, rdatval, eatbsy, setsend, wrdone };

parameter FFDLY = 1;

parametar [2:0] I synopsys enum state_info
TSTO=3'Db000, ¥ step through all states
IDLE=3b001, ¥ ldle, waiting for brdack
CMDC = 3'b010, /# shitting command ccde
RWAK = 3b01%,  # read command, walting fot ACK
RDAT = 3b100, / reading data
WODAT = 30101, # wmng data
WWAK = 31110, / write command, walting for ACK
EACK =3b111;  # write command, watting for end of ACK

input . clid0b2, ackdet, brdack, bytesent, rstbrdetl_, rdbrdetl_. noack, sivalid;

output  setread; .

output  rdatval; J read data valid

ocutput  setbsy;

output  setsend;

output  wrdone; I write command Is completed

I
i register declatation
reg sotread, rdatvel, setbsy, setsend, wrdone;

1
# Intemal signals

#f synopsys state_vector state
reg {2:0] I synopsys enum state_kfo
state; [/ cumrent state
rag {2:0] {f synopsys enum state_jnfo .
next;  J/nextstate

#-
i comblmt!onal logic

alweays @( state or ackdet or brdack or bytesent or rdbrdetl_ or noack or sivalid )
begin

sotbsy = 1'D1;
sateend = 1'b0;
rdatval = 1D0;
satread = 1'b0;
wrdone = 100;

case (stata) 1 synopsys parellel_case

TSTO: bagin
next « {IDLE;



103 Function: ROMcontrol logic inside PHOST. Interfaces to SPIO
bl ock nodul e rontt!| (bei nadrdecO, bel nadrdecl, exadrdcvdd , nmwmc,
pcl k, hpots_, reg8do, adrinreg, rondecl ., spioackdet, sprontlk_,
spronrdy, romadr, disextnr_, ronmdec_, rondo, ronrdy, romwm); '
paranmeter FFDLY = 1; i nput bei nadgdecO, bel nadrdecl, exadrdcvdd_, marc,
pcl k, hpors_, spronrdy, rondeci _, spioackdet, sprontlk_; input

[ 7: 0] reg8do; input [15: 2] adrinreg; output [15: 0] romadr ; /[l rom
address to SPI O out put disextnr_; /1 got ACK, disable exceedtiner
out put rondec_; Il ROVI access decoded 1.9
ronto;  iguudRe ‘ ‘ _ i
ready to

SPIO  //int ernal ﬁ)lg q,a're}g“ [31 0] romdo; reg [1 0] byt ecnt; reg
ronmdec_, di sexl Yy Y, wal tdec, done, donel, done2; reg di sext msl,-
di sext m’SZ vm re rstdisextnr _, rstdone_; wre bcl kenO_, bcl kenl_,

bcl ken2_, bclokéﬁ@;‘émbmck,moc - 1DLE;

satbsy = brdack;

and

OMDG begin
- 1 {bytesent) begin
next = rdbrdctl_ 2 WDAT : RWAK,
sotsend = tdbrdctl_;
sotread = ~tdbrdcll_:
end
elsa begin
naxt = CMDC;
‘ond
end

RWAK: begin
if {(noack) begin
next = I0LE;
end
alse begin
next = ackdet 2 RDAT : RWAK;
sotroad = 1'D1;
end
and

RDAT: begln
next = sivalid 7 IDLE : RDAT;
sotread = ~slvalid;
rdatval = sivalid;

ond

WDAT: begln

next = bytesent 2 WWAK : WDAT;

setread = bytesent; : “
end
WWAK: begin

¥ (noack) begin
naxt = [DLE;
ond

alsa begin
naxt = ackdet 2 EACK : WWAK;
and
end

EACK: bagin
next = ackdet ? EACK : 1DLE;
satbsy = ackdet;
wrdona = ~ackdet;

ond

delauit: noxt = 3biook;
endcasge
end 1/ always

£
H

#/ stata vecior

always @(posaedge clk40b2 or nagadge rtbrdctl )



//rom addressi ng always @ posedge pcl k or negedge hpors_ ) if (-hpors))
rondec <= #FFDLY 1' b1, el se rondec: <= #FFDLY rondecl _|
exadr decvdd_; but 0104 ad_drvr_20(.Qromw), A(mmc)); but 0104
ad_drvr_02 (.Qromadrt[2]), A(adrinreg[2] P8 but0104 ad _drvr_03
(.Qromadr[3]), A(adrlnreg[3]) but0104 ad drvr 04 (. CXronadr[4])

A(adri nreg[ 4] ympudd AR 2B e
buf 0104 ad_dr §E:86 & ¢ R
(. (Xronadr[?]) A(aorlnreg[7]) but 0104 ad _drvr 08 (. CXronadr[B])
A(adr i nr egf @ktbatetiyouf 0104 ad_drvr_09 (. Qromadr[9]), A(ron{adrinreg[9]);

buf 0104 ad drwwm&@“EHﬂ!f$Ehadr[10]) A(adrinreg[10]); buf0104 ad drvr_11
(. Q r omadr 1] Qﬁﬁ¥ n,eal 11]); buf0104 ad_drvr_12 (. Qronadr[12]),
.A(adrinreg[12 104 ad drvr_13 (. Qromadr[13]), A(adrinreg[13]);
buf0104 aﬂ*d¢vpm&4-ﬁ—~€*ﬁﬂﬁﬁdff&ﬁf7TM¢radrinreg[14]); buf 0104 ad_drvr_15 (

romadr[1 rinreg[ 15 ;
135 [ ﬂ%%*gn gggg@Tl?%] L)aonmw ? (bel nadrdecl, bei nadrdecO}

(2" b00) : /'l disable exceed timer assign rstdisextnr = hpors_ &
di sextmr _; always @ posedge spi oackdet or negedge rstdisextnr ) i f
(~rstdisextnr ) di sextnrsl <= #FFDLY 1; bO;




el se di sextmrsl <= #FFFDLY 1'bt; always @ posedge pcl k or negedge
hpors_) I f (~hpors_) begin di sextnmrs2 <= 1'b0;

di sextnr _<= 1'bl,; end el se begin di sext mrs2 <= #FFDLY

di sextnrsl: di sextmr _ <= #FFDLYW9-di sext nrs2; end /I byte
counter always @ posedge sprontl k_ or negedge hpors_) I f (~hpors_)
bytecnt <= #FFDLY 2' b0O; el se byt ecnt <= #FFDLY bytecnt +

2' b01; //generate byte cI ocks assign bcl kenO_ (byt ecntl —2 bOO) ~ssign
bcl ken3_= o3 h o

B( bcl kenO-n-)- nor02 gclk 1 ( NQ bclkl ). A(sprontlk ). B(bclkenl ); nor02
gclk_2 ( ’N@‘B‘é’?ﬁ?’)’""ﬂ(‘?’"“"‘l“k“ SUBUBETREN2™Y nor02 gel k_3(. NQ(bcl k3)),

A( sprontl B( bcl ken3_)); nbuf03 gclk drv_0 ( .NQ bcl k0), A(bclkO0);
nbul03 gcl v 1 (.NQbclkl). A(bclkl )); nbulO3 gcl k_drv_2 ( . N bclk2),
A(bcl k2 ))EsTm (raéhinelr Wait3 fof IDDIX b ESTAY pyid( ek bedding; / / rom data registers
al ways @ PbiEerEeseraladddrdieo faldheFHESTes pesept POt comntands-hpor s )

romdo[ 7: 0] <= #FFDLY 8' h0O; el se - romdo[ 7: 0] <= #FFDLY reg8do;
al ways @ posedge bcl k1l or negedge hpors_) I f (~hpors_)

rondo[ 15: 8] <= #FFDLY 8' h0O0; el se

!

modhtle elsm ( cik40b3, olto, rstis_, slvard setckas, setcldd, setread, eneito,
setidrdy );

parameter FFOLY = 1; # clock-to-q dalay

parameter [1:0} # synopsys enum state_info
PU = 2'b00, #f powerup
10 = 2001, Jwalting for IDDAT valid
ES = 21 0, H waiting for ESTAT valid
DN =2Db11; {/ done
Input  clicd0b3;
input efto;
: nput rstis
- input  sivalid;
otfput  selckss; # clock In ESTAT
output  setckid; # clock In IDDAT
output  setread; # readpont command from eism
output  enelto; 1 enable ESTAT/ADDAT time-out
output  setidrdy; # sot ldidrdy
v
-
i registet declarations

reg setread, snalto, setckdd, satckes, setidrdy;

# syropsys state_vector state
reg {101 # synopsys enum state_nfo
state;  / current stata
req [1:0] 1/ synopeys equm state_info
next; H nextstate

I
# cornbinational logic

always @( stvalid or aito ot state) bagin

setroad = 1'D0;
enealto = 110;

salcidd = 1D0;
sotckos = 100;

sofidedy = 100;
caso [state) // synopeys parallel_case

PU: begin
naxt = {D;
sotread = 1D1;
ond

1D: begin

onaito = 1B 1;



ronmdo[ 15: 8] <= #FFDLY reg8do:

105 al ways @ posedge bcl k2 or negedge hpors_ ) if (~hpors )
rondo[ 23: 16] <= #FFDLY 8' h0O; el se rondo[ 23: 16] <= #FFDLY
reg8do; al ways@ posedge bcl k3 or negedge Hffdrs ) if (-hpors))
rondo[ 31: 24] <= #FFDLY 8' h0O; el se romdo[ 31: 24] <= #FFDLY reg8do;
/1 romready control assign rstdone_ = hpors_ & ~done2; // 4 bytes
transferred - aysnc always @ posedge spronrdy or negedge rstdone ) if
(~rstdone.) done< #FFDLY 1 bO el se ' done <= #FFDLY 1' bl;
al V\ay S @ 0 oy e o o 0 . H q o e, 45 .
<= #FFDLY O Sscoes A
1' bO; - nrdy = HFFDLY 1 b1; “end el se begln
#FFDLY done; ﬁﬁm%bn89‘<- #FFDLY donel; wal kdec <= #FFDLY
wai tdec ? -rondec ﬂFﬂ$ & done2; ronrdy <= #FFDLY ronded_ |
wai tdec | -ronrdy &. A DN
elss
next = sivalld ? €S : [D;
end
ES: begin
next = sivalid ? DN : ES;
setread « ~slvalid;
satckes = sivalid:
aend
DN: begin
next = DN;
setidrdy = 1b1;
end
delault: next = DN;
andcase
end # always
I
# state latches
always @ clk40b3
o (~mls(5°f5°d99 or negedge rstls_) |
state <= #FFDLY PU;
elsa
state <= #fFDLY next;
¥/

" endmodule i elsm



end eéndnodul e

106 nodul e nbuf 02 (NQ A); output NQ not (NQ A); endnodul e
nodul e and05 (Q A, B, C D, E); input A B CDE output @Q and (Q A B,
C, D, E); endnodul e nodul e nand03 (NQ A, B, O; input A B, C output
NQ nand (NQ A, B, O; endnodul e modul e or02 (Q A, B); input A B
output Q or (Q A B); endnodul e

Functioty:

EéTATADDkT controlier. Contalns the ESTATADDAT state machine, IDDAT ragister
and ESTAT ragistor.

i L

/)

module iddatastat { cddai5 clkd0b3, eito, paretrdet, rstis_, shitin, sivalld,
swrstrdy, wrsplocap_, brdctlen, espromen, elread, enetto, iddat,
ididrdy, romeden, saectien, soft, softcmden, spbrden, spsecen,
seplocps )i

peramotar FFOLY = 1;
paramater [7:0] DEFAULTID = 8°h55;

oput  cddalS, k4063, elto, paretrdet, rstis_, sivalid, swrstrdy, wrspiocap_;
it (7:0] shitin; :

output  hidetlen; # board control enable

output  eapromett; 1 eeptom writable

output  elread;

output  epwelto;

output  {7:0] iddat; # IDDAT registger

output  ididedy; I finished foading IDDAT and ESTAT
output  romeden; I external rom readeble
oufput  seactien; {l seaprom control enable
output  {1:0] soft; 1 soft commend capability bits
output  softemden; 1 soft command enable

output  spbrden; 1/ brdell register enabled
output  spsecei; # seactl register snabled
output  seplocps; I extermat SSPIOGC present

i

I declara reglstors

reg elread, softcmden, brdctlen, seectien, eepromen, romrden, esplocps, idrdy;
feg [7:0] tddat;

tag [1:0] soft;

1 internal signels

wire cdkiddat; I clock iddat
wire clkestat; {f clock estat

wire gatckid, setckas, setidrdy; '
reg ckos, cldd;

wire stsoften_ 1/ raset sofitcmdun
wire satread;

I
#l enable seact! and brdett ragistors

assign epsesen = seectien & ~softomdan;
asslgn spbrden = brdction & ~softemden;

1.

# [DDAT registor

# gated clock
assign clkiddat = ckdd & ~parorrdet;

i reglster wiite



nodul e and03 (Q A, B, O; input A, B, C output Q@ and (Q A B, O;
endnodule // nodule nor02 (NQ A B); input A, B; output NQ@ nor (NQ
A, B); endnodul e nodul e buf 0102 (Q A); input A, output Q but (Q A);
endnodul e nodul e inv0l (NQ A); I NpeP A, out put NQ not (NQ
A ; endnodul e 1

nodul e bts9 (Q A, NE); input A, NE; output Q bufifO (Q A NBE);
endnodul e

07

always @(posedge &lk40b3 or negedge rstis_) begin
H (~rstis_)
iddat <= #FFOLY DEFAULTID;

elso
{ddat <= #FFDLY clkdddat ? shftin : Iddat;
and ¥ reglister

l}

!I SPIOCAP raglster

assign retsoften_ = rstis_ & ssplocps;

#f gated clock
assign clkestat = cies & ~pammdet;

1l register write for bits 7:6, 4:0
alvi{(a(ys @;s(—)posedge dk40b3 of negedge rstis_) begin
~r5t
{soft brdctlen,seaction,eepromen,romrdan,ssplocps}
<= #FFDLY 700000000;
elsa
{soft brdctlen,seaction,eepromen,tonvden,ssplocps}
<= #FFDLY cikestat ? ~{shitin[7:6], shitin{4:0]}
1 {soft brdctlan,seaction,sapromen,romrden ssplocps):
end ifblis 7:6,4:0

/I ragister write forbk 5
always @(posedge wrsplocap_ of negedga rstsoften_) begin
¥ (~rstsoften )
softemden <= #FFDLY 100;
alse
softcmdan <= #FFDLY cddat5;
and #oits

1.
!

'Ilmglster elate machine outputs

always @(posedgs cli40b3 or negedge rstis_)
¥ (~rstls_) begin
Idrdy <= §FFDLY 100;
cidd <= FFDLY 1'D0;
. ckes <= #FFOLY 1'00;
elread <= #FFDLY 110;
end

else begin
Idrdy <= #FFDLY setidedy;
cldd <= #FFDLY setckd & (shitini=8'hif);
ckes <= #FFDLY setckes; *
slread <= #FFDLY setread;

end
assign ididrdy = ldrdy & swrstrdy;

{f.
H

# Instantiate state-machine

alsm elsm { .clk40b3{cikd0b3}, .oltofeita), .retls_(ratis_), .sivalid{sivalid),
setckes(setckes), .satckid(setckdd), .satraad(satread), .engaito(anaito),
setidrdy(setidrdy) ); -

4.
"

endmodule



nodul e bushol d (DUWMY, Z); input DUMWY; i nput Z; not (weakO, weakl)(Z,
DUMWY) ; not (DUMW, Z); endnodul e nodul e btsl (Q A, NE); input A
NE, output Q@ butifO (Q A NE); endnodul e nodul e bts3 (Q A, NE); input
A, NE, output Q bufifO (QA, NE); end% ul e nodul e and02 (Q A, B);

I nput A B; output Q@ and (Q A, B); “endnodul e nodul e nrsit
(QNQNS,NR): input NS,NR output QNG U NRSLT inst (Q NS, NR); not
inst2 (NQ Q; speC|fy (NR +=> NQ (1 1)

endspeci fy zendppriidacmassg A

Functiot,
ROM control loglc inside PHOST. interlaces to SPIO black.

- sy

modute tomcti { beinadrdecd, belnadrdec, exadrdacvdd_, mwre, pelk, hpors_, regédo,
adrnrag, romdaci_, sploackdet, spromelk_, spromrdy, romadr, disextmy_,
romdec_, romdo, romedy, romwr);

parameter FFOLY = 1;

input  belnadrdacO, belnadrdect, exadrdecvdd_, mwre, poti, hpors_, spromedy,
; romdect_, sploackdet, spromelk_;

input  [7:0} reg8do;

nput [15:2] adtinreg; -

output  {15:0] romadr; # rom address to SPIO

output  disaxtme_; # got ACK, disable exceedtimer

output  romdec_: I ROM accass decoded to SPIO

output  [31:0] romdo; 1 ROM read data to patft_out

outpxt  romedy; I ROM ready to target ¢ycle control

output  romwr; 1 EEPROM vaite to SPIO

lI

Il intamnal signals

rog [31:0] romdo;

teg [1:20] bytecnt;

reg romdac_, disextmr_, romrdy, waltdac, dona, done1, done2;
disextmrs1, disaximrs2;

reg
wire tstdisextenr_, rstdone_:
wire belien0_, belken_, belken2_, belkan3

-
M rom addressing

elways @(posedge pdli or negedge hpors.)
i (~hpors_)
romdec_ <= #FFDLY 1b1;
else

romdec_ <= #FFDLY romdeci_[ exadrdecvdd_; :
but0104 ad_drvr_20 ( .Qfromwr), A(mwre) );

but0104 ad_drvr. 02 ( .Qfromadr2]), .Aladdnreg(2]) )
bul0104 ed_dovr_03 ( .Q(romadd3]), .Aladrinregl3]) );
but0104 ad_drvr_ 04 ( .Qromadr{4]), A(addru’og{4l))
but0104 ad_drvr_05 { .Q{romadr{S]). .Aladdnreg(s]) };
buf0104 ad_drvr r_06 { .Q{romadd6]), Afadrinregl6]) ).
bd0104 ad_drvr, r 07 { .Qromadd7]), Aladdnreg7]) );
but0104 ad_drvr_08 ( .G{romadr{8]), .A(adrinragl8]) ):
but0104 ad_drvr_03 { .Q(romadd8]), .A{addnraglal) );
but0104 ad_drvr_10 { .Qfromadr{10]), .Aladrinregl10]} );
but0104 ad_drvr_11 ( AQfromadd11}), Aladrinreg{11)} ):
but0104 ad_drvr_12 ( .Q{romadr{12}), .A(adrinreg{12]) ;
buUI0104 ad_drvr_13 { .Q(romadi(13]), A{adrinreg{13)) );
buf0104 ad_drvr_14 { .Clromadd 14]), A(adrinreg{14]} );
but0104 ad_drvr_15 ( .Qfromadd15]), .A(adrinreg{15]} );



ouput Q@ reg @ input NS, NR  table // NS NR QA Qi+l

108 1 1 ?: ://Latch state. 1 0: ?: 0; // Reset state.
0 1: ?2: 1; //set state. 0O 0: ?: 1; //Set overrides reset. 0
x:?: 1 1 x: 0: O0; // Indetem nat et and reset. x 1: 1. 1;
endt able endprimtive nmodul e mux41] ( , D1, D2, D3, SO, S1); i nput

DO, D1, D2, D3, SO, Si; output NQ U MJX41L I nst (NQ DO D1, D2, D3, SO, S1) ;

endnodul e prim t ive U MUX41L (NQ Do, D1, D2 D3 SO, Sl),
D1, D3, SOy oI bbbtk
SELECT CO»

assign romadr{1:0] = romwr ? {beinadrdac1 beinadrdeco} : {2'000};
If

# diseble exceed fimer
asslgn retdisextme_ = hpots_ & disextmr_;

always @(posedge sploackdet or negedgs retdisextmr_)
i (~retdisextor_)
disextmrs! <= #FFDLY 1'b0;
alse
disextmrsl <« §FFOLY 1Db1;

always @(posedga pclic or negadge hpors_)
X (~hpors_) bagin
disextmrs2 <= 1D0;
disextme_<= 1'D1;
ond
elso bagin
disextimrs2 <= #FFDLY disextmts1;
disextmt_ <= #FFDLY ~disextmrs?2;
end

£,

i byte counter

slways @(posedga spromclk_ or negedge hpors,)
¥ (~hpors
bytecnt <= #FFDLY 2B00;
else

bytectt <= #FFDLY bytsctt + 20T;

I
11 generale byte clocks

aselgn belkenO, = (bytecnti=2'000);
assign belkeni_ = (bytacntl=2'001);
assignbalken2_ = (bytecnt!=2'b10);
assign betken3_ = (bytecntl=2D11);

tor02 gelic_0 { NQbelio_), A(spromeik_), B(bctikend_} );
nor02 glk_t ( NQfoclic1), Afspromeik ), Blbclkent_) );
0002 gelic 2 ( NQpbcliZ,), Afspromelk ), .Blbolken2_) );
nor02 galk_3 ( NQ(beli3_), Afspromaik ), .Blbolkens_) );

1but0S geli_dev_0 { NQ(elk0), Afbolko_) ); .
nbuf03 geliCdv_1 ( .NQ(bolk1), Aol );
nbul03 geli_drv_2 ( NQbeli?), Aotk } );
nbut03 golk_drv_3 ( NQ(belka), Abelid ) );

if
H rom data registers

always @{posadge bclkO or negedga hpors_)
i (~hpors_)
romdo(7:0] <= #FFDLY 800;
alse

romdof7:0] <= ¥FFDLY reg8do;
elways @(posadge belkl or negedge hpors_)
it (~hpors_)
o romdo{15:8] <= #FFDLY 8°'h00;
@

romdo{15:8] <= #FFDLY reg8do;



/1 AND | NVERTI NG OUTPUT table // DO D1 D2 D3 SO S1 :NQ 0?7?
?200:1 1?27?2200 :0; ?207?7?210:1; ?217?27?210:0; 2?20
? 0 1:1: ??217?201:0; ??27?2 0111, ?7?2?2111:0, 00
00 ? ?:1; //pessimsm 1111’?’>:0'15 00?7?2720 :1 //pessinism
1172?72?72 0:0; [/ pessimsm ?706?1:1; /] pessimsm ?7? 1
1 ?1:0;, //pessimsm 0?20?207?:1 1?217?207?:0; ?0
?2017?:1: :

217?21 1.2

always @{posedge ball2 or negedge hpors_)
¥ (~hpors_)
romdo[23:16] <= #FFDLY 8'h00;

alse
romdo[23:16] <= #FFOLY reg8do:;

always @{posedge bolk3 or nagedge hpors_)
t (~hpors_)
romdo{31:24] <= #FFOLY 8'h00;
elsa
romdo[31:24] <= #FFDLY reg8do;

fl
# rom ready control

assign retdone_ = hpors_ & ~done2:

# 4 bytes transfemad - aysne
aiways @{posedge spromrdy or negedge rstdone )
i (~rstdone_)
done <= #FFDLY 1'b0;
else
done <= #FFDLY 1'b1;

always @(posedge pclk or negedge hpors_)

i {~hpors_) begin
donet <= #FFDLY 1'b0;
dote2 <= #FFDLY 1'00:
waltdec <= #FFDLY 1'0;
romdy <= #FFOLY 101,

end efse begin
done1 <= #FFDLY done;
done2 <= #FFDLY donet;
waltdec <= #FFDLY waltdec 7 ~romdec_: ~romedy & done?2;

» romrdy <= #FFDLY romdedcl_ | waltdec | ~romrdy & done?;
@

sndmodule



/] @#)bul 0103.v REV 1.1 6/7/93 nmodul e bul 0103 (Q A); "I nput A

out put Q bul bO(Q A): endnopdul e nodul e ndcOr (Q NQ D, C NR):
input D, C NR i nput NQ out put Q reg NOTI FYREG

U _NDCOR_Q instl (Q D, C, NOTI FY_REG) ; not
|nst2(NQ,Q), specify (pos e C=>(NQ-: D) =(1.4, 1.3);
(negedge = X (NQ =>

(0.4,0.4) ' 00

RB, NOTI Ff :

RB; e e S e e R 4 4 2% R S e o B R S H
ACTI VE LOwW 1 AaYNL,HRG\IQJS CLEAR (Q OQUTPUT UDP) tabl e /1
D CP RB modWoiMufol ENdREfZ Qt: Q +1 1(01) 1 ? 0?1 /]

cl ocked daps A 0 (01) 1 ? 700 0 (01) x ? 0?0
0; // pesmasﬂf‘? 0?2 X ? : 0: 0; //pessimsm

endmodule
#

module ard05{(Q, A, B, C, D, E);
fnput A,B.C.D.E

outpt  Q;

and (Q,A, B, C, D, E};
endmodute

1.
"

modute nand03 { NQ, A, B, C);.
A.B,G;

outpit NQ;

nand (NQ' Al B! c);

endmodule

¥

module o102 (Q, A, B);
put  A,B;

ouput  Q;

or (Q, A, B);
sndmoditle

f/A
o

module and03 (Q, A, B, C);
inppt AB,GC;

Q;
end (Q,A,B, C);
endmodule

-

module nor02 (NQ, A, B);
npt A8

output  NQ;

not (NQ, A, B);
endmodule

1.
o

module buf0102 (Q, A );
Input A;

output Q;
but (Q, A);
endmodtle

/3

modula inv01 (NQ, A);
{nput A;

output  NQ;

not (NQ, A},
endmodute

H.
"




10 x ? : 0: 0; //pessimsm 1 x (?2x) ? 0 : 0

[/ pessimsm 110

1 1 (? ? :0: 0; //pessimsm x 0 X ? ;0 0:

/] pessimsm X X (?x) ? . 01970; //pessimsm x 1 (?x) ?
? 1 : 1; //reducing pessimsm

1 (x1) 1

0 : O; /4 pessimsm

0 (x1) 1 ? : -1 1
? - //I,g.tlo.t_e_f_aLLLn.g_c.LQc.k_. ? 2 ? C? -_; //|gnorethe
edges on daddaie bisg (Q, &, NE)’? (?2) ? D7 ;/lignore the edges on clear
Input A, NE; 0?7 x; endt abl e endpr| mtive
output  Q; '
bufito (Q, A, NE);
endmodule

/A
H

module bushold DUMMY, Z):
iopt  DUMMY;

inout 2Z;

not (weak0, weak1) (Z, DUMMY);
not QUMMY, Z);

endmodule

i

modula bts1 (Q, A, NE);
input A NE;

output
butito [Q. A NE).
endmodule

#

module te3 (Q, A, NE);

Input  A,NE;

output  Q;

butifo {Q, A, NE);

endmodula .

I

module and02 (Q, A, B);
Input A, B;

Q;
and (Q, A, B);
endmodule

i

module nrsit (QNQNS,NR);
input NS\NR;
output QNQ;

U_NASLT inst1 (Q, NS, NR);
not inst2 (NQ,Q); '

specily
(NR 4+=> NQ) = (1,1);
(NS 4=5> Q) = {1,1);
andspectiy

endmodule

I

primitive U_NRSLT (Q, NS, NR);
output Q; regQ;
input NS, NR;

table
H#H NS NR : Ot : Qtel



Function: Single byte wite conmmand controller. Handl es the foll ow ng
harwar e gernated commands: LED and STPW These commands wil|l not be issued
unl ess sspiocps is "1". LED i ssues LED command whenever |ed |evel
changes. Earlier : commands can be lost if LED is changing too fast
and the port is busy. The | ast J&@Bue wi Il always be issued,

t hough. STPW?5 SCSt term power control state machine. Command is |ssued
whenever SXFRG] el L i

| evel and ter
nodul e sbhwcct | A0D

e C ) C C ) ) C
rstsplos_, sl euy s1sp|?qcp§,,ug,gy@ck, st pwenb, stpw vl b,

| edr eq,
| edst ate, sbwcbsyy gbwer aafipessfsp®, stpweq); paranmeter FFDLY = 1; input
ackdet, bytesent,oci k420bll; #satettiek, noack, rstspios_, sl ed_,
sspi ocps, st pwack? s? pienb' ”?f‘ﬁW"éT‘lﬂ? “output | edreq; /T request
port for LED commgng.aut put | edstate; [/l edstate to be shifted out
out put sbwcbsy; /1 LED, STPW or SPIORST conmand i n progress out put
sbwer ed; /1 ¥edd E%?I”@%W‘T‘iﬁ?‘"ﬁ@f@‘out put st pe; '
/ I'STPVEN val ue to¥b& shifted out output stpl; /| STPW.EVEL val ue
to be shifted aialtebut put st pw eq; /'l request port of STPW

command // regindwigitved out puts reg sbwer ead,

| edst at e, sbwcbsy, st pe,
stpl, ledreq, spPwr eq;

module mux41! (NG,00,01,02,D3,80,51);

input D0,01,02,D3,5081;
output NO; .

U_MUX41L Inst (NQ,D0,D1,02,03,50,51);
endmodule
IF

primitive U_MUX41L (NQ, DO, D1, D2, D3, 80, 81);

input DO, D1, D2, DS, S0, ST;
output NQ;

#f FUNGTION : FOUR TO ONE MULTIPLEXER WITH 2 SELECT CONTROLS
f# AND INVERTING OUTPUT

table
1/ DO D1 D203 S0S1:NQ

071?27
179
?
?

<
o0

3 S

o S -- O

- O = S >
- ) " D

-]

1 3
S D
- O

0000 ?27%:1; {pessimism

00?27 ?20:1; I[hessimlem
11729 20:0; /hessimem
?2%0 2 1:1; [fpessimism
29211 921:0: /lpescimism
07017207:1%;
1721720%2:0;

L]
(=]
2
@
-
S
-



[l Il internal signals // common wre rstsbwe_; /1

reset sbwoctl wre set bsy; /1 generate sbwcbsy wre
sbwcack; /1 conbination of |edack or stpwack wre
setread: // led reg sl eds; 109 /'l synced sled_ wre
| edchg; /1l led I'evel change [/ stpw reg st pwens;
/'l stpwenbj synced wire st pwenchg; [l STPWEN bit is
changed /i reset |ogic
112 _ ,;“; ¥
| stpwack; Hs ,g TR % P 2 v 5
al ways @pe-sed-ge-c-l-kA—O-b—l--gL.n.egedge rstsbwc ) begl n | f (~rstswc ) begin
sl eds <= #FFDUiY? 1t B2 :0; | edstate <= #FFDLY 1' bO; | edr eq
<= #FFDLY 1' % end el se begin . sleds <= #FFDLY sl ed_;
Q e .
* endprimitive

# @(#) but0103.y REV 1.1 677823

modute bul0108 (QA)

nput A

output Q; e

but b0 {QA):

endmodule

{L.
0

module ndcOr (Q, NQ, D, G, NR);
Input D, C,NR;
fnout NQ;
output Q;

rag NOTIFY_REG;

U_NDCOR_Q
inst1 (Q, D, C, NR, NOTIFY_REG);
not
inst2 NQ, Q)

speclly
{posedge C=> (NQ-:D)) =(14,1.3);
{negedge NR => (NQ + TD1)} = (0.4,0);
(NQ => Q) = (0.4,0.4);
andspecily -

endmodule

1.

pdmitive U_NDCOR_Q (Q, D, CP, B, NOTIFIER_REG);

output Q;
Input NOTIFIER_REG,
D, CP,RB;
/g Q; *

/1 FUNCTION : POSITIVE EDGE TRIGGERED D FLIP-FLOP WITH ACTIVE LOW
i ASYNCHRONOUS CLEAR {Q OQUTPUT UDP).

table

# D CP BRB NOTIFIER_REG : Qt : Qi+t

o1y 1 + %7 : 1; #f clocked data

1 ? P ?

o (01) 1 ? M A/
0 (01) x ? ! ? : 0 #pessimism
0 ? x : 0 : O; #pessimism

Py
o

*
<3

? : O : O; /pessimism
(™) ? : 0 : O; / pessimism

oy
»



| edst et e <= #FFDLY sl eds; | edreq <= #FFDLY |l edchg | ledreq &

~| edack; end end /] al ways [l stpw request logic assign

st pwencng = stpwens " stpe; al ways @ posedge cl k40bl or negedge rstsbw )
if (~rstsbwc_) begin st pwens<=#EFFDLY 1' bO; st pe
<=#FFDLY 1' bO; st pwr eq <=#FFDEYY 1" bO; stpl <= #FFDLY

1' bO; end el se begin st pwens<= #FFDLY st pwenb:

st pe <= #FFDLY st pwens; st pweq <=#FFDLY stpwenchg | stpweq &
~st pwack; stpl <= #FFDLY stpwenchg ? stpwvlb : stpl: end
//registered ouputs al wvays @ posedge cl k40bl or negedge rstsbwc ) | f
(~r st sbwczy : st S Ne B e wsm el bl Y 1. DO , >read <=

#FFDLY 1' bé =
sbwer ead ZE7H o i “TT1 i ; 2
sbwesm sbvﬂcs‘m Q”‘)ack"det(a%kd%t’ﬁ”‘%&'ﬁ“ésent(byt esent) cI k40b1(ck40b1)
. noack(noagcky ,.rshsbwe (gt B;ys%:%m sbwcack( sbwcack) .

. setread(sety qa,gl) eset bsol( s@t sm endnodul e
x 1 (™ ? 0; / pessimism
1 (x1) 1 2 : 1 ¢ 1; #reducing pessimism
0 (1} 1 ? 10 : 0;
1 (0 1 ? S B H
0 (Og 1 ? 10 0
27?2 0 ? : 2 : 0; #asynchronous clear

? {0 ? ? 1 ? 1 - Hignorelefling clock

2 (1 7?2 2 : 7 : -; Hignorefalling clock
7?7 9 ? : ? : = Ilignore the edges on data
7 7 {?1) ? > 7 : - [tignote the edges on clear
? 7 ? * A

andtable



113 Function: Single Byte Wite Command control state machi ne.
Monitors the progress of a single byte wite command. History: 01/15/94
JYL First rev. “nodul e sbwesm (ackdet, bytesent, cl k40bl, noack,
rstsbwe_, sbwcack setread, sot bgy}; parameter FFDLY = 1
parameter [1:0] /I synopsys enum state_info I D = 2'b00,
/1 1.DLE CC = 2' b01, /| Conmmand code VA = 2'Db10,
/lwait for ACK begin EA = 2' bl1,; /[/wait for ACK end i nput
ackdet, bytesent, cl k40bl, noack, rstsbwc_, sbwcack; out put
// read Spl .:-1'“.'” F N A P KR 3 I O L) e oo Ly . AL S a et o '3;%& fosd o P »
/1l intenal sEE ; S :
[ 1: 0] /'l synopsys enum state_ i
[1: 0] /'l synopsys enum state_i
setread, seté@?@k

Singla byte write command controller. Handles the followitig harware gemated

comimands: LED and STPW. Thesa commands will not be lssued unfess
ssplocps Is "1,

LED ssuas LED command whenever led lovel changes. Earlier
commands can be lost if LED s changing too fast and the port
Is busy. The last value will always be Issued, thc_:ugh.

SRR

nf o
nfo

o % S R N s _‘ 3
state; //current state reg.
next; // next state reg

STPW  SCStterm powar control state machine. Comunand ls issued
whenever SXFRCTL1 (02h) Is writtent, The assodiated ferm power
level and tarm powsr eneble vakues are latched for later
shifting.

modula sbweetl ( ackdet, bytesent, clkd40b1, ledack, noack,
tetsplos_, sled_, ssplocps, stpwack, stpwenb, stpwivib,
ledreq, ledstate, sbwcbsy, sbweread, stpe, stpl, stpwreq):

parameter FFOLY = 1;

Input ackdet, bytesent, clk40b1, lfedad, noack, retsplos,_,
steq_, seplocps, stpwack, stpwenb, stq)v(vlb;

outpit  ledreq; # vaquest pott for LED command

output  ledstate; I/ ledstate to be shifted out

output  sbwebsy, #/ LED, STPW or BPIORST command In progress
output  sbwctread; I read SPIO portt for ACK

output  stpe; { STPWEN value to be shifted out

output  stpl; # STPWLEVEL value to be shifted out

oufput  stpwreq; {f raquest pott of STPW command

1.

il registared outputs

reg sbwcread, ledstaté. sbwcbsy, stpe, stpl, fedraq, stpwreq;
I

I intemal signals

I common

wire retsbwo_; 1/ resat shweatl

wire setbsy; H genarate sbwcbsy

wire sbweack; { combination of {edack or stpwack
wire setraad;

i led .

reg clads; # synced sted_

wire ledchg, 1 led laval change

i stpw .

1o stpwens; 1 stpwenb synced

wire stpwanchg; # STPWEN bkt ie changad

1f.

i raset logle




/1 conbinational |ogic al vays@st ate ‘or sbwcack or noack or bytesent or
ackdet) begin setbsy = 1' bO; setread = 1' b0; case (state)

/'l synopsys parallel case | D: begin next = sbwcack ?
CC ID set bsy = sbwcack end CC. begin
next = bytesent ? WA: CC séﬂbsy = 1'bl; setread =
byt esent; end VWA : begin I f (noack) begin
next _ |ID: end

114 el se begin next = ackdet ? EAT WA
set bsy =1 Q@xa : next =
ackdet ? Joh

assigh tatebwo_ = rstsplos_ & seplocps;
assign sbweoack = ledack | stpwack;

¥
Hled requaest logic

assign ladchg = sleds A lodstate;

always @{posadge clk40b1 or negedge rstsbwe_) begin
i (~rstsbwo_) begin
slads <a #FFOLY 100;
ledstate <= #FFDLY 1'b0;
ledreq <= #FFDLY 110;
ond

alse begin
sleds <= #FFDLY sled_:
ledstate <= #FFDLY slads;
ledreq <a #FFDLY ledchg | fedreq & ~ledack;

# always

end
ond

ll sipw request loglc
assign  stpwenohg = stpwens A sipe;

always @{posadge clk40b1 or negadge rstsbwe )
# {(~rstsbwc_) begin
stpwens <= #FFDLY 1'00;
stpa  <=#FFDLY 110;
stpwreq <= #FFDLY 1b0;
o spl <= #FFDLY 1'bO;
o

elsa bagin
stpwetts <= #FFDLY stpwenb;
stpe <= 6FFDLY sipwens;
stpwreq <= #FFDLY sfpwenchg | stpwreq & ~stpwaci;
sipl <= &FFDLY stpwanchg ? stpwivib ¢ stpl;

ond
ll .

Il registared outpids

always @{posadge cli40b1 or negedge rstsbwe,_)
{f (~rstsbwc_) bagin
ebwcbsy <= #FFOLY 1D0;
sbweread <= #FFDLY 1'00;

\

end
else begin -
sbwebsy <= #FFDLY setbsy;
» sbwcraad <= #FFDLY sotread;
@

14,

1/ Instantiate etate-machine

shwesm shweem { .ackdat{ackdal), bytesentbylesent), clk40b1{clk40b1},
-noackinoack), .retsbwe_(rstsbwe_}, .shweack(sbweack),
.setraad(sotroad), .satbsy(sathsy) );

1

endmodule




end

vector always @ posedge cl k40bl or negedge rstsbwc

<= #FFDLY
endnodul e
Functi on:

SEERDY ti

code (8) +gpar

16 cl ocks.

default next = 2' bxx; endca§e end

| D; el se state <= #FFDLY next;

/| al ways /lstate

) begin state

end /1 al ways
115

113
SEEPROM control |l er. |ssues SEEPROM command if SEECTL is witten
or SEECTL is read while SEERDY Is not set but SEERDY counter expires. The
800ns SEERDY del ay has two conponents: SEERDY timer

fr is 16 clocks. Conmmand shift tine = star
' ' vk StOp bit
R ’(.?’ :, ;‘;\. h%‘%‘:

s

Furetion:

Slngle Byt Wiite Command control state machine. Mon'ttors the progtass of a
singla byte write command.

History: “
Q171594 JYL Firet rav,

7
{

module sbwesm { ackdet, bytesant, clidOb1, noacl, rstsbwe_, sbwcack. satread,

sotbsy );

parameter FFOLY = 1;

parametar [1:0] . # synopsys enum state_fnfo
10 = 200, #IDLE

CC = 2901, {f Commend code
WA = 2910, It for ACK begin
EA=2D11; I wait for ACK end

input  ackdet, bytesent, clikd0b1, noack, rstsbwe_, sbweack;

output  setread; # road spio for ACK

output  sotbsy; #LED command [n progress
i

Himemal signals

I synopsys state_vector state
reg {1:0] & synopsys enum state_info
clete;  #/ cument slato
reg [1:0] # synopsys enum state_lnfo
next;  #/nexietigle

reg satread, setbsy;

1ot
# combinational fogic

always @( state or sbweack or noack or bytesent or ackdat ) begin

setbey « 1D0;
satread « 1°D0;

case (state) #l synopsys paraliel_case

{D: begin
noxt = sbwcack ? CG : 1D;
satbsy = shwoack;

and

CC: beqin
naxt « bytesent ? WA : CC;
satbsy = 1b1;
sotroad = bytasant;

and

WA: begin

¥ {(noack) bagin
nNexXt = 'D:
ond

and command shift tine.
t bit (1) + conmmand

D ack (3) =
2%335:%!8%




nodul e seecntri (ackdet, bytesent, clk40b2, noack, rdseectl , rtspios_,

seeack, seectlen, shittnO, sivalid, wseectl , cddat, rstseectl ,
seect |, seectirdy, seed, seens, seerdyr seeread, seereq, seebsy,
seesend); paraneter FFDLY= 1; |[Input 359 byt esent, cl k40b2, noack,
rdseect!| _; rstspios_, seeack, Ien shftinO, sivalid,
wrseect! ; input [ 7: 0] cddat; output rstseectl s /lreset
seect| | ogic output seebsy; output [2:0] seectl; /'l seectl (1Eh)

regi ster output seedl; / | SEEPROM i nput dat a out put seens;
| | SEEPROM rmde sel ect out ut seerd : )
seeread 52552 0 T ¥ A% :

//SEEPROMf ) g ik = ‘ B i o)
out put s reg [2 Sﬂaﬁ&ﬂ?Ct| reg seeread, seens, seerdy, seesend,
seed, seereq, seebsy, saac.tdcrqaygeA WAl nternal signals reg [ 3: 0]
rdyl mer; / | SEERDY t i rreqtbsy efbl; seewact ; [/ SEECTL write active reg
seeract; /1S L read active reg seeact s1; /lsync reg
seeact s2; //doubl e sync wire cnt O; I'/seerdy timer
expired wire steceain _; [l reset SEECTL Ioglc wre witereq;
[1COwite to SEECHX sckdst ? EAdRidr eq; /1 SPIOread conmand is
needed wire clog oRFAEEHt  // GO read active wire nor eadr eq;
/1 no SPIO request needed, cancel seectirdy_ wre setread,’ setbsy,
setsend, strttnr, wﬁtu&hzmt reqgen_;
endcase
end /] alwaye
¥
#/ state vector
always @(posedge cli40b1 or negedge rstsbwe_) begin
it (~retebwo_)
state <= #FFDLY 1D;
olse
state <= #FFDLY next;
end / elways

/4
i

endmodiie




116 /'l reset logic assign rsteectl_ - rstsplos_ & seectlen; assign
rstreggen_= rstseectl & -seeacts2; /| SEEPROM r eady signal al ways

@ posedge cl k40b2 or negedge rtseectl ) if (~rstseectl )

seectlrdy <= #FFDLY 1' bO; el se seectlrdy <= #FFDLY noreadreq |

rdatval | stntnr; [l SEECTL regi st uaff eect!| -or
negedge 5’5. ot R s T T : sl

seect| <hi RRNERe e R

cddat [ 5] ; seect| <= #FFDLY cddat al W

cl k40b2 or, negedge rseectl ) I f (~rstseectl_ ) seedl <= #FFDLY
1' bO; el se sedl <= #FFDLY rdatval ? shftinO : seedl;

/lrequest BeMeFation assign witereq = seectsl & seeacts2 & rdseect!| );

assi gn ¢l O4eRBRGK Lorron RGeS SEPROR Satitands Sk e,{s%ﬁ}'l ' Eéﬁ.s' gn readreq =
cl or eadact rodd whit'SEERIVGS Aol Ebt LS @blinter dxpifes. CFhe! 800 s&ssgéﬂ 0

dolay has two components: SEERDY timer and command shift time. SEERDY timer

¥s 16 clocks. Command shift time = start bit (1) + command code (8) + parity

bl (1) + stop bit (1) + fum around (2) + min ack (3) = 16 clocks.

32*25ms = 800ns,

!

module seacntrl ( ackdet, bytesert, clikd0b2, noack, rdseactl_, rstsplos_, secack,
seaction, shiting, sivalld, wreeectl_, cddat, rstssectl_, seact!,
soactindy, seedi, seoms, secrdy, seeread, seereq, sachsy, seasand );

parameter FFOLY = 1;

Input ackdet, bytesant, clie§0b2, noack, rdssect!_; rstsplos_,
seaack, cesotlen, shiting, sivalid, wrseect!_;

input [7:0] eddat;

output  rstseectl_; / rasat saact! bogic

output  cesbsy; : '

outpit  [2:0] seect); 1 seact] (1Eh) registar

output  seadi; {1 SEEPROM input data

output  geems; J/SEEPROM moda select

output  seendy; # SEECTL road ready

output  sesread;

output  seereq;

output  seasend; '

output  seectindy; # SEEPROM command ready, used to stretch PHOST ot s6q
1t

/1 registored outputs

feg {2:0] seactl;

teg seoread, 6eems, seordy, seesend, seedi, seereq, seebsy, seeclirdy;

it !
{ intarnal signals

reg (3:0] rdytimer; #/ SEERDY timar

reg saewact; {/ SEECTL write active

reg gaoract; #/ SEECTL road ective

reg saeactst; flsync

reg ceoacts?; # double sync

wire . cnt0; /f seardy timer expired

wire tstesactl_; # resat SEECTL logic

wire writereq; 1 C1O wirite 10 SEECTL

wira readreq; #l SPIO read command is needed '
wire cloreadact; #/ GIO read active .

wire noreadreq; # no SPIO request needed, cancel sesctirdy_
wire setraad, setbsy, satsand, stritmy, rdatval, rstraqgen_; '
Ir




al wvays @ nagedge w seect __ or negedge rstreqggen_) I f (~rstreqggen_)

seewact <= #FFDLY 1' bO; el se seewact <= #FFDLY 1'bl; al ways
@ negedge rdseectl _ or negedge rstreqgen ) seeract <= #FFDLY

1' bO; el se seeract <= #FFDLF é - always @ posedge cl k40b2
or negedge, rstseectl ) I f (~rstseect begln seeactsl <=
#FFDLY 1' bO; seeacts2 <= #FFDLY 1 seereq <= #FFDLY
1' bO; Llse. e Do seeactsl <= #FFDLY“ eer act seewact ;
seeact s2 4 3 : : - , ~{?3%ﬁﬂz* r eadr eq
| ( seer eq 3 SRR R 2 Sty 5 R '» i«%ﬁ{e’ ’} & ‘f)

117 /1 seerdy generatlon almays @?posedge clk40b2 or negedge
rstseectl bfi%mrstseectl ) seerdy <= #FFDLY 1' bO; ‘el se

seerdy <= #E MW|tereq ? 1' b0: seerdy | rdatval; /'l seerdytl nmer

eseign  retasectl_ = rstsplos_ & seactien;
assign  retreqgen_ = retsaact|_ & ~sesacts?;

ll

l! SEEPROM ready signal

always @(posadge clk40b2 or negedge rstseect] )
{f {(~rsteeact]_)
seeclirdy <= #FFOLY 1'b0;
else

seeclirdy <= #FFDLY noreadreq | rdatval{ stritmr;

ll

II SEECTL registar

always @{posedge wrsaecll__ ot negedga rstsaect] )
¥ (~rstseact ) begin
saeems <= #FFDLY 1'00;
saacil <= #FFOLY 3'b000;
end

elso begin
seems <= #FFDLY cddat{s];
seactl <= #FFDLY cddet[3:1];
aend :

always @{posedge clid0b2 or nagedge rstseectl )
¥ {(~rstseact! )
seedi <= #FFDLY 1'b0;
alse

seedi <= #FFDLY rdatval ? shiting : seedi;

¥ i
if request generation

assign writoreq = seeacts] & soaacts2 & rdseectl_;
assign cloreadact = cesacts1 & seoacts? & ~rdseectl_;
assign readreq = cloreadact & cit0;

assign noreadreq = cloreadact & ~ctitl;

i dw?ﬁgxgwauwwmuW&snmm«mnmmmmmd
: seawact <= §FFDLY 10;
elsa

socwact <= #FFDLY 1D1;

always @(negedge rdseect|_ or negedge rstraqgen_) !
# {~rstreqgen_)
o searact <= #FFOLY 1'b0;
e .

soeract <= #FFDLY 1'b1;

alweays @(posedge cli40b2 or negedge rstseactl )
if (~rstesact_) bagin
secacts! <= #FFDLY 1'b0;
coaacts2 <= #FFDLY 1'b0;
searaq <= #FFDLY 110;
ond
elsa bagin
soeacts! <= #FFOLY sooract | soowact;
sadacte? <= #FFDLY sacactsl;

» seoreq <= #FFOLY writereq { readraq | (searaq & ~seaach);
[}



assign cnt0 = (rdyl nmer==4'h0); always @ posedge cl k40b2 or negedge
rstseectl ) begin I f (~rstectl ) rdytl mer <= #FFDLY 4' hO;

el se begin N (strtlnr) rdytimer <= #FFDLY 4' h1;

el se rdyti mer <= #FFDLY cntO *? hO © rdytinmer + 4'hl; end
end /1 al ways /'l registered output afways @ posedge cl k40b2 or
negedge rstseectl ) If (~rsteectl ) begin seebsy <= #FFDLY

1' bO; i <= #FFDLY 1' bO; seer ead <= #FFDLY 1' bO;
end el g ‘>Q’»‘?§‘»&‘, ,f-_.- <=
#FFDLY Set = "%‘4‘%{? I ._, )
/11 nst ant |"a'["é"‘§‘t‘m"é"'r'f'atfm'nt-:‘“‘"'s'eect'l sm seect I sm (ackdet ( ackdet)

byt esent (byt esent), .cl k40b2(cl k40b2), .rdseect!| _(rdseectl ),

noack( noackﬂW acky, iStseect | _( rstseectl ),
sivali(si val'r < #geilal (rdatval), .setread(setread),
set bsy( set bways @(posedge cikiotet moeugd¢ sedetend) , . strttnr(strtlinr); endnodul e

118 . it (~rstsecctl )
seardy <= #FFDLY 1b0;

% \..._.-; w
X 7

alse
seardy <= #FFDLY writereq 7 1'b0 : seerdy | rdatval;

It
# seerdy timar

asslgn cnt0 = (rdytimet==4"h0);

always @(posadga clk40b2 ot negedge rstseect] ) begin
# (~rstesectl )
rdytimer <= #FFDLY 4'h0;
else begin
¥ (sttt}
rdyfimer <= #FFDLY 4'hi;
alse
rdytimer <= #FFDLY ct0 2 4'h0 : rdytimer + 4£'h1;
and

end 4 always

I
" registere_d outptst

always @(posedge clk40b2 or negedge rsiseectl )
# (~retseectl ) begin
sacbsy <= #FFDLY 100;
seosend <= §FFDLY 100;
searead <= #FFDLY 1D0;

end

efse begin
socbsy <= #FFOLY satbsy;
seasend <= #FFDLY sotsend;

segread <= #FFDLY sotraad;
end

/2
{l Instartiate state-machine

seactism seactism ( .ackdet(ackdst), bytesent{bytasent), .clkiOh2 (clk40b2),
Jdseact|_{rdseectl_), .noack{noack), .seeackiseaack),
Jstsoect|_{retseact! ), .slvalid(sivalid), .rdatval(rdatval},
sotread(setread), .sotbsy(satbsy},
satsand(setsond), stritme(stetims) ); !

1

endmodule



Function: SEEPROM control state-nachine. nodul e seectl sm ( ackdet,

bytesent, cl k40b2, rdsectl , noack, seeack, rstseectl| sivalid,
radatval , setread, setbsy, setsend, strttnr); paraneter FFDLY = 1;
parameter [2:0] /] synopsys enum sl e info TSTO = 3' b0O0O,
[/l step all states for testability | DLE = 3' b001, /1 idle
CvDC = 3' b010, // shifting command code RWAK = 3'b011, //read
command, walting for ACK RDAT = 3'b100, //shifting in data

WDAT = 3' b? /;!
command, wag

//‘Shl ft| n = ap110

out //vvrlte

,.}PQEE?%W *aﬁg‘ wal t1 ng

for end of’fé“%ﬁ““xa@~m*%*‘ 2 e o 228 #
rstseectl _, seea-@k«-si-va-lw-d«-««-(-)ut-fm-t-«--f-d-a-t'va teeneeresne /I read data is valid
out put setread; /'l read SPI O port out put set bsy; / | SEECTL
command in pﬂ'@béss out put setsend; /1l shift wite data out put
strttnr; sEEPHOM@olstalelniBtine. / /1 nternal signals 1
synopsys state vector state reg [ 2: 0] /I synopsys enum state_info
state; // current state reg [ 2: 0] /'l synopsys enum state_info
next: // next state reg rdatval , setsend, sethsy, setread, strttnr;
/1 conmbi national |ogic al ways @ state or ackdet or noack or sivalid or
byt esent or ruseectie !

modula seactism ( ackdet, bytesant, clk40b2, rdseactl_, noack, seeack, rstsaect_,
sivalid, rdatvat, setread, setbsy, setsend, stittme ),

parameter FFDLY = 1;

parameter [2:0] # synopsys enum state_lnfo
TSTO=3'0000, ¥ slep all states for testabliity
IDLE= 31001, /idle
CMDGC = 85010, / shifting command code
RWAK = 3b011, / read command, waiting for ACK
RDAT = 30100, //shifting in data
WDAT = 83b101, # shifting out data
WWAK = 39110, / wiite command, waiting for ACK
EACK = 3b111; 4 write command, walting for and of ACK

Inptt ‘ ackdet, bytosant, clied0b2, rdseact]_, noack, rstseectl_, seeack, sivalid;

outpid  rdatval; 1 read date ks valid
output  setread; ¥ read SPIO pott
output  setbsy; If SEECTL command In progress
outprt  setsend; # shift write data
output  strttmr; # lart timer
I
#fintema signals
# synopsys state_vector state

fag 29 I synopsys enum stete_lnfo
stata;  / cument state

reg [2:01 Il synopsys enum state_jnto
next; {f noxt state

rog rdatvel, setsend, satbsy, setread, strttme;

#f combinational logic ' .

always @ state or ackdet or noaci or sivalid or bytesant or rdseactl
or seeack )
bagin

stiitmr = 1b0;
satread « 1'0Q;
soteend = 1'b0;
satbsy « 1'b0;
rdatval = 190

case (ctate) I synopsys parallel_casa
T8T0: begin

next = IDLE;
ond



or seeack) begin strttnr = 1' bO; setread = 1' bO; setsend = 1' bO;
setbsy = 1' bO; rdatva = 1' bO; case (state) [l synopsys
paral | el _case TSTO begin next = | DLE;

end 119 119

| DLE: begin next = seeack ? CVMDC. | DLE; set bsy= seeack;
and CVDC:. begin 1' b1, I f (bytesent) begin
next - = 1 dseect)umday Y- mehgaeect | _;
setread = rds x@%@’x 2 e Seeetismy . next
= OMDC: # et e R PRI £ (noack)
begin {DLE: begin end el se begin

next = sasack ? CMDC : IDLE;

sethsy = cesack;
aend

CMDC: begin

sathey = 1D1;

if (oytesant) bagin
next « rdseacti_ ? WDAT : RWAK;
satsend « rdseedt]_;
gatread w ~rdseect!_;

ond

olsa begin
naext = CMDC;

end

end

RWAK: bagin

¥ (noack) begin
next « IDLE;
oend

else begin
satread = 1'b1;
noxt = ackdet 2 RDAT : RWAK;
setbsy = 1'b1;
ond
end

ADAT: begin
noxt = slvalid 7 IDLE : RDAT;
setread « ~givalid;
seotbay = 1D1;

rdatval e sivalid;

end ’

WDAT: bagin
next = bytasant 2 WWAK : WDAT;
sotbsy = 1'01;
selread = bytesent;

end

WWAK: begin
¥ (nhoack} bagin
naxt = {OLE;
and

olse begin
noxt = ackdat ? EACK : WWAK; .
satbsy = 1'b1;
end
ehd

EACK: begin
naxt = ackdet ? EACK : IDLE;
setbsy = ackdet;
sttty = ~ackdet;

ond

defauft: naxt = 3'hock;
endcase

and / always

{f.

# statoe vactor




setread = 1' b1l; next = ackdet ? RDAT: RWAK

setbsy = 1' b1, end end RDAT: begin next =
sivalid ? | DLE RDAT; setread = ~sivalid, setbsy = 1'bl
rdatval = sivalid; end mDAT begi n next = bytesent
? WAAK: WDAT; . setbsy = 1'b1; 120 setread = bytesent;
end WMK: begin it (noack) begin next =
| DLE; end Ise begi n next = ackdet ?
EACK: WAAK: = 1'b1
EACK: begi %%gmms s avny .
ackdet; — Tgsiagen ;:*’ g B
3' bXXX; enocas-'"
120 L e
always @{posedge cli40b2 or negedge rstseect! )
i (~rstesectt )
state <= #FFDLY IDLE;
olse

state <= #FFDLY next;

endmodula



al wvays @ posedge cl k40b2 or negedge rstseectl ) if (~rsteectl )
state <= #FFDLY | DLE; el se " state <= #FFDLY next; endnodul e
121 Function: Soft command state machi ne. nodul e softcnmdsm
(ackdet, bytesent, clk40b5, cnt0, cntl, |astb, |edtstact, noack,

rstsoftcnd , sivalid, softack, softsend?2y oadcnt, softabrt ok,
setread, setibsy,

setledtst, wfifo), paraneter
FFDLY = 1, f” B 73 . spesAaS ’%} o .
| DLE = 3'b00§%§ﬁ‘$5 i e/
sendi ng a . byfEgamsmEEEES ) t he next byte
LSTB = 3' bo1{, " //sendin
Function:
Soft command state machina.

o

N h

modula softemdsm ( ackdet, bytesent, clk40b5, cntd, cntl, lastb, ledtstact, noack,
rstsoftomd_, sivalld, softack, softsend, loadent, sofiabrtok,
setread, satbsy, satckdast, setcirsend, sotiedtst, wififo );

parameter FFDLY = 1;

parameter [2:0] I/ synopsys etum state_info
{OLE = 30000, Jwatting for saftack
SEND = 3D001, //sending abyte
WNXT =3D010, # walling 1o send the next byte
LSTB= 31011, /4 sondint the last byte
WACK = 39100, //walting for ACK
EACK =3Db101, J/fwalting for the end of ACK
RDAT = 3110, / reading SPIO
LIST=3D111;  /ledtest mode

- Tnput ackdet, bytesent, clk40bS5, cnt0, ent1, lastb, ledtstact, noack,
rstsoftomd_, sivalid, eottack, softsand;

output  loadent; i toad read counter

output  seftcliast; # clear last bit, clear fifo and set polnters

output  aetbsy; 1/ sat soft busy

output  selchsend; I dlear send bit

ocutput  setledtst; # go Into led tost mode )

output  softabrtol 1 ok to abort (SW resat) this multi-byta soft command

output  setread; I reed SPIO port -

output  writfo; #write soft fifo

I

I register declaration for outputs

reg sofiabrtok, setread, setclmsend, witifo, loadent, sotclriast, setbsy,
salfedist;

I

Hintemal signals

"l synopsys state_vector state
roq [2:0] I synopsys enum stata_into
state;  # current state
reg {2:0] I synopsys enum state_into
next; # next state

#
# combinatinal logic

always @( state or ackdet or bytesent or lasth or softack or noack or cnt0
begin or ledtstact or cnt1 or softsend ot sivalid ) *

setbsy = 1'b1;
setcidast = 1'b0;
setcirsond = 1'b0;
wiftfo » 1D0;



WACK = 3'b100, //waiting for ACK EACK = 3'b101, //waiting for

the end of ACK RDAT = 3' b110, /1 reading SPIO LTST =
3'bl1l; //led test node input acket, bytesent, clk40b5, cnt0, cnt1l,

| ast b, |edtstact, noack, : rstsoftcnmd , sivalid, softack, softsend,
out put | oadcnt ; /1l 1oad read counter output setcttlast; /1
clear last bit, clear info and set poi 2% s output setbsy; /] set
soft busy output setclrsend; /1l clear send bit output sefledtst;

/1 go into led/e gut put softabrt ok

ecele

// ok to abort (SWreset)
this multi-bytg & IOport

out put  wrfi f Qe e 5 : vriigesn ,N on for
outputs reg MT{.&HOT{ sertead, set oi rsend vvrtfl fo Ioadcnt.
setclrlast, set&bdd=1b0; set | edt st ; [linternal signals

Il synopsys sta@oﬂwmgnw state reg [ 2: 0] [l synopsys enum
state_info setledist= 190t ate; //current state reg [2: 0] /| synopsys
enum st at e_i nf Ocasa (statq) Ne¥tynopeys M“ep‘%g state // conmbinatinal |ogic
al wvays @state or ackdet or bytesent or stb or softack or noack or cntO
or ledtstact or cnt!@LBbeghoftsend or sivalid) begin setbsy = 1'bi;

setclrlast = 1'bo; o "§§i‘ lidgg gTB.sg.pr_O wfifo = 1'bO;
) foadent « lasth; ) '
ond
elsa bagin -

next « IDLE;
setbsy = 1H0;

)'

._: %

ond
end

SEND: begin
next = bytasant ? WNXT : SEND;
salclrsand = bytesent;
softabrtok = 1b1;

end

WNXT: beglin
softabrtok = 1 'b1
¥ {soltsend) bag
noxt = lastb ? LSTB SEND
foadent = lastb
end

elsa begin
next = WNXT:
end

and

LSTB: begin
oxt = bytesent 2 WACK : LSTB;
satread = bytesant;

ond

WACK: begin
# (noack) begin
naxt = {OLE;
setbsy = 1'b0;
setcilast = 1'b1;
end
elso ¥ (ackdet) begin
next = ct0 ? EACK : RDAT; N
sotcidast = 1°bf;
sotroad = ~cni0;
ond
elsa begin
next = WACK;
setread = ~cnt0;
and
ond

EACK: begin

i (ackdet) begin
next « EACK;
setbsy = 1'b1;

ond

elsea bagin
next = lodtstact ? LTST : IDLE;
satbay « fodtstact;



122 | oadcnt = 1'b0; setread = 1'b0; softabrtok = 1'b0; setledtst =

1'b0; case (state) /1 synopsys parallel case | DLE: begin
i f (softack) begin next = lastb ? LSTB SEND
| oadcnt = | astb: end f%fe begin next =
| DLE; setbsy = 1' bO0; end end SEND:
begin next = bytesent ? WNXT : SEND; setclrsend =
byt esent ; softabrtok = 1' bl; end VWNXT: begin
softabrtok = 1' bl; if (softsend) begin next = Isth
? LSTB: SEND; | oadcnt = | astb; end el se
bgi n , — LSTB:
begi n JgagiE byt esent;
end o a9t next =
| DLE;, -
RDAT: begin
next = (sivalid & cnt1) ? IDLE : RDAT;
sotbsy = 1D1;
setread = ~{sivalid & cnt1);
wrfffo = slvelid; '
end
LTST: begin
next=LTST;
sothsy = 1DT;
sefledtst = 11;
end

default: next = 3bxx;

endcase,
end 1/ always

-
¥ state vactor

always @{posedge ¢lk40b5 or negedge rsisottemd, )
i (~rstsolt
state <= #FFDLY 1DLE;
alse

state <= #FFDLY next;

b/
endmodile Il softcmdsm




setclrlast = 1'bl,; end else if (ackdet) begin

next = cntO ? EACK: RDAT; setclrlast = 1'bl

setread = ~crtO; end el se begin next =
WACK; setread = ~cntO; 124 .end end EACK
begi n I f (ackdet) begin next = EACK;

setbsy = 1' b1, ' end el se begin next =

| edstact ? LTST: |DLE;
123
next = (sivalid & crijdii
setread = ~(sivalid & Gl S G e
LTST: begin ) ; setbsy =1

setbsy = | edtstact;
HLIAL.... Do

Top lavel of soft command control logic.

modute softentrd ( ackdet, bytessnt, cddat, clikd0bS, clk40b6, ensoftedat, listsigl, noack,
rdsplodat_, rstsplos_, shitin, sivalid, eoftack, softcmden,
wreploctl_, wreplodat_, ledtst, ledtstelg, softabriok, softbsy,
softread, softreq, softsand, spioctirt0, spioctir74, splordat, splowdat );

Input  ackdet, bylesert, clid0bS, clk40b6, ensoftedat, noack, rdsplodat_,
retsplos_, sivalid, softack, softemden, wrsploctl_,
wrsplodat_;

inpwt  {7:0] cddat, itstsigl, shitin;

output  ledtst, ledtstslg, softahriok, softhsy, softread, softraq, softsend;
output  [1:0] sploctir10;

outpul  [3:0] sploctir74;

output  [7:0] splordat, splowdat;

4.

'I‘/bus declaration

wire [1:0] readent;
© wire {7:0] ustelgl;

1.

softclf softctl  .cli40bS(clid 065}, .noackfnoack), .rstsplos_(rstsplos_),
sandb(sendh), .satbsy(setbey), .setcliast(seteidast),
setclrsorid(setclrsand), setladtst(setladisy), softack(sottack),
splowdat(splowdat), .softcmdan(sofltemiden), tst).
Jedtstact(fedtstact), .clrasth_{cidastb_), sstiifo_(rstiifa),
Jstsand_(rstsend ), sstsoftomd_(rstsoftemd. ), softbsy(softbsy),
setread(satread), .softread(sottread), softreq(sofireq),
softsend(softsend) );

softcmdsm softcmdsm ( .ackdet{ackdat), bytesant{bytesent), .clik40b5(clid0bS),
Lri0fent0), .cnti{cntt), Jastblasth), Jodist tstact),
noack(noack), rstsoltemd_(rstsoftemd ), sivelid(sivalid),
soflacl(softaci), .softsand(softsend), foadentfloadent),
softabriok(softabrtak), setraad(setraad), .satbsy(setbsy),
setclriast(sotclriast), .setcksand(seteirsend),
setiedist(satiedtst), .witto{wrlilo) )

spfito sptifo (.clk40b5(clk40b5), .clikd0bE(clks0bE), Joadentoadan),
-ensoftedat(ansoftcdat), rdsplodal_(rdsplodat ), feadentireadent),
Tstiifo_(rstitfo_), retsottemd_(retsoftomd, ), .shitin{shitin),
writto(wfito), .cntO{cnt0), .cntt(cnt1}, .eploctir10(sploctirio),
splordet(splordat) ¥;

softtimer softtimer ( .clk40b5(ctk40b5), .cirlastb_(cirlasth._),
“etsoficmd_(retsoftcmd ), timer{timer), .rsttimer_(rsttimer_) );

softregs coftregs ( .cddat{cddal), ledistsigliedtstelg), Meteigifitatsig,
-ansoftedat(ensoftcdat), .retsand_{retsand ),
setsofternd_(retsoftemd._), .rsttimer_(rettimear_),
wreploct!_(wreploctl ), .wrsplodat_(wrspladat_), .lastb(lasth),
-readcnt(readcnt), .sandb(sends), sploctir74(eploctir74),
-splowdat(splowdat}, timac(timer) };

andmodula

1



aetledtst = 1'b1l; end : defaul t: next = 3' bxxx; endcase

end /] al ways /] state vector always @ posedge cl k40b5 or negedge
rstsoftcnd ) if (~rstsoftcnd)) state <= #FFDLY | DLE;

state <= #FFDLY next; endnodul e 1744 softcmdsm

124 F WaTs nf t command control | ogic. nodul e

softcntrl ( a &g k40b5, cl k40b6, ensoft odat,
| tstslgi, noad®Ry==""" SProgEt™ rstspios_, shltin, sivalid,
sof t ack, softcnden, wrsploctl _, wsplodat_; |edtst, |edtstslg,

sof t brt ok, softbsy, softread, softreq, softsend, spioctirlo,
spioctlr74, sphabdat. spl gt); input ackdet, bytesent, cl k40b5,
cl k40b6, ensoftcdat, noack, rdspiodat_, rstspios_, sivalid,

sof tack, soft chwdaion: wr spi octl _,
Soft Command Control fogic.

modula softa { cld0bS5, noack, msteplos,_, sendb, sethsy, satledtst, setcidast,
sotraad, lodist, ledtstact, eotclrsand, splowdat, softack, softcmden,
:omﬂasthﬁa_.)lsmfo_. rstsend_, ratsoftemd_, softbsy, softread, softreq,
sand );

parameter FFDLY = 1;
input clid0b3, noack, rstsplos_, sendh, setbsy, setclriast,

satledtst, setclrsand, setread, softack, softemden;
Input  [7:0] splowdat;

output  cldastb_; i last LB bt in softctt registar
output ledtst; 1 led tost command mode
output  ledtstact; # led test command pending
output  rstfifo_; /I resat fifo raglstars

output  rstsend_; fl roset sand and {ast_byte bits
output  retsoficmd_; # reset soft command logic
output  softbsy; #f eoft command In progress
output  softread; It read SPIO pott

output  softreq; #f raquest for SP{O port
output  softsend; Il sond & byte

/2

# register declaration for outputs

reg ladtst, ladtstact, softraq, softbsy, softread, softsend, cldastb_;

¥/
# internal slgnals

reg clrsand_, softacts1, softacts?;
wite retledist_;

¥ \
il teset loglc

essign retsoftemd_ = reteplos_ & softemdan;

assign rstfilo_ = rstsoftemd_ & cirfastb_;

assign rsteand_ = tstsoftemd_ & clriasth_ & cirsend_;
assign rstladist_ = rsteoftemd_ & ~noack;

i
# raquest logic

always @(posadge clikd0b5 or negedge rsteoftemd_)
if (~rataqftemd_) begin
soltacts1 <= #FFOLY 1'D0;
softacts2 <= #FFDLY 1'D0;
softreq <= #FFDLY 1D0;
softsand <= §FFDLY 1DO;
softread <= #FFOLY 100;




wr spi odat _; i nput [7:0] cddat, Itslslgl, shftln; out put | edt st

| edstsl g, softabrtok, softbsy, softread, softreq, softsend; output [1:0]
spioctlrl10; output [3:0] spioctlr74; output [7:0] spiodat, spiowdat;
/'l bus declaration wre [ 1: 0] reaqgﬁ%; wre [7:0] Itstslgl
softctl softctl (.clk40b5(cl k40b5), .noack(noack). .rstspios_(rstspios ),
sendb(sendb), setbsy(setbsy), setclrlast(setclrlast),
setclrsend(setclrsend), setledtst(setledst), softack(softack),

. spi owdat (spi owmdat ), softcnden(softcnden), |edtst(ledst),
.ledtsftact(ledtstact),.clrfstb _(clrlastb_), rstfifo (rstfifo_),
.rstsend_(rstsgnd Lelstsoftcnd (rstsoftcnd , softbs L§oftbsy)
.setread(setre} e

. sof t send( sof t &&# £5K
byteent(bytesentﬁw!clk40b5(c|k40b5) cntO(cntO) cntl(cntl)

| ast b(l astb), | ecfs I edt st ac . noack( noack),
rstsoftcnmd_(rstsoftc Yal id), .sof tack(softack),
sof t send(sof t send(, ~softacts? & ~softbsy: sof t abr ok(sof tabrtok),

setread(setread), set&lsgn(is-etﬂﬁevr)qonaetsm~sonactsa&s clrlast(setclrlast),
.setclrsend(setcl & ePRljead <= #FFOLY setreed; set | edt st(set | edt st),
wflfo(wfifo));®*¢ spfifo spfifo (.clk40b5(cl k40b5), . cl k40b6(cl k40b6),

RLEDZR O 0 & S8 (0 (3 5o 2o R 3 S 2 55 B B 8 s = S T B R B e s v folies

. | oadcnt (| oadcng-, ensaftcdal (ensoftcdat),

. rdspl odat _( r dspilegistanéd oitputs eadcnt (r eadcnt ), .rstfifo_(rstfifo ),
.rstsoftcnd_(rstsoftcnd ), shftln(shftln wfifo(wfifo),
.cnt0(cnt0), . cﬁﬁmd Yo[uis (R‘%’Bi“ﬂe)t | r10),

. spi ordat (spl orda cmm'g mgof t1inmer (.clk40b5(cl k40b5),

.clrlastb_(clrlastb_ pisend <=#FFOLY 1b1; . rstsoftcrmd_(rstsoftcnd ) .tiner(tlner),
.rstimer (rsttl rrer_) SOWYSE)F&FPb !#bosoftregs (. cddat (cddat),

.ledtstlg(led st dist<¢ &FFOLGTY0 st sl gl )

.ensoftcdat(ensoggm i, -rstsend (rstsend ),

.rctsoftcnd (rstsoftcl ;-ﬁFFmM-Jsmrast(rsttlrrer_)

.wrsploctl _(wsploct F"‘ Ymﬁﬁ{m spiodat ), .lastb(lash),
.readcnt (readcnt), . ﬂﬁ‘; Spl octl r74(spi oct | r74),
. spl owdat ( spl ovvda,td) endnodul e
.Iltemmode
always @ ¢ik40bs rstl

lf(-rstle%?i)dge or negedga rstledist_ )

a fedtstact <= #FFDLY 1'0;

else

ledtstact <= #FFDLY lodtstact | softack & (splowdat=<8'82);
¥

andmodule



125 Fi | enane: softctlv Function: Soft Command Control | ogic.
nodul e softct!l (cl k40b5, noack, rstspios_, sendb, setbsy, setledtst,

setclrlast, setread, ledtst, |ledtstact, setclrsend, spiowdat,

sof tack, softcnden, clrlastb_, rgjfifo_, rstsend_, rstsoftcnd,
soft bsy, softread, softreq, softsend); paranmeter FFDLY = 1; | nput
cl k40b5 , noack, rstspios_, sendb, setbsy setc[rlast, set edt st ,
set cl rsend, @l Ll ACK .. SOLLCT I« Y2 YU S~ AN AN 1 'oAp t out put
clrlastb_; A@ o %?%%gﬁ;%@@%%#_‘ i h.-y%St

/1 led test COma Ot i I O ST AL ey Fe%gmand pendi ng
output rsfif_; /1l reset fifo registers output rstsend_;

/'l reset sengumfigk: | ast_byte bits output rstsoftcnd_; /'l reset soft
command | ogi ¢ out put softbsy; //soft command in progress output
sof tread; SPIO Soft Conmang SonSMgBtes(fR. 16 whqmstticmdark¢f.eq; /I request for
SPI O port output softsend; /1 send a byte // register declaration
for outputs reg | edt st, | edtstact, softreq, softbsy, softread,
softsend, clrlastb_, // internal signals reg clrsend_, softactsl

sof tact s2;

L ‘ vk & tew > i

. modula softrags (cddat, istsigl, ensoftedat, rstsend_, rstsoftemd_, rsttimer,_
wreploct!_, wrsplodat_, ledtstsig, lasth, readent, sendb, sploatir74,
splowdat, timer ); .

parameter FEDLY = 1;

Input ensoftcdat, retsend_, retsoftemd_, rsttimer_, wrsploctl_, wrsplodat_;
nput  {7:0] ttstsigl, cddat;

output  lasth; # SPIOCTL bt 6
output  ledtstslg; #f lod test mode output signal
output  [1:0] readent; {f SPIOCTL bits 10
output  sendb; f1SPIOCTL bt 7
output  [3:0] sploctir74; I/ read data for SPIOCTL bits 74
output  [7:0] splowdat; #f contents of splodat register
< output  timer; I SPIOCTLbit4
I
Jf register daclaration for outputs

reg [7:0] splowdat;

reg ladistslg, Jock, sendb, lastb, timer;
reg {1:0] readcnt;

teg (29] sploctl_{;

wire [2:0] wdat;

I
IHed test mode signal select

assignwdat = splowdat{2:0];

always @({ltstsigl or wdat )

casa {wdat) # synopsys paraflel_case full_case
23'b000: ladtistelg = Htsisigi0]; ]
3'D001: tedistslg = itstslgl[1];
3'b010: ledtstslg = Itstsigif2]; h
30011 ledistslg = Ustsigifs]:
2b100: ledistslg = itstsig4]:
3'b101: tedtstsly = HstsiQis];
3b110: ledistelg = Retsigi6];
3b111: ledtstslg = Rstsigi{7];
dofault; fedtstsiyg = 1bx;

endcase

ll‘

f! SPIODAT {10h)

always @(posadge wrsplodat_ or negedga rstsoftemd_)
if (~retsoftcmd_)
splowdat <= #FFDLY 8'h00;

ofse
splowdat <= #FFDLY cddat;



wre rstledtst_; /lreset logic assign rstsoftcnd_= rstsplos_ &

softcnden; assign rstfifo_ = rstsoftcnd_ & clrlastb_; assign rstsend_ =
rstsoftcmd_ & clrlastb_ & clrsend_; assign rstledtst = rstsoftcnd_ &
~noack /'l request logic always @posg e cl k40b5 or negedge retsoftcnd )
If (~rstsoftcnd_) begin softa <= #FFDLY 1' bO;

softacts2 <= #FFDLY 1' bO softreq <= #FFDLY 1' bO;

sof t send <gyhbhllaXl.bQ... , | <= #FFDLY 1' bO:

126 5 L o L e e : '°I"” FDLY Sendb
sof t act s2 iR RS H Y ' PRt tact 1 &

~sof tact s2 SOTT3end <= #FFDLY softactsl & ~softacts2
& softbsy; %SP&HHEM softread <= #FFDLY setread; end /'l registered

out put s alpymyes @ posedge cl k40b5 or negedge rstsoftcnd.)
slways @(posadge wrsploct_ or negedge rstsond )
I (~rsteend_) begin
sondb <= #FFOLY 1b0;
{asth <= #FFDLY 1'D0;
end
alse begin
serdb <= #FFDLY cddat{7];
lastb <= #FFDLY cddat(6];
and

f/v45,10 ,
always @{posedge wrsplioctl_ or negedge retsoftcmd_)
it {~rstsoftemd_) begin
fock <= #FFDLY 100;
readent <= #FFDLY 2'D00;
ond
else begin
lock <= #FFDLY cddat{5];
readert <= #FFOLY cddat{1:0];
end

#foitd
aiways @{posedge wrsploctl_ or negedge rsttimer_)
- H {~rsttimer.)
timer <= #FFDLY 1'00;
olse
timer <= #FFDLY cddat[4];

. ahlways @{ ensoftedat or sendb or lastb or timer )
if (onsoftedat):
splocti_t <= #FFDLY {sendb, lastb, timer};

assign sploctic74 = {sploctl_i[2:1], lock, spioctl_I[0]};
I

endmodule #l scitregs



If (~rstsoftcnd_) begin clrlastb_ <= #FFDLY 1' bl

cl send_ <= #FFDLY 1' b1, sof t bsy <= #FFDLY 1' bO; | edt st
<= #FFDLY 1' bO; end el se begin clrlastb_ <= #FFDLY
~setclrl ast; clrsend_ <= #FFBtz§~setclrsend; softbsy <=
#FFDLY set bsy; | edt st <= #FF set | edt st; end /1l test node
al ways @ posedge cl k40b5 or negedge rstledtst ) I f (~rstledtst ).
| edt stact <= #FFDLY 1' bO; el se | edt stact <= #FFDLY | edtstact |
softack & (spi owdat ==8' h82); endnodul e
127 Functi on: SPI O Soft Command Control registers (1D, 1E when
softcnden==1). nodul e softregs (cddat, ltstslal,.
rstsend_, r& e i A o
| edst si | &EEE i s :
9, AN A : :

y: .

Function:

Soft command timer.

theendnd

modufe softtimer { ¢ik40bS, cidastb_, retsoftemd_, timar, rsttimer_ );
parameter FFDLY = 1;
input  clk40b5, clrdasth_, rstsoftemd_, timer;

output  rstiimer_; # resat timer bit
- Il
_ Nntemnat signels
rog 13:0] cnt; # soltomd counter
reg (3:0] new_cnt; # new count
reg rettmub_; 1 reset timer bit
M
1 couttar loglc
always @( crt or clidastb_ ortimat)
i (~clriastb_ & timer)
new_cnt w 4'ht;
elsa if {{cnt=nd't0)) _
new_cnt = 4'h0;
efse .
- hew_omt = crt +4'h1;
always @({posedge cli40bS or negedge trstsoftcmd_)
{ (~rstsoftomd )
ont <= #FFDOLY 4'h0;
olse

ont <= #FFOLY new_ocnt;

#-
/] reset timer bit

atways @(posadge clk40bS or negedge rstsoftcmd,_) _ )
if (~rsteoftemnd ) '
rsttmrb_ <= #FFDLY 1b1;

rettmtb_ <= #FFDLY (cntl=4'hl);

elsa

assign rsttimer_ «= rstsoftomd_ & rettmrb_;

y/A
¥

endmoadule 1f softtimer



parameter FFDLY = 1; I nput ensoftcdat, rstsend_, rstsoftcnd_,

rsttimer _, wsploctl , wsplodat ; input [7:0] Itstslgl, cddat; out put
| ast b; /1 SPIOCTL bit 6 output |edtstslg;

/1l led test node output signal output [118p readact; /1
SPIOCTL bits 1:0 output sendb; [l SPIOCTL bit 7
out put [ 3.0] sploctlr74 /1l read data for SPIOCTL bits 7:4

output [7:0] spi g5 5 A B e 1 B S0 3 2 S S R ":C'ﬁer out put
tinmer, % daxr at i on for
outputs- reg . ; < sendb | ast b,
tinmer; reg readcnt ; reg 0] ICth | ; mnre [2: 0] wdat;
/] led test m)deceﬂ‘ W%Y%@FNW‘QSS'P@WW&P geting peieRsdudng : 0] : al iays
@ltstslgl or wdg§ Brase (Wiat) /] synopsys
paral | el _case f Ukee8@G@nivccnirrenrccnncnediedsDBB il @abstegtgeg | tSstsgl[0];

3'b001: ledtstslg = Itstslgl[1]; 3'b010: ledtstslg =
ltstslgl[2]; { ITHROTTIT T eatstsrg = 1tsrsrgl|3]; 3' b100:
| edtstslg = Itstg&éﬁ+ 3'b01: ledtstslg = ItstsIgI[S];

3'b110: ledtstslg tstslgl[6]; 3'bl1l: ledtstslg =

ltstslgl[7]; Setiatponarbttdeff'am:zes reusats Bt $HIQ usageldnih ggnerates regiqdic ase /1 SPI CDAT
(10h) almays a@psed wrspl odat _ or negedge rstsoftcnd )

i f(~rtsoftcnd ) History: spl owdat <= #FFDLY 8' h0O; spl owdat

<= #FFDLY cddat
0010000 JYL First rev.,

beesy

module spathomux ( acidet, brdbsy, brdread, brdreq, brdsehd, cddat, chprstbsy,
chprstreq, clk40b1, elread, ledstate, ledreq, noack, romadr, rombsy,
rompaed, ronweq, rotnsend, rotmar, rsteplos_, sbwebsy, sbworead, saebsy,
searead, seareq, seosend, salroma1, seliomad, softbsy, softread, softreq,
softsend, splobsy_, splowdal, stps, sipt, stpwreaq, brdack, chprstack,
fedack, readspio, romack, seeack, shffout, sendoyte, softack, sploackdet,
spnakabtt, stpwack );

. parameter FFDLY = 1;

Input acludet, brdbey, brdread, brdreq, brdsend, chprsthsy, chprstreq, cli40b1,
eiread, ledstate, ledreq, noack, rombsy, romread, romreq, romsand, romwr,
rsispios_, sbwcebsy, sbworead, seebsy, seeread, seareq, seesend, selromad,
selromal, softbsy, softread, softreq, softsend, eplobsy_, stpe, stof,

stpwreq;
input (7:0] cddat, splowdat;
input  (15:0} romadr;

output  brdack; # issue BRDCTL command
output  chprstacis I issue SPIORST command
output  ladacic ifissue LED command

output  readspio; 4 read from spio port

output  romeck; i lsstste ROM readiwrita command
output  seeaci; Hssue SEECTL command
oulput  sandbyte; I etift & byte out

output  {7:0] shitout; # data 10 shift out

output  softack; I tssue SOFT command

oulput  sploackdet; f SPIO ACK detected, disable excead timér
output  spnakabst; I NOACK signal to abott logic
ofput  stpwack; H1ssue STPW command

1

# register daclaration for outputs

reg sploackdet;
ll

1 internal signals

wire [7:0] bwedat; # herdware command data
rag {7:0] emdcade; # splo command code

reg (7:0] extemd; # extended command data
wire soft; # soft command
wire sendcmd / send splo command

wira feq; # one or mona raquest (inas active



(

128 [ SPIOCTL (1Eh) // bits 7:6 always @ posedg wsploctl_ or negedge

rstendd ) if (~rstsend ) begin sendb <= #FFDLY 1' b0;

| astb <= #FFDLY 1' bO; end el se begin sendb <= #FFDLY cddat|[ 7];
| astb <= #FFDLY cddat | 6] ; end al ways @ ppsedge wsploctl_ or negedge
rtsoftcnd ) If (~rstsoftcnd_) begin | ock <= #FFDLY 1' bO;

readent <= #FFDLY 2' b00; end else begin e DG K S #FFDLY

Cddat [ 5] o0, %5 & 2, It T L X e B ‘ ‘_" | \Nays
@posedge W S pESaE gl s ST By m

tinmer <= #FFDLVd' bOponbusy, isProRdon ®BufFFDLY cddat[4];  al ways
@ensoftcdat or sendb or lasb or tiner) i f (ensoftcdat)

spl oct| | <= #Hivendng Iast | mer a n spl octlr74 =
(sploctT I[2: 1] ocR" “"‘“"%%1 nﬂs% /1 softregs

¥
I NOACK to abort PCl cycie, ACKDET to disable execeed timer

assign spnakabit = noack & ( rombsy | seebsy | brdbsy );
always @(posedge cikiOb1 or negedge rstsplos_)
i (~rstsplos )
sploackdet <= #FFDLY 1D0;
glso
spioackdet <= #FFOLY ackdet & { rombsy | saabsy | brdbsy):

I

assign portbusy = chprstbsy | sbwcbsy | rombsy | seebsy [ brabsy | softbsy;
assign req = ledreq | s!pwmq | romreq | chprstreq | seereq | brdreq | softreq:
assign setdemd = ~portbusy &

asslgn readsplo = sbwcread | etread { romread | sofiread | searead | brdread;,
asslgn sendbyte = tomsend | seesend | brdsend | softsend | sendomd;

It
© {f priotitizer

-assign rompend = ({chprstraqromreqj==2'b01);
. assign brdpend = {{chprstraq,romeeqbirdreq}=<=3'D001);
asslgr seepand = {{chprstraq,totweq brdreq,seatedi==4'00001);
assign stpwpend = (fchprstred,romreq,brdreq,seereq stpwreq}==5'000001);
assign softperd «= (fchprstreq rormreq brdreq.seeragqstpwraasoftreq)==6'0000001);
assign ledpond = ({cmfstreq.m%m.brquoseemq,stpwmq,somq Jedreq)

assign chpretack «= ~portbusy & chprstreq;
assign romack = ~portbusy & rompend;
assignhbrdack = ~portbusy & brdpend;
assign secack « ~porthusy & seepend;
assign stpwack = ~portbusy & stpwpend;
assign softack = ~portbusy & softpend;
assign ledack = ~potibusy & ledpend;

I
 output data mux

assign soft = softack | softbsy;
assign shitout = soft ? splowdat : hwedat;
astlgn hwedat = porthusy ? extemd : cmdcode;

1
{ generata splo command code

always @( ledpend or stpwpend or rompend or saepend or brdpend
or romwr of eplobsy_ of fedstate or stpa-or sipl)

casax ({ ladpend stpwpend,rompend,seepend, brdpend, romwr splobsy_})
{f synopsys paraitsl_case

7'b1x0o0a: cmdcode = {1'00 ledstate 5'000001,10};
7bxTooooc emdcode = {stpe stpl 5b00010,100};
Thxx1xx0x: cmdeode = {2'000,5D00011,1D1});
Thactxx1x: cmdcode = {2'500,5000100,100};
7o xodd; cmdcode » {2°000,5000110,101);
7ox1xx1: emdcoda « {2900,5000110,100);



129 Function: Soft command tiner. nmodul e softi nmer
(cl k40b5, clrlastb_, rstsoftcnd , timer, rsttiner_); paraneter FFDLY = 1;
i nput cl k40b5, clrlastb_, retsoftcnd_, tiner, output rsttlmer_;

/'l reset timer bit // Internal signalsl35eg [3:0] cnt; /1
softcnd counter reg [3: 0] new cnt; /1 new count reg rsttmb_;

/1l reset timer bit // counter logic always@ cnt or clrlastb _or tinmer) if
(~clrlastb_& timer) new cnt = 4'hl; else if ((cnt==4"h0))

new _cnt = 4'h0; el se new cnt = cnt + 4'hl; always @ posedge

cl k40b5 or n

{2'000, 1
7o 1x1: endeoda = {2000,5000111,1'b0};
default: cmdcode = 8'hxx;

endcaseo

1.
H

1 salect extend command data

" always @( selromat or salroma0 or romwr or romadr or cddat )
casex {{selromal selromag}) # synopsys parallel_case

2D10; extemd = romadr{15:8];
2b01: extemd = romad:{7:0};
200,

2'511: extemd = cddat;
defauft: extemd = 8o

endcase

J/4
#H

endmodtle



I f (~rstsoftcnd ) cnt <= #FFDLY 4' hO; el se cnn <=
#FFDLY new cnt; // /] reset tinmer bit always @ posedge cl k40b5 or negedge
rstsoftcnd ) if (~rstoftcnd ) rsttnrb_ <= #FFDLY 1' bl; el se
rsttnrb_ <= #FFDLY (cntl_4'hl); assignipgttlinmer_ = rstsoftcnd_ & rsttnrb_;
endnodul e /'l softlmer

130 Conbi nted sparb.v and sponux.v to alleviate tine budgetlng
probl enms during ,qg.gﬁh nt hesi s. Functlon Serlal port arbiter.
Prioritizes re ar : : qgfxendbyte
Hi story. 0OFBOROT I aE e At ket |

br dbsy, brdr eagy=brdreg:- bﬁdseﬂdb'cddar""ehprstbsy"" chprstreq,
cl k40bl, slread, ledstate, |edreq, noack, romadr, ronbsyn,

ronr ead, ronraﬁ“#%ﬁ%end, rommr, rstspios_, sbmcbsy, sbwcread, seebsy,

T ]

module spcliggen ( clidO, ididrdy, romdecs2_, rstbrdctl_, rtis_, mstseect!_,
softbsy, softcmden, ssplocps, ¢clk40b0, clk40b1, clid0b2, clk40b3,
ctk40b4, clkd0b5, clkd0bb, clk40b7 );

inpt  clkd0; # 40 MHz into SPIO block

input Ididrdy; # finished loading replacement [D

Inpuit  romdacs2_; #f rom/eeprom command active

input  rstbrdetl ; H reset brdctt logic

input rstis_; # external reset

Input retseactl If reset seect! logic

Inpuit  softbsy; Jf soft command int progress, enable fifo
Input  softemden; 1 soft command enabled

Input ssplocps; 1 slave SPIO controfler present

output  clk40b0; # buttered olld0: rstl_, softemdans

output  clk40bt; / gated by SSPIOCPS: sprstetl, atbomux, sbwectl
output  clik40b?; #f geted by rsthrdct! & retseect!: brdatl, seectt
output  clf40b3; { gated by Ididrdy: iddatestat

output  clk40b4; #1 gated by romact: rometl

output  clk40b5; # gated by sottemden: softontri

output  clk40b6; - It gated by softbsy: spfifo

oulpt  clk40b7; I gated by ididrdy & sspiocps: spoentri

#-

supply1 vdd;

buf0101 drv_ind0 ( .Qfrstls1), Alrstis_ ) )
buf0101 dev_Intt { .Q{rstls2_), Afrstis1_}):
bui0101 drv_ni2 ( .Qfrstis3d_), Alrstis2 } )

but0102 drv_ink (.O(int_clis), Alrstis) );

ll

1 cHA00

But0102 drv_boO { .Q(cli40b0), A(clk40) );

#-

#f ck40b1

InvO1
bts9

drv_e1 ( NQssplocps_), Alssplocps) )i .
drv_b1 ( .Q(clie40b 1), .Alclk40), NE{ssplocps_} );
bushold drv_h1 { DUNMMY(dummy1), .Z{cik40b1} );

bis1 drv_i1 { .Q(clk40b 1), Alvdd), .NE(Inlit_clks) );

I

I cik40b2

nor02  drv_e2 ( NQ(ensaebrd ), A(rstbrdcti ), .B(retsesctl ) );
btsd  div_b2 (.Q(clk40b2), Afclik40), NE(enseabrd ) );

bushold drv_h2 { DUMMY({dummy2), .Z{clik40b2) };

bist  drv_t2 (.Q(clk40b2), .Afvdd), .NEGnit_clks) );
1 ched0b3
bts9  drv_b3 (.O(cik40b3), A(clkd0), NE(ididrdy) );

bushold drv_h3 ( DUMMY (dummy3), .Z(clk40b3) ;



seeread, seereq, seesend, selromal, selroma0, softbsy, softread, softreq,
softsend, splobsy , splowdat, stpe, stpl, stpweq, brdack, chprstack

| edack, readspio, romack, seeack shftout, sendbyte, softack, sploackdet,
spnakabrt, stpwack); parameter FFDLY_ = 1; i nput ackdet, brdbsy,
brdread, brdreq, brdsend, chprstbsy, chﬁ?%treq, cl k40b1,

el read, | edstate, Iedreq, noack, ronbsy, ronread, ronreq, ronsend, romw,
rstsplos_, sbwcbsy, sbwcread, seebsy, seeread, seereq, seesend, selromaO,
sel romal, softbsy, softread, softreq, softsend, splobsy_ , stpe, stpl,

st preq; i nput [ 7: 0] oddat, splowdat; | nput [15:0] ronadr; out put
br dack; ) Issue BRDCTL comTEnd _ouput chprstack Il

i ssue SPI ORST clidaat. 5 b s
out put readspi GuEEE Raa 3“%3 o "”-‘)-,'»-,. S el /1

i ssue ROM read/ wyite corrmand out put seeack 11 |ssue SEECTL
conmmand out put gcmpglbyt e; [l shitt a byte out output [7:0]
shftout; [/ data to shift out out put softack; /'l issue SOFT
command  out put b I cﬂalcwdeQ(GMOM).M(clkgm NErded Bt ed, di sabl e exceed ti mer
out put spnakabrﬁ“‘1 /(W“ g@ 'lﬁ'g"lg ort logic output stpwack:

/'l 1ssue STPWcomrand /"/ t ereE e Br ation for out puts reg
spl oackdet ; M——+-rt-erhRat--sghrak-s———wi+-e———] 7: 0] hwcdat ; / I har dwar e
comand dat a r”é'(j“"s [7 0] crrdcode /1 spio command code reg

[ 7: 0] extcnd,; /'l soft
command wire ndco,se Q(so(tcmdg .).w% Naé%q)t) Yy e req;

/] one or nore rbq%uestdnd_bﬁ(aclm Aelkd0), NE(soltemdens2_) );
131 bushold drv_h5 ( .DUMMY(dummyS), Z(cliet0b5) );
bts1 drv_iS (.Qcli40b5), .A{vdd), NE(init_clks) )

M

If clk40be

R e DA

InvO1  drv_e6 ( NQ{softbsy_), .Afsoftbsy) );

bts9  drv_bs ( .O(clk40bE), A(cTk40), NE(softbsy ) );
bushold drv_h6 ( .DUMMY(dummye), Z(clk40b6) );

bts1  drv_i6 (.O(clk40bS), Afvdd), NE(nit_clks) );

/3
"

i cli40b7

-and02  div_e7 (.Qfenshit ), .A(idldrdy), .B(sspiocps_});
btsS drv_b7 (-Q(clkd0b7), Alclk40), .NE(onshit ) ); -
bushold drv_h7 ( .DUMMY{dummy7), .Z(cll40b7) ¥;

endmodule




wre port busy; [1SPIO port is busy // pending command wire
ronpend, brdpend, seepend, stpwpend, softpend, |edpend; /1 NOACK to abort
PCl cycle, ACKDET to disable execeed tiner assign spnakabt = noack &
(ronbsy | seebsy | brdbsy); always @ posedge cl k40bl or negedge rstspios )
if (~rstspios_) spi oackdet <= #BEDLY 1' bO; el se

spi oackdet <= #FFDLY ackdet & ( ronbsy | seebsy | brdbsy); assign
portbusy = chprstbsy | sbwcbsy | ronmbsy | seebsy | brdbsy | softbsy; assign
req = ledreq’ | stpweq | ronreq | chprstreq | seereq | brdreq | softreq;
assign sendcnd = ~portbusy & req; assign readspio = sbwread | elread |
rontread | softread | seeread | brdread; assign sendbyte = ronsend | seesend
| brdsend | 59 ; Rk @elickobrd RS ggpend =
((chprstreq, Tt & : '
()chpr'streq,‘ S SIS ’ Q.D. S 2
((chprstreq, ronreq, brdreq, seereql ==4' b0001); assign stpwend =
((chprstreq, r orgaiep:br dr eq, seer eq, st pw eql ==5' b00001); assign softpend =
((chprstreq, ronreq, brddreq, seereq, st pw ed, softreq==6' b000001); assign
edpend = ({crrsHrptnael sran LEatet drppeniintie oq | oar e

==7' b0000001) ; peranidats bkdh c stack = ~port busy chprstreq; assign-ronmack
~portbusy & ronpend; assign brdack = portbusy & brdpend; assign seeack
~port busy & seepend; assign stpwack = ~portbusy & stpwpend; assign

R

softack = ~potbusy & softpend; assign |edack = ~portbusy & | edpend; /1
out put data nux assign soft = softack | softbsy; assign shftout = soft
? spiowdat : hwedat:; . f

modula spent (clicd0b7, entron, rstspios_, ont0, cnt8, onts, cta );

parameter FFOLY = 1; Jf clock-to-q dalay
Input  ¢lk4Cb7; I \nput clock
Input entron; # counter on
Input retsplos_; Hf power on rasat
output  cnt0; 1 court vaiue = 4'h0
output oms; M count value == 418
output  cnt9; M court value == 4'h3
output cnta; ¥ count velua == 4'hA
+f Internal sighals
reg [3:0] ent; ¥ counter value

K

. ff decoded countar values
assign cnt0 = (chle=410);
assign cnt8 = (Crt==4'hB);
assign cnt9 = {cnt==4'9);
assign cnta = (cht==4'hal);
4
always @(posedge clid0b7 or negedge rsteplos_) begin

if (~rstspios_)
ot <= #FFDLY 4°h0;
eise

ont <= #FFDLY cntron 7 ent + 4'h1 : 4'h0;
end # counter

i v
endmodule




assi gn hwodat = portbusy ? extcnd: cndcode; /'l generate spio conmmand
code al ways @1 edpend or stpwpend or ronpend or seepend or brdpend

or romwor spiobsy or |edstate or stpe or stpl) casex

((I edpend, st pwpend, r onpend, seepend, br dpend, romar, spi obsy ) )

/'l synopsys parallel _case 7 xxxx: cmdcode = {1'bO,

| edst at e, 5' b00001, 1' b0} ; 7Tbx1xxxxx: cndcode =

{stpe, stpl,5 b00010, 1' b0}; 7bxx1xx0x: cndoode = (2' b00, 5' b00011

1' bl); 7bxx1xx1x: cndcode = (2' b00, 5" b00100, 1' b0};

7 bxxx1xx0: cndtodé"I{Z*BUUTS"bUUIIU;'1 (o) 7' bxxx1xx1l: cndoode
= {2'b00, 5' bO bO} 132

7 bxxxx1x0: (2' b00, 5" b00111, 1' b1); 7' bxxxx1x1l: cndcode =

{2'b00, 5' bOOlthlbdbﬁiboner This module [d@drmsiiwb opetiode = 8' hxx; endcase

[l Il select extend connand data always@ selromal or selronao or romwm or

romadr or cddat) &%'%g | r oma0) ) /'l synopsys parallel case
2' b10: extcnd = rond &mem SPRME1. extcond = romadr[7:0];

2' b0O, (ﬂ'btpmmammnaayﬁ@hs&a&m active.

(2) s pertormed when “readsplo™ becomes active.

!

module spentrl { berren, chprstbsy, clik40b7, clrparerr_, enelto, ledtst,
ledtstslg, mparcken, sendbyta, readsplo, spiol, sploparerr, rstis_,
rsisplos_, shtout, ackdet, elto, bytasant, noack, sivalid, spioo,
splodrv_, parerrdet, shitin );

Inpit  ¢clk40b7, berren, cliparetr_, enheito, mparcken, sendbyte readsplo,
ladtst, ledtstsig, chpretbsy, splol, rstis_, rstsplos_;
input  [7:0] shitout;

output  acluet, bytessnt, elto, noack, slvalid, sploo, spiodrv_, sploparerr,
parsirdet;
output *[7:0] shiftin;

# Internal signals _ '
wire ontron; I counter on
wire ont0, ent8, cnt9, enta; #counter values

¥ 2
il counter

spent epot { c(k40b7(dk40b7). cntron{entron), rstsplos_[tstsplos_).
<£nt0(crt0), .cnt8(eni8), .ontd(entd), .cntalenta) )i

spshit spehft ( .ackwin(ackwin), harren{berren), bytesent(bytasent),
chprstbsy(chprstbay), .clk40b7(cik40b7), .ont9(cnts),
«ckparewr_{cirpararr._), et ) o itstsig),
Jmparcken{mparcken), .astis_{istis_}, .setsival(setsival),
readsplo{readspio), .sendbyte(sendbyte), .shitout(shitout),
spilol(splol), .sivalid(sivalid), .sttwin{strtwin), .ackdet(ackdat),
parerrdet(paretrdet), .shitin{shitin), .sploo(sploo), :
-sploparerr(sploperarr), strtdet(stridet) );

spall spatl { .chprstbsy(chprstbsy), .otk40b7(dk40b7). Jedtst(lodtst},
Jstis_{retls_), .msteplos_(reteplos. ), .seteito{seteito),
-setnoack(setnoack), .setsival(setsival), .spioen{sploen),
.elto(elto), .noack(noack), .sivalid(sivetid), .splodrv_{spiodrv_} );

spctism spetiism ( .ackdat({ackdet), .clk40b7{clkd40b7), .ontd{cnt0),
Lnt8(cm8), .cntd(cnt9), .cntafonta), .eitofeito), .eneito(ensito),
.noack(noack), .rstsplos_(rstsplos_), readsplo{readsplo),
Sirdat({strtdet), .cendbyte(sendbyte), .ackwin(ackwin),
Biytesent(bytasent), .eateltofsetelto), .setnoack(setnoack),
selslva{(setslval). crtron(cntron), .strtwin(strtwin), .eploen{spioen)

endmodule




defaul t: extcnd = 8' hxx; endcase endnodul e

133 clock tree nmodul e spcl kgen (clk40 | dl drdy, rondecs2_,
rstbrdctl _, rstis_, stseetl _, sof t bsy, softcnden, sspl ocps,

cl k40b0, cl k40bl, cl k40b2, cl k40b3, cl k40b4, clk40b5 cl k40b6,

cl k40b7 ); iput  cl k40; 137 40 Mz into SPI O bl ock input

| dl rdy; : /1 finished | oading replacenent 1D input rondecs?2_;
/1 rom eeprom comuand active input rstbrdctl _; /'l reset brdctl

| ogi ¢ i nput rsSti S LbwXiBL0ab 8880, rStseect] _;

/'l reset seectl foglc i nput sof t bsy; /1l soft command | n progress,
enabl e fifo i npukunctiomof t cnden; /1l soft command enabl ed i nput

sspi ocps; /1l slave SPI O controller present output clk40bO;

/1 buffered cl k4Begisfessoptput signglefremSaia regdideput ¢l k40b1l; /1 gated by
SSPI OCPS: sprstctl, arbomux, sbwcctl output cl k40b2; /'l gated by
rstbrdtl &.rstseectl: brdctl, seect| output cl k40b3; /1 gated by

| dl drdy; | ddatestat output cl k40b4; /1l gated by romact: ronttl
out put  cl k40b5; /[/gated by softcnden: softcntrl out put  cl k40b6;

e

/| gated by softbsy; spfifo output cl'k40b7; . gated by Idlidrdy &

SSPi 0CPS:  SPCNTT jnodule spetl { chpretbsy, clkd0b7, ledist, rstis_, rstsplos,_, setsito, setnoack,
setsival, sploen, eito, noack, sivalld, eplodiv,_);

parameter FFOLY = 1;

Input  chpretbsy, clik40b7, lodtst, rstis_, rstsplos_, setelto, setnoack,
setsival, spioen;

output  aito; & ESTATADDAT time-out

output  noaciq #INOCACK

outpt  slvalid; # shift-in data valid

output  splodrv_; #/ SPIO output enable

{].

Uirternal signals

rag splodv_, sivalld, eito, noack;

I
# output FFs

always @{posedge cik40b7 or nogadge tstspios_)
if (~retsplos ) begin
noack <= #FFOLY 1'b0;
olto <= #FFOLY 1Db0;
sivalid <= #FFDLY 190;
end
else begin
noack <= #FFOLY setnoack;
¢lto <= #FFDLY setelto;
sivalld <= #FFDLY setsival;
end

always @{posadge clkq0b7 or nagedge retis_)
¥ (~rstls )
. eplodrv_<=#FFDLY 1B1: )
olse .

splodrv_ <= #FFDLY ~(spioen | ledtst | chpratbsy);

endmodule # spetl



supplyl vdd; -buf0101 drv_InlO ( .Qrstlsl ), .A(rstis_)); bul0101 drv_Inl1l
(.Qrstls2 ), A(rstlsl)); butOlOl drv_Inl2 (. (ertlsS ), A(rstis2));
but 0102 drv_Inlt ( .Qinit_clks). A(rstis3)): buf 0102 drv_b0 (

. Q cl k40bO0) A(clk40)) I'1cl k40bl i ny drv-el (NQ sspiocps_)
A(ssplocps)) bt s9 drv bl (. CXcIk40b1 A(cl k40), .NE(sspiocps_));
bushol d dry, Inaeay "R - sl
A(vdd), . @E :
A( 1 St br dct Fimlme ket ' el

. NE(enseebrd.)); bushold drv_h2-( .DUMW(dumy2). Z(cl k40b2)); btsil
drv 12 ( ﬁ&mbh40b2) A(vdd), NE(|n|t _clks)); /'l cl k40b3 bt s9

drv_b3 ( cl k40b A cl k40) NE(i dl srdy)); bushol d drv_h3
(. DUNNN(du

134 s’endbyte and "readsplo™ commands. It usas

- L el ‘“'-"I

module spctism ( ackdet, clk40b7, cnt0, cnt8, cntd, cnta, eito, enelto,
noack, fstsplos_, readspio, stridet, sendbyle ackwin, bytesent,
setnoack, setsival, satalto, cntron, stitwin, sploen );

parameter EFDLY = {;

parameter [2:0] /1 synopsys enum state_jnfo
IDLE= 30000, /idle v
SEND =3D001, /sandabyte
STOP =3'h010,  //stop bit
WACK « 8b011,  /# wait for ACK
EACK=3D100, #waltfor ACK tetmination
STRT=3b101,  //walt for start bit
RDAT = 30110, //reading abyte of data.
CHKR=3'b111;  # check whethet to read again

input  ackdet, clk40b7, cnt0, ont8, cri9, crita, oito, eneito, nosck,
rsteplos_, readsplo, sandbyte, stitdet; ‘

output  ackwin: # ACK detectlon window
output  bytesant; # finlshed shifting a byte
output  cntron; Jf tum ecourdar on

output  setslto; 1f et ddat/estat time-out
output  setsival; . # eadly sivalid

output  setnoack; 1 genarete NOACK signal
output  sploen; /f anable setial port output
output  strtwin; I/ window for start-bit detection
I

# internal signals

' I synopsys state_vector state
rog [2:0] # synopsys enurm state_Info
state; - /N state veclor
reg [2:0] #f synopsys enum stato_info
next; i noxt state

reg splosn; 1/ enable SPIO output

reg setnoack; Jf sat NOACK condition

reg setolto; 1 st ESTATADDAT time-out
reg sotsival;

# reglstered outpuls

reg ackwin, strtwin, cntron, bytesent;

1
# comblinational fogic

always @( ackdet or etate or seribyta or readspio or cnta or ent0
boa or noack or alto or enelto or strtdat or cntd or cntd )
gin



bt s3 drv_b4 (.Qcl k40b4), A(clk40). .NE(rondecs2 )); bushold drv_h4
(. DUMW(dumry4) Z(cl k40b4)); btsl drv_I4 (.Qclk40b4). A(vdd),
.NE(init_clks)); [/ clk40b5 ndcOr dff_el (.Q softcndensl), .D(softcnden),

.C(cl k40b0), .NR(rstls_)); ndcOr dff_g&d . NQ softcnmdens2_),
2 40000 [2 sdabomQ Ja L.

. D('sof t cndeg
A(cl k40), .3
btsl drv |5‘(.c An TERVAAY

drv_e6 ( t , A(softbsy)) bt s9
NE(softbsygm n= hoI d drv_h6 (.DUMW(dumy®6),
Boel

( Qcl k40b d), .NE(init_clks)):

endnodul e = 1b0;

ik 40b5) ,
aPe] Z( cl k40b5) ) ;
RO i nvol

Tdrv_ b6 (. Y cl k40b6), A(cl k40),
Z(cl k40b6)); btsl drv_i 6
[l cl k40b7 and02 drv_e7

Q enshft oen.:A(:d dl drdy) . B(sspiocps_)):
.A(cI k40), b ’?{né’h‘?t )); bushol d drv_h7 (

drv_b7 ( .Qcl k40b7),

. DUMWY( dummy7), .Z(cl k40b7));

135

Functi on: eito _afoopurpose counter to support the SPIO shifter. Wen cntron

is inactive the count is synchronously reset.

count er case (state)
IDLE: begln

L (noack] elto) begln
next = IDLE;
end

elsa begin

case ({sendbyte, readspio})
2'610: next = SEND;
2'b01: next = WACK;
2600,
2b11:next = IDLE;
default: next = 3'bxoxx;
endcase

cntron = sandbyte | readsplo;
sploen = sendbyle;

end
ond

SEND: begin
next=cnta ? STOP : SENO
sploan = 1h1;
cntrott e ~cnila; .
bytesent = crta;
ond

STOP: begin

case {{sandbyte, readspio})
2b10: next = SEND;
2001;  next = WACK;
2900,
2b11: next«IDLE;
defauit: next = 3'byac;
etdcase

cntron = sendbyte;
sploen « sendbyle;
end

WACK: bagin

ackwin= 1b1;

it (ackde®) beqln
naxt = EACK;

end

olse if (analto & cnt0 | ~eneito & cnta) begin
noxt = IDLE;
satnoack = ~analto;
satelto = analto;

When contron is active, the

Il synopsys paraflel_case

I eynopsys parallel_case

1

# tima-out



I ncrements every cl ock. nodul e spcnt (cl k40b7, cntron, rstspios._,
cnt0, cnt8, cnt9, cnta); paraneter FFDLY = 1; /'l clock-to-q del ay

I nput cl k40b7; /1 input clock input cntron;

/1 counter on input rstspios_; /'l power on reset output cnt O;
/1l count value == 4 hO output cnt8 140 //count value:: h8 output
cnt9; &

count val ue== 4' geifia e

value // decodéd counter val ues —assrgn ento = (cnie " h0);  a n cnt8 =
(cnt==4'"h8); assign cnt9 = (cnt==4'h9); assign cnta = (cnt==4 ha) al ways
@ posedge, cl k40kppgor negedge rstspios ) begin I f (~rstspios )

cnt <= #FFDLY 4' hdse begin el se cnt <= #FFDLY cntron ? cnt + 4'hl

4' hO; end /'] count®ex=WAGKInodul e

cntron = 1'b1;
136 ond

end

EACK: begin
ackwin = 1'b1;
it (readspio) begin
naxt = ackdet ? EACK ; STRT;
end

else begln
next = ackdet ? EACK : IDLE;
ond

end

STRT: begln
noxt = strtdet 2 RDAT : STRT;
strtwin = 1b1;
cntron = stridet;

ond

RDAT: begin
next = cntd ? CHKR : RDAT;
cntron = ~cntg:
sofsival = cni8;

end

CHKR: bagin .
next = readsplo 2 STRT : IDLE;
and
default: next = 3'bx0g
endcase
end

A
# state and output FFg
always @(posedge clk40b7 or hagedge rstsplos_)
i (~reteplos_}
state <= #FFOLY IDLE;

state <= #FFDLY next;

alsa

I
endmodute H spetism



Function: SPIO controller. This nodule perfornms two operations:

1) serialize a byte and shift out and 2) receive serial data from

the SPIO port. (1) Is perforned when "sendbyte" becones active. (2) Is
per fornmed when "readspi 0" becones actin nodul e spcntrl ( berren
chprstbsy, cl k40b7, clrparerr_, eneito, f%dtst, | edt st si g,
npar cken, sendbyte, readspio, spiol, sploparerr, rstis_,

rstspios_, shftout, ackdet, elto, bytesent, noack, sivalid, spioo,

spl odrv_, par er r deteps~ShrfisiidasscesivmpiiecengiedOiofedBerranes cl kparerr _, eneito,

npar cken, sendbyte, readspio, | edt st, |edtstsig, chprstbsy,
spiol, rstls_, stdfos seffemMput [7:0] shftout; output ackdet,
bytesent, elto, n _sivalid, spioo, spiodrv_, spioparerr,
par errdet; output- “0] shftin; // internal signals wire cntron
/] counter on W r esoft Comdnll Radfd)t 8, cnt 9, cnt a; /'l counter val ues
[/ counter spcnt spcnt (.cl k40b7(cl k40b7). cntron(cntron), .
rstspios-(rstspios_), .cntO(cnt0), .cntr8(cnt8), .cnt9(cnt 9)
.cnta(cnta)); spshft spshft (.ackw n(ackw n), berren(berren) ,
byt esent (byt esent), .chprstbsy(chprstbsy) . ¢l k40b7( cl k40b7),
.cnt9(cnt9), v 15 ) i v W v 2 o 4 el e < v ) s*t‘("l/edt st),
| edt st si g(| edt st si %)‘ nparcken( cken) rstis (rstls ),
set si val (set si val )™ “qﬁ§¥°““b5 ng?% -e(sendbyte)
shf t out (shftout), o | ’iv%
.strtwin(strtwi n), ackdet(ackdet) parerrdet(parerrdet),
shftin(shftin), . smubo(espisogiksobs, loadent, ensoftcdatpidspieiatemstifcapi opar er) ,

| edtst(ledtst), 'S (rstls_), .rstspio_(rstspios ),
.Seteito(setei to) . set noack( set noack) .setsival (setsival),
. Spi oen(spioen), output cnto, ontl;
: output  [1:0] sploctirio;
output  [7:0] splordat;

/!
I bus declaration

wire [1:0] rdptr, sploctir10;

1
# control

splifoct splitoct! ( .clk40b5(cik40b5), Joadent{loadent), readeni(readent),
.ensoficdat(ensottcdat), Sdsplodat_{rdsplodat_), .rstfifo_(istlifo_),
Jstsoftemd_(retsoftcmd ), ~antifofwrifo), .cntO{ent0), .onti{enti),
rdptrrdatr), .sploctiriOfsploctir10), wilifoO(wafifo0),
wriifot(wrfifo1), ;wififo2(wriito2} );

strtdet(strtdet)); spc %Y"ﬁfe chprstbsy(chprstbsy), clk40b7(cl k40b7),
[7‘01

b/
f registers

splitoregs spfiforegs.( .cik40b6(cik40h6), .rdptr{rdpte), .rstfifo_(rstiifo_),
. shitin{chftin, .wififo0{wtfifo0), wrfifo1{wrfitoT),
wrfito2(wrlito2), .splordat{spiordat) }; .

/2
. endmodule



.elto(elto),.noack(noack), .sivalid(sivalid), .spiodrv_(spiodrv_)); spctlsm
spctlsm ( .ackdet(adcdet), .clk40b7(cl k40b7), .cnrt0O(cnt0),

.cnt8(cnt8), .cnt9(cnt9), .cnta(cnta), .elto(elto), .eneito(eneito),

. noack(noack), rstspios_(rstspios_), r pi o(readspi 0),

strtdet(strtdet), .sendbyte(sendbyte), "ackw n(ackw n),

byt esent (bytesent), .setelto(setelto), .setnoack(setnoack),

.setslval (setslval), cntron(cntron), . st rtwin(strtw n), spioen(spioen)
endnodul e / 137

Function: Registers, out put signals fromstate machine. nodul e spct|
( chprstbsy, clk4 %) edt st, rstis _, rstspios_, setelto, setnoack,

setsival, spioen, sg{dog,mamﬁq,kﬂmﬁég)eal id, spiodrv_); paraneter FFDLY = 1;
I nput chprstbsy, cl k40b7, ledtst, rstis_, rstspios_, seteito, setnoack

setsival, spioen; output elto; /| ESTAT/ | DDAT ti me-out out put
noack; /1 NOACK out put sivalid, /[l shift-in data valid
out put spiodrv_; /1 SPIO output enable // internal signals reg
spi odrv_, sival i dyselt@rRoagichdaguiputedds V]

module spiffoctl { clik40bS5, loadent, readent, ensoftedat, rdsplodat_, retfifo_,
stsoltamd_, wilito, cnt0, entl, rdptr, splociir10, wriifo0, wriltot,
wififo? );

parameter FFOLY = 1;

Input  ci40bS, loadant, ensoftcdat, rdsplodat_, retffo_, rstsottomd_, wilifo;
. Input [1:0] readcnt;

* o ooutput  om0; #f no more byls to read

. output  omt; {f ote more biyte to read
output  [1:9] rdptr; I fifo read pointer
output [1 0] sploctlno I sploc read bits 1:0
output I/ wtite first byte
output wlmoi i write second byte

. output wmtoa. 1 writa thicd byte

I
I/ register declarauon for outputs

reg [1:0] rdptr, sploctirt0;
wire {1:0] readent;

#
#lntornal signals

reg {1:0] new_ont; #f new read count

reg {1:0] new_wrptr; # now write pointer

reg [1:0] fent; #f read decremant counter
feg {1:0] wiptr; [ write pointer

#
4 read counter

J decremanting logic
always @( rort or wrftfo or readcnt or loadent } begin !

elsa i (wrfi(o)
new_cont = rcnt - 2H01;
else
new_cnt = rent;
end

{l count registere
always @{posedge cik40bS or nagedge retsoftcmd_)
' if (~retsoftemd )
rent <= #FFDLY 2'b00;
elso

ront <= #FFDLY new_crt;

# latch for CIO data bus
always @{ensottcdat or rent)



al ways @ posedge cl kk40b7 or negedge rstspios_) if (~rstspios_) begin

noack <= #FFDLY 1' bO; eito <= #FFDLY 1' bO; "sivalid <=
#FFDLY 1' bO; end el se begin noack <= #FFDLY set noack

elto <= #FFDLY setelto; sivajif 5= #FFDLY setsival; end al ways
@ posedge cl k40b7 or negedga rstis_ ) 4 (~rstis_) spiodrv_ <=
#FFDLY 1' b1, el se spiodrv_ <= #FFDLY (~spioen | |edtst
chprsbsy); endnodul e /1 spctl

138 Function: ¥®meditedattPort Control State Machine. This nodul e keeps

track of the "sendbyte" SRipRir® s#EFRYY "B conmands. It uses an external
counter for tim ngg.g.n 1=daﬂﬁgd%ﬁspctlsn1(ackdet, cl k40b7, cnt0, cnt8,

cnt9, cnta, eito, f 6D = (ront==2'b00);  NOACK rstsps_, readspio, strtdet,
sendbyte, ackw n, bytesent, set noack, setsival, seteito, cntron,

strtwi n, spioen); ”Earaneter~FFELY =4~
I write pointer

# Incrementing fogic
always @{ wiptr or loadent or wrfifo )
i {loadent)

new_wiptr = 2'b00;
else it (witifo) '
new_wipte = wiptr + 2'001;
else

NeW_WIptr = wrptr;

I pointer ragisters
always @{posaedge clk40b5 or negedge rstsoftemd_)
il (~rsteottemd_)
wiptr <= #FFDLY 2°b00;
else

wiplr <= #FFDLY new_wiptr;

J decoded write enables

assigr wififo2 = wriifo & (wiptt==2110);
. assign wifilo1 = wiftfo & {wiptr==2101);

assigt wriitoO = wififo & (wWiptr==2000);

1 read politter
elways @(posedge risplodat_ or negedge rstfifo_)

¥ (~rsttifo_) )
rdptr <= #FFDLY 2'b00;
alse

rdptr <= #FFDLY rdptr + 2001,

#-
ehdmodule # spiifoct!



parameter [2:0] // synopsys enum state_info ° | DLE =

3' b00O, [1idle SEND = 3'b001, //send a byte STOP =
3'b010, //stop bit WACK 3'b0011, //wait for ACK EACK
= 3'b100, //wait for ACK term nation j,a - STRT = 3'b101, // wait for
start bit RDAT = 3'b110, // reading a byte of data

CHKR = 3'bl111; //check whether to read again input ackdet, cl k40b7,
cntO c¢cnt8, cnt9, cnta, eito, eneito, noack, rstspios_, readspio,
sendbyte, strtdet;f0outpul ackw n: TTNACK™0¢€t ect i on wi ndow

out put bytesent; » [l finished shifting a byte output cntron;

/1l tum counter on oﬂ‘ftput setel to; /1l set |ddat/estat tine-out

out put setsival; softCommand RéddFEFRL |y sivalid output setnoack;

/I gener at e NOACK si gnal output spioen; [l enabl e serial port

out put out put st rifigeng; /1 window for start-bit detection /1
internal signals gsmamgavt Firet rev. /'l synopsys state vector state reg

[ 2: 0] /'l synopsys enum state_Info st at e; /|l state vector
reg [ 2: 0] //'s'gmopsys"'ennm“s'rme terfo Met; // next state

reg spi oen; bI e S t set noack; /1
set NOACK condi ti o'ﬁ°d"'?§ M“(dks‘g? F?‘B"Ek-ﬁ%"'e'yiw%@gég'fﬁ/ DDAT ti me- out

reg setsival; ered_ out puts reg ackwin, strtwin, cntron,
byt esent ; /1 coruhramanbnmaf f;ogic always @ ackdet or state or sendbyte

or readsplo or cnta or cnt0 gr. ngack or elto or enelto or strtdet
or cnt8 or cnto) bﬁbﬁ” clied 006, rstfifo_, wrtifo0, wrifio1, wriffo2;

output - £7:0] splordat;

IF
1f register declaration for outputs

reg  [7:0] splordat;

#
f internal ragistets

reg [7:0] fdo0, fifo1, fifo2;

#
M fito mglsters

elwaye @{posadge clic40b6 or nagadge retfito_)
# (~retfifo_) begin
. fifo2 <= #FFDLY 8°H00;
fifo1 <= #FFDLY 8'h00;
ond {ifo0 <= #FFDLY 8h00;

else begin
fifo2 <= #FFOLY wififo2 2 shitin : fifo2;
fifo1 <e#FFDLY wafifol ? shitin ; {fo1;
fifo0 <= #FFDLY wififo0 ? shitin : {ifo0;

end

I
# otstput M

always @( rdptr o fitoQ or fifo1 or fi{o2 ).

casa {rdptr) / synopsys paraliel_case
2'500: splordat = fifo0D;
2'b01: splordat = fifo;
2110: splordat = ffo2;
2'b11: splordat « 8‘h00;
defauft: splordat = 8'tuoc;

endcase

I
endmodule I spliforegs



139 ackwin = 1'b0; strwin = 1'b0; cntron = 1'b0; spioen = 1'bO;
bytesent = 1'b0; setnoack = 1'b0; seteito = 1'b0; setsival = 1'b0; case

(state) | DLE: begin " if (noack | eito) begin

next = |DLE; end el begi n : case
({sendbyte, readspiol) /I synopsys paral |l el _case

2' b10: next = SEND, , 2' b01: next = WACK;

2' b0O, 2' b11l: next = |DLE; ) defaul t,
next .= 3' bxxx; ! . endcase cntron = sendbyte

r eadspi o; 7 sploen = sendbyte; end end
SEND: begin FuncticR€Xt = cnta ? STOP: SEND; spoien = 1' b1,
cntron = ~cnta; byt esent = cnta; STOP: begin

case ({sendbyte, rEmpdssgictgFiOblock. // synopsys parallel case
2:b10: next = SEND;

!

module splo { beren, chprstb, cliparesr_, crbusy, ¢lik40, cdadr_, cddat,
cdwen_, csadr_, csren_, Htstsigi, mparcken, pac2spio, por,
rstib_, sled_, splof, romdec_, romadr, tomwr, stpwenb, stpwivib,
csdat, eepromen, lddat, ididrdy, noack, romrden, seams,
spromrdy, splodrv_, eploo, spnakabrt, sploackdet, spromeli_,
spbrden, spsaeen, sploparerr, splobsy_, ssplocps, seebrdrdy,

strotchseq);
input berren; # generate even parity
input chprsth; fl chpret - HCNTAL (87h), blt 0
Input clparemr_; /I clear parity etror
Input cibusy; {1 1O bus s belng read
Input  clk4o; # 40 MHz clock {clkin)
Input  [7:0} cdadr_; # CIO destination address
fnput  [7:0] cddat; # GIO destination data
. nput  cdwen_; #1 IO destination write enable
fnput  {7:0] csadc_; #f ClIO source address
Input  csren_; # ClIO source read enable
input  [7:0] kstsigh; #tad test mode eighals
input mparcken; # enable parity checldng
nput  pac2eplo; # pauseack to SPIO
nput  por; I power on reset
input rstib_; 1 axtarnal resat
input  sled_; {1 ecal lod level
hput  eplok; i Input from SPIO pin
Inpit romdec_; #f BOM raquest from phost
Input  [15:0] romadr; I/ ROM address
Inptt  romwr; /f ROM write command
input  sipwenb; JSXFRCTL1 bk 0
input  stpwivib; /1 DEVCONFIG bit 1
output  [7:0] csdat, kidat;
output  eepromen, Ididrdy, noack, romrden, spromrdy splodrv_,

ssplocps, seems, spico, sprakabit, spromeli_, splopararr,
spbrdan, spseeen, splobsy., stretchseq, spioackdst, secbrdrdy;

=

wirs elto, sivalid, efread, aneito, sendbyte, readsplo, splol,
ackdat, bytesent;

wire [15:0] romedr;

wire [7:0] hetslgi, splordat, spiowdat, shftin, shitout;
wira {3:0] eploctir74;

wire [2:0] seectl, brdetl, brddat;

wire (1:0] sploctir10, soft;

I
{1 Instantiate sub-modules

spdlkgen spclkgen ( .clid0(cl40), Ididrdy(ididrdy), .romdecs2_{romdecs2_),
sstbrdetl_(rstbrdctl_), .rstls_{rstis_), .retseecti_(rstecect_),
softhsy(softbsy), .softemden(softemdan), .ssplocps(ssplocps),




2' b01: next = WACK; 2' b0O, ' 2'b11: next
= | DLE; defaul t: next = 3' bxxx; endcase

cntron = sendbyte; spi oen = sendbyt e; end WACK:
begi n ackwin = 1' b1; i f (ackdet) begin next =
EACK; end else if (Eﬂél to & cnt0 | -eneito & cnta)
begin /1 time-out next = | DLE;

setnoack = ~cneito; setelto = eneito:

140 end el se begin next = WACK;
cntron = 1'bil; AQbR(i40b0), °“<4°bie=mpbu Clid0b2(ed0IK:  begi n

ackwin = 1' b1; ‘”k "gg @ggﬁ“‘m@“‘m next = ackdet
? EACK: STRT; )beg| n next =

ackdet ? EACK:

«clk40b1(clta0b1),

Jrstb_(rsth_), .softabrtok(softabrtok), .sspiocps(ssplocps),
<chprsthsy(ctiprstbsy), .chprstreq(chprsireq), .swrstrdy(swrstrdy),
fstis_(rstis_), .retsplos_(rstsplos_) );

softentr softentr  .ackdet(ackdet), bytesent(bytesert], .cddat(cddat),
£lk40bS(clie40bS), .clk40bs(clk40bE), .ensottcdat(ensoftcdat),
Jstsigi(itstsig), .noack(noack), dspiodat_(rdsplodat_),
sotack{aatac), sofomden(eotiden), wrsplooi_(wrepioct
& 3 o d
wreplodat_(wrspiodat_}, Jedistlladtst), Jectetsig{ledtstslg),
softabriok(softabeiok), .softbsy(softbsy), .softread(softread),
softroq(softreq), .softsend(softsend), .sploctirtO(sploctir10),
sploctir74{sploctlc74), .splordat(splordat), .splowdat(splowdat) );

brdentrd brdentrd { .ackdet{ackdet), brdctien(brdction), brdack(brdack),
bytesent(bytesent), .cddat{cddat), .clk40b2(clk40b2), .noack({noack),
Jrdbedct_(rdbrdeti ), .lstsptos_(tstsptos_). Shitin(shftin),
Sivalid{sivalid), .wibrdetl_(wrbrdetl_), ,brcbsy(brdbsy),
Dbrdctirdctl), brdctirdyrdetirdy), brddat{brddat),

brdread(brdread), brdreq(brdreq), .brdsend(brdsend),
rstbrdetl_(rstbrdctl ) );

seacntrl seacntri (Lackdet(ackdet), bytasert(bytesent), .clk40b2(clk40b2),
-noack{noack), .rdseect!_{rdseectl.), rstsplos_{rstspios ),
secack(seoack), .seactien{sesction), .shitinOfstitin[0],
sivalld(sivalid), .wrseectl_{wrseectl ), .cddat{cddat),
Jstseactl_(rsteeact] ), .soactiseect), .seed!rdy(seecﬂtdy)
saedi(seed]), .seems(cooms), seerdy(seerdy), Seeread(sesread),
Seeroq(sescreq), .cosbsy(saebsy), .seesend{seesond) );

sbwecll shweett ( .ackdet(ackdet), bytesent{bytesent), .clk40b1(clk4Ob1),
Jedack(ledack), .noack{noactq, rstsplos_(mteplos ), .sled_(sled ),
ssplocps{ssplocps), stpwack(stpwack), .stpwenb(stpwenb),
Stpwivib{stpwivb), Jedreq(ledreq), Jedstete(ledstate),
. sbwcbsy(sbwcbey), sbwcread(sbworead), -stpe(stpe). stpi(stpl),
Stpwreq(stpwreq) );

sprw sprw { brdctien{brdetien), .brdatirdy(brdctirdy), .csadr_(csadr. ),
«csren_(csren ), .cdadr_{cdadr ), .cdwen_{cdwen ), .clik40b0{clk40h0),
crbusylctbusy), pac2spiofpac2spio), por(por), .seactlenfsssction),
Seoctirdy{seactirdy), .softemden{soficmdan), .cd1b{rd1hyj,
-ensoficdat(ensoftcdat), £d1d{rd1d), .d1e(rdte), rabedell_(rdbrdatl ),
rdseectl_(rdseect] ), rdsplodat_{rdspiodat ), .spiobsy_(splobsy, ),
seebrdrdy(seebrdrdy), .stretchseq(stretchsed), wrbrdet]_(wrbrdet ),
“wreplocap_{wrsplocap_), .wreeectl_(wrseectl ), .wrsploctl_(wrsploctl ),
-wrsplodat_(wrsplodat ) };

sprdmux sprdmux ( .eploctirtO(sploctirio), .sploctlr74({spioctir74),
splobsy_(splobsy_), .spromeik_(spromelk_), .rd1b{rd1h),
sdtd(rd1d), .rdte{rd1s}, brdcti(ordetl), brddat(beddat),
-seacti(saactf), .coedi(seedi), .saoms(sesns), saardy({sacrdy),
shitin{shtin), .splordat{splordat), soft(sott), .ombsy(rombsy),
softemden(softcmden), brdetien{brdetion), .seactien{seectlen),
eepromn(e)epromn). Jomrden{romrden), .ssplocps{sspiocps),

2

sprometl spromet! ( .ackdet(ackdet), .bytesent(bytesent), .noack{noack),
sivalid(sivelid), .cld0b1{ciid40b1), .cik40b4 (clk40b4),
somack(romack), .romwr{romwr), .pot{por), .romdec_{romdec._),

| Dkprsietl sprsteti mpmeqerdmdq chprstb@ipebth), clkdobo(elidoBRT:  begi n



next = strtdet ? RDAT: STRT; strtwin = 1' bl; cntron =

strtdet; end RDAT:* begi n . next = cnt9 ? CHKR
RDAT; cntron = ~cnt9; setsival = cnt8; end
CHKR: begin next = readspio ?;QiRT: |DLE end
defaul t: next = 3' bxxx; endcase en /'l state and output FFs al ways
@ posedge cl k40b7 or negedge rstspios ) i f (~rstspios) state <=
#FFDLY | DLE; el se state <= #FFDLY next; .. .endnodul e I .
spctlsm fombsy(rombsy), romdecsz (fomdexz_). spromedy(spromrdy}] 4 1 file:
spfifo.v Function: Sofmed , romsend(romsend)

selroma0({se romaO). selroma‘i( ma1). spromclk_(spromclk_) );

iddatestat iddatestat ( .cddatS{cddatfS]), .clk40b3(clicd0b3), .eito{eita),
pararrdat(parartdet), .rstls_(rstis_), .shitin{shitin),
sivalld(sivalid), .swrstrdy{swrstrdy), .wrsplocap_(wreplocap_),
Jbrdctienordetisn), .eepromen{eepromen), .clread(siread),
-eneitofenaito), .Iddat(iddat), .ididrdy(ididedy), .roneden(romrden),
soactien{seectlon), .soft(soft), softomden{softcmden),
spbrden{spbrden), .spseeen(spseaat), .ssplocps(ssplocps) )

spentid spentrd { berren(betran), .chprstbsy{chprstbey), .clled0b7{cik40b7),
Llrparem_{cirparert_), .ensltofetielto), Jedtstfladist),
Jedistslg(ledtstslg), .mparcken{mparcken),
sendbyte(sandbyte), readsplo{readspio), .spiokspiol),
sploparem(sploparer), sstis_(rstis ), sstspios_(rstsplos ),
shitout{shitout), .ackdatfackdst), .elto{aito), bytessntfbytesent),
-noack(noack), .sivalid(sivalid), .sploo{splooc), .splodrv_{splodrv, ),
Jperetrdet(paratrdet), .shitin{shitin} );

sparbomux sparbomux ( .ackdet{ackdet), .brdbsy(brdbsy), .brdreadibrdread),
Jbrdreq(brdreq), .brdsend(brdsend), .cddat{cddaf),
<chprsthsy(chpretbsy), .chpistreq(chprstreq), .clid0b1{clk40b1),
slread(elread), Jodstate(ledstate), .ledreqfledreq), .noack(noack),
Jomadr(romack), .rombsy(rombsy), .romad(romread) Jomrag{romreq),
Jomsand(romsend), Jomwr{romwr), rstsplos_(rstsplos_),

- sbwebsy(sbwcbsy), .ebwcread(sbworaad) sacbsy(seabsy),
seeroad(seeread), .searaqseareq), .seesend(seesend),
selromal{selrornart), .selromad{selroman), .softhsy(softbsy},
softread(softread}, .softreqfsoftred), .softsend{sofisend),
splabsy_(splobey.), splowdat(splowdat), stpe(stpe), stpl(stpl),
Stpwreq(stpwreq), brdack(brdack), .chprstacidchprstack),
Jedackfledacl), .readsplo{readsplo), .romack(romack}, .seeack(secack),
shitout{shftout), sendbyte{sendbyte), .softack({softack),
-sploecidet(sploaciuet), .spnakabrt{epnakabr), .stpwack(stpwack} ),

endmodule



nodul e spfifo (cl k40b5, cl k40b6, | oadcnt, ensoftcdat, rdspiodat_, readcnt,
rstfifo , rstsoftcnd_, shftln, wfifo, cntO, cntl, spioctlrl10, spiordat

I nput cl k40b5, cl k40b6, | oadcnt, ensoftcdat, rdspiodat , rstfifo_,
rstsoftcnd_, wfifo; input [1::0] reagggt; output cntO, cntl; output
[1: 0] spioctlr10; output [7:0] spiordat; // bus declaration wre [1:0]
rdptr, spioctlrl0O; /1 control spfifoctl spfifoctl (.clk40b5(cl k40b5),
.l oadcnt (1 oadcnt), .readcnt(readcnt), .ensoft cdat (ensoftcdat),

. rdspi odat _(r dsplQdatudssncbiSliddddantb s bdich L

.rstspftcend_(rstsoftcend ), mwflfo(mwflfo) .cntO(cnt0), .cntl(cntl),

.rdptr(rdptr), s’(uhanoztlr10(sp|octlr10) wrflfOO(WfflfoO) /'l registers
spflforegs spflfore s (. cI k401t‘);ﬂgcl k40b6), .rdptr(rdptr), .
rstfifo_(rstfifdef P°'"° mEREYh(shftin), .wfifoO(wfifo0),
wfifol(wfifoel), .wfifo2(wfifo2), .spiordat(spiordat));
endnndule . 142

----- Ea—— /

module sprdmux ( sploctir10, sploctlc74, spiobsy_, spromcik_, rdib, rdid, rdfe,
brdett, brddat, seectl, 6eedl, seetms, seardy, shitin, spiordat, soft,
:ztbsy. softcmden, brdction, seactian, eepromen, romrdan, ssplocps,
at ),

nput  eplobsy_, spromeik_:

input  rdib, rdid, rdte;

input  {7:0] splordat, shitin;

npuf  [2:0] seect, brdct, brddat;

input seoms, seedl, seordy;

input {1:0] soft, sploctir10;

input  [3;0] sploctir74;

Input  rombsy, softcmden, brdctien, seactlen, eepromen, romrden, ssplocps;

output  [7:0] csdat; # read data to ClO bus

#irtamal signals

reg {7:0] cloregs
wire £7:0] sploctt, spr&us shtﬁn splocap, seectio, brdctlo;
drvesdat_;

# csdat output enable

assign divesdat_ = splobsy_ & spromeli_
assign sprabus = rombsy ? shitin : cloregs;
assign #1 cedat = drvesdat_ ? 8'hzz : sprdbus;

H.

assign seactio = {2100, seems, soordy, saocti2:0], seedi);

assign brdctio « {Brddat, bedctl, 2'5005;

essign splocap = (soﬂ.soﬂomden,bfdd!emseecuen.eepromn.mmrden.sspbcps}.
assign sploctl = {spioctir74, 2'b00, sploctirta);

aiways @( rd1b ot rdid or rd1s or soficmdan or brdctio or spiocap or seecﬁo
or sploctl or splordat )

casex {{rd1b, rdid, rd1e, softemdan}) . H synopsys paralla]_case
4’ btk cloregs = splocap;
4'bx1x0: cloregs = brdctlo;
4'bx1x1: cloregs = splordat;
4'bxx10; cloregs = 860Gtlo;
4'bxx11: cloregs = eplocil:
defauit: cloregs = 8o

endcase
-

endmodule



Function: Soft Command fifo control |ogic. nmodul e spfifoctl
(cl k40b5, | oadcnt, readcnt, ensoftcdat, rdspiodat , rstfifo_,
rstsoftcmd_, wfifo, cntO, cntl, rdptr, spioctlrl0, wfifoO, wfifol,
wfifo2); parameter FFDLY = 1; . input cl k40b5, | oadcnt, ensoftcdat,
rdspiodat, rsfifo_, rstsoftcnd_, E%; I nput [ 1: 0] readcnt; output
cnt O; /T no e byte to read output cntl;
/1l one nore byte to read output [1:0] rdptr; /1l fifo read
poi nter output [1:0] spioctlrl0; /'l spioctl read bits 1:0 out put
wr fifoO; [l wite first byte output wfifol;
[l write second Byte oUut'put  WTiT0Z, [l wite third
byte /] regi sfehdeclaration for outputs reg [1:0] rdptr, spioctrl0;
wre [1: 0] readcht; /1l internal signals reg [1: 0] new cnt;
/'l new read cousatial posigpm contrpilst.0] new_wr ptr; /1l new wite pointer
reg [1:0] rcent; /1 read decrenent counter reg
[1: 0] wrptr; /'l wite pointer // read counter // decrenenting
logic always @ rcnt or wfifo or readcnt or |oadcnt) begin i f (Il oadcnt)
new _cnt = readcnt; else if (wefofo) . . new cnt = rcnt - 2'b01;
el se ‘new cnt = rcnt, end !

modale spromctt ( ackdet, bytesent, noack, slvalid, ctid0b1, clk4Ob4, romack,

romwe, por, romdec., rombsy, romdacs2_, ronwead, fomreq, romsend,
selroma0, sefroma1, spromrdy, spromelk_);

parametor FFDLY = 1;

input  ackdet, bytesent, noack, sivalid, clk4Ob1, clid0bd, romack, romwr, por, romdec_;
output  rombay; #f ROM command In progress

outpt  romdecs2_: # rom command dacoded

output romsend; 11 send & ROM command byte

output  selroma0;
output  selromat;

output  spromoiic_; # clock deta in romdo
outpt  romread;

. output  romreq; ¥ ROM raquest to atbiter
oulput  spromrdy; # ROM command finkshed
I
#f veriable declaration
reg rotribsy, romsand;
reg romdacs1; f synced romdec_,
reg romdecs2;

teg romeead, spromrdy, romreq;
wire setread, satrdy, sotbsy, setsend;

-
il generate raquest

always @(posedge cik40b1 or posedge pot)

¥ (por) begin
tomdecs? <= #FFDLY 100;
romdescs2 <= #FFDLY 100;
rommq <= #FFDLY 1D0;

od *

elsa bagin
romdacst <= #FFDLY ~romdec_;
romdacs2 <= #FFDLY {omdeos1
romroq <= #FFDLY romreq ? ~romack : romdecs1 & ~romdecs2;

ond
'I'I
# combinational outpttts
assign spromelk_ = ~{ rombey & sivafid );
assign romdecs?2_ = ~romdocs?2;

ll

II reglstered outputa

alwaye @({posedge clk40b4 or Mm pot)
¥ (por} begin




[l count registers always @ posedge cl k40b5 or negedge rstsoftcnd ) i f

(~rstsoftcnd ) rcnt <= #FFDLY 2' b0O; el se rent <=
#FFDLY new cnt; // latch for Cl O data bus al ways @ensoftcdat or rcnt)

143 if (ensoftcdat) spi @epl r 10 <= #FFDLY rcnt; assign cntl
= (rcnt==2"Db01); assign cnt0 = (rcnt==2'b00); [l wite pointer [/
incrementing |logic always@w ptr or | oadcnt or wfifo) new_w ptr
= 2' b0O; else if (wWifo) new wptr = wptr + 2'b01; el se

new wptr = wptr: // pointer registers always @ (posedge cl k40b5 or
negedge rstsoftcnd_) rorfbsy <r#SERLYTItbOIT ) wrptr <= #FFDLY 2' b0O;

el se wWr pt r <30T ﬁ,;%% ptr /1l decoded wite enabl es assign
vvrfif02:vvrf|fo&(vvr a€= wy #esi gn wfifol = wfifo
&wr ptr2==2'b01); aggi gh Wi = wfifo & (w ptr==2'b00);

else bagin
rombsy <= #FFOLY setbsy;
romsend <= #FFDLY setsend;
romread <= #FFDLY setread;
spromrdy <= #FFDLY sotrdy;
ond

y/L
# Instantlate state machine

spromsm spromsm ( .ackdet{ackdet), .bytesent(bytesent), .noack{noack),
sivalid(sivalid), .clik40b4(clid0b4), romackfromack), .romwr(romwr),
por{por), setread(setread), .sotbsy(sotbsy), setrdy(setrdy),
satsend(setsend), .selroma0(selromag), .selromal{salromal) )

#
endmodule



[lread pointer always @ posedge rdspi odat__ or negedge rstfifo )

rdptr <= #FFDLY 2' b0O; el se rdptr <= #FFDLY rdptr + 2' b01;
endnodul e /'l spfifoctl

144 Function: Soft Command Read FIFHg; History: 04/22/94 JYL

First rev. nodul e spfiforegs (cl k40b6, rdptr, rstfifo_, shftin, wfifoO,
wfifol, wfifo2, spiordat); paraneter FFDLY = 1; i nput

cl k40b6, rstfifo , wfifoO, wfifol, wfifo2; input [1:0] rdptr; input
[7:0] Shftin; output [7:0] spiordat; // register declaration for outputs
reg [ 7: 0] sSpi Ordadsmmncifocdeitbe@f i@l i @gh 8t @fSeaf@uned] 7: 0] fifo0, fifol,
fifo2;

Function:

Serial pott rom control state-machine.

b * N !

module spromsm ( ackdet, bytessnt, noack, sivalid, cli40b4, romeci, romwr, por,
solread, satbsy, setrdy, satsend, selroma0, selromal );

parameter FFOLY « 1;

parameter [2:0] # synopsys enum slate_info
1D = 31000, #de
CC = 3001, # cormand code
A0 = 3D010, 1f addross fow

- Al=3b011, {# address high
DO = 31100, /l data O
D1=3b101, 1/ data 1
D2 =3B110, {data 2
D3 = 3'b111; #l data 3

v Input ackdet, bytesent, noack, slvalid, clk40Ob4, romack, romwr, por;

output  setread; 11 read SPIO port
outplt  setbsy; # rombusy true next clock
output  eetrdy; #f set romrdy naxt clock
output  setsend; #f send byte next clock
output  selromad; I solact address low
oulptt  salromat; #f sslact address high
i
i declare ragisters -

if synopsys state_vector state

reg [2:01 H synopsys enum state_info
state;  / cumrent state

reg 2 ¥ synopsys enum state_n
next; M next state )

reg setraad, setbsy, setrdy, setsend, salroma0, selromat;

i
{#/ comblnationel logic

1

always @( state or romack ot rotnwr or bytesent or ackdet or sivalid or noack)

satread = 1'00;
sotbsy = 1'DY;
setrdy = 1'b0;
setsand = 110;
selromal = 1D0;
salromat = 1'00;

case (atate) . / synopsys parailel_case
(D: bagin

next = romack 2 CC : 10;°
satbsy « romeck;



[l fifo registers always@ posedge cl k40b6 or negedge rstfifo ) | f
(~rsfifo_) begin fifo2 <= #FFDLY 8' h0O; fifol <= #FFDLY
8' h0O; fifo0 <= #FFDLY 8* h0O; end el se begin fifo2
<= #FFDLY wfifo2 ? shftin : fifo2; fifol <= #FFDLY wfifol ?
shftin: fifol; fifo0 <= #FFD]I_SYZerlfo’Pshftln: fifoO; end //
out put mux always @rdptr or fifoO or fifol or fifo2) case (rdptr)

/'l synopsys parallel case 2' b00: spiordat = fifoO;

2' b01l: spiordat = fifol; 2' b10: spiordat = fifoz2;

2' b11: spiordat = 8 hOCnd defaul t: spiordat = 8 hxx; endcase

endnodul e // spf | f
145 Funct i on: &ié%_& o6nt &Y :@cbl ock. nodul e spio (berren,
chrstb, clrparerr_, cr busg(send:.im&m cdadr _, cddat,

AD: begin
next = bytesent ? A1: AQ;
selroma0 = 1b1;
setsend = hytesent;

ond

AY: begin
next =bytesent 2 DO ;: AT;
solromatl = 1'b1;
setlsand = romwr & bytesent;
sotread = ~romwr & bytesent;
end

DO: begin begit
K {ro
¢ mt?ext = bytesent ? D1 : DO;
setread = bytesent;
ond
olea begin
# (noack) begin
next =1D;
setbsy = 1D0;
ond
else begin
next = sivalid 2 D1 : DO;
setread = 1D1;
end

olse begin
next = ackdot 2 D2 : D1;
em r
and olsa begin .
naxt = sivalld ? D2 : D1;
satroad = 1'b1;
end
end

D2: bagin b
(] gin
" mr?en = ackdet 202 : 1D;
satbsy = ackdet;
seotrdy = ~ackdet;
end
else bagin
noxt « sivalid 2 D3 : D2;
sotread = 1'b1;
ond
end

D3 : begin



cdwen_, csadr_, csren_, |tstslgl, nparcken, pac2spio, por, rstb_,
sled , spiol, rondec_, romadr, romm, stpwenb, stpwvlb, csdat,
eepronen, |ddat, |dldrdry, noack, ronrden, seens, spronrdy,
spiodrv_, spioo, spnakabrt, spioackdetisgproantlk_, spbrden,
spseeen, spioparerr, spiobsy, sspiocps, seebrdrdy, stretchseq);

i nput berren; /1 generate even parity input chpr st b;

[l chprst - HCNTRL (87h), bit O input clrparerr_; /'l clear parity
error input crbusy; next = sivalid 4 1DCHS bus is being read input cl k40;

/'l 40 Mz clock (clldn) isayl 1bt;[ 7: O] cdadr_; /1 C O destination address
i nput [ 7: 0] cddat; shttdy €Bi@lidlest i nat i on data i nput cdwen_;

/1 Cl O destination enabl sefaaputsivaiidi 7: 0] csadr ; /| Cl O source address
i nput csren_; erd /OO source read enabl e input [7:0] Itstslgl;
/'l led test node signal gehfiitdht = 3m8RAI Cken; /'l enable parity checking
i nput pac2spi o; # pauseack to SPI O i nput por; /1
power on reset i npuendeasest| b _; /'l external reset input sl ed_

/'l scsl led level i put %giol; /1 input from SPI O pin input
rondec_; 11 rga st from phost i nput [ 15: 0] ronmadr; /1 ROM
addr ess i nput I Ok L ROM-wed-t-e—corrand | nput st pwenb;

/1 SXFRCTL1 bit 0O #¥sigenector st pw vl b; /1 DEVCONFI G bit 1 output
[7:0] cSdat, |ddat; ouiput e nen, Jdl drdy, noack, ronrden, spronrdy,
spi odrv_, m%%@g@?ﬁ@? éﬁnggﬁgﬂgs spnakabrt, sprontlk_,

spi oparerr, . Sl demmrpo®eeen, spiobsy , stretchseq, spioackdet,
seebr drdy; wire eeeto, sivalid, elread, enelto, sendbyte, readspio,

spi ol , ackdet stalsyre@€FBRYnextiwire [ 15:0] romadr, wire [7:0]

| tstslgl, spiordat, spiowdat, shftin, shftout; wre [3: 0] spioctlr74;
Wre [ 2: 0] seectf, brdctl, brddat; wire [1:0] spioctlr10, soft; //

I nstanti ate sub- noghdmégie spcl kgen spcl kgen (. cl k40( cl k40),
.ldidrdy(ldldrdy), rondecs2 (rondec2 ), .rstbrdctl _(rstbrdctl ),

.rstls _(rstls_ ), .rstseectl (rstseectl ), .sof tbsy(softbsy),
.sof tcnden(softcnden), .sspiocps(sspiocps),




146 . ¢l k40bO( cl k40b0), cl k40b1(cl k40bl), cl k40b2(cl k40b2),
. cl k40b3(cl k40b3), . cl k40b4(cl k40b4), . cl k40b5(cl k40b5),

. ¢l k40b6( cl kk40b6), .cl k40b7(cl k40b7)); sprstctl sprstctl
(.chprstack(chprstack), .chprstb(chprstpgy .cl k40bO(cl k40b0),

. cl k40b1(cl k40b1), .rstb _(rstb_), softabrtok(softabrtok),

. Sspi ocps(sspi ocps), . chprstbsy(chprstbsy),
.chprstreq(chprstreq), swstrdy(swstrdy), .rstis _(rstis_ ),

'St Spi 0S_( 1 St SPi 0Gusjeeieerne SR d.CNRLL -SRI L CRIb L —aekdat-L-ackdetl ) ,

byt esent (byt esent), .cddat(cddat), . ¢l k40b5( cl k40b5) ,
.clk40b6(clk40b6 Fleens opeststat (ensof t cdat), dtstsigl(lItstslgl),
. noack( noack), iﬁIOdat _(rdspi odat ), .sof tack(softack),

softcnﬂen(softcnﬂ wrpi octl _(wspioctl ),

. Wr spi odat _(wr spi @dﬁlm)ues&edir&,t (ledtst), .ledstslg(ledtstslg),
.softabrlok(softabrtok), .sof t bsy(softbsy), softread(softread),

.softreq(softreq), .softsend(softsend), spioctlrl0(spioctlrl0),

. spi oct | r74( spi 0CtduddeyserSie@betlale oS QI QL LAL JepeeneSpl-LULALL S P OWdaL ) ) ;
brdcntrl brdentrl ( .ackdet(ackdet), brdctlen(brdctlen), brdack(brdack),
. byt esent ( byt seentn)o;iule spOith( chrrelatii chprstiy, | Rd@D, {00t 48 2 Fottabriaky agplebpspack ) |
.rdbrdct!l_(rdbrdctl ) chprgtboy sheraiteq. cwtdy; rfis_ystsplog Wi t | n(shftin),
.S|vaI|d(S|vaI|d) rgﬁﬁk' (wbrdctl ), brdbsy(brdbsy),

.brdct! (brdctl), iiaitadl d‘fbrdyctlrdy) . brddat (brddat),
.brdread(brdread) brdmgad&hhdﬂsqﬁa&nhﬂdaﬁnﬂﬁgEdﬁﬁﬁqumxnx

.rstbrdctl _(rstbrdctl); seecntrlseecntrl(.ackdet(ackdet),

. byt esent (byt esen FR dﬁﬂﬁbﬂ?(clk in progress . . noack( noack),
rdseect | r _(rdseect 80 o5 ( qgﬁsﬁg:f . seeack(seeack),
. seectl en(seectle the! - O(Shftl .sivalid(sivalid),

.wrseect! _(wr seectohtp_t)t metﬂﬂt i( CddatlI)HWISWmsetspioblockr stseect!| _(rstseectl ),
. seect | (seectl), seectl(seectl) seectlrdy(seectlrdy)

.seedl (seedl), .s s Ay V), Seeread(seeread),

. seereq(seereq), . seesend(seesend)); sbwcctl

. Seebsy( y
sbmcctl( ackdet(ae&ﬂet)mmﬁygaﬁeaqﬁaykaﬁ@nt) . cl k40b1(cl k40b1l),
. | edack(l edack), .noack(noack), rstsplo (rstspios ), .sled (sled),

.sspiocps(sspiocp ” pmenb)
. st pwl vi b(st pwl vI B)7eT q(Iedreq), Iedstate(ledstate)
. reg {3:0] cnt, new_cnt; : 1 reset counter
reg wtis1_, retis2_, spchprst_; #l synced reset sighals

feg charstpend, chprstpéndst, chpretpends2; # SW roset pending
wire rstswrst_, rstehprst_, cnt0, stri_swrst,

reg clrswrst_;
1.

I reseat logic

aiways @{posedgs clikd0b0) begin

" retis1_ <= #FFOLY reth_;
totis2_ <= #FFDLY rsfis1_;

ond

assignrstis_ = ratib_ & ratis1_ & tetis2_; '
assign retchprst_ = mstis_ & ssplocps;

assign rsteplos_ = refis_ & spchprst

assign rstewrst_ « rstehprst_ & clrswrst

always @{posedga clik40b1 or negadge rstchprst )
¥ (~rstehpst )
spehprst_ <= #FFDLY 1b1;

spchprst_ <= #FFDLY ~strt_swrst;

else

If request logic
always @(posedge ¢hprstb or negedge rstsplos_)

¥ (~rsteplos )
o chprstpend <= #FFDLY 1D0;
-]




.stpweq(stpweq)); sprw Sprw (.brdctlen(brdctlen), .brdctlrdy(brdctlrdy),
.csadr_(csadr_), .csren_(csren_), .cdadr_(cdardr_),
.cdwen_(cdwen), .cl k40b0O(cl k40b0) ; . crbusy(crbusy),

. pac2spi o( pac2spi 0), .por(por), seectlen(seectlen),
.seect|rdy(seectlrdy) .softcnden(softt®®en), .rdlb(rdib),

.ensof tcdat (ensoftcdat), rdld(rdld), rdle(rdle), .rdbrctl_(rdbrdctl ),
.rdseect!| _(rdseectl ), .rdspiodat_ (rdspiodat_ ), spiobsy (spiobsy ),
.seebrdrdy(seebrdrdy) stretggiﬁgééiretshseq) .wrbrdctl _(wbrdctl );

.mwspiocap_(wwspiocap seectl ) wspioctl)(wspioctl )
.wr spi odat _(w smma@membdmgﬁwmm .spioctl 10(spioctl+10),
. Spi oct | r74(spi oct{~rstetgrst ) begin .sbgl obsy (Spl obsy ),
.spronctl k_(sproncl k_) sherstogrep ‘f"cﬁ ‘L-‘{‘ .rdld(rdid), rdile(rdie),
.brdctl(brdctl) br dd E@f LY1UJbO .seectl(seectl) . seedl (seedl ),
seens(seemns), :. segygdy(seer y ' .shftin(shftin),

. Spi or dat ( spi ordah$qmmsof t(sof t), ronbsy(ronbsy)

. sof t cnden(sof t cnden) crmmpmw-éﬁ Wam . seect | en(seect | en),

. eepronen( eepronen), tho plocps)
csdat(csdat) ; 'sprom:tf sprqq é E% yt esent (byt esent),

. noack( noack), end . Si vaI [ d(SI val | . cl Obl(cl k40bl),

. cl k40b4( cl k40b4) , rorrack(rorrack) rommm (romm ),
por ( por ) or Onﬂe@siqwm-yprstackld\pmmq&soﬂabnolc
.ronbry(ronbsy). .rondecs2 (rondecs2 ),
spr onr dy(spr omm),wm reset ready logle ' ONT €ad(ronread), .ronreq(ronreq),

. romsend(ronsend), sel roma0(sel roma0), .selromal(selromal),
sprontl k_(sp rontima (posedas-atidabl onnegedgrTstchorst) (. cddal 5(cddat[5]),

. ¢l k40b3(¢cl k40b3) ! 13! “gg%h %ﬁFFD"Y'“ . parerrdet (pararrdet),

.rstls_(rstls_), gahf .sivalid(sivalid),
swrstrdy(swstrdy), mm_qcam,@m,spl ocp_), brdct | en(br dctl en),
eepr onen( eepr orren) celr ead eI read), .eneito(eneito),

.1 ddat (1 ddat ), ﬁ'ﬁ’;ﬁ FoseLeR of negeederBRULA o den) |
. seect | en(seect! eh). 'ﬁm,., §°1IFIF2>LY1 pf t cnden(sof t cnden),

. Spbrden(spbrden) ¢ge SPSEE n?spseeen) sspi ocps(sspiocps)); spentrl spentrl

( berren(berren), .chpettiupy{#rapystbony), . cl k40b7(cl k40b7),

.Clrparerr_ (clrpererr_), .eneito(enel to) | edt st (| edtst),

.l edtstsl g(l edt War“cm . sendbyt e( sendbyte),
readspl o(readspio 1 o(spiol) spI opar err(spl oparerr),
rstis(rstls), rWW@WMO&$Me&dpMJ

(~rst
o chprsthsy <= #FFOLY 110;
o .
chprstbsy <= #FFDLY strt_swrst | ~ont0;

It
/ counter

assign cntl = {cnte=4'h0);

# counting logic
aiways @( cnt or ont0 or strt_swrst) t
if (stit_swrst)
new_ont = 4'h1;
elso

now_cnt = ont0 7 410 ; ent + 4"

# couniter registers
~ always @{posedge clk40b1 or negedge rstehprst_)
i if (~rstchprst )
cnt <= #FFOLY 4'h0;
else ’
ont <= #FFDLY new_cnt;

2

endmodule



.shftout (shftout), sckdet(ackdet), .eito(eito), bytesent(bytesent),
. noack(noack), sivalid(sivalid), spioo(spioo), spiodrv-(spiodrv_),
.parerrdet (parerrdet), shftin(shftin)); sparbonux
spar bormux( . ackdet (ackdet), brdbsy(brdbsy), brdread(btdread),
.brdreq(brdreq), .brdsend(brdsend), .cd8at(cddat),
.chprstbsy(chprstbsy), chprstreq(chprstreq), .clk40bl(cl k40bl),
.elread(elread), ledstate), .ledreq(ledreq), .noack(noack),
.romadr-(romadr) , ALLalSy kB S Pk B RT-R G F @RS gt o T € ( r ONT €Q) ,
.romsend(ronsend), romw (romm), rstspios_(rstspios_ ),

. sbwcbsy( sbwbsy) fustoncr ead( sbwer ead), seebsy(seebsy),
.seeread(seeread) seen%g%seereq) seesend(seesend),

.sel romal(sel r om& ﬁhO(seIronaO) sof t bsy(softbsy),
.softread(softread) .softreq(softreq), .softsend(softsend),

. Spi obsy (spiobsy ), spiomdat(spiomddat) st pe(stpe), stpl(stpl),
stpmweq(stpwweq) brdack(brdack), .chprstack(chprstack),

. I edack(| edack), ....e.adam..o.ﬁ.n.aadam.n.)......n.acra.ck(.x.mmk.).,...speac k(seeack),

.shf tout (shf tout ). RAR feiase Kédwad L énabino,
. spi oackdet (spi oac%"qs? 'Bé&&ﬁ&% mmem -t&dd(asmwack) endnodul e

148 Functi on: Seﬂeafmwmsemdrdmﬂb@iwﬂa!%dlem seobidful e spr dnux
(spioctlr10, sploct! r 7Eyetchsss, wiaicl_, wisplocapayyyrseect_ wWspjoot wppipdat. }y 1 o
brdctl, brddat, §$$Ct| Q’“haeens seerdy, shftin, spiordat, soft,

ronbsy, Softcmde e&&:@.mdwa@.mmmmmymwﬁmporssm ocps,
csdat); input Spl omycﬂarsmlsquthMput rdlb, rdld, rdle; input

(7501 pi ordat,  SOLL Ty ar, o i, SFEL il Wil I
. seebnirdy. splobsy_, stretchseq, wibrdatt_, wrspiocap_, wrseectl_,
wrsploctl_, wrsplodat_;

sprwdec sprwdec { .csadr_(csadr_ ), .csren_{csren ), .cdadr_(cdadr ),
«cdwen_(cdwen ), .crbusy(ctbusy), por(por), softemdan(softcmden),
rd1b{rd1b), sdid(rd1d), rdte(rdie), .rdordeti_(rdbrdetl ),
.rdseectl_{rdseectl_), .rdspiodat_{rdsplodat ), .splobsy(spiobsy),
. splobsy_{splobsy_ ), wrbrdctl_wibrdetl ), wrsplocap_(wrspiocap_),
' wrsesctl_(wrseeqtl ), .wrsploctl_(wrspioctt }, .wrsplodat_(wrsplodat ) ).

., spstretch spstretch( JDrdctien{brdetien), brdctirdy(brdctirdy),
, rden(hostrden), pac2splo(pac2splo), por(ped),

.rdse&rds_(rdseebr:s‘s)mu (seacﬂen), .seedlrdy(seecmdy).
!w‘c‘!(ax( nso'f‘t)édat) rdrdy(seet;tdrdy) slretchseq(stretchseq)).

sprwatt sprwetl ( brdctien(brdatian), .cliet0b0(clic4060), .csren_(csren ), por(por),
Jdbrdetl_(edbrdett ), rdseect]_(rdseectl), .seectien{seaction),
splobsy(splobsy), .splobsy_{splobsy_), .hostrden(hostrden),
Jdsecbrds_(rdseebrds._ ), soqtden(soqrden) X

endmodule



i nput seens, seedl, seerdy; input [1: 0] soft, spioctlrl10; input [ 3: 0]
spioctlr74; input ronbsy, softcrden, brdctlen, seectlen, eepronen,
ronrden, sepiocps; output [7.0] csdat; /lread data to Cl O bus /1
internal signals reg [ 7: 0] cioregf57mjre [ 7:0] spioctl, sprdbus,
shftln, spiocap, seectlo, brdctlo; wre drvcsdat _; // csdat "out put
enabl e assign drvcsdat-=spi obsy_ & spiontlk_; assign sprdbus = ronbsy ?
shftln : cloregs; assign #1 csdat = drvcsdat _? 8 hzz : sprdbus; assign
seect| 0 = (2' bOOT SEafE Suayay " SERErI T2 0T SEE" Y™ assign brdctlo =
{brddat. brdctl,_2'b00}; assign spiocap =
(soft,softcnden,@W%ﬁ&len,seectlen,eepronen,ronrden,sspiocps); assign
sploct| = {spi OChdatinidle deoddP0, spioctlrl10); always @rdlb or rdld or rdle

or softcnden or brdctlo or spiocap or seectlo or spioctl or
spl ordat) casex ({rdlb, rdld, rdle, softcnden}) /'l synopsys
paral | el _case 4' b1xxx: cl oregs = spiocap; 4' bx1x0:
cl oregs = brdctl o; 4' bx1x1: cloregs = splordat;
4' bxx10: cl or egs ewseeetd-o ey dreioregsy= sploctl;
def aul t: ci or egsmodulg sime { brdctlerp lihOds esron_, perrdPrday rdseoctl, seectlen,
149 splobsy, splobsy_, hostrden, rdseebrds_, seqrden);

parameter FFDLY = 1;

fnput brdctian, cli40b0, csran_, por, rdbrdetl_, rdseecti_, seactlan, spiobisy,

splobsy_;

output  hostrden; 11 enable soft-control read data for host

output  rdseebrds_:

output  seqrden; {/ enable soft control read data for saquencer

#

/timemal signals

wire rdbrdcti_, rdseecti_, splobsy;
reg hostrdany, seqrdan, rdseebrds_:

I
#1 strelch sequencer

atways @(negedge clk40b0 or posedge por)’
¥ (pos)

rdseebrds_ <= #FFDLY 1'b1;
else
rdeaebrds_ <= #FFOLY csran_
{ (~soection | rdseect! ) & (~brdetien | rdbrdetl );

#
# hold softct data for reads

#f phost
dﬁaﬁ@mmw«ndwwmﬂwmwu%wqm@wJ

hostrden <= #FFDLY 1D0;
olse
hostrden <= #FFDLY 1bt;

f SEQ
always @(negedge clk40b0 or negedge splobsy)
¥ (~splobsy)

seqrden <= #FFDLY 1b1;
olse
saqrden <= #FFOLY 1D0;

endmodute



Function: Serial port romcontroller. nodul e sprontt!l ( ackdet,
byt esent, noack sivalld, clk40bl, .cl k40b4, romack, romam, por,
rondec_, ronbsy, rondecs2 , ronread, ronreq, ronsend, sel roma0,
selromal, spronrdy, sprontlk ); para ;ég FFDLY = 1; input ackdet,
byt esent, noack, sivalid, cl k40b1, cl k 4; romack, romwm, por, rondec_;
out put ronbsy; /1 ROM conmand in progress output rondecs2_; /1
rom conmand decoded out put ronsend; /'l send a ROM comand byt e

out put  sel r OMBGscaiddfdbhbeeee 581l @RBLsiee QUL Plite et SPRERIBleKawiren /'l clock- data
In rondo out put ronread; output ronreq; /1 ROMrequest to arbiter
out put  spr onr dyFunction: // RO\/I conmand fi ni shed // vari abl e decl aration
reg ronbsy, ronsend; synced rondec_ reg

romdecs2; reg  Songy Qﬁ‘:‘? F$ %ﬂy“ H% ead, setrdy,
set bsy, setsend,and ues ways osedge cl k40b1 or posedge

por) I f(por) begin romjecsl <= #FFDLY 1' bO; rondecs2 <=
#FFDLY 1' bO; rontreq <= #FFDLY 1' bO; end el se begin
romdecsl <= #FFDLY -rondec_; romdecs2 <= #FFDLY rondecsli,;

rontreq <= FFDLY ronreq ? -romack: rondecsl & ~rondecs2;

Ll e

Y

module spshit { ackwin, berren, bytesent, chprstbsy, clkkd0b7, cnt9, cliparerr_,
ledist, ledtstslg, mparcken, rstis_, readspio, sendbyte, setsival,
shittout, spiol, sivalid, strtwin, ackdet, parerrdet, shitin, sploo,
sploparerr, siitdet );

 parametor FFDLY = 1;

input  ackwin, berron, bytesent, clicd0b7, cnt9, cliparer_, mparcken, rstis_,
chprstbsy, ledtst, ledtstsig, readspio, sendbyte, sivalld, spiol,

setsival, striwin;
input  [7:0] shitout;
output  ackdet; I ACK detegted
output  paremdet; 1 parity etvor dotected
outpin  [7:0] shitin; ¥/ shitted (n data
output  sploo; /{ SPIO setial output
output  sploparerr, 1 SPIO parity etror
otpit  stridet; # gtart bit detacted
ll
II declare registers

teg splopararr, paremdet;
reg [7:0] shitin;

¥
_ Kintetnel signals
reg [7:0] shit; It shifter register
wiro pardi; /l parity data in
wire paro; 1l parity out
; teg parod; {1 parity out delayed
7 wire rstparem_; 1f vaset parity error
" reg - beorrenst, bemens2;
teg sp_shifto; I serialized output ,
/2
1 parity generator / checker

assign pardt = (readsplo { sivalld) ? shft{7] : sp_shfto;
asslgn paro = strtdet | sendbyte | (~perdi 4 parod);

always @(posadge clk40b7 or negedge rsfls_) bagin

it {~retis_) begin
bowrenst <= #FFOLY 110,
betrens2 <= #FFDLY 1'00;
parod <= #FFDLY 1'00;
paremrdet <= #FFOLY 1D0;

end

eise begin
berrenst <= #FFDLY berren;
barons2 <= #FFDLY berrenst;
parod <= #FFDLY paro;



end // conbinational outputs asign spronctlk_ = ~(ronmbsy & sivalid);
assign rondeca2_ = ~rondecs2; //.registered outputs always @ posedge

cl k40b4 or posedge por) if (por) begin .

150 ronbasy <= #FFDLY 1' bGs9 romeend <= #FFDLY 1' bO;
rontread <= #FFDLY 1' bO; spromrdy <= #FFDLY 1' bO; end el se
begin ronbsy <= #FFDLY set bsy; ronmsend <= #FFDLY set send;
rontread <= #FFDLY setread; spromrdy <= #FFDLY setrdy; end /1
instantiate St alQwRRGhi-AR W SRLABRSQLAMBR(waekdoti(ackdet )

. bytesent (bytesent), noack(noack), .sivalid(sivalid).
clk40b4(clk40b4)mmmmmnack(ronack) ronmm(ronmm) . por ( por),

setread(setread . set bsy set bs setrdy set{
. set send( set sen aﬂ %Fﬁg 'ﬁgﬁal)) endnodul e

and chacks parity when readng

wkktd * L s i

module spstft { ackwin, berren, bytasent, chprsibsy, dlkd0b7, ontg, clrparerr_,
ledtst, ledtstslg, mparcken, rstis_, readsplo, sendbyte, setsival,
shitout, splol, sivalid, stitwin, ackdet, parendet, shitin, spioo
sploparerr, stitdet );

parameter FFDLY = 1;

input ackwin, bemen, byteset, clk40b7, cnt3, cliparerr_, mparcken, rstis_,
chprstbsy, ledtst, ledtstsig, readsplo, sendhyte, sivalid, spiol, :

setsival, sttwin;
nput  [7:0} shitout;
output  ackdet; i ACK dategted
. output  parerrdet; J parity etror detected

outpit  [7:0] shitiny; # shitted in data
output  spiloo; # SPIO serial output
output  sploparerr; Jf SPIO parity arror
ocutput  stridet; If start bit detected
¥/
Jf deciare registers
reg sploparetr, parerrdet;
reg {701 shtin;
I
fHintemal signats
rag [7:0] shit; # shitter register
wire pardi; {l parity data in
wire paro; ¥ parity out
rog parod; # parity out delayed

Z wire rstparerr_; I reset patity errot

©reg bertrens1, bemrens2; _
reg sp_shfto; I serialized output
2
1f parity generator / chaecker

assign pardi = {readsplo | sivalid) ? shit[7] : sp_shito;
assign paro = stritdet | sendbyte | (~pardi * parod);

always @(posedge clk40b7 or negedge rstis_) begin
if (~retis_) begin
betrens1 <= #FFDLY 110;
bemrens? <= #FFDLY 1D0;
parod <= #FFDLY 1'b0;
paretrdet <= #FFDLY 1°00;
end

alse bagin
berrenst <= #FFDLY berren;
betrens2 <« #FFDLY berrenst;
parod <= #FFDLY paro;



151 Function: Serial port romcontrol state-nmachine. nodul e
spromsm (ackdet, bytesent, noack, sivalid, clk40b4, romack, romw, por,
setread, setbsy, setrdy, setsend, selroma0O, selronal); paraneter FFDLY

1; parameter [2:0] // synogé(ys enum state_info I D
3' b00O, /1 1dle = 3 bOO /'l command code A0 =
3' b010, [ address Iow = 3' b011, [/ address high
D0 = 3' bl100, /1 data O D1 = 3' bl01, /] data 1

D2 = 3' bl10, + [/data2 D3 .= 3' bl1l1; - /] data 3 input
ackdet, bytesent, noactarenditwa#iFOLY eivelidoipao; r omack, romm, por; out put
setread,; _ //°‘\dead SPI O port output setbsy; /1 ronbusy true
next clock out put®™ set rdy; /'l set rom.dy next clock output

set send; | shsigh@diisareltY L Rpdidki & i @keigakput  sel ronao; /'l select
address | ow out put setronmal; /'l select address high [l decl are
regi sters alwaYS@(posedgedkﬁOWW?mwy%PWa)te vector state reg [ 2: 0]
/'l synopsys enum slf(a'?'@"f #FFOLY 1 state /1l current state reg

[ 2. 0] /'l synopgs ms "ate 1n next; // next state

sp(oparerr <= #FFDLY sp(oparerr | parsrrdet;

I
# shiftar

essign sploo = (~jadtst & sp_shfto | ledtst & ledtstsig);

always @(posedge clik40b7 or negedge rstis_)
if (~retis_) begin
sp_shfto <= #FFDLY 1b1;
shfi{7] <= #FFDLY 1D1;
end
olse bogin
if (sendbyte) begin
sp_shito <= #FFDLY 1'b0;
shit[7] <= #FFDLY shitout{7];
end
‘else bagin
sp_shito <= #FFDLY ~chprstbsy
& {cnt9 2 ~paro * berrens2 : shit[0] | bytesent);
shit[7] <= #FFDLY splof;
end
end

alv;a(ys@{posedge cli40b7 or negedge rstis_)
R "mﬂs_)
shit[6:0] <= #FFDLY 701111111,
else .
shit[6:0] <= #FFDLY sendbyte ? shitout[6:0] : shit{7:1];

1
# ACK and start bit detactor

always @(posedge clk40b7 or negedge rstis_)
if (~rstis)
shitin <= #FFOLY 8'h00;
alse
shitin <= #FFDLY setsival 2 shit : shitin; *

assign ackdet = ackwin & ~shft{7] & ~shit{6];
assign strtdet = strtwin & ~shit[7] & shit[6];

I

endmodisie // spshit



reg setread, setbsy, setrdy, setsend, selroma0O, selromal; /1
conbi national logic always @ state or romack or romm or bytesent or
ackdet or sivalid or noack) begin ~ setread = 1'bO; setrdy = 1' bO0;
setrdy = 1' bO0; setsend = 1' bO; selrogg? 1; bO; selromal = 1' bO;

case (state) /'l synopsys parall case | D: begin
next = romack? CC. |D; set bsy = ronack;
152 end CC. begin next = bytesent ? AO CC; setsend = bytesent;

end AO: begin next = bytesent ? Al AQ selroma0 = 1' bil; setsend =
bytesent; end Al: ,..b.agb.n.«...nemmm-b-y&mmm&@@- whdiseeeget romal = 1' bl;
setsend = romm & bytesent;

Futiction:

Aead/write timing control, Ajust sequncer timing and hold data for sploctt
reads.

History:
00/00/00 JYL First rav.

- = ; f

module spstratch ( brdetien, brdctirdy, hostrden, pac2splo, per, rdsesbrds_,
seactien, seectirdy, seqrden, wibrdctl_, wrseedtl_, ensoftedat,
secbrdrdy, stretchseq);

parameter FFDLY = {;

input brdetlen, brdetirdy, hostrden, pac2spio, por, rdseebrds_,
seection, seectirdy, seqrden, wrbedcti_, wrseect_;

oulput  ensoftcdat; # ensbla soft control read data
output  seebrdrdy,;

output  stretchseq; - ff strech sequencer cycla

I

reg stretchseq;

wire act_saq_stretch, rst_stretch_;

i
4 stretch sequencer

assigh act_seq_stretch =
~{

rdsecbrds_
& (~soeection | wrseoctl )
& (~brdetlen | wibrdett )

L ~pac2spio;

alweays @@osedge act_seq_stretch or negedge rst_stretch )
if {~rst_stretch )
strotchseq <= #FFDLY 110;
alse
stretchseq <= #FFDLY 1b1;

assign seebidrdy = brdctirdy | seectirdy;
asslgn rst_stretch_ = ~(por | seebrdrdy); '

M

II hold softct! data for reads

asslgn ensoftcdat = pac2spio 2 hostrden : seqrden;
endmodule // spstratch



setread = ~romm & bytesent; end DO: begin if (romm) begin

next bytesent ? D1 : DO; setread = bytesent; end el se
begln i f (noack) begin next = ID

setbsy = 1' bO0; end el se begin next =
sivalid ? D1: DO; setreb@R = 1' b1l; end end end
D1: begin if (rommr) begin i f (noack) begin next
= 1D setbsy = 1' bO0; end el se begin

next = ackdet ? D2: Di; - end end el se begin next =
sivalid ? D2 qflecate 1nsfins setread = 1' bl: end end D2: begin

if (romm) begin next = ackdet ? D2: 1D setbsy =
ackdet ; setrdy = ~ackdet; end el se begin

next = sivalid ? D3: D2; setread = 1'b1l; end end D3:
begi n . _



153 next ='sivalid ? ID Dg3; setbsy = 1'b1l;

setrdy = sivalid, setread = ~sivalid; end

default: next = 3' bxxx; endcase end /1 al ways /|l state vector
al ways @ posedge cl k40b4 or posedge por if (por) state <=
#FFDLY | D: el se state <= #FF next ; endnodul e

154 File: sprstctl.v Function: Serial port reset control.

SERIAL PORT FOR A HOST ADAPTER INTEGRATED
CIRCUIT USING A SINGLE TERMINAL

Stillman F. Gates
Christopher Burns
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nodul e sprstctl ( chprstack, chprstb, clk40b0, clk40bl, rstib_, softabrtok,

sspi ocps, chprstbsy, chprstreq, swstrdy, rstis_, rstspios_ );
parameter FFDLY = 1; input chprstack, chprstb, clk40b0, cl k40bl, rstib_,
sof tabrt ok sspiocps; output chprstbs 64 [l chprst in progress
out put chprstreq; /'l request for SPIO port output swstrdy;
/] software reset ready oulpdeputpstis ; /'l HWreset output
rstspios_; /1 HW SW reset spio block //register declaration
for outputs reg -swrstrdy, ¢ §i_ Sy, chprstreq; /'l internal signals
reg [3:0] cnt, new cnt; clkin, //reset counter reg
rstisl , rstls2 , spchprst_; pshreg{6],// synced reset signals reg
chprst pend, chprstpendsl, chprstpewd@{4], /'l SWreset pending wire
rstswst_, rstchprst_, cntO, stP¥h=s®dr: reg clrswst_; // reset logic
al ways -@posedge cl k40b0) begin g;ﬁg Ql_ <= 4FFDLY rstib_;  rstis2_ <=
#FFDLY rstisl ; end assign rstis_ = rstlb &'rstisl_ & rstls2 ; assign
rstchprst _ = rstls_& sspiocps; assign rstspios_ = rstls_ & spchprst_;
assi gn rstsw SP_bracklspeqpsist ( & clrswst_; always @ posedge cl k40bl or
negedge rstchprst ) // é‘jt 1(“;—r.stchpr st ) spchprst _ <= #FFDLY 1' bl;
el se spchprs _p<:s'#FFDLY ~strt_swst; /1l request |ogic

brddat7,

brddatsé,

brddats,

brdstb,

brdcs,

brdrw,

// Inputs:

sync_rst_,

brdctlen ,

clkin,

pshreg(8],

pshreg(7],

pshreg[6],

pshreg(5],

pshreqg(4],

pshreqg{3],

spioreset Y

bobsense bobsense_1 ( clkin,
sync_rst_,
spioreset,

scsi_rst_in ,
termsense_b_in,
termsense_a in,
X_connsense in,
connsense_in,

seens,
brdcs,
brdrw,

sense_brddat )i

iddat iddat_1 (
// Inputs:
clkin,
sync_rst_,

reset_,

idpal_in,
iddat_in,



al ways@ posedge chprstb or negedga rstspios_) if (~rstspios_)

chprstpend <= #FFDLY 1' bO; el se

155 chprstpend <= #FFDLY 1' bl,; al ways @ posedge cl k40bl or
negedge rstchprst ) if (~rstchprst_jgdegin chprst pendsl <=
#FFDLY 1' bO; chpesitgpends2 <= #FFDLY 1' bO; chprsteq <=
#FFDLY 1' bO; end el se begin chprst pendsl <= #FFDLY

chpr st pend; chpmetjmends2 <= #FFDLY chpr st pendsl,;

chprsteq <= #FFDLY chpr st ed88P & ~chpr st pends?2 |
chprstreq & ~chprstack & ~58¥+2&brt ok; end assign strt_swst =
chrstack | chprstreq & sof tsgbdd ok, /]l software reset ready |ogic

al ways @ posedge cl k40bl or neﬁecfge rstchprst ) if (~rstchprst_ )
clrswst_ <= #FFDLY 17/ I9ftputs: el se clrswst_ <= (cntl=4"hl);

al ways @ posedge chprstb or negedge rstswst ) if (~rstswst )
swtrdy <= #FFDLY 1' b1, ig ‘% ‘ swstrdy <= #FFDLY 1' bO; /1
busy | ogic al ways @ posedgigtéb@bbl or,negedge rstchprst_)

sequencer sequencer 1 (

.pload_shift

(pload_shift),

// Inputs:
.clkin {clkin},
.sync_rst_ (sync_rst_),
.pshreg {pshreq).,
.id done (id_done},
.ledtest {ledtest),
.seems (seems),
.brdrw (brdrw),

// Outputs:
. XOMCS_ {romcs_),
.romoe_ (romoe_},
W (mrw),
.romcsoe (romcsoe) .,
.romoeoe {romoeoe),
.mrwoe {mrwoe),
.maoe (maoe),
.mdoe (mdoe}, /7 7:0,
.seecsce (seecsoe)},
.ledoe (ledoe), -
.stpwctloe {stpwctloe)},
.readmuxsel {readmuxsel), // 2:0

.ackdata (ackdata), *
.ackload (ackload ),
.ackshift {(ackshift_},
.spiooe (spiooce)},
.addrdben_ {addrdben_),
.addrhen_ (addrhen ),
.addrlen_ (addrlen ),
.addrinc {addrinc),
.dataen_ (dataen ),
.spioreset (spioreset),
.set_parerr (set_parerxr),

.set_unsup

(set_unsup),



if (~rstchprst_) chprstby <= #FFDLY 1' bO; el se

chprstbsy <= #FFDLY strt_swst | -cntO; /1l counter assign cnt0 =
(cnt==4'h0); //counting logic always@ cnt or cntO or strt_swst) if
(strt_swst) new cnt = 4'hi, el se new cnt = cntO
? 4'h0: cnt + 4'h31; /'l counter regi stH&  al ways @ posedge cl k40bl or
negedge rstchprst ) if (~rstchprst ) cnt <= #FFDLY 4' hO; el se
cnt <= #FFDLY new cnt; endnodul e )

156 Function: Read/ wPt-&8¥oder (set_™4$gHul e sprw (brdctl en,
brdctlrdy, csadr_, csrsn_, ;g8ladén, CAWR{Lare&dnk#0bO, crbusy,
pac2spi o, por, seectlrdy, sejdngnden, eps@hodat, rdlb, rdld, rdle,
rdbrdctl _, rdseectl _, rdpi-ededtlenspi obsseectbeert| en, seebrdrdy,

stretchseq, whbrdctl , w s-ﬁF‘%ﬁ’—ggg_H wr sélergetlen y spioct| . wrspi odat ) ;

.statre (statrégen ),
-bdprregen_ (bdprregen ) )i

endnmodule



i nput [7:0] csadr_, cdadr_; input brdctlen, brdctlrdy, csren

, cdwen,
cl k40b0, crbusy, pac2spio, por, seectl en, seectlrdy, softcnden;
out put ensoftcdat, rdlb, rdild, rdle, rdbrdctl , rdseectl , rdspi odat _,
seebrdrdy, splobsy_, stretchseq, wbrdcthgy w spiocap_, wseectl_,
wrspioctl_, wspiodat_; sprwdec sprwdec (.csadr_(csadr_), csren_(csren_),
. cdadr _(cdadr ), .cdwen_(cdwen_), .crbusy(crbusy), por(por),

. sof t cnden(sof t cnden) , .rdilb(rdlb), .rdid(rdld), rdle(rdle),

.rdbrdctl _(rdbrdctl ), rdseectl_(rdseectl_),

.rdspi odat _(rdspi odat ), spioby(spiobsy), . Spi obsy_(spi obsy_),
wr brdct; _(wbr dﬁifmlesc)a,le W Spas@c@p (W spi ocap_),
.wrseect|l (wseectl ), wspioctl (wspiCctl ), .wspiodat_ (wspiodat ));

spstretch spstrﬁgﬁgb& corldct  en(brdct | en), brdctlrdy(brdctlrdy)
. host rden( host izden pac2spi o( pac2spi 0), por(por),

rdseebr ds_(r dséémhds hyldssaaaihe cinf smel ttbeig) for. SPFECt Evedy(idar ekdeptithe I0 cells
seqrden(seqrdedy s ¥FBrdct| (wbrdctl ), .wseectl (wseectl ),

_ensof t cdat (ensof t cdat), seebrdrdy(seebrdrdy), stretchseq(stretchseq)):

sprmctl sprwet!l (.brdctlen(brdctlen), .clk40bO(cl k40b0), csren_(csren_ﬁ,
. por (por), module spipqlpemdct| (ctMomdct!| ), .rdseectl (rdseectl )

. seect | en(seectl en), . $pteSbsy( spi oobsy), sﬁiobsy_(spiobsy_),
. hostrden( hostrden), .Sgﬁpebrds (rdseebrds ),
. seeqrden(seqgrden)); endnodul e spiooce,

157 Function: Read/wite decpitein, nodul e sprwct!| (brdctlen,

cl k40b0, csren_ por, rdbrdctl _, rd eect!l , seectlen, spi obsy,
spiobsy_, hostrden, rdseebrds_, s&grden);

stpwetl,
stpwctloe,

ma,
naoe,
ma_in,

nd,
mdoe,
nd_in,

romes_,
romcsoe,
romcs_in

romoe ,
romoeoe,

new,
nrwoe,
mrw_in,

seecs,
seecsoe,
seecs_in,

idpal_in,
iddat_in,
esbrd_in,

scsi_rst_in ,

termsense_b_in,
termsense a_in,
x_connsense_in,

connsense_in )i
input clkin;
input reset ;
output spio;
output spiooe;
input spio_in;

sutput, led ;



parameter FFDLY = 1; i nput brdctl en, clk40b0, csren_, por, rdbrdctl _,

rdseect| , seectlen, spiobsy, spi bsy ; output hostrden;
/'l enable soft control read data for host output rdseebrds_; output
seqr den; /'l enabl e sof ontrol read data for sequencer [/
internal signals wre rdbrdct!l _, rds _, Spiobsy; reg host r den,
seqrden, rdseebrds ; [// stretch sequencer al ways @ negedge cl k40b0 or
posedge por) if (por) rdseebrds_ <= #FFDLY 1' bl; el se
rdseebrds_ <="WpPEpLY csreﬁed°e' | (~seectlen | rdseectl ) &
(~brdctlen | g@gg@lctl Qold softctl data for reads // phost always
@ posedge cl kdfabhk or nege(i cgmeobsy ) hostrden <= #FFDLY 1' bO;
el se hostrden <= #FFDLY 1'bl; // SEQ al ways @ negedge cl k40b0 or
negedge spi obeppput  {17:0] mageqrden <= #FFDLY 1' bl; el se seqrden
= #FFDLY 1' b?)*tpufeng{q)qw é‘am;ﬁ

158

output {7:0] md;
output [7:0]) mdoe;
input [7:0) wd_in;

output Tomcs_;

output romcsoe;

input romcs_in ;
output . romoe_;

output romoeoe;
output mrw;

output mnrwoe;

input mrw_in;

output seecs;

output seecsoe;

input seecs_iny

input idpal in;

input (7:0] iddat_in;
_input esbrd_ L in;

input scsi_rst_in ;
input termsense b_in;
input - termsense_a_in;
input X_connsense_in;
input connsense_in;

//////////////////////////////////////////////////////%//
// INTERNAL WIRES

wire {7:0} iddatbyte,
estatbyte,
readmuxout,
rom_wmd;

wire (11:0] pshregqg ;

wire {2:0) readmuxsel ;

wire seecsbit, seems, stpwctloe,
brddat7, brddat6, brddat5, brdrd?, brdrdé, brdrdS5, seedibit,
brdrw;

wire [6:5] sense_brddat;

reg spio ;



Functi on: Serial-to-parallel and parallel-to-serial converter.
Automatically generate start, parity and stop bits when shifting out.
Detects ACK and start bits and checks parity when readi ng. nodul e
spshft (ackw n, berren, bytesent, chprsi 5 cl k40b7, cnt9, clrparerr
| edtst, |edtstslg, nparcken, rstls_, readSpio, sendbyte, setsival
shftout, spiol, sivalid, strtwin, ackdet, parerrdet, shftln, spioo,
spi oparerr, strtdet); parameter FFDLY = 1; i nput ackwi n, barren,
byt esent, cl k40b7, cnt9, clrparerr_, nparcken, rstls_,

chprstbsy, ledtst, |ledtstsig, readspio, sendbyte, sivalid, spiol,

set si Va'///ﬁ/t/F/Whﬂ////)/V‘DW‘!/////W/VQ/]//,&WN@MW/////@NVHW// ackdet Il ACK
det ect edx é)ut put parerrd arl télbeerror detected output [7:0]
shftin; %/ wﬂ{’%myl‘ﬂggsiﬂ ;_qu; aca“gﬁig"@gck i /1 SPIO seri al
out put output Spioparerr SPIO parity error output stridet;
/] startregit desatcifed // declare registers reg spi oparerr,
parerrdet; réﬁ”tfff7 0] shftln; /1l internal signals reg [ 7: 0]
shft; always/ é (pedetifet @Kkimegi ster wire pardi ; /] parity data
in wre par o; Il party out reg par od; I
party out del aﬁzgﬁ wie rs}fargrk Il reset parity error reg
berrensl, berr®saZse z rege= 1 S(pess‘f'lffta s reset_); // serialized out put I
parity generat®®® / checker

wire syne_rst_ = reset_ff 2 & reset_;

1/

LTI TIRELLEILILLEELLL L PHLLLLHTELRLLRLTILELIEEITRLE1ETTY

assign seecs = seecsbit & seems ;

assign brdrd? = seems ? md in{7] : brddat? ;
assign brdrdé = brdrw ? sense brddatts} : brddaté ;
assign brdrdS = brdrw ? sense_brddat(5] : brddat5 ;

assign seedibit = md in[0] & seems;

// input select logic for shift register

readmux . readmux_1 { .out (readmuxout),
.in0 {nd_in[7:0]),
.inl (f 2°b01, seems, 17bl, s seecsbit, seeck, seedo, seedibit }),
.in2 ¢{{ brdrd?, brdrd6, brdrd5, brdstb, brdcs, brdrw, 2'b00}),
.in3 (j errledenab, 4'b0, spioparerr, unsupported, menbusy }),
.ind  (iddatbyte), '
.inS (estatbyte),

.iné {{ 7"b0, badpar }),

.sel (readmuxsel) Yy
shregl2 shreqgl2 1 ¢ .pshregout {pshreq) .,
.reset_ (sync_rst_).
.clkin . {clkin),
.spio_in (spio_in),
.spiooce {spiooe},
-pload_shift {pload_shift},
.badpar {badpar),

.pdatain {readmuxout} Yi



assign pardl = (readspio | sivalid) ? shft[7] : sp_shfto; assign paro =

strtdet | sendbyte | (~paid ~ parod); al ways @ posedge cl k40b7 or
negedge rstls_) begin if (~rstls_) begin berrensl <= #FFDLY
1' bO; betrens2 <= #FFDLY 1'j5@; parod <= #FFDLY 1' bO;
parerrdet <= #FFDLY 1' bO; end el se begin berrensl <=

#FFDLY ber f/eARput mux to reg coptyinigps 2ckaowlHUEE)| v liye whemodt shifting data topar od
<= #FFDLY ff fgager 159
Functi on: Gmc§%k@|g=t:£&1 Rakah! gl and garal l@lsgh0-serial converter.
Automatically generate™ start, paridy ancipgﬁree[d;l);s when shifting out.
Detects ACK and start bits and chedks pdatdagtathen readi ng. nodul e
spshft ( ackwi n, berren, bytesent, e#¥rstdspiorel k40b7, cnt9, clrparerr
ledtst, |edtstesig, nparcken. rstls-€l eac{% adqgfndbyte setsival ,
shftout, spiol, sivalid, strtwn, %%Lt, (g shfitlin, spioo,
spl oparerr, strtdet); par anet er i nput ackvm n, berren,
byt esent, cl k40b7, cnt9, clrparerr_, rrparcken rstls_,

chpr st bsy, adways $t ( Ipeskdoe stlgin ocartgpdas, swendityt e, sivalid, spiol,
setsival, strtw gégini nput [ 7: 0] shftout;

if (!sync_rst_) spio <= £8 1'b0 ;

else spio <= #8 ackin ;
end
rom _addr rom addr 1 ( .out (ma),
. .reset_ {(sync_rst_),
.addrdben_ (addrdben_),
.addrhen {addrhen ),
-addrlen {addrlen_ ),
.addrinc {addrinc),
.clkin (clkin),
.in (pshreg{9:2]),
.seems (seems),
.brdrw (brdrw) ) i
regen8 rom data 1 ( .out (rom md),
.reset_ (sync_rst_),
.enable {dataen_),
.clkin (clkin), _
.in {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 md[7] = seems ? brddat? : rom md(7}];
assign md[6] = seems ? brddaté : rom_md(6];
assign md(5] = seems ? brddats : rom md[5];
assign md(4} = seems ? ~brdstb : rom md(4];
assign wd(3] = seems ? ~brdcs : rom md{3];
assign md(2] = seems ? seeck : rom md(2);
assign nd{1} = seems ? seedo : rom md(1];
assign md{0] = rom ma{0};
stp stp_1 (

// Output:

.stpwctl (stpwctl),
// Inputs:

.reset__ (sync_rst_),



out put ackdet; /[l ACK detected output parerrdet; /1

parity error detected output [7:0] shftin; /1l shifted in data
outut spi o0o; /1 SPIO serial output output spioparerr; /1
SPIO parity error output strtdet; 17 /[l start bit detected I
declare registers reg spi oparrer, parlerrdet; reg [7:0] shftln;
/1l internal signals reg [ 7: O3tpwbfien (stped ,Shifter register wre
par di ; /] parity datdkinn W re (cikjpal0; Il party
out reg par od; / F993 Y‘F%@ out gét‘ 8: %A r e rstparerr_;
/| reset parity error reg " DEPEFEY, ber PBARZSY) reg ) ¢ sp shfto;
/1 serialized output /1l parity generator / checker assign pardi =
(readspi 0 | skpidstadred sdibsfatieg sp(shft o; assign paro = strtdet |
sendbyte | (~pardi ~ parod); al ways @ posedge cl k40b7 or negedge rstls )
begi n if (~rstls_) beg(/n°“tP“t5= berrensl <= #FFDLY 1' bO;
berrens2 <= #FFDLY 1' bO; rrled&%BOd <= #FFDLY 1' bO;
parerrdet <= #FFDLY 1' bO; enapiopare@'r'se begi n berrensl <=
#FFDLY berren; ber r egssdpsortdkFDLY berrensi; par od
<= #FFDLY par o; menbusy, 160

errled ,

/{ Inputs:

clkin,

sync_rst_,

set_parerr,

set_unsup,

set_mbusy,

spioreset,

statregen_,

pshreg(8],

pshreg{3:1] yi

badparreg badparreg 1 ( clkin,

' sync_rst_,
spioreset,
bdprregen_,
pshreg{l],

badpar );

ledreqg ledreg 1 (-
// Inputs:

<lkin,
sync_rst_,
spioreset,
ledregen ,

- pshregf8:7],
errled ,
spio_in,

// Outputs:

led ,
ledtest );

sp_seectl seectl 1 (
// Outputs:

sSeems,
seecsbit,
seeck,
seedo,



parerrdet <= #FFDLY sivalid & -paro; end end assign rstparerr_= nparcken
& rstis_ & clrparerr_; always @ posedge cl k40b7 or negedge rstparerr_)

if (~rstparerr_) spi oparerr <= #FFDLY 1' bO; el se

spi oparerr <= #FFDLY spioparerr | parerrdet; /1l shifter assign spioo =
(~ledtst & sp_shfto | ledtst & |edtstsig); always @ posedge cl k40b7 or
negedge rstls_) if (~rstis_) begin?2 sp_shfto <= #FFDLY 1' bl
shft[7] <= #FFDLY 1' b1, end el se begin if (sendbyte) begin
sp_shfto <s #EEDLY 1' bO; shft[7] <= #FFDLY shftout[7];

end tﬂ%Fgéebegiﬁ”s”0ps sp_shfto <= #FFDLY~chpr st bsy

& (cnt9 ? ~paro ™ berrens2: shft[0] | bytesent); shft[7] <=
#FFDLY spi pdule readmux (ent . irend inal Ways , @3posiadge igd K407, o1 negedge
rstls_) . 7_ghft 6: 0] <= #FFDLY 7' b1111111,; el se shft[6: 0]
<= #FFDLY L&RYbYYE° R 8hftout[6:0] :shft[7:1]; // ACK and start bit
detector ahsi@yer:@ nasedes ¢l k40b%.or negedge rshys)  if (-rstls)

shftin <= #FFDLY 8' h0O; el se shftin <= #FFDLY setsival ?
shft:shft| deputalsphrsedcdet = ackwin & -shft[7] & ~shft[6];

wire [2:0] sel ;

wire [7:91 out , .ino « inl , in2 , in3 , in4 , in5 , inputo , inputl
input2 , input3 , input4 , input5 , input6 , input?7 ;

’

assi X < . . . - < . .
ign l?ﬁgﬁzl }{;1 bl , in6(7]) , in5([7] , ind4[7] , in3(7) , in2({7) , inl[7)]

assign igputG ={ 1'bl , in6{6] , in5([6] , in4(6] , in3(6] , in2{6} , inl(s6]
in0[6] } ;

assign input5 = { 1‘bl , in6[5]) , inS[5} , in4(S] , in3(5] , in2{5}

in0(5] } ; o i1

assign input4 = { 1’bl , in6(4) , in5[4] , ind(4] + in3 (4]

in0{4] } ; » in2{4] , inl(4] ,

assign input3 = { 1'bl , in6(3) , inS[3} , in4 (3]

in0{3] } ; . in3(3] , in2(3]1 , inl(3]

assign input2 = { 1’bl , in6{2] , inS(2} « ind[2]

in0[2} } ; » in3{2] , in2(2] , inlf2] ,

assign inputl = { 1’'bl , iné6(1) , in5(1} , in4(1] , in3[1] . in2(1}

ROLL] ) , inl(i] ,

assign igputo = { 1'bl , in6(0) , in5(0) , in4{0}] , in3(0] , in2(0) , inl{0}
in0(0] } ; g ’

assign out{7] = input7{sel] ;

assign out{6] = inputé6{sel]

-

assign out{5] = inputS5(sel] ;
assign out([4] = input4[sell';
assign out (3] = input3fsel] ;
assign out (2] = ;nputztsel] i
assign out[l] = inputl(sel] ;
assign out{0] = input0{sel] ;

endmodule



assign strtdet = strtwin & ~shft[7] & shft[6]; endnodul e // spshft

161 Function: Read/wite timng control. A ust sequncer timng and
hol d data for sploctl reads. History: 00/00/00 JYL First rev. nodul e
spstretch (brdctlen, brdctlrdy, hostrdeng pac2spl o, por, rdseebrds
seectl en, seectlrdy, seqrden, whbrdctl _, wseectl _, ensoftcdat,
seebrdrdy, sidpetchseq); seacseeter FFDLY = 1; |nput brdctl en, brdctlrdy,

host r den, pach i o, por, rdseebrds_, seectl en, seectlrdy, seqrden,
wrbrdct | _, ‘§é ctl_; ol p""te'nsoftcdat /1 enable soft
control read0Ata out put ebrﬂrdy, out put stretchseq; ' /1
strech sequengRt CY¢l® paBQiddat; Stretchseq; wire act _seq_ stretch,
rst_stretch_sutput/ [Bt0let clidsieguencer assign act_seq_stretch =

input pad_esbrd;

output esbrd_in;

input pad_scsi_rst ;

output scsi_rst_in ;

input pad_termsense_b; '

output termsense_b in;

input pad_termsense a;

ocutput 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_)

e

buf ( spio_in , pad spio ) ;
bufifl ( pad_spio , spio , spiooe ) ;

bufifl ( pad led , led_, ledoe ) ;

bufifl ( pad stpwctl , stpwctl , stpwctloe ) ;
buf ( ma_in(17), pad_hi mafl?] );

huf ¢ ma m[16], pad_] | hi ma[16] );

bufifl ( pad_hi ma{l7] , ma{l7] , maoce )

bufifl { pad mal[3]
bufifl ( pad ma(2]
bufifl ( pad_ma(l]

bufifl ( pad _ma({0]

ma (3]
ma (2]
ma (1)
ma (0]

mace
maoce
maoe
maoe

14
bufifl ( pad_bhi mat16] . wafl6) , maoe ) ;
bufifl ( pad_ma[l5] , mall5] , mace ) ;
bufifl ( pad_mafld] , ma(l4] , maoce } ;
bufifl (pa | ma{13] , mall3) , mace ) ;
bufifl ( pad maf{l2] , ma(l2} , maoce ) ;
bufifl ( pad maf{ll] , ma(ll] , maoe ) ;
bufifli {( pad ma{l0] , ma(l10] , mace } ;
bufifl ( pad mal9) , mal9) , maoe )} ;
bufifl ( pad ma{8] , ma{8] , mace ) ;
bufifl ( pad_ma(?7] , mal7] , maoe ) ;
bufifl ( pad ma[6] , mal6] , maoce ) ;
bufifl ( pad mal5] ma{S] , maoe ) ;
bufifl ( pad ma{4] , ma(4] , maoe ) ;

{ i
( i
( i

i

T S O Y T
LR T N
O e S

buf ( md_in{7] , pad_md(7]

—

.
¢



rdseebrds_ & (~seectlen | wseectl ) &

(~brdctlen | wbrdct ) & ~pac2spi o; always @ posedge
act _seq_stretch or negedge rst_stretch ) if (~rst_stretch))
stretchseq <= #FFDLY 1' bO; el se 174 stretchseq <= #FFDLY 1' bl;
assign seebrdrdy = brdcdrdy seectlrdy; assign rst_stretch_= ~(por |

|
seebrdrdy): g‘g/z ma-ligg of Pty g ei 1:or reads assign ensoftcdat = pac2spio
? hostrden: ggardgdTinrgnd 4i/y gpstretch
162 ti meseat g ddisAflNS, pad md{3] ) ; 163 SERI AL
PORT FOR A HBeY (ABARTER | MRE@RATED
buf ( md_in{l] , pad_md[1] )
buf ( nd_in{01 , pad_md{0] )

s e

bufifi ( pad md{7] , md{7) , mdoe(7] ) ;
bufifl ( pad md{é] , md[6] , mdoe(6] ) ;
bufifl ( pad_md{5] , md[5] , mdoe[5] ) ;
bufifl ( pad md{4) , md(4] , mdoe(4] ) ;
bufifl ( pad md{3} , md[(3] , mdoe[3] ) ;
bufifl { pad md{2} , wmd(2] , mdoe(2] ) ;
bufifl ( pad md{1} , md[1l] , mdoe[l) ) ;

, ma[0} , mdoe(0] ) ;

pbufifl ( pad md{0]

buf ( romcs_in , pad_romes_ );
bufifl ( pad_romcs_ , romcs_ , romcsoe )

~e

bufifl ( pad romoe , romoe , romoeoe )

“e

buf ( mrw_in, pad mrw );
bufifl ( pad_mrw , mrw , mrwoe } ;

buf ( seecs_in, pad _seecs );
bufifl ( pad _seecs , seecs, seecsoe ) ;

buf ( idpal_in , pad idpal ) ;

buf ( iddat_in(7) , pad iddat[7] )} ;
buf ( iddat_in(6] , pad_iddat{6] ) ;
buf ( iddat_in{5] , pad_iddat(5] ) ;
buf ( iddat_in{4] , pad _iddati4] ) ;
buf ( iddat in[3] , pad_iddat[3] ) ;
buf ( iddat_in(2) , pad iddat[2] ) ;
buf ( iddat_in[l] , pad_iddat{l] } :
buf ( iddat_in([0] , pad_iddat[0] ) ;
buf ( esbrd in , pad esbrd )} ;

buf ( scsi_rst_in , pad_scsi_rst_ };
buf { termsense b_in, pad_termsense b );
buf ( termsense_a in, pad_termsense a );
buf ( x_connsense_in, pad_x_connsense );
buf ( conansense_ in, pad_counsense );

endmodule



CIRCU T USI NG A SI NGLE TERM NAL

Chri st opher

input
output

input
output
output

inout
output
input
input

output
input
input

output
input
input

inout
output
cutput
input
input

inout
output
input
input

inout
output
input
input

inout
input
input

inout
output
input
input

inout
cutput
input

Bur ns

[17:16]
[15:0)
{17:16]
{17:0])

{7:0]
[7:0}
[7:0}
[7:0]

175

pad scsi_rst_,
scsi_rst_in_,

pad_termsense_b,
termsense_b_in,

pad_termsense_a,
termsense_a_in,

pad_x_connsense,
X_connsense_in,

pad_connsense,
connsense_in )

pad_clkin;
¢lkin;

pad_pci reset_;
reset_;
pad brd reset ;

pad_spio;
spio_in;
spio;
spiooe;

pad_led ;
led ;
ledoe;

pad_stpwoetl;
stpwctl ;
stpwctloe;

pad_hi ma;
pad_ma;
ma_in;

ma ;

maoe;

pad_md;
md_in;
md ;
mdoe;

pad_romcs_;
romcs_in_;
romcs ;

romcsoe;

pad_romoe ;
romoe_;
romoeoce;

pad_mrw;
mrw_in;
bitia’ P
nmrwoe;

pad_seecs;
seecs_in;
seecs;

Still man
M 2934- US

F. Gates



APPENDI X B

| nput s:

seectl en_,
pshreg[ 6],
pshreg[ 3],

spi or eset
br ddat 7,
br dst b,

syn_crst _,
pshreqg| 8],
pshreg[ 5],

spi or eset

sync_rst_,

syn_crst
cl ki n,
Wbl | b ade
brdcs, ’
brdctl en_,

pshiegl 4] ,
pshreg[ 2],
/1 Qutputs:

/{ BEHAVIORAL versigss fRI8G[ipputfers

pshreg[ 4],

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_rowmcs_,
romcs_in ,
romcs_,
romcsoe,

pad_romoe_,
romoe ,
romoeoe,

pad_mrw,
nrw_in,
mrw,
nrwoe,

pad_seecs,
seecs_in,
seecs,
seecsoe,

pad_idpal,
idpal_in,

pad_iddat,

~ iddat_in,

pad_esbrd,
esbrd_in,

164

br ddat 5,

brdrw,
cl ki n,

11

pshreg| 6],
pshreg[ 3],

moduld iobutfelORSENsg,ghgpgense 1 ( clkin,

| nput s:

Il



Spi or eset,
termsense b in,
X_connsense_i n,
seens,

scsi _rst_in,
ternmsense_a in,
connsense_in,
brdcs, 177

sense_br ddat ).;./ve:ilawaka_isdqlﬁh;g,__(, /'l 1 nputs:

cl ki n,

i dpal _i n,
165
ronc_sin_,
CQut put s:
est at byt e

input
input
input

output
output
output
output
output
output
output
output
output
output
output
- output
output
output

‘timescale

sync_r st . reset_,

1as/1dpgldat _in,

esbrd in, . ma_i n,

module sequencer (

{11:0]

{7:0)

{2:0}

nT_wWn,
i d done
// Inputs:

clkin, sync rst_,
pshregq,
id_done, ledtest, seems, brdrw,

// Outputs...

romcs_, romoe_, Mmrw,

romesce, romoece, mrwoe,

maoe,

mdoe,

seecsoe, ledoe, stpwctloe,

readmuxsel,

pload_shift,

ackdata, ackload_, ackshift_,

spiooe,

addrdben_, addrhen , addrien _, addrinc, dataen_,
spioreset,

set_parerr, set_unsup, set _mbusy,
ledregen , stpen_, seectlen_,

brdctlen _, statregen_, bdprregen_ ¥:

clkin, sync rst_;
pshreg;
id_done, ledtest, seems, brdrw;

romecs ', romoe_, mrw;

romcsoe, romoece, mrwoe;

maoe;

ndoe;

seecsoe, ledoe, stpwctloe,
readmuxsel;

pload_shift;

ackdata, ackload_, ackshift_;
spiooe;

addrdben_, addrhen_, addrlen , addrinc, dataen_;
spioreset;

set_parerr, set_unsup, set ._mbusy;
ledregen , stpen , seectlen_;
brdctien | _r statregen_, bdprreqen H

seecs_in,
| ddat byt e,

Il



sequencer sequencer_1 ( /'l 1 nputs:

(clkin),

. pshreg

. | edt est
.brdrw
(ronts_),
(mVV),

. ronoeoe

. maoe
[l 7:0

(1 edoe),

. readnuxse
(pload shift),
.ackl oad_

. Spi ooe
.addr hen_
.addrinc

. Spi or eset
(setparerr)

.sync_rst _ (sync_rst ),
(pshreg), .id_done
(ledtest), 178 - Seens
(brdrw, /1l Qutputs:
. ronoe_ (ronoe_ ),
. rontsoe (rontsoe),
(ronoeoe), . nTwoe
(rmaoe), ] . ndoe
seecsoe (seecsoe),
++/verilog/o encRr. v (stpwct | oe),

(readnuxsel), /[l 2:0

//////////////////////////@((;Mda{/af1////////////@6104«;}'& a),

(Ackt0aebs) , .ackshi ft _
S i dben.
(addrlncrﬁ tamer; .dataen_

(spi or eset ) gpi00e;

set _unsup

reg - romes .

romoe_,

mrw;
reg stpwctloe;
reg rom_mdoe,

romabort,

addrdben_;

req (2:0) readmuxsel;

.clkin

(i d_done),
(seemns),
.ronts_
. NTW

(nTwoe) ,
(ndoe) ,
. 1 edoe
2
. pl oad_shi ft

(ackshift ),
(addr dben_),
(addrlen ),
(dataen_),

.set_parerr
(set _unsup),



166 . set _nbusy (set _nbusy),

.l edregen_ (Il edregen_), . St pen_ (stpen ),
.seectlen_ (seectlen ), .brdctlen_ (brdctlen ),
.statregen_ (statregen_ ), 179 . bdprregen_ (bdprregen_ )
); endnodul e 167

"timescal e 1ns/ 10ps /[l SPIOC CORE.V'// [/ This holds all the
internal logic for SPIOC. Everything except the 10cells // is here
nodul e spioc_core ( cl ki n, reset

spi o, . «/verilog/OH3 sequencer.v ' 3

LIFTIIETTLIII 827780708888 00 080882880007 8000 8278220404
17

// Thesa below will not be flip-flops, but are set up
/} as REGs for programming (Verilog)

reg [36:0] next_state;
req ¢lear _timer;

req d_sprooe,
id_spiooe;

req d_romes_,
© d_xomoe_,
d_mrw;

reg d_rom_mdoe,
4_romabort,
1d_romabort,
d_addrdben_;

req {2:0} d_readmuxsel;
req 1d_readmuxsel;

reg pload_sixi fr;

reg ackdata,
ackload ,
ackshift_,

addrhen ,
addrlen ,
addriac,
dataen ,

set_parerx,
set_unsup,
set_mbusy,

ledregen_,
stpen_,
seectlen_,
brdctlen_,
statregen_,
bdprregen_;



Spi ooe,
| edoe,

st pwet | oe,

ne_in,
nd in,

roncs_in_,

r onneoe,
nTrw_in,
seecsi n,

| ddat _i n,

scsi _rstin_,
ternsense_a_in,
connsense_in );

out put
out put

spio_in,
st pwet |,
na!
nd, 180
ronts_,
ronoe_,
« «/verilog/O83_sequencer.v nr W,
SeecCs,
I ) N ey
// Internal wires esbr d_i n,
77 ... which later bacame regs to try aJdQ;E{TBlﬂBSQxQ_dp%_speed
X connsense I n,

badparaty — .

tech@pUL clkin;  input t

istpdec, Spl ooe; I npu

SPi recee, OUt put p ; p

wrdec,

seedec,

brddec,

spiostatdec,

badpardec,

spioreset;

always 4(posedge clkin)

begin

badparity <= #1 ~*pshreg{l1i:3];

leddec <= §1 { pshreqg(8:3) == 6'b00001_0 );

stpdec <= #1 ( pshreqg[8:3] == 6/b00010_0 );

romrddec <= #1 ( pshreg(8:3] == 6’b00011_1 );

romwrdec <= #1 ( pshreg(8:3] == 6°b00100 0 );

seedec <= §1 { pshreg[8:4) == 5'h00110 ¥;

brddec <= $1 ( pshreg(8:4] == 5°b00111 };

spiostatdec <= #1 ( pshreg{8:4] == 5/b10000 };

badpardec <= #1 { pshreg{8:4] == 5'b100GL };

spioreset <= #1 ~ledtest & ~[pshreq;

end

// wire badparity = ~*pshreg(10:2];

| ed

nmaoe,
ndoe,
rontsoe,

qr Woe,
seecsoe,

reset ; _
spio in;

// Vot a single 1 in there

// wire leddec = { pshreg(7:2) == 6°b00001_0 );

// wire stpdec = { pshreg(7:2] == 6b00010_0 );

// vwire romrddec = ( pshreg(7:2] «= €'b00011_1 );

// wire romwrdec = ( pshreq{7:2] == G'bOOIOQ_O };

// wire seedec = ( pshreg{7:3] == 5’b00110 );

// wire brddec = ( pshreg{7:3) == $/b00111 }); .

// wire spaostatdec = ( pshreg{?:3] == 5’b10000 ); -

// wire badpardec = ( pshreg(?:3) == 5H10001 );

wire readdec - hshreq[Zl;

/7 assign spioreset = ~ledtest & ~Ipshreg; // Not a single 1 in there

///////I//////////I//////////////////I////////I/l//////////
// dutput enables:

assign ledoe sync_rst

A881gn mrwoe
A4$8S1gn maoe

= ~
assign seecsce = sync rst_;
4ss1gn romoece = sync_rst_;
4831gn romesoe = sync rst ;

-

=

assign mdoe{7} = rom mdoe | (seems & ~brdrw & sync_rst_);
assign mdoe{6} = rom_mdoe { (seems & ~brdrw & syn¢_rst_};
assign mdoe(S) = rom_mdoe | (seems & ~brdrw ¢ sync_rst_);
assign mdoe{4} = rom_mdoa | (seams & sync_rst_};
assign mdoe{3) = rom_mdoe | (seems & sync_rst_);
assign mdoe{2] « rom_mdoe | (seems & sync _rst_);
assiyn mdoe{li] = rom_mdoe { {(seems & sync_rst_);



168 out put | edoe; out put st pwet | ; out put

stpwetl oe; output [7:0] rma; output maoe; i nput [17:16] ma_in;
output [7:0] nd; output [7:0] ndoe; i nput [ 7: 0] md in; output
roncs_; output roncsoe; input jg1 roncs_in_; output

ronoe_; out put ronoeoe; output nrw;, out put

nrwoe; 1 nput nrw_in; output seecs; out put

seecsoe; i nput seecs in; input i dpal in; input [ 7: 0]

iddat in; i np.u.g,,,‘?,,,-_]_‘,%,oma segéel%rcgr.ivn; input - scsi_rst_i N i nput
ternsense_b_in; 1npu = ternsense_a_in; input
X_connsense. i ¥i%9F fPte® = rommdoe;  connsense i n;



/1 INTERNAL WRES wre [ 7: 0] | ddat byt e, est at byt e,

r eadnmuxout , rom nd; wire [11:0] pshreg ; wre [2:0]

readnuxsel ; Wre seecsbhit, seens, stpwctl oe, br ddat 7,

brddat 6, brddat5, brdrd7, brdrd6, brdriié2 seedi bit, brdrw, wre

[ 6: 5] sensebr ddat ; reg spio ;

169 /1 Il Generate "sync_rst _"... it can assert at any tinme, but //

w1 al ways ,deassiRklodal o¥elER a clock reg reset _ff_1, ¢ reset
f 2; always @ posedg€ clkin)-: begi n

LHEEEIEL LTI LLLT0EL 178000000800 008800880807

// STATE definitiocns

V) ’

// One hot... states are IDed here by what bit is set

‘define sproc_hard_reset ¢

‘define splroc_reset _ack 1

‘define spioc_send_id 2

‘define sproc_send_estat 3

‘define spioc_wait_for_start q

*‘define spioc_shift_in_cmd 3

‘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 spioe_write_byte_wait_start 15
‘define spioc_write_byte shift_data 16
‘define sploc_write_byte 17
‘define spioc_eeread_wait_lo_addr_start 18
‘define spioc_eeread shift lo_addr 19
‘define spioc_eeread_wait_hi_addr_start 20
‘define spioc_eeread_shift_hi_addr 21
‘define spioc_eeread read 0 22
‘define sploc_eaeread_inc_addr_ 01 23
‘define spioc_eeread_read_} 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 30
‘define spioc_eewrite_ shift lo_addr 31
“define spioc_eewrite wait_hi_addr_start 32
‘define spioc_eewrite_shift hi_addr a3
*define spioc_eewrite wait_data_start 34
‘define spioc_ceewrite shift data 35
‘define spioc_eewrite vwrite data 36



reset ff 1 <= #1 reset_; reset ff 2 <= #1 (reset ff_1

& reset ); end wre syn_crst _ = reset ff_2 & reset_;

/1 assign seecs = seecshit & seens ; assign brdrd7 = seens ? nd_in[7]
. brddat7 ; assign brdrd6 = brdrw ? sengggbrddat[6] : brddat6 ; assign
brdrd5 = brdrw ? sense brddat[5] : brddaths ; assign seedibit = nmd in[0] &
seens; /'l input select logic for shift register readnmux readnux_1

. out (r ead/mexditgy0H3 sequencer.v .in0 (md_ink7:0]),

.inl ({ 2'Db0OlI, seens, 1'bl, seecsbit, seeck, seedo, seedibit }),

.in2 (( brduodiybvdrdb /ondvdsythrdst b, brdcs, brdrw, 2'b00)),
.in3 ({ éf FIegeRant<ta™p0, spioparerr, unsupported, menbusy }),
.in4 (I ddaﬁ‘ibyJ'E):,few flip-flops here that I actually DO want to LddTmsymc Réﬁ'ﬁtfcﬁt.byt e) )

_' ' r . sel r xsel
! n6 (( le?o’e agvpe%tie x}l%[i’ or ne ed%a syn¢ rst_ ) S€ ( eadnmixse )
) shregiz shfegl2™1( °* "Pshirdgoit- ' (pshreg),
.reset _ (Sync fFsgte_gst) .clkin
(clkin),  bequn .Spio in (spio_in),
. Spi ooe (spi oeepee <= #1 1'b0; . pl oad_shi ft
. ron_mdoe <= €1 1'b0; -
(pl oad_shift), end :
else begin
spiooe <= ¥8 ld_spioce ? d_spiove : spiocoe;
rom_mdoe <= #8 d_rom_mdoe;
end
always @ ( posedge clkin or negedge sync rst_ )
if {isync_rst_) stpwctloe <= #1 1‘b0;
else if (~stpen_ ) stpwctloe <= #1 1'bl;
always @ ( posedge clkin )}
if (¢sync_rst_)
begin
state <= §1 37*h00_00C0_0001;
romes_ <= #L 1'b1;
romoe_ <= #1 1’b1;
new <= #1 1’b1;
end
else begin
state <= ¥l next_state;
romes,_ <= #8 d_romcs_;
romoe_ <= #8 d_romoe ;
mrw <= #8 d_mrw;
end
always € ( posedge clkin )
if (~aync_zst_ | clear_timer) timer <= ¥l 11’30;
else timer <= #1 {timer{9:0], 1'bl};
always & ( posedge clkan )
7/ These don‘t need a reset at all’
begin
readmuxsel <= El 1d readmuxsel ? d_readmuxsel : readmuxsel;
romabort <= §1 ld_romabort ? d_romabort : romabort;
addrdben_ <= ¥1 d_addrdben_;
end



. badpar (badpar), . pdat ai n

(readmuxout) ); 170 [/

i nput nmux to reg containing acknow edge val ue when not shifting data to //
dagger GIECH MUX4 gtech_nux4_ 1 ( 184d0 (1' b0),

.dl (pshreg[0]), .d2 (ackdat a),
.d3 (spi o), ) .sel0 (ackl oad ),

.sel | (ackshift ), . out (acki n)

al ways @ ( posedge cl kin or negedge sync_rst ) begi n if
(!'sync_rst_) -spi/gesiio§fond’ dalduéncer.v el se spi o <= #8 @ckin ;
end . rom.addr rom addr _1 ( . out (ma),

.reset_ - FEOKIBN YR IV BRLLNI 1170000 111081781100111018800801011071 . addr dben_

(addr dben_) 1 /{ NOW to set all the "REGs* that aren'_tafa@rq!l@q_ (addr hen_) ,

.addrl en_ alwdy@ €I 4@ o} stimer .addrinc

(addrinc), or pshreg .clkin (clkin),

.in (pshreg[ & ffanee = o= o ™ . seens

(seens), or rom_mdoe or romgioely W (brdrw) ) v

r egen8 r Om_dat a_l ( Zi :: :sfnl.' ledtest or seemg r Om_n'd) )

.reset _ (sync_r S§r_1)e§d:§ or stpdec Zr seedéc'or bridec . .enabl e_

(dat aen_) , :; gtexggdezc or romwrdec or spiostatdec or badpardec

or badparaty
or spioreset }

begin

7/ Set up "defaults*

next_state = 37"b0;
clear timer = 1°h0;
d_spicoce = 1'b0;
1d_spicoe = 1b0;
d _romcs_ - = 1'bl;
d romoe = 17bl;
d mrw = 1'bl;
d_rom _mdoe = 1/b0;
d_romabort = 1'b0;
1d_romabort = 1'b0;
d_addrdben_ = 1'bl;

d_readmuxsel = 3°h000;
1d_readmuxsel = 1'b0;

pload shift = 1/b0;
ackload_ = 14bl;
ackdata = 1'bl;
ackshift_ = 1'bl;
addrhen_ = 1’'bl;
addrlen_ = 1"bl;
addrinc = 1/b0;
dataen_ = 1'bl;
set_parerr = 1'b0;
set_unsup = 1'p0;
set_mbusy = 1'b0;
ledregen_ = 1¥bl;
stpen_ = 1'bl;
seectlen_ = 1“b1;
brdctlien_ = 1'bl;
statregen_ = 1'bl;
bdprregen_ = 1’bl;



.clkin (cl kin), .in

(pshreg[ 9: 2]) ); /1 Choose EEPROM WRI TE DATA or SPECI AL JUNK SI GNALS
/[l to be sent out to "pad_nd", // still subject to the whins of

md_en [7:0], of course assign nd[7] = skggs ? brddat7 .
romnd[ 7]; assign nd[6] = seens ? brddat6 : romnd[ 6]; assign
md[ 5] - « <JEeTil 0@/ 08B G gidsicer. v : romnd[5]; assign nd[4] ¢ = seens ?
~brdstb : romnd[4]; assign nd[ 3] = seens ? ~brdcs E
rom nd[ 3] ; assifghseiqrelfe?) = seens ? seeck ~tromnd_[2]; assign
md[ 1] = seens ?.sgedo - romnd[1]; assign nd[O0] =

rom nd[ 0] ; St p Stepr_skatfe( spioc_wart_for_start] 4 l:bQJt put : .

. st pwet | (st Pg®try , =Pt | nputs:

.reset _ (sync_rst ), e 171
.stpwetlen_ e StRen )., .clkin

(cl Ei n), W . del ayreg (pshreg[8:7]),

. Spi or eset ( spf’orgetyiresepi ost atreg spiostatreg 1 (

/1 Qutputs: /7 wait here for timer(8y.{J €denab,

Spi oparerr, next_state[‘spioc_haty_gesslejtﬁ)por ted,

rrenbusy, = next_state[‘spioc_hard_reset])
| ( state[ ‘sproc_hard reset] & ~timer(3] j;

// Once timer(3] comes...

ackload = ackload_ & ~( state[‘spioc_hard reset] & timer{3] j;
ackdata = ackdata & ~{ state([‘spioc_hard reset] & timer(3] );
ld_spiocce = 1d spiooce | ( state(‘spioc_hard reset] & timer(3] );
d_spicoe = d_spioce | state{‘spioc hard_reset];

1d_readmuxsel = ld_readmuxsel [ state[‘spioc_hard reset];

d_readmuxsel
= d_readmuxsel
1 { {3{state{‘spioc_hard reset]}} ¢ 3‘bl00 };

next_state( ‘spioc_reset_ack]
= next_state(‘spioc_reset_ack)
| ¢ state[‘spioc_hard_reset]) & timer(3)] );

// ‘spioc_reset_ack :
// Wait here until id_done
next_state{ ‘spioc_reset_ack)
= next_state{ ‘spioc_reset_ack}

1 { state[ spioc_reset_ack] & ~id_done };

/7 Once id_done comes...

ackload _ = ackload_ ¢ ~( state{‘sproc_reset_ackl & id_dome );
pload_shift = pload_shift | state{ ‘spioc_reset_ack];
clear_timer = clear_timer [ stata(‘spioc _reset_ack];

next_state(‘spioc_s end_id]
= next_state( ‘spioc_sand_id)
{ ( state{'spioc_rdset_ackl & id_done };
// ‘spioc_send_id :-
ackshift_ = ackshift_ & ~state[‘spioc_send_id};
1d_readmuxsel = ld_readmuxsel | state( ‘spioc_send_id];
d_readmuxsel = d_readmuxsel | ( (3(state{‘sproc send_1d}}} & 3/b1Ol 3;
// wait here for timer{9]...
next_state{ ‘spiroc_send_id]
= next_state(‘spioc_send_id]
[ ( state(‘spioc_send_id} & ~timext(9] );

// take off when timer(9] comes

pavad_snily « pivad_shift 1 ( statei‘sproc_send_idl & tameriyj i,



errled [l 1nputs: cl ki n,
sync_rst_, set _parerr,

set unsup, set _nbusy,

sSpi oreset, statreges_,

pshreg[ 8], pshreg[ 3: 1] ); badparreg
badparreg_1 ( clkin, sync_rst _,

spi oreset, bdprregen,

P/Sh[ ﬁgLg‘.]silvezilog/OHB_sequencer.v E?glpﬁf ); ledreg | egor eg_1 (
sync_rst_, spi or eset

| edr egen_, clear_timer = cleap_éﬁ}el’eg[(8.3‘-afri,‘8pi0c_send_idl & timer(9] )i
errled next_state[‘sp:.oc_éixﬂ‘i_@gitn,d /1 Qutputs:
ed_, R R dproc R 2660k ke PR L

/1 Qutputs: seens,

SeeCSbi t ' /f ‘spioc_send_estat : SeeCk’ seedo,

// Sit here shifting until timer(10]
ackshift = ackshift_ & ~( state(‘spioc_send estat] & ~timer[10] );

next_state[‘sproc_send estat]
= next_state(‘spioc_send estat]
| ( state{ ‘spioc_send estat] & ~timer{l10} );

// When timer[10{, bug out
ld_spiocoe = 1d spiooe | ( state(‘spioc_send_estat] & timer{l10} j;
next_statel‘spioc_wait_for_start]

= next_state{‘spioc_wait_for_start}
{ ¢ statef‘spioc_send estat] & timer{ld} );

i ‘spioc_wait_for start :
// Sit here until see pshreg(li] = ¢ and no ledtest
next_state{‘spioc_wait_for_start]
= next_state[‘spioc wait_for_start]
1 ( state{‘*spioc_wait_for_start}] & (pshreq(li} | ledtest} };

// See pshreqg (= 0), this is not a test

clear_timer
= clear_timer | state[‘spioc_wait_for_start];

next_state[‘spioc_shift_in_cmd)
= next_state{ ‘spioc_shift_in_cmd]
| ( state([‘spioc_wait_for start] & ~pshreg(il] § ~ledtest );



172 "tinmescal e 1ns/ 10ps nodul e readnux ( out , in0O, inl , in2,

in3, ind , in5, in6 , sel ) ; output [7:0] out ; input [7:0] inO, 1inl
in2, in3, ind , in5 in6 ; input [2:0] sel ; wre [2:0] sel ; wre
[7:0] out , inO, inl, in2, in3 ind , in5, inputO , inputl,

I nput2 , input3 I nput4 , inputh , |nput6 , Input?7 ; assign input? {
1'bl , in6[7] , in5[7] , in4[7] , in3[¥7  in2[7] inl[7],

in7]}; assigninputé ={ 1'bl, in6[6] , in5[6] , in4[6] , in3[6] ,

i N2[ 6] ,./wéckidtl/ons_sequencer.vi NO[6] } ; assign input5 = {4l' bl , i n6[ 5] ,
i n5[ 5] in4[5] ,7in3[5] , in2[5] inl[5] , inO[35] } ; assign
input4 = { 1' bl ./ ipfof dhse snickD] 4] , 1Nn4[4] , in3[?]], inZ[?]], inl[?g];
in0[4] } ; assignin = {eocls in6[3] , in5[3] , in4[3 in3 ,
in2[3] , inl[3] , PRt o5 f[‘l‘m"”- assign input2 = { 1'bl , in6[2] ,
in5[2] in4[2] , IHBF'Z“J'““‘LMZ”CI?‘ZPIZE AN in0[2] } ; assign
inputl = { 1'bl , in6[1] , inb[1]statelpspif Fhtr injewB[clprmertdin2[ 1] , in[1] |,
inO[1] } ; /1 0K, timer(8]

set_parerr +
= set_parerr
| { state(‘sproc_shift_in_cmd] & r.imer(s] & badparaty };

rext_state(‘spioc_wait_for_start)
= next_state{ ‘spioc_wait_for_start]
| ( state[‘spioc_shift_in_cmd] & timer{8] & badparity };

1d_readmuxsel
= ld_readmuxsel | state(‘spioc_shift_in_cmd];

_d_readmuxsel
= d_readmuxsel

I ¢ {3{{state( *sproc_shift_in cmd] & stpdec 11} & 3*pool )
1  {3{(state[ *spioc_shift_in _cmd] & seedec 11t & 3'hotl )
1 ( (3{(statel*spioc_shift_in cmd] & brddec 311 ¢ 3°b010 )
1 ( {3{(state['spioc_shift_in_cmd] & spieostatdec }}} & 3boll )
1 { {3((state]‘*spioc_shift_in cmd] & badpardec })} & 3'b110 );

next_state[ *spioc_write_dbits])
= next state(‘spioc_write dbits]
{ { state[‘spioc_shift_ in cmd) & timer[8]) & ~badparity
& { leddec { stpdec ) };

next_state( ‘spioc_read bytel
= next_state(‘spioc_read:bpyte} .
{ ( state(‘sploc_shift_in_cmd] & timer(®#] & ~badparity *
& readdec & { seedac { brddec | spiostatdec | badpardec ) );

next_state{‘spioc_write byte_wait start]
= next_state( ‘spioc_write_byte_ wait start|
1 ( state{“*spioc_shift_in_cmd] & timer{8] & ~badparity
& ~readdac & ( seedec | brddec | spiostatdec [ badpardec ) };

d_addrdben_ = d_addrdben_
’ & ~( state(‘spioc_shift_in_cmd] & timer[8] & ~badparity
. & { romrddec { romwrdec } );

set_mbusy = set_mbusy
{ ( state(‘spioc_shift_in cmd]l ¢ timer{8] & ~badparaty
¢ seems & ( romrddec | romwrdec ) );

id_romabort = 1d_romabort | state(‘spioc_shift_in cmd];
d_romabort = d_romabort | seems;
/7 Go throgh ROM states even rf SEEMS error
next _state[‘spioc_eeread wait_lo_addr_start}
= next_ statef‘spioc, eeread wait _lo_addr start]
1 { state(‘spioc_shift_in_cmd) & timer(8] & ~badparity
& romrddec };
next_state(‘spioc _eewrite_wait_lo_addr_start]
= next_state[‘spioc_seewrite_wait_lo_addr_start)
{ ( state{*sproc_shaft_in_cmd] & timer(8] ¢ ~pvadparity
& romwrdec };

/7 1n case of unsupported command...

set _unsup = set _unsup
I state"sprwc_snaft_an_smal & timecld) & ~Cadpariiy

s



assign input0O = { 1'bl1 , in6[0] , in5[0] , in4[0] , Iin3[0] , in2[0]

inl[0] , in0[0] }; assign out[7] = input7[sel] ; assign out[6] =
input6[sel] ; assign out[5] = input5[sel]; assign out[4] = input4[sel] ;
assign out[3] = input3[sel] ; assi gn out[2] -iggput2[sel] ; assign out[1]
= inputl [sel] s§ %n out = inputO[sel] ; endnodule

173 input °° ° "' Tnput pad_i dpal ; out puk2

i dpal _in; input [ 7: 0] pad i ddat; out puledade7: O] i ddat _in; input
pad_esbrd; out put esbrd in; i ant‘“P“e" pad_scsi _rst_; output
scsi_rst_in_; input : pad ter rrsensemh,: out put ternmsense b
in;, input pad ternsense a; outpu Pz":;:zec ternmsense_a_in;

i nput pad_x_connsense; ¢ ~romrddec

& ~romwrdec );

next_statve{ ‘spioc_wait_for_start]
= next state!‘spxoc wait_for_ start)
I { state{‘spioc_; shift in emd] & timer[&] & ~badparity
~leddec
& ~stpdec
& ~seedec
& ~brddec
& ~spiostatdec
&
&
&

"

~badpardec
~romrddec
~romwrdec };



H

out put
connsense in;

pad_pci

pad_spio )

pad_hi

_reset

ma[ 17]

xconnsense in; input pad connsense; out put
buf ( clkin, pad_clkin) ; buf ( reset_

_ )
bufifl
led_ , |edoe )

but ( pad_brd reset , reset_ ) ; but ( spio_in,
( pad_spio , spio ,ygpiooe ) ; bufifl ( pad_led_,

, bufifl ( pad_stpwctl °, stpwctl , stpwctloe ) ; but (
me_i n[ 17} {vestkpofor3pedatadces v but ( ma_in[16], pad_hi _ma[16]1s ): bufifl (

_ . ma[17] , meoe ) ; bufifl ( pad hi _ma[16] , ma[16] , naoe )
bufifl ( pad_mé{ 1sbfec wripmfeis]: | maoe ) bufifl ( pad_ma[14] , mal[ 14] ,
maoe ) ;° bufifl ( pad_paf 13} zemusahw]co ,mmaams)ngo ozbsui l«islw(mqad m51[ 12] )

ma[ 12] , maoe )
pad_ma[ 10] ma[ 10]
( pad_ma[8] , ma[8]
( pad_ma[ 6] , ma[6]
( pad_ma[4] , ma[4]
( pad_ma[2] , ma[2]
( pad_ma[0] , ma[ 0]
174

i

44

bufifl

FP

eqre: egl pad ma r}ﬁ% splo 1ts S

. GRagy ; bl 7( pady ﬁlsﬁioaﬁﬁtﬁ Zé,} ﬁaﬁém I’s‘ei}é‘)’bﬂf' i1
, haoe ) ; buflfl ( pad_ma[7] , ma[ maoe ) ; bufifl
aanes ) ; bufdfd ( padsm@l &b waaLd'ilcs,,, maoe ) ; bufifl
AEee2 ) bufdkdfats ( pactsyresl 3procwmye ®jesl: nmoe ) ; bufifl
BRGEo0d ; DUfd fplbod pPAGefiBfdbloc.writ®luhls;, nMaOe ) ; bufifl
fapece) ; bufeifee nd_ilribar} ‘spiqoaehtedfivel )

next_state( ‘spioc_ack_lo_1)

= next_state[‘spioc_ack_lo_1] | state(‘spioc_write dbits];

‘spioc_ack_lo_1 :

next_state{ ‘spioc_ack lo_2]
= next_state{‘spioc_ack_lo_2) | state{‘spioc_ack_le_ 1};

‘spioc_ack lo 2 :

ackload = ackload_ & ~state(‘spioc_ack_lo_2];

next_state(‘spioc_ack_hi)
= next_state[‘spioc_ack _hi] | state(‘spioc_ack_lo_2];

‘spioc_ack_hi :

1d_spiooe = 1d_spioce [ state[‘spioc_ack_hil;

next_state(‘spioc_wait_for_start]
= next_state(‘spioc_wait_for start] | state(‘spioc_ack hi};



174 buf ( nmd_in[6] |, pad_rml[6] ) ; buf ( nd_in[5] , pad_nd[5] ) ; buf (
md_in[4] , pad_nd[4] ) ; buf ( nd_in[3] , pad_ nd[3] ) 5 buf ( md_in[2] ,
pad_nd[2] ) ; buf ( nd_in[1] , pad_md[1] : buf (

| _ n(o] . pad (0] ) :
bufif1 ( pad nd[7] , md[7] , ndoe[7] ) l%ﬁuflfl (pad nﬂ[6] , mi[6] ,
mdoe[6] ) ; bufifl ( pad_md[5] , md[5] oe[5] ) : bufifl ( pad _nd[4] ,

md[ 4] , 9 %% k bufifl (pad md[ 3] , nd[3] , mjoe[3] ) ; bufifl (
pad_nd[ 2] * "i["fé% /0 FETEFY ; bufifl (pad_nd[1] , md[1] ,Y%hdoe[1] ) ;
bufifl (pad md[ 0] , nd ‘%ﬁf mzloe[O] ) ; buf ( roncs_in_, pad_ronts_ );
bufifl ( pad_ronts_’ / ept ®foncsoe ); bufifl ( pad_ronoe_ , ronoe_ ,
ronoeoe ); buf ( W | Nacky d _NT W =) doxtloadf | f 1 s(~spexd *sfiTow/read Bash;, NTWOE ) ;
buf ( seecs_in, pad_seec¥t* bufi fil1*tad sdet@te™ekaewd beebcsoe  buf (
idpal in , pad_idpal ) ;i sbuée( | dd@Lspiond 7] 1, sepadshatdaid Hle) ;- buf (
iddat _in[6] , pad_ |ddat[‘IBI"")"e buf (-FAL i A[Bit! "pefartderqy[ 5] ); buf (
iddat _in[4] , pad iddat[#}:_scaceDehod rebddeled adknp 3] , pad_iddat[3] ); buf (
iddat _in[2] , pad_iddat[2] ) = "Buf(eFettatt-ptiter togad Si‘t}dfatPE%}“ad;-bmm# (
iddat_in[0] , pad_iddat[0] ); buf ( esbrd.in pad_esbrd ) ; buf (
scsi_rst_in_, pad_sUsrrpsteadbifesghdp 1(: ternsense_b_in, pad_ternsense b );
buf ( termsense_a_in, pasul @EIEeNSLredd Yyte biifio ki X_ connsense in,
pad_x_connsense ) buf ( connsesseratef spi pxoc—g;.egﬁﬁp%%ﬁi 2

t—state ™

// ‘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(‘spiog_read byte ack hi)
= pext state[‘spioc read, |_byte_ack_hi}
| state{‘spioc_read byte_. ack lo 2);
// ‘spioc_read byte ack hi :
ackshift_ = ackshift_ & ~state(‘spioc_read byte ack_hi];
clear_timer = clear timer | state{‘spioc_read byte_ack hi};
next_state]‘spioc_read byte_shift]
= next_statel ‘spioc_read byte shift}
| state[‘spioc_read byte_ack_hi);
/7 ‘spioc_gread byte_shift :
/7 Wait, shifting, until timer(9}
ackshift _ = ackghift & ~{ state(‘spioc_;ead;pyte_shiftl & ~timer(9] };
next_state(‘spioc_read_byte shift] )
= next_state( ‘spioc_read byte_: shife]
{ { state(“spioc_read byte_shift] ¢ ~timer[9] );
/7 When timer(9), wove on
1d_spiooe = 1ld_spiooce | ( state[‘spioc_read byte shift] & vimer{9) };
next_state(‘spioc_wait_for start}

= next state[‘spzoc wait_for_start)
1 ( statet‘spzoc read_byte_shift) & tzmer[Sl Vi



endnodul e

175
pad_scsi _rst_, scsi_rst_in_,
pad_t ernsense_b, ternmsense_b _in,
pad_t ernsense_a, 19 ernsense_a_in,
pad_x_connsense, : "~ connsense_in,
padconnsense, connsense_in ) I nput
pad_cl ki n; out put cl kin; input pad_pci _reset ; out put
reset ; out/BHfties/oms sequengesyv by d reset ; i nout ad_spi 0; out put
Spi o in; input . S ) Spi ooe; out put
pgd led ; igput "'”“Lﬂugﬁﬁtf“?%ﬁﬁf Fedoe; outBut
pad_st pwct | ; input ”““““%FﬁWEH”“‘WHb&F““” st pwct | oe; i nout
[17: 16] pad_hi _nma; out put._ st{ték&:»@t wrat® gke MBS, stamsl [17 16] ma_in;

= neKxt_s uul sploc_urite_byte wa t su

¢ sute(‘:pxoc urite byte wait st:att] & pshreq(ily );
/7 Take off when start bit comes

<clear_timer
= clear_timer | state{‘spioc_write byte_wait_start];
next_state( ‘sproc_write byte_shift data)

= next_state(‘spioc_write byte shift_data]
1 { state[‘spioc_write_byte wait_start] ¢ ~pshreg{il] );

-

/1 ‘spioc_write_byte_shift_data :
£/ Just wait until timer(d}

next_state[‘spioc write_byte_shift_data}
= DRXEt. atate(‘:pioc write_byte shift_data)
| ¢ state(‘spioc_write byte_: shift _data) & ~timer{8] ):

// Then branch per badparity, set_parerr if need be
set_parerr
= set_parerr
1 { state{‘spioc_write byte shift data] ¢ timer(8] & badparity };
next_state( ‘spioc_wait_for_start]-
= next_state(“spioc_wait_for_staxt] .
. I ( state[‘spioc_write byte_ shift datal} & timer(8] & badparity };

next__sﬁate(‘spioc write_byte] .
= pext_state{‘spioc_write_byte]
{ ¢ state{‘sploc_write_byte_ shift _data] € timer(8] & ~badparity );

// ‘spioc write byte :

seectlen_ = seectlen_

e ~( state[‘spioc write byt:el ¢ (readmuxsel == 3'b001) );
brdctlen - bzdctleu ’ .

& ~( st;te[‘spi.oc_w:iu_h'gtel ¢ {readmuxsel == 3°b0LO) };

statregen_ = atatraeqgen_

& ~{ state{‘spioc_urite byte] & (readmuxsel w= 31'bOGLl1} };
hdprregen_ = bdprreg

[ ~( state(‘:ptoc write_byte] & (readmuxsel == 3'b110) };

ackload = ackload_ & ~state(*sploc_write_byte};
ackdata = ackdata & ~state( ‘spioc_write_bytel;
d_spiooce = d_spiooe | statel ‘spioc write_byte);
1d_spiooe = 1d_spiocoe { state( ‘spiroc_write_bytae];

next_state( ‘spioc_ack_lo_1]
~ next_state{ ‘spioc_ack_lo_l] | state({'sproc_write _bytej;

-’



I nput [17:0] mm; input maoe; inout [7:0] pad_nd; out put
[ 7: 0] md_in; 1nput [17:0] nd; input [ 7: 0] ndoe; 1 nout

pad_ronts ; output ronts_in_; input ronts_; i nput
roncsoe; inout pad_ronoe_; input ronmoe_; i nput
ronoeoe; i nout padnrw; out put nTw_in; input

nrw, i nput nrwoe; inout ;g5 padseecs; out put

seecsin; input seecs;

176 't i ESCAPY OU3_sequeopr Y (Ops /| BEHAVI ORAL version SREOC iobuffers
nodul e i obuffers ( pad_cl ki n, cl kin
pad_pci T eset , 7/ ‘sproc_eeread_wait_lo_addr_start : r eset e

pad_br d_-r eset _, // Wait for pshreg{ll] to get a stﬁ&dms pIIJ)O,

spio in,

next_state( ‘sproc_eeread_wait_lo_addr_start}
= pext_state(’sploc_seread walt_lo addr_start]
1 ( state('sproc_eeread wait_lo_addr_start] & pshreg(ll) );

// Then roll out

ciear_timer
= clear_tvimer | state{‘sploc_eeread wait_lo_addr_startl;

next_statef‘spioc_eeread_shift_lo_addr]
= next_state(‘spioc_eeread_shift_lo_addr]
| ( state(’spioc_eeread wait_lo_addr_start] & ~pshreq(ll] };

/7 ‘*sproc_eeread_shaft_lo_addr :
// Just sirt here until timer(8)

next _state{‘spioc eceread_shift_lo_addr]
.. . = next_state{ ‘spioc_eeread_shift_lo_addr]
I { state[‘spioc_eeread shift_lo_addr] & ~timex([8] };

// Then hit addlen_ AND addrine (special load and drop 1:0)
// contemplate setting parity arror and romabort, mowve on

addrlen_ = addrlen_
& ~{( state[‘spioc _eeread_shift lo addr] & timer(8] );

addrinc = addrinc
{ { state{“spioc_eeread shift_lo addx} & timer(s} );

set_parerr = set_ parerr
1 { state{'spioc_eeread_shift lo_addr] & timer(8) & badparity );

1d_romabort = ld_romabort
| { state(‘spioc_ceread shift_lo_addr] & timer(8] & badparity };
4 _romabort = d_romabort | sr.ate(‘spioc_eezeid_shift_lo_add:];

next_state( ‘spioc_eeread wait_hi_addr_start])
= next_state({ ‘spioc_eceread wait_hi_addr start)
{ ( state(‘spioc_eeread_shi ft__lo_addr}, & timex(fB8} );

// ‘spioc_eeread wait_hi_addr_start :
/¢ Rait for pshreg(lil) to get a start bit (0}

next_state(‘spioc_eeread wait_hi_addr_ start)
= pext_state(‘spioc_seread_wait_hi_addr start)
1 ( state(‘spioc_geread wait_hi_addr_start] & pshreg(ili} i;

-

// Then roll out

clear_timer ‘
= clear_timer [ state{‘spicc_eeread wait hi_addr_start];

next_state(‘spioc_eeread_shift_hi_addr)

= next_state( ‘spioc_seread_shift_hi_addr]
| ¢ state(‘spioc_eeread_wait_hi_addr start} & ~pshreg{lil] );

// ‘spioc_eeread_shift_hi_addr :
// Just sit here until timer{8)
next_statel‘spiroc_seeread_shafr_hi_addr)
= next_state( ‘spiroc_eexead shift_hi_addr]
{ ( state(‘spiroc_eeread_shift_h:i_addr] ‘¢ ~timer(8] J;

/¢ Then nit addhen_, consider parity, and HPANCH per parity/romatort '



spi o, Spi ooe, pad_| ed_,
led_, | edoe, '

pad_st pwct |, stpwet |,
st pwet | oe, ' _pqﬁfhl_na,
pad_nma, me_in, na,
naoe, pad_nd, md_i n,
md, ndoe, pad_ronts_,
roncs_i n._.1/veriloglou3 sequencer.v romts_, 17
r ontsoe, "am, pad_r onoe_,
ronoe_, / stacus r onoeoe

W, addrhen_ = addrhen_ NT Wi N, nr w,
IF’)Y?\(I:I\K_)reTT ¢ -I-D(asaajge‘?tog_,eeread,_shxSt_hi_addt} ¢ timer(8) 3; seecCcs
; " set_parerr < gab (piyerr seecsoe,
ng.al dpal S [ ’stiatcfb‘éTioel_ﬁread__shift_h:.__a&dr] & timer(8) & badparity j;
padl ddat ' nexc__sr.ace[‘spxoc_uaiti_ggas'tt.a iln’
pad_es brd, = next_state( ‘sﬁS@&a&_foQ_;start}

I ( state(‘spioc_eeread shift_hx_addr] & timer(8) ¢
(badparity | romabort) );

next_state{‘spioc_eeread_read_0]
= next_state(‘spioc_eeread_read 0]
1 ( state(‘spioc_eeread_shift_hi_addr} ¢ timer(8] ¢
~badparity & ~romabort };
/7 1 don’t think it will hurt to clear timer w/o checking parity or romabort

clear_timer = clear tider
| ( state(‘spioc_eeread shift hi_addr]) & timerx(8] );

// ‘spioc_eeread read ¢ :
// Do this stuff any time in this state

1d4_spiooe = 1d_spiooce | stat’.e(‘spioc_eeread_x:.ead 0);

—

d_spiocoe = d_spicoe | statef‘spioc_eeread_read 0};
ackload = ackload_ & ~state[‘spioc_eexead_read 0);

/7 Do this until timer([8) gets set )
ackdata = ackdata & ~( state{‘spioc_eeread_read 0] & ~timer(8] );

d_romes_ = d_romcs_ & ~{ state[‘spioc_eeread read 0] ¢ ~timer(s) j;
d_romoe = d_romoe_ & ~{ statel‘spioc_eeread read 0) & ~timex(8) );

next_state( ‘spioc_eeread_:ead_m
= next_state[‘spioc_eeread_read 0]
{ ( state(‘sploc_cerxead read_0) & ~timer(8] );
7/ %When timer([8]) comes...
Pload_shift = pload shift | ( state(‘spioc_eeread read_0] & timer(8) );
next_statel ‘spioc_eeread_inc_addr_01]
= pext_state{ ‘spioc_eeread_inc_addr_0%]
| ( state(‘spioc_eeread read 0] & timer(8] 3;
// ‘sproc_earead_inc_addr 01 :
ackshift_ = ackshift_ ¢ ~statel‘spiroc_eeread_inc_addr_01]; :
addrinc = addrinc { state(‘spioc_eeread_inc_addr 01];
clear_taimer = clear_timer 1| state(‘sproc_eeread_inc_addr_01);
next_state|‘spioc_eeread read 1}
= next_state[‘splioc_eeread read_l]
{ state(‘spioc_eeread_inc_addr_01i];
// ‘spiroc_seread_read 1 :
ackshift = ackshift_ & ~statae[‘sproc_eeread_read_Li];

// Do this until timer(8] gots saet

d_romcs_ = d_romcs_ & ~{ state{‘spioc_ceread_read_l] ¢ ~timex(8] };
4_romoe_ =~ 4_romece_ & ~{ state{‘'spiroc_eeread_read_l} ¢ ~tamer(6] );



177 .. /veriloq/OH3_ sequencer. v "tinmescal e 1ns/ 10ps nmodul e

sequencer [l Inputs: cl kin,
sync_rst_, pshreq,

i d_done, |edtest, seens, brdrw, 194 /[l Qutputs...

ronts_, ronoe_, nrw, ronctsoe, ronoeoe, nTrwoe,
maoe, .-/verilog/OH3_ sequencer.v nyjoe, 18 seecsoe,

| edoe, stpwctl oe, next_state[ spioc_seread_read_if €AdNMUXsEI ,

pl oad_shift, = next_state! ‘spick chread, e Ok | oad , ackshift _,

spi ooe, - - - aulrddn p‘“—ﬁ%fﬁﬁ“ﬁéﬁ HOSBHPF Y, addri nc,
dat aen_, // vWhen timer{8] SMeOF-€SeEt ,

set _parerr, set _unsup, S@La.drgﬂ%)bpload shaft 1 ( state{‘spioc_eeread read lll &edi;nﬁ'%r}.,.

st pen_, seect l en_, brdctlen_, "statregen_,
bdprregen_ input e R e e e NSt pat,y  [11:0]  pshreg;

I nput i d-done, | edtest, ceewss! doroelleevead mu PIK timer(o) 1; ronts_,
ronoe_, nrw, output ronctsoe, ronobeoe, nrwoe; output nmaoe;

output [7:0] nUoe/, *seist perkad_inc_addr_12 : Seecsoe, | edoe, stpwctl oe; out put
[ 2: 0] r eadnmuxsel ;oout pgctkshift_ = ackshifu?. l &Oggat&h;piot:_;_eeread_inc_addr_lz};

addrinc = addranc (| state[‘spioc_eeread_inc_addr_12]; .

clear_timer = clear_timer | state(‘spioc_eeread inc_addr 121;

next_state| ‘spioc_eeread read 2)

= next_state(‘spioc_eeread read 2}
{ state{‘spioc_eeread inc_addr 12];
/7 ‘spioc_geread _read 2 :
ackshift_ = ackshift_ & ~state{‘spioc_eeread read 2);
// Do this until timer[8] gets set

d_romcs_ = d romcs_ & ~( state(‘spioc_eeread read 2] & ~timer(8)

)i
d romoe_ = d romoe_ & ~{ state( ‘spioc_eeread read 2] & ~timer(8] );

next_state{ ‘spioc_seread read_ 2}
= next_state(*spioc_eeread read_2]
{ { state[‘spioc_eeread read_2} & ~timer[8) };
// When timer(8] comes...
Pload_shift = pload shift { ( state[‘spioc_seeread _read 2] & timer{s} );
next_state( *spioc_eeread_inc_addr_23]

= next_state(‘spioc_eeread inc_addr_ 23}
| ( state{‘spioc_eeread_read 2} & timer{8] };

// ‘spioc_geread inc_addr_23 :
ackshift_ = ackshift_ & ~statef ‘spioc_sexead inc_addr 23};
addrinc = addrinc | state(‘spioc_eeread inc_addr_23];
clear_timer = clear timer | state[‘spioc_sgeread inc_ addr_23);
next_statei‘spioc_eeread read 3)

= next_state( ‘spioc_eeread_read_3]
{ state[‘spioc_eeread_inc_addr_23j);

/{ “spioc_eeread yead 3 :
ackshift = ackshift_ & ~state{‘spioc eeread_read 3};
// Do this until timer(8] gets set

d_romes_ = d_romes_ & ~{ state(‘spioc_eeraad_read 3) & ~timer(8] };
d_romoe_ = d_romoe_ & ~{ astate( ‘spioc_eeread read 3] & ~timer{8] );

next _state[‘spioc_eeread read_3]
= next_state{ ‘sproc_eeread_read_ 3}
{ { state(‘spioc_eeread read_3] & ~timer(B} );

// When taimer(8) comes...



out put ackdata, ackload_, ackshift_; output Spi ooe;

out put addrdben_, addrhen_, addrlen_, addrinc, dataen_; output
spi oreset; out put set _parerr, set unsup, set nbusy; output

| edregen_, stpen_, seectlen; output .. brdctl en, statregen_,
bdprregen_; : 195 178

[l [l FLIP-FLOPS req [36:0] state; req [10:0] tinmer; reg
spi ooe; req, r onc ronoe_,

nmw, req lverilog/om‘s’teﬁ\?\ecntcf?fe"; req rom ndoe,  1*
romabort, etoRdestife r pload sl | ¢ stdtP Dloc_eore@QEBRAUNSEC ther (8] );

clear_timer = clear_timer { ( state{‘spioc_eeread read 3] & timer{$) ¥

next_state(‘spioc_eeread_shift_3)
= next_state[ *spioc_eeread_shift_3]
[ ( state{‘spioc_eeread _read 3] & timer(8] ); -

// ‘spioc_eeread shift_3 :
ackshift_ = ackshift_ & ~( state(‘spioc_eeread_shift_3) & ~timer(10] );

next_state[‘spioc_eeread shift_3]
= next_statel[ ‘spioc_geread shift_3)
| ( statel ‘spioc_seread shift_3] ¢ ~timer(10] ) H

1d_spiooe = 1d_spiooce { ( statef‘spioc_eeread__shift_Bl & timer{10} §;

next_state(‘spioc_wait_for_start]
= next_state{ ‘spioc_wait_for_start]
| ( state{‘spioc_eeread shift_3] & timer(10] );



179 ../verilog/ OH3_sequencer.v
3 [l [l These below w Il not be flip-flops, but are set up // as REGs

for progranm ng (Verilog) reg [36: 0] next _state; reg

clear _tinmer; req d_spi ooe, : i d_spiooe; reg

d ronts_, d_ronoe_, d mmw, reg

d_rom ndoe, d_romabort, | d_romabort,
d_addrdben_; reg [ 2: 0] d_readmypegel ; reg | d_readnmuxsel ;
reg pl oad_shift; reg ackdat a, :

ackl oad_, --/verilog/on3_sequencegekshift |, addr aen_,

addrl en_,

/7 ‘spioc_sewrite_wait_lo_addr_start :
#/ Wait for pshreg(ll] to get a start bit (0}

next_statel ‘sproc_eewrite_wait_lo_addr_start)
= next_statef ‘sproc_eewrite_wait lo_addr_start]
1 { state{‘spioc_eewrite wait_lo_addr_start] ¢ pshregili] );

/¢ Then roll out

clear_timer
= clear_timer | state(‘spioc_eewrite wait_lo_addr _starti];

next_state{ ‘sproc_eewrite_shift lo_addr]
= next_state{ ‘spioc_eewrite_shift_lo_addr}
| ¢ state{*spioc_eewrite wait_lo_addr_start) & ~pshreg(ll) );

/7 ‘spioc_eewrite_shift_lo_addr :
// Just sit here until timer{8)

next_state]‘spioc_eewrite_shift lo_addr)
= pext_state] ‘spioc_eewrite shift lo_addr)
1 { state{‘spioc_eewrite shift_lo_addr] & ~timer{8] };

addrlen_ = addrlen_
t ~{ statel‘spioc_eewrite_shift lo_addr] ¢ timer({8] );

set_parerr = set parerr
t ( state(‘spioc_sewrite_shift_ lo_addr] ¢ timer(8) & badparity );

1d_romabort = 1d_romabort
| ( state{‘spioc _ecewrite shift lo_addr] ¢ timer(8) & badparity );

d_romabort = d_romaboxt { state(‘spioc_eewrite_shift_lo addr];

next_state[‘spioc_sewrite_wait_hi_addr_start]
= next_state(‘spioc_scewrita_wait_hi_addr_start)
I { state(‘spioc_eewrite shift_lo addr] & timer(8) );

/7 ‘spioc_eewrite wait_hi_addr start :
// Wait for pshreg(lil] to get a start bit (0)

next_state(‘spioc_cewrite_wait hi_addr _start]
= next_state{ ‘spioc eewrite_wait_hi_addr_start]
| ( state{“spioc_eewrite_wait_hi_addr_start) & pshreglil} 3¥;

// Then roll out
clear_timer
= clear_timex | state(‘spioc_sewrite_wait_hi_addr start];

next_state(‘spioc_eewrite_shift_hi_addr)
= next_state{ ‘spioc_eewrite_shift_hi_addrj
1 { state(‘spioc_sewrite_wait_hi_addr_start] ¢ ~pshreqg{il] });
/! “spioc_eevwrite_shift_hi_addr :
/{/ Just sit _here until timer{8]
next_state[ ‘sproc_sewrite_shift_hi_addr]

= paext_statel‘spioc_eawrite_shift_hi_addr)
| ¢ state{*spioc_eawrite _shift_hi_addr] & ~timer{8] };

addrhen_ = addrhen
& ~( state{‘spiroc_eewrite_shift _hi_addr] ¢ timer{8] );



addri nc, dat aen_, set _parerr,

set _unsup, set _nbusy, | edr egen_,

st pen_, seectl en_, brdctl en_,
statregen_, bdprregen_1

180 ../verilog/ OH3_sequencer.v 97 _

4 /1l Internal wires ...which |later becane regs to try and get this
turkey up.Averidpgaus JeQ@noe: vbadparity, | eddec, 21 st pdec,
ronr ddec, romw dec, seedec, br ddec,

spi ost at dec, hadaa{:deeet_pmn spioreset; always @ posedge
cl ki n) : begi n . badparceygpioc_eevrite giufe i) addr? pltweet] 4 beddkyty );

1d_romahort = 1d_romabort
{ ( state['spioc_eewrite shift_hi_addr] & taimer[8} & badparity );

d_romabort = d_romabort | state( ‘spioc_eewrite_shifr_hi_addr);

next_state{ ‘spioc_eewrite_wart_data_start]
= next_state{‘spioc_eewrite_wait_data_start]
1 ¢ state{‘spioc_eewrite_shift_hi_addr} & timer(8] };

// ‘spioc_gewrite_wait_data start :
// Rait for pshreg[ll] to get a start bit (0}

next_state(‘spioc eewrite_wait_data_start]
= next_state( ‘spioc_eewrite_wait_data_start}
t ( state(‘spioc_eewrite wait_data_start] &« pshreg(ll} );

// Then roll out

clear timer
= clear_timer | state[‘spioc_eewrite_ wait_data start};

next_state(‘spioc_eewrite_shi £t_<'lat aj
= next_state[‘spicc_eewritae_shift data)
{ ( state{‘spioc_eewrite wait_data_start] & -pshreg(ll] };

// ‘spioc_eewrite shift_data :
// Just sit here until timer(8]

next:state( spioc_eewrite_shift datal
= next_state[‘spioc_eewrite shift_data]
I ( state(‘*spioc_eewrite shift data] & ~timex(8] );

dataen_ = dataen_
: & ~( state(‘spioc_eewrite_shift_data] & timer(8] );

set_parerr = set_parerr
{ { state[‘spioc_eewrite_shift_data) ¢ timer(Bl & badparity );
next_state( ‘spioc_wait_for sgtart] 0
= next_state[‘spioc_wait_for_start)
1 ( state{‘spioc_eevwrite_shift_data] & timexr{8] ¢
(badparity | romabort} };

next_state[“spioc_eewrite write_data)
= next_state[‘spioc _eewrite_write_data]
1 ( state{‘spioc_eewrite_shift_data)l & timer(8] &
~badparity & ~romabort );

d_romcs_ = d_romcs_ .

& ~( state[‘spioc_eeurite_shift_data] ¢ timer({8] ¢
~badparity ¢ ~romabort ¥; .

// I doa’t think it will hurt to clear timer w/o checking parity or romabort

clear_timer = clear_timer
! ( state{*spioc_eewrite_shift data] & timer(8] };

// ‘sproc_eewrite write data :

d_romes_ = d_romes_ & ~state(* SPLOC_eewrite write data];
d rom mdoa - d rom_t __mdoe I stata[‘sploc_ eewrite _wWrite data];
14 |_spiooa = 1d_; |_spiooe | state(‘spioc_ eewute _writa da.r.a],
d_spiooe = d_spiooe [ atate[‘spioc_eewrite _write_data]l;
ackload_ = ackload_ & ~statael® Spioc_eqwrite_write_data);

- w2y

S Hze w4 nad & w{ state]'sproc_eewIite _write_d4ata; ¢ ~Limeriqi 4;



| eddec <= #1 ( pshreg[8:3] == 6'b00001_0 ); st pdec

<= #1 ( pshreg[8:3] == 6'b00010 0 ); ronr ddec <= #1 (
pshreq[8: 3] == 6'b00011 1 ); romw dec <= #1 ( pshreq[8:3] ==
6' b00100_0 ); seedec <jg@#/l ( pshreg[8:4] == 5'b00110 );

br ddec <= #1 ( pshreg[8:4] == 5 b00111 ); Spi ost at dec

<= #1 ( pshreg[8:4] == 5'b10000 ); badpar dec <= #1 (
pshreg[8: 4] == 5'b10001 ); spi or eset <= #1 -ledtest &

-1 pshreg; /1 t asingle 1 in there end /[l wire badparity
= ~Apshr eg[ 1079774109/ PR3 prquenceg e c = ( pshreg[7:2] ==226' 00001 O
); /{j dwi re stpdec ( " ack@at{ -p&lmegWath]e(iﬁoe@éebiliﬂgd&jgm),i ¢ ~£J(§eth e

ronr ddec = ( pshreql{: 000000 , W re romwm dec

= ( pshreq[7:2] == 6 bOOlOgl_gT )2%-‘-(:& isﬁifggsé%ﬁg)ﬂm_mu = ( pshreg[7:3]
== 5'b00110 ); // wire brddec U ¢ stace( spispappif 7 vdfedaenl B -p@&I0 D ) ; [/

W re spiostatdec = ( pshqsue.g{a?é.:& 1oe—;:—cl;_5'ilb10000 ); I/ wire badpardec

- ( pshreg[7:3] == 5'b10001 ); ~™fFrrpselee g\‘gfk azdRshregl2]; [/
assign spi or eset = -Iegfé%flg.-‘ggﬁfég;“”f7lﬂé é‘%gngle 1lin
t here [l Qutput enables: . assign | edoe = sync_rst; assign seecsoe

= sync_rst_; assign rorpeoe/ ot \monodsShing y@SS 1 RPIOOEM SO @ot a3seBWHNC_St ;-
assi gn nrwoe =n8Y NG, LB Luer nu@STGx TBQE = sync_rst,; assign ndoe[ 7]

= romndoe | (seens & -brdrw $ sync_rst_); assign ndoe[6] = rom ndoe
(seenms & -brdrw & sync_rst_); assign ndoe[5] = romndoe | (seens & -brdrw
& sync_rst _);

endmodule



assign ndoe[4] = romndoe | (seens & sync_rst_); assign ndoe[3] =

rom ndoe | (seens & sync_rst_); assign ndoe[2] = romndoe | (seens &
syn_rst _); assign ndoe[l] = romndoe | (seens & sync_rst );

181 ../ Verilog/ OH3_sequencer.v 199 5 assign
ndoe[ O] = rom ndoe;

182 YRS /_g;;l% sequencer. v [l STATE definitions // // One hot...
states ar eyl D%J(Lj%glere by what bit is set "defi ne 1 spi oc_hard_reset
0 'defingpescae 1§91093c_r eset _ack 1 'define
spic_send_id 2 'define

spi oc_send sgsd at ' 3 ‘'define

spi oc_wait_for_start 4 ' define

spi OC:Shi/]( i.'l'}-_:.ls ﬁié}ffd'top level® file for the SPIOC chip 5

module sprec (

CLX,
P_RST ,

B_RST_,
SPEO,

LED_,
STPCTL,

MALT, MAl6, .
MALS, MAl4, MAL3, MA12, MAll, MALO, MAY, MAS,
MAT, MAG6, MAS, MA4, MA3, MA2, MAl, MAO,

MD7, MD6, MDS, MD4, MD3, MD2, MD1, MDO,

MCS_,
MOE_,
-
SEECS,
IDPAL,
ip?, 1b6, IDS, ID4, ID3, ID2, IDY, IDO,
ESBRD,
" S_RST_,
TRMSHI,
TRMSLO,
XCBLDT,
CBLDT Vi
input CLK;
anput P_RST ;
output B_RST ;
1nout SPIO;
output. LED_;
output STPCTL;
1nout MAL7, MALG;
output MALS, MR14, MAL3, MAL2, MAlL, MALO, MA9, MAS;
output MA7, A6, MAS, MA4, MA3, MA2, MAL, MAO; ’
iaout MD7, MD6, MDS, MD4, MD3, MD2, MDL, MDO;
wpout MCS_;
eutput MOE _;
waout MWR_;
Lhout SEECS;
input IDPAL;
1nput ip?, ID6, IDS, ID4, ID3, ID2, IDY, IDO;
1nput ESBRD;
anput S_RST ;
Lnput TRMSHI;
input TRMSLO;
input XCBLOT;

irput CBLDT;



"defi ne

spi
3

spi
Spi
spi
spi
spi
sSpi
spi
spi
spi
spi
spi
spi
spi
Spi
spi
spi
spi
Spi
spi
spi
spi
Spi
spi
spi
spi
Spi
spi

183

spioc_wite_dbits
oc_ack lo_ 1
defi ne
oc_read_byte
oc_read _byte_ack |l o_|

oc_r ead/Vsyilogheriot v 2
oc_read_byte_ack_hi

oc_read byt hift
oc_mmrfg_b§§€§m5? “Ltart

oc_w i*tre byt'elssmdft; dat a

oC_W {8 _bY$.8) ma_out,
oc_eeread wait I¢eaddr start
oc_eeread_shi ft Thdraddr
c_eeeread wait_hi_addr_start
oc_eeread_shift_hi _addr
oC_eeneagefscatfed 1 ¢ .pad_clkin
oc_eeread_inc_addr 0QIc*®
c_eeread read )1 .pad_pci_reset_
o_eeeread_i nc_addr 12735, ...
oc _eeread read 2 -7
oc_eeread i nc_addr 23padspio

spi oc_ack_hi

.spio_in
oc_eeread _read_3 .spio
oc_eeeread_shift 3  -spicoe

oc_eewite wait_| o _addia start
oc_eewite_shift_lo_
oc_eewite wait_hi_addr start
oc_eewite_shift_hi _agtstevest
oc_eewite wait data_ Staéhos
oc_eewite_shift_data_ ..
oc_eewite Wite_datapeama

.ma_in
.ma
.Mmaoe

.pad_md
md_in
.md
.mdoe

-pad_romcs_
.romecs_in_
<Tomes_
<romcsoe

-pad_romoe_
.romoe
.romoace

.pad_mrw
-mrv_in
MEW
~mrwoe

.pad_seecs
.seecs_in
.seecs
.seecsoe

.pad_idpal
.idpal_in

.pad_iddat
.iddat_in

.pad_esbrd
.esbrd_1n

.pad_scsi_rst_
.scsi_ rst_in

.pad_termsense_b
.termsense_b_in

7 'define
200 10 "define
11 'define
12 'define?
13 ' define
14 'define
15 'define
16 'define
17 "define
18 'define
19 'define
20 'define
21 'define
ctxy, 22 ' define

(ctkinh3 * def i ne
_rs1_124 ' define
ae25 ' define
(S;IO’ZG ' define
o 14/ define
E:i;oﬁﬁa,' define
{sprooe g ' defi ne
«ep_)30 ' define
(led g}/ defi ne
umh??z ' define
(STPC‘{E?O‘; efine
o i ne
¢ cmﬁgg:ﬁxef.' ne

{ (MALS

6 'define
spioc_ack lo 2
9 ‘'define

14, MALl3, MAl12, MAll, MAlQ, MAS,

MAB, MAT, MAG6, MAS, MA4, MA3, MA2, MAY, MAO}),

(ma_in),
(ma_out),
(mace),

{ {MD7, MD6, MDS, MD4, MD3, MD2,
{md_in),

(md_out),

{ndoe) ,

MCS ),
{romes_in_),
(romcs_out_},
{romasoe),

(MOE_),
{romoe_out_),
(romoeoce},

(MUR_),
{mrw_in),
{mrs_out),
(mxwoe) ,

{SEECS},
(seecs_in),
{seecs_out},
{seecsoe),

(IDPAL),
(idpal_in),

MD1, ™DO} ),

{ {107, 1D6, IDS, ID4, ID3, ID2, IDL, IDO} ),

{iddat_in),

{ESBRD) ,
(esbrd_in),

(S_RST ),
¢scsi_rxrst_an_),

{TRMEHI},
(termsense b _1f),
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.7. [l FLIP-FLOP switching // There's a few flip-flops here that |
actually DO want to use ASYNC RESET for. al vvays @ ( posedge cl kin or

negedge sync_rst_ ) i f (lﬁ)\inc rst begi n
spi ooe <= #1 1' bO; rom. rmloe <= #1 1' bO;
end el se begin spi ooe <= #8 | d_spi ooe
? d_spiooe : spiooe; rom ndoe <= #8 d_ rom ndoe;
end al ways @ ( posedge cl kin or negedge sync_rst_ ) if
(!'sync_rst ) st pwet | oe <# #1 1' bO; else if (~stpen)

st pwct | oe fverilog/spise.v#l 1' bl; al ways @ ( posedge3cl kin ) i f
(!'sync_rst ) begi n state <= #1
37' h00_0000_0001; .pad_termsense_a [ ONMERISLO), <= #1 1' bl;

ronoe_ <= #1 1x:br.rsense a_in (temsense_anﬁ,n\),\,l <= #1 1' bl;
end el se b&gd_# connsense (xceom), State <= #1

next _St ate; X connsenf%ﬁlcs (x_connsense_in} '#8 d _roncs._;

ronoe_ <= #8 d.phd)Eaegse (CBLOT}, <= #8

d ntw,

-@HErrse-1"al way's @T’s"pﬁs‘éﬂge cl ki n

spioc _core core_l .clkin {clkin},
.reset (reset_},
.spio {spio_out},
.spiococe {spiooe),
.spio_in {spro_in},
-led_ (led _out_},
.ledoe {ledoe),
.stpwctl (stpwetl_out},
.stpwctloe {stpwctloe),
ma {ma_out},
Jaoe (mace),
Jma_in {ma_in),
md {md_out),
.mdoe’ {(mdoe),
.md_in {md_in),
~TOMCS_ {romcs_out_),
rouncsoe {romcsoe},
.Tomes_in_ {romca_in_},
.romoe_ (romoe_out_),
.romoece {romoece),
JRIW {mrw_out),
-mrwoe {mrvoe},
mrw_in {mrw_in),
.seecs {seecs_out),
.segcsoe {seecsoe) .
.seecs_in (seecs_in),
.idpal_in (idpal_in),
«diddat_in {iddat_in),
.esbrd_in {esbrd_in),

.sesi_vrst_in_
.texmsense_b_in
-termsense_a_in
.x_connsense_in
.connsense_in

{scei_rst_in_),
{termsense_Jk_in},
{termsense_a_in),
{x_connsense_in),
(connsense_in) }i

endmodule



i f (~sync_rst_ | clear_tiner) tinmer <= #1 1' bO;

el se timer <= #1 {timer[9:0], 1'bl},;
al ways @ ( posedge clkin) /'l These don't need a reset at all
begin readnuxsel 263 #1 | d_readnuxsel ? d_readnuxsel
readnuxsel i romabort <= #1 |d _romabort ?

d _romabort : romabg t; addr dben <= #1 d_addrdben;
end timescale 1lns/10ps 184

./Iveril og/ OH3_sequencer.v
8 /1 NOWtodube GTrME MiNae( * REGSA1 t,hat , aden' de1bl,i pefl ppst rkways @ state

or timer . or pshre or ronts_ or ronoe_ or
nr w input d0 , db. &2 py@f |-ogell , sell ; or rom ndoe or ronmabort
or readmuxsel eput out ; or id_done or ledtest or seens

14
or | eddec or sf)pdec or seedec or brddec . or ronrddec or
romw dec or spiostatdec or badpardec or readdec
or badparityreg out ; or spioreset )

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] H

“end

endmodule



begi n

/[l Set up "defaults"”

next state

37" bO; clear _tinmer = 1' bO; d_spi ooe
= 1' bO; | d_spi ooe = 1' bO;

d ronts_ = 1' b1, 203 d _ronoe_ = 1'bl

d ntw = 1' b1, d_rom ndoe = 1' bO;
d_ronmabort = 1' bO; | d_romabort = 1' bO;
d_addr dben_ = 1'bl; d_readnuxsel - 3'b000;
| d_r eadnuxs 0; pl oad_shi ft = 1' bO;
ackl oad WRStare™ = 195%10” ackdat a - 1" bi1;
ackshi ft = 1' b1, addr hen_ = 1' b1,
addr | en 7/ Module to- l&adb IlOld., increment ROM ADDRESS aa@r i nc =1 bo,
dat aen_ // Here’s a speclapi‘:nck. If BOTH addlen_ and ad&@hc RAY &slrted, = 1' b0;
set unsup/ do a special 1bdd¢here the 2 low bits get jammekl t y = 1'bO;

| edr egen’/ = 1'Db1l; = 1' b1,
seect | en// Here’s anot: erbl if SEEMS is asserted, sendo?sgtc‘ﬁnglﬁz“ on MA{15]_ 1' bl:
statregen_ = 1'bl; bdprregen_ = 1'bl;

module rom addr (

input reset_, addrdben ,

input {7:0] in ;

input seems,
brdrw;
output (17:0] out ;

reg {17:0] ad reg ;

assign out[l7:16]
assign outfl1s]
assign outf14:0)

ad

ad

always @ ( posedge clkin or negedge reset _

if {{reset

else begin

if

if

if

else if

)

out,

res et_'
addrdben_,
addrhen ,
addrx len__,
addrinc,
Clkinl

in,

Seems,

brdrw Y

addrhen ,

|_reg{17:16];
seems ? brdrw :
_reqg(14:0];

{ ~addrdben_ )
ad_reg{17:16}
{ ~addrhen_ )
ad_reg[15:8}

{ ~addrlen &
ad_reg(7:0)

{ ~addrlen_ &

ad reg <=

addrlen , addrine, clkin ;

ad_reg(15];

}
£1 18‘hOAAAX; .

<

$1 in(6:5);

<= #1 in;

~addrinc )
<= §1 in;

addrinc )

// both asserted..

. trick load



185 ../verilog/ OH3 _sequencer.v if ( spioreset )

begin next state('spioc_ malt _for_start] = 1'bl
| d_spi ooe = 1'bl; end
el se begin /1 'spio%upfrd_reset

/[l wait here for tinmer[3]...
['spioc_hard reset] =

next state

next_state['spioc_hard_reset]begi,1 | (
state[ 'spioc_hard_reset] & ~dd e&if3) ); <= #1 inl7:2); /1 Once
tlner[3] comnes. " ad_reg{1:0] <acil d'ad0; = ackload_ & ~(
state[' spioc_ hard _reset) & tﬂﬁﬁr[3] ); ackdat a

= ackdata & ~( state[ . S t] r[ 3]

| d_spi ooe . = 1d sﬁ?g%gg P?&&LLEE sapdlééc ngrd rese{/ TG IHEAE )
d_spi ooe = d_spi ooe |asstsflefdispi oe=har th_esgqtl}o] + 27b01);

| d_readnuxsel = | d_readnuxsel | state['Spioc hard _reset];

d_r eadnuxsel end d_r eadnuxsel

| ( [3(sta&g&m§ﬁgoc hard _reset])) & 3 b100 );

next _state ['spioc_reset_ack] next
state[" spi oc_reset _ack] | (
state[ spioc_hard reset] & tinmer[3] ); /1

spi oc_reset _ack :



/1 Wait here until id_done next state
[ ' spioc_reset _ack] =
next state['spioc_reset ack]

state[' spioc_reset_ack] & ~id_done ); /'l Once
i d_done cones. 205ack!| oad = ackload_ & ~(
state [' spioc reset ack) & id_done ); pl oad_shi ft

pl oad_shift | state[ spi oc reset ack] _
cI ear ti MBlrescale cl eegﬁa state[' spioc_reset_ack];
next_stat € |" spioc_sen

next _st at/g[é spt Qegseted widh enable |
(stat e( 'meghilecraeges®t( awk) I&SF'd_ _ doeveble_ , clkin , in ) ; /'l 'spioc_send_id

h(shl ft_ = ackshift_ & ~state
[ spi oc_dBRRF Fefet— - emable ¢ | d_readnmuxsel - 1d readnuxsel
| state[" i9Pt0Gz S8 Neh i; d] ; : d_readnuxsel =
d_readmuxsel | ( (3(state[' spioc_send id])) & 3 bl0l );
/1 wait hetgutfot:08iomerf9]. .. next state
[" spioc_send_id = next_state
(' spioc_ s‘éﬁdlai out ; | (
state(’ spj;pc_gepdihd] & ~tiner[9] ); /'l take off
when tinmer[9] cones pl oad_shift = pload_shift
| ( stat ealjvaysspi OCpssedge icdkidn )4 tinmer(9) ,;
186 begin

if (lreset )
out <= #1 {8{1'bO0}} ;
else
out. <= #1 enable_? out : in ;
end

endmodule

a



/veril og/ OH3_sequencer.v

10 clear _tinmer = clear_tinmer | (
state('spioc_send_id) & tinmer(9) );

next_state['spioc_send_estat] = next
state[' spi oc_send_estat] 206 | (
state['spioc_send id) & tiner(9) ); /1 'spioc_send_estat
/[l Sit here shifting until tinmer[10] ackshift _

= ackshift_ & -( state['spioc_send estat] & ~tinmer[10] );
next _st atehesgpiC_senfls@spat | =

next state['spioc_send_estat] | (
state |oc send estat] & -time /1 \When
timer E 1 ggstpwgt ¢ reset_ Jtpwltleh g alké'ﬁl 0 gglayreg * = 1d_spiooe | (
state[ sploc se g??aﬁ]'& tinmer(10) ); next _state
[ spi oc_guepds_begucst art | =
next _state['spioc_wait_for_start] |
( st at e[ir5pt Fes&end SégY“é-tlf“_&'tW?é‘F [ 18fioyeset ; I
spioc_wait, f Loy /1 Sit here until see
pshreg[fff b[g g (6 TEdt est next
state[' S,QJ:@CLW&] tgelBirest;art] =
next _state['spioc_wait_for_start] |
( stat e[regpstavenai stowdevedt art] & (pshreq[11] | ledtest) );
/| See pshreg (= 0), this is not a test cleartimer
= clear disiRhs s;tt@%r?_gmmoe vai t_§or_st@sisregton,
next _state[ sploc_s m_cnd .a1 {stpwen), =
next state[ spioc_shift_in cnd] .d2 (1'b0), | (
state['spioc_wait_for start] & - psﬁ%eg[]ﬂ%b%% -Iedtest );
pwctlen ),
.sell {spioreset),
.out (muxout ) Yi
always @ { posedge clkin )
if {{reset )

begin

stpwen <= #1 1’b0 ;

stpwlevel <= §1 1'b0 ;

end

else begin

stpwen <= §l muxout ;

stpwlevel <= §1 stpwctlen_ ? stpwlevel : delayregll] ;

end :

assign stpwctl = stpwlevel stpwén ;

endmodule
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11
for tinmer[8]

[l '"spioc_shift _in_cnd

/] Wait here

next state ('spioc_shift_in_cnd)

= next _state('spioc_shift_in_cnd]

state ['spioc_shift_in_cnd] & ~timer[8]297 Il oK,
timer[8] . ./verilog/spiostatreg.v set_parerr 1 =
set _parerr | (
state[' spi,Qg..sti ft_jin.gnd] & tinmer[8] & badparity );
next st at_e ' SpPI oC_wal t_f OI’__St art ] =
next_st algly SpL0e. 8l Qh.plart] . |
state['spioc_shift_i n_cmﬁ opa¥erk, Mer[ 8] & badparity );
| d_readnuxsel unsupported, = | d_readnuxsel |
— ) . . . Temnbusy, -
state['spioc_shift _i n_craﬁ led_, d_r eadnuxsel
= d_readnuxsel clkan | (
{3{(state['spioc_shift_ijs€nd] & stpdec ))) & 3'b001 )
| ( {3{[state[’ spi oc_shi:f:t-;mfpfcrrd] & seedec ))) & 3'b001 )
| ( (3{(state['spi oc_smef:&.b_ukyfl_cnﬂ] & brddec ))) & 3'b010 )
| {3{(state['spioc_shi ftspi:?_setr'rd] & spiostatdec ))) & 3'b011 )
| ( {S[(state[' spi oc_shiﬁ‘gdizi’aﬂ_cnd] 4 badpardec ))) & 3'Db110 );
next _state['spioc_wite Wptgp Yi =
next _state['spioc_wite_dbits] [ (
state[' spt*®&_shi ft_flh;:c_rrd] & timer[8] & -badparity
& ( leddec | stpdec™JTy;
input set_parerr, .
set unsup,
set_mbusy,
spioreset,
ld_en_,
1d data?;
input £2:0) 1d_data210;
output errledenab,
spioparerr,
unsupported,
menbusy,
errled_;
reg errledenab,
spioparerr,
unsupported,
membusy;
assign errled = ~( errledenab & (spioparerr | unsupported | membusy) );
always 8 ( posedge clkain )
if { lreset_} errledenab . <= §1 1°b0;
else if ( spioreset ) errledenab <= 41 1'b0;
else 1f ( ~ld_en_) errledenab <= #1 1d datal;
always & ( posedge clkin )
1f ( freset_ ) spioparerr <= #1 17h0;
else 1f ( spioreset ) spioparerr <= £l 1°b0O;
else if ( set_parerr } spiopareryr <= #1 1’bl;
else 1f ( ~ld_en_ & 1d_data210{2) ) spioparerr <= #1 1'b0j /7 R ONE writes it off
always € ( posedge clkin )
Lf { ireset } unsupported <= #1 1'b0;
else 1f { spioreset ) unsupported <= §1 1’b0;
else if { set_unsup } unsupported <= $1 1’bl;
else 1f { ~1d_en_ & ld_data210(1] ) unsupported <= §1 1'b0; // A ONE writes it off
always & ( posedge c¢lkin }
%4 ( treset_ ) membusy <= FlL 1'b0;
alse 1f ( sproreset ) membusy <= €1 1/b0;
else 1f ( set_mbusy ) membusy <= #1 1/bl;
gise 1L ( ~id_en_ & id_dataziCid] ) membusy <= f1 i°n0; 7/ A QUL wrrves 1t off

(



next _state ['spioc_read_byte] = next_state
[' spioc_read byte] | (
state['spioc_shift _in cnd] & timer[8] & ~badparity

& readdec $ ( seedec | brddec | spiostatdec | badpardec ) );
next_state['spioc_wite_byte wait_start408 =
next state[ spioc_wite_byte_wait_start]

| ( state['spioc_shift _ in_cnd] & tiner[8] & -badparity

& -readdec & ( seedec | brddec | spiostatdec | badpardec ) );:

d_addrdben =d addrdben & ~(

state[' spi SPI |n cnd] & tinmer[8] & -badparity

& ( ronrdt ec: "'f set _nbusy2 = set nbusy

| ( state[’ sploc_ shlft_ln_cnd] & tinmer[8] & ~badparity

& seens &afoafs@nrddec | romwdec | ); | d_ramabort =

| d_romabort | state['spioc_shift_in_cnd]; d romabort =
d _romabort | seens; /1 Go throgh ROM states even if
SEEMS error

next _state[' spi oc_eeread_wait_| o_addr _start] =
next state[ spi oc_eer ead_wai t “lo_addr_start]

| ( state['spioc_shift in cnd] & tiner[8] & badparlty

& ronrddec ); next state( 'spioc_

eewite wait_| o _addr_start) =

next _state['spioc_eewite wait | o _addr_start]

| ( state['spioc_shift _in_cnd) & tiner[8] & ~badparity

& rommr dec ); /1l In case of unsupported conmand. ..
set _unsup = set_unsup | ( state
['spioc_shift _ in cnd] & tinmer [8] & ~badparity

188
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12 & -l eddec

& -stpdec & -seedec

& - brddec & -spiostatdec
& - badpardec 209 & -ronrddec

& -romw dec next state['spioc_wait _for_start]

next state[’ t}sirkf'ie?)ca_lﬁ/ai t /Pt
| (state['spioc_shift_in_cnd] & tinmer[8] & ~badparity

& -1 eddec module badparreg ( clkin, & -stpdec
& -seedec reset_, & -brddec
& -spi ost atdec spioreset, & - badpardec -
& -ronrddec lden_, & -rommrdec );
189 ..7verilog/ OH3_sequencer. ¢ins
13 Il " spioc_write_dbidssar 1y, /1l 1 used
readnuxsel [0] to remenber if LEO or S'TP was written.
| edregen_ imPut = |.edr e¢dkin, & ( state[ spi OC_\NI‘I te dbits] &
-readnmuxsel [0] ); reset_, = stpen_ & ~(
state[' spioc_wite_ dbi tg gsfeF%radrmxsel [0] ) ackl oad
= ackl oad_ & -stat _.usbl oc_ wite dbits]; ackdata
= ackdat a & -state[  spioc_wite dbits]; | d_spi ooe
= | d_spi ooePutput | st atbefivagpi oc_write_dbi ts] d_spi ooe
= d_spi ooe | state['spioc_wite_dbits];

reg badpar;

always @ ( posedge clkin )

begin

if (reset ) badpar <= #1 1’bo;
else if (spioreset) badpar <= #1 1/b0;
elge if (tlden ) badpar <= #1 d in;
en -

endmodule



next _state['spioc_ack |lo_I|] =

next _state['spioc_ack |lo_|I] | state['spi oc_wri te dbits]; /1]
"spioc_ack lo_I|: next state['spioc_ack |o_ 2]
= next _state['spioc_ack o 2] | state[’ §Pgoc ack o 1]; /1
"spioc_ack lo_2 : ackl oa = ackload &
~state[’ spngm@g&gQ 0_2] i1ns/10ps next state[' spioc_ack_hi]-
= next _state[' spioc_ack _hi] T state[' spioc_ack |lo 2]; Ny

' spi oc_ack_hi * |1 d_spiooe = | d_spi ooe |
state[' spi d‘t?d‘é’&"?ﬁr]eg ( clkin, next state['spioc_wait _for start]

= next _state[' spi oc_wai < tart] state['spioc_ack _hi];
190  /veril og/ OH3 sequggggggse%

14 /'l ' spioc_reacidpyés : ackl oad_ =
ackl oad_ & -stat e[ esqliedc. read_byte]; ackdat a
ackdat a & -stateFP@pHyc read _byte]; | d_spi ooe
- 1 d_spiooe | state pi oc_read_byte]; d_spi ooe
d_spi ooe | state e@@gpq read_byte];
next state[ spi oc_read_byte_ ack lo 1 ] = next
state[ spioc_read_byte ack lo 1] | state['spioc_read byte];
input clkin,
reset_,
spioreset;
input ledregen ;
input {1:0] delgyreg;
input errled ;
inmput spio_in;
output led ,
ledtest;

reg ledbit , ledtest;

always @ ( posedge clkin )

if  (lreset ) ledtest <= #10 1°b0 ;
else if (lledregen_ ) ledtest <= #10 delayreg(l] ;

always @ ( posedge clkin )

if {ireset_ ) ledbit_ <= £1 1‘Db0
else if (spioreset) ledbit <= #1 1'b0
else if (lledregen_) ledbit <= 1 delayreg(0] ;

N we

assign led = ledtest ? spio_in : ( ledbit_ & errled );
endmodule



[l 'spioc_read byte ack lo_1 :
next state['spioc_read byte ack | o 2; =
next state['spioc_read _byte ack | o 2]

state[' spioc_read byte ack lo_1]; "spioc_read_byte ack lo 2 :

pl oad_shi ft = pl oad_shift | stat e[2 épl oc_read_byte ack lo 2];
ackl oad = ackl oad_ & ~state['spioc_read byte ack_| 0_2) ;
next state['spi-oc_read _byte ack hi] =

next _st at eftisps@der ead Upyli@pack_hi ] | «
state[' spioc_read byte ack lo 2]; ' spi oc_read_byte_ack_hi

ackshi ft = ackehi f st at.elx spée%d‘g eage;;xt e %&:héﬂ ;
clear timefodute sclgi léggdegﬁﬁf%gs’,s&figgggf ksjlana}&gdjﬁaddém?&gack shidreset ) ;
next state[' spioc read _byte_shif

next _st at ebumntcmeeneadsdayse sbndkt,] seedo

state[' spi oc_read byte ack_hi] [/ sp c re ft
/1 Vait, shﬁlsm etur;t 7gect ﬁg@s cin , délapress hi f‘%agy{%gé'
ackshi f t S spi TEOFead Hyte shift] &~t|rrer[9] )

next state[’ spl oc _read_byte shift]

next state[ spi oc_read _byte shift] | (
st at e[ ' spi @ey rseemws bysdeecshi¢eck & sepdamer [ 9] ); /1 Wen
timer[9], nove on | d_spi ooe = I d_spiooe | (
state['spl Yid i timer[9] );

next_state[ﬁsd’% _\Naﬁgt %rasl%lﬁfst , = _

next state[ Spi ocignai t ialresdtart] | (
statet[' spioc_read bytesshlft] & timer[9] );

egin

seems <= #1 1°b0;
seecs <= §1 1'b0;
seeck <= #1 1'b0;
seedo <= #1 1'b0;
end

else if ( spioreset )

begin

seems <= #1 1'b0;
seecs <= $#1 1'b0;
seeck <= $1 1°b0;
seedo <= §#1 1'b0;
end

else if ( !seectlen_ )

begin

seems <= #1 delayreg5;
seecs <= #1 delayreg3;
seeck <= #1 delayreg2;
seedo <= #1 delayregl;
end

endmodule
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15 [l 'spio wite byte wait_start : /1
VWait here for start bit (0) in pshreq(1ll)
next _state['spioc_wite byte wait_star$j2 -
next _state['spioc_wite byte wait_start]
( ( state['spioc wite byte It start] & pshreq(1l) );
/1 take of f when=sFaft bi R AL cl ear_ti mer
- clear _tiner.| state('spioc_w.ite byte wait_start];
next _state[' spodudevap beicbyt(ebsidaft , daddaje6 , brddat5 , brdstb , brdes , brdrws
next _stat e[’ spi oc_wrese_bytoadeest . delkdy . delayreg? , delayregé , delayreg$ ,
| ( state['spioc_w iSeERE§TE \REIBYS0A 1 PelavEesdns ctpieaesey ) /1
"spioc_wite_ | datag / wait until
timer(8) Bdee Shabdeal lD;ilddmﬁe'xtb i?s%ag%é ’tdssﬁ)o'cf\?\%cls{ 'e_x%iu/?v}eishi ft_data)
= next _st at e[ 'isgitOfesat i t epdiyt BenShj fchkidhaf alelayreg7? , delayregé , delayregS ,
| ( state('spioc_w idetayretée (sdrlhyregat.ajjiepy=eg2nerp8preset
{S /e . jgg[‘eﬂa”CQeJ)%rmdba%‘i'F{aLkéd’éte sef agser’rbrldfggin ?g%dggr, brdrw ;
| ( state[' sphefcaniaCaléh Gushisf (_dal@he®, thiRREB), &BAGPBS) b¥adtlen
next _stat e(' spi oc Walplode&t Staixbht? ) ; = nexf_state
['spioc_wait _for_start)

always @ { posedge clkin )

begin
if (lreset )
brddat7 <= #1 1'b0 ;
else
brddat7 <= %1 muxout?;
end

GTECH _MUX4 gtech mux4 2 ( delayreg6é , brddaté , 1’b0, 1’b0, brdctlen_ ,
spioreset , muxouté ) ;

always @ { posedge clkin )

begin
if (ireset )
brddat6 <= #1 1’b0 ;
else
brddat6é <= §1 muxout6;
end

GTECE_MUX4 gtech _mux4_3 ( delayreg5 , brddat5 , 1'b0, 1'b0, brdctlen_ ,
spioreset , muxout$5 } ;

always 8@ ( posedge clkin )

begin
if (lreset )
brddats <= §1 1'b0 ;
else
brddat5 <= §1 muxout$;
end

GTECH_MUX4 gtech mux4 4 ( delayreg4 , brdstb , 1’'b0, 1'b0, brdctlen_ ,
spioreset , muxout4d ) ;

always @ { posedge clkin )

begin
if (lreset_)
brdstb <= §1 1’0 ;
else
brdstb <= #1 muxout4;
end

GTECH_MUX4 gtech mux4_5 { delayreg3 , brdcs , 1/b0, 1°b0, brdctlen_,
spioreset , muxout3 ) ;

always @ ( posedge clkin )
begin
if (lreset_}
brdcs <= #1 1'b0 ;



| ( state[’ sploc wite byte shift_data) & tinmer(8) &badparlty)
next _state['spioc_wite_byte] =
next _state[' spio_ wite byte]

state(' spioc_wite_byte_shift_data] &t2| g(er[8] & ~badparity );

/[l spioc_wite byte : seectlen_ = seectlen_
& -( state[ spi oc_weilse byte] & (readnuxsel == 3'b001) );

brdctlen_ = brdctien Pprdos <= #1 muxout3; & ~(
state[' spioc wr| te byte] & (readmuxsel == 3'b010) ):

statreqen = statregen_ &

-(state[" spl OGTE@H] Mux4ytieed_ndx4 I6e adRUSEE2 THrar?01 160, 17 b0, brdctlen_ c

bdprregen_ = bdprr egekereset , muxout2 ) ;

state(' spioc i.ite by readmixsel == 3'b110) );

ackl oad_ ‘\Mways_"pé pg %égg C%“&’ state[' spioc_wite_byte];
ackdat a - de@.&?et 0 & - state[ spioc_wite_byte];
d_spi ooe - d_spl 00&rdrw <k Al o ; Spl oc_ wite byte];

| d_spi ooe - | @&lspi ooe | stat e[ spioc_wite_ byt e]

next _st at et[ s‘%)oc ack_| o brfirw <= #1 muxout2; =
next state[ s c-ack 1o ] | state['spioc_wite byte];
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16 /'l '"spioc_eeread wait | o_addr_start

for pshreg[ll¢ndmodyjet a start bit (0)

[1 Vi t



next _state[' spioc_eeread_wait_| o_addr_start) =
next state[ spi oc_eer ead_wai t “lo_addr_start]

| ( state['spioc_eeread wait | o_addr _start] & pshreg[ll] );

/1l Then roll out cl ear_tjnmer =
clear_timer | state[' spioc_eeread_wait - addr_start];

next state[’ spi oc_eer ead _shift _|o_addr] =

next st at e%?e i oc_eeread _shift | o_addr] |
state[ spi Zad wait | o _addr _start] & ~pshreq[11] ) /1

spi oc_eeread_shift_| o _addr : [l Just sit here until
timer[g] Crimescale  TInaZI0Rs Loyt state[' spioc_eeread shift | o _addr]

= next state ' spioc_eeread shift lo addrl

| ( st ate ﬁL@?;ﬁﬁ?@yfgmﬁ fatflba oaﬁfl]xft& eqqtsteﬁer[8] ) /]
Then hit ad AND addrinc (special |oad and drop 1:0) /1
cont enpl at ¢ DERCPHG SHFArPt 5 Efror and rommbort, nove on

addr | en_ =7/aQe4sh @M re~ w111 load DATA 1ato [8:1}, START BIT into (0], & -

Statel’ Spi focenrehe AT ML RE R e addri nc
addri nc 77 ;)Ze:qﬁwalenc to loading (111, PARITY, DATA, 7( BIT} all at once

stat e[ ' spi oseereird t3hitetevlo _addr) & ti rrer [ 8] );

set_parerr = set_parerr |

stat e(’' spi oevieeread shift rdheegaddr] & tiner[8] & badparity );

| d_romabort = |d-ronmabort Gy’

state[' spi oc_eeread_shift shieiaddr] & tinmer[8] & badparity );

d_ronmabort = d_ronmabort | efattigf. spioc_eeread_shift_lo_addr];

next state[ spi oc_eeread \nanpiz hi_addr_start] = next
state[' spi oc_eer ead_wait _Bf2tH8dr start] ' |
( state[' spiga_ qer@agsshbdt; |0 _addr] & timer[8] ); /1

spi oc_eeread wait_hi_addr_start : /1 Wait for pshreg[11]

to get a stArt bit (G,
next _state[' spi oc_eereadawai t _hi _addr_start) =
next state['spic eer,,éaeﬂ/yau hi addr _start]

badpar ;

input {7:0] pdatain ;

req after_pload;
always @(posedge clkin}

after pload <= §1 (pload shift & reset_ )};
wire parity = ~badpar ~ (*pshregout(8il}};

reg {11:0) pshregout;

always & ( posadge clkin )

if {ireset_ ) pshregout <= #1 12°b11111111l11ll ;

else if {pload_shift) pshregout <= #1 (3'blll, pdatain, 17b0}; /{ load

else :f (after_pload} pshregout <= #1 {37blll, parity, pshregout (8:1]}; /7 fix parity
else pshregout <= #1 ((spio_in { spicoe), pshregout(ilsll}; // shaft

endmodule



| ( state('spioc_eeread wait_hi_addr_start] & pshreg[1l] );

/1 Then roll out clear _tinmer =
clear _tinmer | state['spioc_eeread wait_hi_addr_start];

next state[’ spi oc_eeread_shift_hi _addr]. 15 =
next_state ['spioc _eeread_shift _hi addrﬁ

| ( state[’ S § geMl,; hi addr_start] & - pshreq[ll] )i /1
' spi oc_eerea Shlf hi _addr: [l Just sit here until
timer(8) *timescale 1nss10ps NEXL _sStat[' spioc-eeread_shift_hi_addr]

= next state[ spi oc_eeread_shift_hi _addr]

| ( state[’ §pé°9&m§e,read shift_hi_addr] & ~timer(8) );: /1
Then hit adéhen ., consider parity, and SPANCK per parity/ronabort

193 o /Veﬁepﬁeﬁg7r@q§:§b&f&@rﬁe@rten\,) and connectors installed

17 /] status addr hen_ = addrhen_
& - ( st at e[ *4pe oboreereedd shikf't' h| _addr] & tiner[8] );

set _parerr = set _parerr spmmet, | (

state[’ SpIOC eeread_shift _hi addr] & tinmer[8] & badparity );

next _state[' spi oc_wait _f or ;¥T4kt, =
next state[ spioc_wait _for tﬂs-'t\ﬂlist’;[ar | (

statel [' spioc_eeread_shift* epgar] & tinmer[8] &

seems,
brdcs,
brdrw,

sense_brddat ¥;

input clkin,
sync_rst_,
spioreset,

scsi_rst_,
termsense_b,
termsense a,
x_connsense,
connsense,

seems,

brdcs,
brdrw;

output {1:0] sense_brddat;
g scsi_sync 1,

scsy_sync_2,

term b _ff_ 1,
term a £f 1,

term b ff 2,
term_a_ff 2,

x_conn_f££ 1,
x_coan_ff_2,

zonn_£ff 1,
conn_ff_2; .

req 14:0} samplae_timer;
reg [1:0} state;
reqg (1:0] next_state,

sense_brddat;

wire sample_pulse = (t¢sample_timer); // All ones

always #&(posedge clkin}

begin
s¢s1_sync 1 <= £l scsi_rst_;
scsi_sync_2 <= #1 scsi_sync_l;

state <= #1 next_state;



(badparity | romabort);
next state['spioc_eeread _read 0]

= next_state

[' spioc_eeread read 0] | (

state[' spioc_eeread_shift_hi_addr] & tj rrgr [8] &

-badparity & -romabort ); 21 /71 1 don't think it will
hurt to clear timer w o checking parity or ronabort '
cl ear _t i nefveriltgdadbsiehse i 2 | (
state[' spioc_eeread_shift_hi_addr] & timer[8] ); /1

' spi oc_eer ead xr®@de01 :
this state X _conn_ff 2
state(' spi oc_eeahaad r eactk=Q} connsense;
state[' spi oc_eRpead r ead=(} conntrti
~state[' spioc_eeread_read_O0];
timer[8] gets set
state[' spiot _&&FEan

<= §1 Xx_connsense;

¢ikin

rea(’j_O] & -tinmer[8]

d_ronts_ & -( St at ef *ssplLot.cemeast nead_Of< & -t i ner[ 8]
d_roncte_ = d_ronoe_g,&io(inst at &t 'ssRi oc_

next state['spioc_eeread read

0 )
next state[’ s;ff"t‘)’c:e’é‘l‘pé%r&‘f“f‘eadfo%l {sample_timer + 17bl};

state[' spioc_eeread read 0) & ~timer|[ 8]
timer[8] COMES... _ '
(state[’ s%?g%ieépé)?eéi?fdc_lrkg%d_O] & timer[8]
[' spioc_ eeread inct sadeprspl] spioreset )
next _state[' spioc_egggad i nc_addr_01]

| ( state['spioc_eereariftad_ 9] s o
'spi oc_eeread_i n_addfbEE 1 avm,
~st at e[ ' spi oc_eer eagmagc_addr <=0 tbo;

| state['spioc_eereXd inc_addr_01];
clear tiner

na'miner[ 8] );

/1 Do this stuff any tinme in

<= #1 x_cona_{fdlispj ooe = | d_spi ooe |

d_spi ooe = d_spi ooe |
ackl oad_ = ackload_ &
/1 Do this until
ackdata = ackdata & ~(

)

d romes_
eeread_read_0] &’ ~timer[8] );

| (
); /1 When
pl oad_shift = pload_shift |
); next state
I

ackshift_ = ackshift_ &
addrinc = addrinc
clear tiner

| <teatfe{ sspiepeiseer ead_i nc_addr _01];

begin

term b _ff 1 <= #1 termsense_b;
texm_a_f£f 1 <= §1 termsense_a;
texm b ff 2 <= 1 term b ff 1;
term_a ff 2 <= #1 term a_ff 1;
end

/{ STATE DEFINITION {comment)
24

// 00 - means the next BRDLOGIC read is going to read the termstat
// 01 ~ come here while the first read (termstat} is underway
// 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 state
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

X4 { state == 2'D00 )
begin
sense_bprddat = { term b ff_2, term a ff 2 };
1f ( ~sync xst_ { spioreset { ~scsi_sync_2 ) next_state = 2'b00;
else if { seems & brdecs & brdrw ) next_state = 2/b01;
else next_state = 2/b00;
end

else 1f ( state == 2/b01 )
begin
sense brddat = { term_b_ff 2, term_a_f£f 2 i;
134 { ~sync_rst_ { spioreset | ~scsi_sync_2 } next_state = 2'b00;
else if { seems & brdcs & brdrw ) next_state = 27b01l;

eise

fext_state = 2°0ii;



next _state[' spioc_eeread_read_1] =
next state['spioc_eeread read 1]

state[' spioc_eeread_inc_addr_01); [/l 'spioc_eeread read 1 :
ackshift_ = ackshsft_ & ~state['spioc_gfgead_read_l];

/1 Do this until timer[8] gets set

d ronts_ & -( state['spioc_eeread read 1] & ~tiner[8] );
d_roncs_ -=/teridem/bobsgnsq-vst at e(' spi oc_eeread rede 1) & ~t3rer[8] );
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d roncs_ =

18 next state[' spi-oc_eeread_read_1]

= next _state[' sPicoc_pgaraad pkdady 14 2p11 ) |
state['spioc_eereadﬂLead_l] & -timer[8] ); /1 \When
timer [ 8] cones. .. seﬁzg_brddat = { x_conn_ffpl, Q&d_._ﬁbi }f;t = pl oad_s hi ft | (

state[' spioc_eeread read 1] & ti rr‘eréq] e)c;i mscsi syne 2 1
next _state[' spioc_eefgad | & adar ' 1277 —Syne-
next state['spioc_eemnead inc_addr_12]

next_state = 2'b00;
next_state = 2'bhy;

( state['spioc_ggread_read_1) & tiner[8] ); /1.
'spioc_eeread_inc_addr_12 : ackshift = ackshift_ &
-state['spjgc.eread_inc_addr_12); addrinc = addrinc |
state[' spioc_eeread_inc_addr_12]; clear _tinmer =

clear _tinmer | state['spioc_eeread_ inc_addr_12];
next _state[' spioc_eeread_read_2] =
next state['spioc_eeread read 2]



| state(' spioc_eeread_inc_addr_12); [l 'spioc_eeread read_ 2 :

ackshift_ = ackshift_ & ~state['spioc_eeread read 2];

/1 Do this until timer[8] gets set d roncs_ = d_ronts_
& ~( state[' spi oc_eeread_read 2] & ~tigywy [8] );

d_ronts d romoe_ & -( state['spioc_eeread read_2] & ~t|rrert[8] );

next state[ spi oc eeread_read_2] =

next state[""§ﬁ+‘6’€7\‘;‘@l‘éa‘ﬂ read_2] 1 |
state['spioc_eeread read 2] & ~tiner[8] ); /1 When
timer[8] Comesae lns/lops pl oad_shift = pload_shift | (

state['spioc_eeread read 2] & tiner[8] );
next st at eE el oc_eer ead_i nc_addr _23] =
next _stat ¢ 'rlﬁp'xDGas@@Exeadmk@&g_ﬁdgrand?B]uner

| ( state[”‘ oc eeread r(;,\éast@dt2“&§|vl hlt from ¢ /1 _
spi oc_eeng ps shi’fm;’:ﬁe’n hen fhafes 1 foom t%tsli%hﬁ*f = ackshift_ &
~state[ sproc eeread |nc addr 23] ; addrinc = addrinc |

clear _timer state|l  sploc_eeread_Inc_a ;

L 4 & ©: e of idpal AT RESET TIME (as remembared by idpal_at
next St at ép ?@e‘ pé € %q nggﬁd vsaalue, if one use the "parallel pin® values. =-iExt St ate
[ Spl 0OC_eav ente 'k @ 1 bandaid to make sure the shift register doesn't toad zerces |at. all

state[’ Sp"¢>§ FeldlEng. %MF@’ o e Z":Za%i]?iifﬁﬁffﬁ;’ziiﬁ" el ettt =

state[' Splf ¢f geplotrdiop el ﬁ’ddFmGZB] /| 'spioc_eeread _read 3 :
ackshift ‘= ackshift_ & -state[’ spi oc_eeread_read_3];

/] Do thi gwdgket jefatq rﬁé’r-{hSl gets set d roncs_ =
d_roncs_ & ~( stat €lispioc_eeread_read_3] & ~timer[8] );

d rompe_ = d_rompe_ & ~( state['spioc_eeread read 3] & ~ti rrer[8] );

next state[ spi oc _eefi#ddir ead_3] =
next _state[' spioc ee&&adn,r ead_3)

ma_in,
romes_in_,
mrw_in,

seecs_in,

id_done,
iddatbyte,
estatbyte 1

input clkin,
sync_rst_,
reset _;

input idpal in;
input (7:0} iddat_in;
input esbrd in;

input {17:16] ma_in;

input romes_in_,
mrw_in;
-
input seecs_in;
output id_done;

output {7:0} iddatbyte,
estatbyte;

req §16:0] shifter;

req £3:90) timer;

req {1:0] front_end;
req {17:16] ma_at_rst;
req idpal_at_rst,

romcs_at_rst,
mrw_at_rst,
seecs_at_xst;



| ( state['spioc_eeread read 3] & ~tiner[8] ); /1
When tinmer[8] cones...
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19 pl oad_shi fl; g pl oad_shift | (
state[’ spy,ggifa%rm read_3] & ti rrer[8] 5

clear _tiner = c(

ear _tinmer | ( state('spioc_eeread_ read 3] &tlrrer[8] );
next _st at8[ ' SHiFYE-2Het ead=¥iiief1 _3]

next _st at:e[' Spienc- eer eat-iahift 3]

| ( state['spioc-eeread_read_3] & tiner[8] ); I

' spi OC_Weeadh_ﬁhjuft_?: ‘= front_end{0] | -idpal_at_rst; // Force taCks Mpti_it:_ﬁt aclsshift_ & ~(
state[' spioc_eeread _shift _3) & ~tiner[10] ); next
state[' SpleOC_:eRf €abh_Sl Lloodls ar_rsc 2 2011 : 77 %O RoM

next st at e[ Spl oc_eeread_shift _ 3] : ~ma_at_rst{16] ? 2'b1o /7 mall6] low -> 64K

| ( state['spioc_eeread_shift_3] &"”at-?‘n‘iff‘[lTO] )i 2eees fr malll) low -> 128K

| d_spiooe = 1d_spiooe | ( state['spioc_eeread shift 3] & tlrrer[lo] )
next St @9 %L &péhgtg—xg\@L tPAif Q.El—at '%Ln&n].nq' in either default or from pins

next state( spioc_wait_for_start

I ( st atwén[e Sﬁ?b&] e'é"f'—é"aﬂ ’S‘Pﬁ&af rg.] ’&.thlﬁé{o[}%gim; 0101_0 // Internal default

: { 1'bL, // ESTAT(T
rom_sizefl], // (61
1’bl, /7 19}
esbrd_in, /7 (4]
seecs_at_rst, 4/ (3}
~mrw_at_rst, /7 12)
rom_sizef[0]}, /7 (1)
1b0, // (0]
iddat_in, /7 ID(T20)
1°b0 }; // ¥*stop shifting" bat.
always @Q{posedge clkin)
front_end <= #1 { idpal_in, frant_end(l] }; // Free-rumning, no reset
always #&({posedge clkin)
if { ~sync_xst_ ) shifter <= #1 17/b11111111 11111111 1;
else if ( timer_0 & shifter all 1) shifter <= #1 jam_in;
else if ( shiftex{0] ) shifter <= #1 { shift_in, shifter{l6:1) };
always 48 (posedge clkin}
if { ~sync_rst_ ) timer <= #1 4’bl11l1;

else 2f ( ~timer O ) timer <= #1 (timer - 47b0001};

.

always &(posedge reset_) // NON-CLOCK-TRIGGERED FLIP-FLOPS
veqgin
idpal _at_rst <= #1 idpal_in;
ma_at_rst <= $#1 ma_in;
romes_at_rst <= Pl romcs_in_;
fard_at_rst <= #1 mxw_in;
seecs at_rst <= #1 seecs_in;
and

assign  1d done = ~shifter(0);
assign ddatbyte = shifter(8:11;

asslgn  estatbyte = shifter{l16:9];

endmodule
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'spioc_eewite wait | o _addr_start : [l Wait for
pshreg[11] to get a start bit (0)
nextstate['spioc_eemwite_mait_lo_addr_starti

next state['spioc_eewite-wait | o _addr_star430

| ( state['spioc_eewite wait_|o_addr_start & pshreg[ll] );

/1 Then roll out cl ea®HH =
clear _tinmer | StaﬁQikﬁﬁ*ﬁﬁ*eem&*ii&ﬁ%ﬁi**fkixkk*kﬂiﬂﬁﬂ&*****************

next _state[’ splockggwﬁL% ¥F¥L*+£L£¥%Fi** =

next state[ Spi OCEE W |

( state[' spioc_eewite _wait_lo addr_start] & ~pshreq[11] ): /1
spioc_eewitg sh ddr [l Just sit here until
tlner[8] 5- Fﬁﬁe%?eﬁ next _state['spioc_eewite_shift_|o_addr]

= next state[ spioc_eewite _shift | o _addr]
| ¢ state['spi Ocjé&ﬁy&ﬁléé'f&eé&&ddr] & -timer[8] );

addrl en_ = addrlen & ~(
state['spioc_eewite shift lo _addr] & timer[8] );
set_parerr = Set _PRkekkkkkkkhkkhkhkhkhkkhkbkhhkhhhhhhhhhhkhhhhhr ek khhhkhhdhhik

state[’ spTocisewwLLQ*EQL;;*Lg*gggxl*§giipfr[8] & badparity ?;

!s?a[ g{mggréc eew moduldhi prvdead(ir¢s&x i reegisin & bethdyr it }c@we(n ;
d_ronmabort d_roggggg9'|pgégtgéfééﬁ&@ﬁgeﬂgigp_shlft_Io_addr]
rdld, rdle, rdbrdctl , rdseectl , rdspiodat ,
spiobsy, spiobsy ,
15 wrbrdctl , wrspiocap_, wrseectl , wrspioctl_,
wrspiodat );

input (7:0] csadr_, cdadr_;

input csren_, cdwen_, crbusy, por, softcmden;
20

output rdib; // reading address 1b

output rdid; // reading address 14

output rdle; // reading address le

output rdbrdctl_; // read BRDCTL (1D)
25 output rdseectl ; // read SEECTL (1E)

output rdspiodat_; // read SOFTDAT (1E)

output spiobsy; // CIO read

output spiobsy ; // CIO read

output  wrbrdetl ; // write BRDCTL (1D)
30 output wrspiocap_; // write ESTAT (1B)

output wrseectl ; // write SEECTL (1E)

output wrspioctl ; // write SPIOCTL (1E)

output wrspiodat ; // write SPIODAT (1D)

s /- mem -- e




next _state ['spioc_eewite wait_hi_addr_start] =
next state['spioc_eewite wait_ hi_addr_start] _ '

| ( state['spioc_eewite shift lo addr] & tiner[8] ); /1 .
'spioc_eewite wait_hi_addr start 221 /1 Wait for pshreg[11]
to get a start bit (0)

next _state['spjpc _eewit t addr _start] =
next state [’ s);ﬁ qe V%t hi addr _start]
| ( state['spioc_eewite wait hladdr_start]_& pshreg[ 11] );

/1l Then roll o clear tiner =
C lement signals
clear _tinmer égalévps loc_eewrite wait_hi_addr_start];

next _state[" sm%f%V\'HQe(s—mQ&SQﬁt%ﬁ_): A(softcmden) i =

|ne?t tstfltfé spimew%t@ﬁh%(fdhsam ddr.%A(ctsadr 4; En

state[' spipc _eewite wai | r_star ).

/1 " spioc_eewBPLHAYE hi-BREs aé} ‘A(CJ dr [3% ?P/ Just sit here until
tinmer[8] invol iv3 ( .quaﬁadﬁzﬁeﬂ 'A(wsadireqaniyt @ zshift _hi _addr]

= t _stat ft d
[ Cstatel! opi BB %m {Eirp{bddadr Hesadr, g 9
addrhen_ = addine®l ivs .NQ(csadr0), .A{csadr_[(0]) )i& -(

state[' spigc_e i ft (égyg & t );
197 /%grl %g?%%gxigqﬁeﬁg%r ) & S @ ) ) ;

21
/! block decode: 00011

and05 an0 ( .Q(blkrd), .A(csadr_[7]), .B(csadr_[6]),
.C(csadr_(5]),
15 .D{csadr4), .E(csadr3) ‘);

/] register decode: 011, 101, 110
nand03 anl ( .NQ(nrdlb), .A(csadr_(2]), .B(csadrl Y,
.C(csadro Y )

20 nand03 an2 ( .NQ(nrdid), .A(csadr2 ). -B(csadr_(11),
.C{csadro0 Y )
nand03 an3 { .NQ(nrdle), .A(csadr2 )., .B(csadrl ).
.C(csadr_[0]) );
nando3 an4 ( .NQ(declbidie), .A(nrdlb), .B(nrdid),

25  .C(nrdie) ); -

nbuf02 nbo ( .NQ(rdib), .A(nrdlb) );

nbuf02 nbl ( .NQ(rdid), .A(nrdid) );

nbuf02 nb2 ( .NQ(rdle), .A(nrdle) );
30

[/ set and reset busy

nand03 ans ( .NQ(adrok_ ), .A(blkrd), .B(declbldle),

.C(csren) ); .

or02 or0 ( .Q(setrbsy ), .A(adrok ), .B(crbusy) );
35 nor02 nro0 ( .NQ(rstrbsy ), .A(csren ), .B(por) );



set _parerr =set_parerr | (
state['spioc_eewite shift_hi_addr] & tinmer[8] & badparity );

| d_romabort = |d_romabort |
state['spioc_eewite_shift_hi_addr] & tiner[8] & badparity );
d_romabort = d_romabort | state['spi oc_é@rvri te_shift_hi_addr];

next _state['spi | te wal tta stakt

next state[' s%%%é%q té_’ﬁ ¢b_sg§-t)d_s't o[lbts}”) + +NS(setrbsy ).

| ( state[' spi-dReeakrhsy Shi)x _hi _addr] & tinmer[8] ); _

' spi oc_eewr i t%ﬂiw%ﬁsﬁﬁpﬁ})mbsw' A{bsy) ); /1 Wit for

pshreg[11] to get a start .
next state[' s ERIvbEe (aiQ (sRiobsst drt |- A(bsY_) )i
next _stated' spioc_eewite wait_data start]
| ( state['spi eewite it data_start] & pshreg[1ll] );
/1 Then roll Tead strobes clear tiner
= clear_tinmer namsded epdBPi Oc. N@p(ardhird g, t. 2datdddyt,ar.B(spiobsy) ,
next _state[' spi QfsSENk if} data] =
next state[’ spie(;g eewx#‘(?%f-:ﬂi)f't dat a] ]
| ( state['spiend@eiridll whi (NQErdses ar4 |- rdIhregBispipbsy) ,
Il " spiocigew | &psSPtbhasidtp §; /1 Just sit here
until tinmer[8] - , .
next state[' spPdRd@RR P91z Ehi¥Q(xpgrjodat ), .A(rdid), .B(spiobsy), -
next _state[' spio¢seetendenyh) ft_dat aj
| (state['spioc_eewite shift data] & -tinmer[8] );
dat aen_ = dataen_ & -(
stat e[ ' spi oc_cbWEPL1@25HV3I® (aiQ(rddrdekk [)g] JA(rdbrd_ ) };
set_pareris= sgheffp8Miv31l ( .Q(rdseectl ), .A(rdsee ) ); | (
statet['spioc_eewite shift data] & tiner[8] & badparity );
next state['spioc_wait_for_start] =
next _state[' spype-wait-for—starti- - -—
( state['spiLoc_eewite_shift data] & tiner[8] &
(badparity | romabort) );
// write decode

20
invor ivill ( .NQ(cdadr4), .A(cdadr_(4]) );
invor ivi2 ( .NQ(cdadr3), .A(cdadr_[31) );
invol ivi3 ( .NQ(cdadr2), .A({cdadr [2]) );
inv0l ivi4 ( .NQ{cdadrl), .A(cdadr_[1]) );
25 invol ivi5 ( .NQ(cdadro), .A(cdadr_ [0]) );
(

nbuf02 ivile .NQ(cdwen), .A(cdwen_) );

// block decode: 00011
and05 anl0 ( .Q(blkwr), .A(cdadr_[7]), .B(cdadr_(6]),
30 .C{cdadr_(5]),
.D(cdadr4), .E(cdadr3) );

// register decode: 011, 101, 110
and03 anll ( .Q(wrlb), .A(cdadr [2}), .B(cdadril ).
35 .C(cdadrxo0 Y )

11



next state['spioc_eewite wite data] =
next _state['spioc_eewite wite data]

| ( state['spioc_eewite shift data] & tiner[8] &

-badparity & -romabort ); d ronts_ = d ronts_
& ~( state['spioc_eewite_shift_data] & $3ner [8] &

-badparity & -ro ort.); L, 1,don" t_think it
will hurt to cFEgggtPﬂ%> v o2UFELR) hg- HEFRRI Dy rkﬁnﬂéﬁ?daék—fll)'

clear tinmer = cFéedatirper ) }; | (
state[' spioc_e bke hft d ti ; /1
'spioc_eewwite%&???eagg?ak:'éka}léb' Rlediatz ), '%{ﬁ%ﬁﬁg}::dtﬁonts_ &
-stat e[’ spi oc_eSkFARErWIPI® ¥4t a] d_rom ndoe =

d rom ndoes| state['spioc_eewite wite data];

| d_spiooe = Id_s e tagte[' spipc eewite I te datal;

d_spi ooe = d_sBngg Fhéga?ef&gﬁgBéfﬁéﬁ}iteAG¥i¥%Eﬁéléﬁgwrlb) )i

ackl oad_ = ackbhod03 &nist {t eQ'(wpractepyr i t R(ikwe) daiB{wrid),
[err] , 198
../veriIog/CHSLgéaﬁgﬁgggénv) )i

22 and03 anlé ( .Qfwsseatl) ackdb(blkwr), .B(wrle),

state('sph@c_egwnggtWthﬁ_ya?g] & -tinmer[4] );
next _state[' spioc eewite Wite data]

next _stat e[ ' spPBECdefPife (wr R{WSHAPERL) , -A(blkwr), .B(wrid),
| ( state['spiqc(eeftchaenyi j¢_data] & -tinmer[4] );

and03 anl8 ( .Q(wspioctl), .A(blkwr), .B(wrle),
.C(softcmden) );
15
and02 anl9 ( .Q(wrspiocap), .A(cdwen), .B(wspiocap) );
and02 anla ( .Q(wrbrdctl), .A(cdwen), .B(wbrdctl) );
and02 anlb ( .Q(wrseectl), .A(cdwen), .B(wseectl) );
and02 anlc { .Q(wrspiodat), .A(cdwen), .B(wspiodat) );
20 and02 anild ( .Q(wrspioctl), .A(cdwen), .B(wspioctl) );

nbuf02 nblo
nbuf02 nbla
nbuf02 nblb
25 nbuf02 nblc
nbuf02 nbild

.NQ(wrspiocap ), .A(wrspiocap) );
+NQ(wrbrdctl ), .A(wrbrdctl) };
NQ(wrseectl ), .A{wrseectl) );
.NQ(wrspiodat_ ), .A(wrspiodat) );
-NQ(wrspioctl_ ), .A(wrspioctl) );

endmodule



next _state[' spioc_ack_hi] =
next_state['spioc_ack_hi] | (
state['spioc_eewite wite data] & tinmer[4] ); end
/1 of the enormpus thing you do if SPIORESET is not asserted

/1l of the hu_ge *al ways* bl oclk _ endnodul e "u m
0" vertTotsoree. v " imseale L aneaoos NN I
CLK, A PRST , B RST ,

SPI O, Claims:= | pp STPCTL,

1. A nethod for serially transferring
information on a serial port input-output line between
a first integrated circuit and a second integrated
circuit comprising:

5 transmitting an initialization signal on said
serial port input-output line from said second
integrated circuit in response to a power-on reset
signal; and

driving a signal on said serial port input-
io output line by said second integrated circuit,
subsequent to said initialization signal, only in
response to a signal from said first integrated
circuit on said serial port input-output line.

15 2. The method of Claim 1 wherein said second
integrated circuit drives an acknowledge signal on said

serial port input-output line within a predetermined
time of receiving said signal from said first
integrated circuit.

20

3. The method of Claim 2 further comprising

waiting by said first integrated circuit for completion
of said acknowledge signal from said second integrated
circuit before driving another signal on said serial

25 port input-output line by said first integrated
circuit.



- e

MAL17, MA16,

MALS5, MA14, MA13, MA12, MAll, MA1O, MA9, MNAS,
MA7, MAG6, MA5, MA4

, MA3, MAZ2, MAl, MAQ VD7, MD6, MD5,

M4, MD3, MD2, MD1, MDO, MCS_, e Mo
MAR_, SEECS, | DPALIT THig SHEET HAS DZEN l
| D7 I D3, 1D2, 101, IDO, ﬁ@pmr‘ﬁ@
S ; TRVBHI , ' . TRVB
Xa _ CBLDT ); LBpsL CLK, |nput
P_RST ; B RST_ ; I nout . SPIG  output -
LED—"6Ut put _ serrar pSRECEbR NT 16; out pUt
MALS, MAL4, MAEZRcWAR? us glA 28 M TRE. 18 W’”ENA MAG,
MAS, MA4, MNA3, , 1, I nout 7 MD6, MD5, ND4 VD3,
VD2, MD1, MDO; inout MCS_: out put MOE_; i nout
MAR ; i nout _ SEECS; i nput | DPAL; i nput
|D7, 1D6, ID5, 1D4, ID3, ID2, I1D1, 1DO; input ESBRD;

5 .

ABSTRACT

A host adapter integrated circuit that contains
data transfer modules has a serial port that uses a

single serial port pin to communicate with a slave

10 serial port input-output integrated circuit that
interfacés to various resources that are included in a
support circuit. The serial port forms a packet'from
each byte of information to be transferred from a
module to the slave device by adding a start bit before

15

the byte, followed by a parity bit at the end of the

byte and followed by a stop bit. After transmitting

the packet, the serial port waits for an acknowledge
packet from the slave serial port input-output

integrated circuit, for example for two clock cycles

20 after transmission of the packet. For synchronous

operation, a common oscillator drives the clock signal
on the slave serial port input-output integrated
circuit and host adapter integrated circuit. The
serial port pin in the host adapter integrated circuit
-is connected to a sﬁifter circuit in the serial port
that serially clocks data from the serial pdrt pin and

passes the data parallelly to a bus in the host adapter
integrated circuit and vice versa,

25

30 Figure 3

-
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I nput S RST_; input TRVBHI ; i nput TRVBLO,
I nput XCBLDT; i nput CBLDT,;
200 ../verilog/ spioc.v
2 wre [17: 0] ma_out; wre 17:16] ma_in; wre - [7:0]
md_out, mdoe, md_i n, ' ’
| ddat _i n; | obuffers buffers 1 { . pad_cl ki'n (CLK),
.clkin (cl kin), : . pad_pci _reset _
(P_RST), .reset _ (reset ),
. pad_brd_reset _ (B_RST), 1/30 . pad_spio
(SPIO, *spio in (spiq in),
.Spio (spio_out), . Bpi ooe
(spi ooe), pad | ed [QCALBUS (LED),
.led_ | j‘i?d_vurlj, | .} edoe
(I edoe), _ padstpwet (STPCTL) ,
. St pwet | SYSTEM [( stipwayhsput ). | SYSTEM | |PROCESSOR| -
. stpuct | oe _BUS  [(St|PHOCESSOR| | MEMORY ROM
SYSTEMBUS PCl- .
4 120
/-—160
MOTHERBOARD

PLUG-IN BOARD 110

11121 -
HOST 0S
| ADaPTER |—112.2] ADAPTER
="
/~ V2N

100 -

PERIPHERAL
130

PERIPHERAL

FIG. 1A

PRIOR ART.

INPUT-OUTPUT BUS :SCSI: 140



. pad_hi _ma

( (MA17, MA16} ),
. pad_na ( (MA15, MA14, MA13, MALl2, MA1l1l, MA1O, MA9,
MA8, MA7, MA6, MA5, MA4, NMA3, MA2, MAl, MAO)),
.ma_in (ma in), . ma
(ma_out), . maoe (maoe),
. pad_nd ( (MD7, MD6, MD5, MD4, MD3, MD2, MDLl, MDO}),
.md_in (md_in), . md
(md_out), nd@¢30 (nmdoe),
. pad_ronts_ (MCS), .roncs_in_
(ronts_in_), .roncs_
(ronts_out), . rontsoe rontsoe),
. pad_r onoe_ (MCE)), . rohoe
(ronoe_out ), .rono
(ronoeoe), [ . T .paaL_n' %%AL BUS 1 MAR ),
.Nrw.in s LR mmire .nriv
(nrw_out), nr (nfwoe),
. pad_seecs Sﬁg}gM(SEﬁgﬁgg§§g0R Mgzsga¢ PROgg§FOR seefs in
(seecs_in), 'BRIDGE .S aycy
(seecs_out), st . beeddde 162 seecsos),
. pad_i dpal (! DRAL) . i dphl _in
(i dpal _in), . pad_i ddat (ID7,
I D6, ID5, ID4, {ID3,” DR, IDL, 1D0O0O) ), .iddat_in
(iddat _in), : . pad esbrd ESBRD) ,
.esbrd_in (eshb ; .
.pad_scsi _rst_ gs;;égfgﬂaBUS=PCl .Sc$i _rst)in_
(scsi _rst_in), . pa&j%} nsense_b
(TRVSHI ) , .t¢rmsense_b_in
(ternmsense_b_inp,
"~ HOST
ADAPTER
1128
/“160
MOTHERBOARD

INPUT-OUTPUT BUS “SCSI; 140
PERIPHERAL PERIPHERAL
130
FIG. 1B

PRIOR ART



. pad_ternsense_a

.pad_x_connsense

. pad_connsense

. X_connsense_in

.ternsense a in

.lverilog/spioc.v

(ternmsense_a_in),
(x_connsense_in),

(TRVBLO) ,
( XCBLDT),

201
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. ronoe_ (ronoe_out ), . ronoeoe

(ronoeoe), .nrw (nrw_out),

. nTwoe (nmrwoe), .nrw.in
(nmrw_in), . seecs (seecs_out),
*seecsoe - (seecsoe), *seecs_in
(seecs_in), .idpal __in (idpal _in),
.iddat_in - (iddat_in), .esbrd_in
(esbrd_in), .SCSi _rst_in_

(scsi_rst_in_), 4/30 .ternmsense.- b in
(ternmsense_b_in), ternsense a in

—_.—.—-—-——_——_——.——.—.——-——-—-—r‘——

(ternmsense_a_in), . X_connsense_in

r
(x_connsense_in), l A . CO a§e1se_|n :
(connsense_i n) endnnd*ler ) o | 202
"tinmescale 1ns/ 10ps lndgule GTECH MUX4 do j@Lﬂ"&? d3 P seIO
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out

) begin

al vays @ ( data or sel

, sel0 }
end endnodul e

"tinmescal e
ADDRESS bits // |/ Here's a speci al

asserted,

{ sell

<= dat a[ sel ]

assi gn sel
203

i ncrement ROM

and addrinc are

hol d,

"BRDRW on MA[ 15]

| f BOTH addl en

send out

trick:
| oad where the 2 low bits get jammed to zero //

// Nbdule to | oad,

1ns/ 10ps
if SEEMS i s asserted,

.1/ do a speci al

/] Here's another..
nmodul e rom addr

.reset

addr hen

out,

(

addr dben
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i nput seens, brdrw, output [17:0] out ; reg [17:0]

ad_reg; assign out[17:16] = adreg[17:16]; assign out[15] = seens ?
brdrw : ad_reg[15]; assign out[14:0] = ad_reg[14:0]; al ways @ (
posedge cl kin or negedge reset_ ) i f (lreset ) ad_reg
<= #1 18' hOAAAA} el se begi n i f e
~addr dben_ ) ad reg[17:16] <= #1 in[6:5];
if ( ~addrhen) ad_reg[ 15: 8] <= #1 in
i f ( ~addrlen_ & ~addrinc ) 6/30 ad_req[7: 0]
<= #1 in; else if ( ~addrlen_ & addrinc ) I
bot h asserted . trick | oad
204 begi n . ) 1’/,~410 ad reg[7: 2]
<= #1 in[7:2]; R lcolcilcats Q‘D i <= #1 2' b0O;
‘,/~420
0] -Commandbyte. P}
! [ [
421 410 422 423
\ ’,/~430
.......... 0l s e Q 1‘ Coesnaes
{ | \
431 432 433 434

SPIO- _Command byte stop float *
Tp »>| NOACK

FIG. 4D




end else if ( addrlen_ & addrinc ) /'l just

I ncr enent ad_reg[ 1: 0] <= #1 (ad reg[1:0] +
2' b01); end endnodul e ' ]
205 "tinmescale 1ns/10ps // 8 bit register with enable nodul e regen8
( out , reset_, enable_, clkin, in) ; input reset , enable_, clkin
input [7:0] in; output [7:0] out reg [7:0] out ; wre [7:0] in
al ways @ ( posedge cl kin begin if (reset ) out <=
#1 {8(1' b0O)} ; el se 7/30 out.<= #1 enable_ ? out : in ;
end endnodul e
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206 "tinmescal e 1ns/ 10ps nodul e stp ( stpwetl , reset_ ,

stpwetlen_ , clkin , delayreg , spi oreset output stpwctl ; input
reset _, stpwetlen_, clkKin , spioreset ; input [1:0] delayreg ; wre
[1: 0] delayreg reg stpwen , stpw evel GTEC _MJUX4 gtech_nmux4 1 (

.do (del ayreg[0]), .dl (st pwen),
.d2 (1' b0O), .d3 (1' b0O),

.sel0 (stpwctlen ),

.sell  (spioreset),

. out (muxout) );  always @ ( poseggggcl kin i f “(lreset )
begi n st pwen <=#1 1' b0 ;
st pw evel <= #1 1' b0 ; end el se begi n
st pwen <= #1 muxout ; st pw evel <= #1
stpwetlen_ ? stpw evel del ayreg[ 1] ; end assign
stpwet!l = stpw evel ~ stpwen ;
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207

endnodul e
..lverilog/spiostatreg.v "timescal e 1ns/ 10ps nodul e spiostatreq (
erri edenab, spi oparerr,
unsupported, menbusy,
errled_, cl kin, reset ,
set parerr, set _unsup,
set _nbusy, spi or eset,
ld _ea_, -1 d_dat a7,
| d_dat a210 );  input cl ki¥30 reset input
set _parerr, set _unsup, set _nbusy,
spi oreset, | d_en_, | d_data7; input
[ 2: 0] | d_dat a210; out put errl edenab,
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spi oparerr,

unsupported, menbusy, errled_; reg
errl edenab, Spi oparerr, unsupport ed, menbusy;
assign errled -( errledenab & (spioparerr | unsupported | nenbusy);
al ways @ ( posedge clkin) if ( 'reset_ )
errl edenab <= #1 1'bO; el se if (spioreset )
errl edenab <= #1 1' bO; elseif ( ~Id_en))
errl edenab <= #1 | d_data7; al wvays @ ( posedge clkin ) i f
( 'reset ) splopaiﬁy <= #1 1'bO;
else if ( spioreset ) %9 oparerr <= #1 1' bO;
else if ( set_parerr ) Spi oparerr <= #1 1'bl;
else if ( ~ld en_ & I1d data210[2] ) spi oparerr <= #1 1' bO; -
/1 A ONE wites it off always @ ( pasedge clkin) if (
lreset _ ) unsuppacit ed <= #1 1'bO; el se
if ( spioreset ) wnkunnor t ed <= #1 1'bOQ;
else if ( set_unsup ) unsupported = #1 1' b1,
else if ( ~Id en_ & Id data2l[1]) r@uppor t ed k= #1 1' bO; /1
A ONE wites it off al ways @ ( )63edge chgln ) i f (
lreset ) mefrbusy <= %% else if (
spi oreset) nefrbusy <= bO; else if (
set _nbusy ) mefrbusy <= 1' b1, else if
(~id _en_; id_data210{0] ) menmbusy <= #1 1'b0; /1 A ONE
wites it off
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reset,
_in,

"tinmescal e
d

209

cl ki n,
| den

./Iveriloqg/spiostatreg.v

endnodul e
nodul e badparreg (

208

2

1ns/ 10ps
sSpi oreset,
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end endnodul e 210

“timescal e 1ns/ 10ps nodul e | edreg ( cl kin, reset ,
spi oreset, | edregen_, del ayr eg,
errled spio_in, |l ed
| edtest ); I nput cl ki n, reset _, )
spi oreset; input | edr egen; i nput [ 1: 0] del ayreg; input
errled_; input spio in; output l ed_,
| edt est ; reg ledbit_, |edtest; al ways @ ( posedge clkin)
('reset ) Hedtest <= #10 1' b0 ; 12130
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else if (!ledregen_ ) | edt est <= #10 del ayreg[1] ; al ways @ ( posedge

.clkin) | f (!'reset ) |l edbit <= #1 1'bO; el se
i f (spioreset) ledbit <= #1 1' b0 ; “else if (!ledregen)
| edbit _ <= #1 del ayreg[ 0] ; assign led_ = ledtest ? spio_in: ( ledbit_
& errled_ ); endnodule : 211
"timescal e 1ns/ 10ps modul e sp_seectl ( seens , seecs , seeck , seedo
, reset , seectlen_, clkin , delayreg5 , delayreg3 , del ayreg2 ,
del ayregl , spioreset ); output seens seecs , seeck , seedo ; input
reset_, seectlen_, clkin del ayreg5 " gg;ayreQS del ayreg2
del ayregl , spioreset ; reg seens |, § cs, seeck , seedo’; al ways @ (
posedge cl kin ) i f ('reset_ ) 5§ o begi n
seens <= #1 1' bO0; seecs’ ©Oj<2 1' bO;
seeck <= #1 1' b0 ! seedo \1<: #I1 1' bO;
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end else if ( spioreset ) begi n

seens <= #1 1' bO; seecs <= #1 1' bO;
seeck <= #1 1' bO0; seedo <= #1 1' bO;
end else if ( !seectlen)) begi n
seens <= #1 del ayreg5; seecs <= #1 del ayreg3;
seeck <= #1 del ayreg?2; ' seedo <=.#1 del ayregl,
end endnodul e 212 "tinmescal e
1ns/ 10ps nodul e sp_brdctl ( brddat7 ,1Q%%ﬁat6 , brddat5 , brdstb , brdcs
, brdrw reset _ , brdctlen_, clkin , delayreg7 , del ayreg6
del ayreg5b , del ayreg4 , yreg3 , delayreg2 , spioreset ) ;
output brddat7 , brddat6 , brdda{S|E brdstb , brdcs , brdrw ; input reset_
, brdctlen_ , clkin , delayreg7 I<i@el ayreg6 , del ayregs; del ayr eg4
, delayreq3 , delayreg2 , spioregt , reg brddat7 , brddat6 , brddat5 ,
brdstb , brdcs || brdrw—;, GTECH_ t7
1'b0, 1'b0, brddqtlen_, s ;Gg 14
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al ways @ ( posedge clkin ) begin If ('reset )

brddat 7 <= #1 1' b0 ; el se brddat 7 <= #1 nuxout 7,
end GIECH MJUX4 gtech_nmux4 2 ( delayreg6 , brddat6 , 1'b0O, 1'b0, brdctlen_,
spioreset , nmuxout6 ) ; always @ ( posedge cl kin begin o 0f
('reset ) brddat6 <= #1 1' b0 ; el se

brddat6 <= #1 nuxout6; end GIECH MJX4 gtech _mux4 3 ( delayreg5 , brddat5 ,

1' b0, 1'b0O, brdctlen_, spioreset , nuxout5 ) ; always @ ( posedge
clkin ) begin if ('reset ) 15/3 brddat5 <= #1 1' b0 ;
el se brddat5 <= #1 nuX JPS end GIECH MJX4 gtech_nux4_4 (

del ayreg4 , brdst 0, ,1:b0, brdctlen_, spi or eset nmuxout 4 )
, | @ S\ iff {!red
br st h < 1 106N R = HLLCM
end GTECH_MUX4 t yreg3 bridcp , 1'{bO0, J?o rddqtl en_,
spi or eset MuXxo § posedde (ql kfn ) | [begi g | f
('reset ) § #1 L' Q; = E
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213 el se brdcs <= #1 muxout 3; end GTECH_MJUX4

gtech mux4 6 ( delayreg2 , brdrw, 1'b0, 1'b0, brdctlen_, spi or eset
, muxout2 ) ; always @( posedge clkin ) begin if ('reset )
brdrw <= #1 1' b0 ; el se brdrw <= #1 nuxout 2; end
endnodul e ) ' 214
shregl2.v 1

"tinmescal e 1ns/ 10ps /1 12 bit parallel |oadable, parallel out shift

register // shifts from1l to O // LATER added some new tricks: // "pload
shift" wll |oad DATA into [8:1], STARTEAG into [0],
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/1 t.hen on the next clock (as bits [8:0] start shifting out) PARITY //
(generated here) will be |oaded into [8] and 111 into [11:9]. This wll //
be equivalent to loading (111, PARITY, DATA, START BIT) all at once // (but

easier to tine out) nmodul e shregl2 ( pshregout
reset_ , clkin , spio_in
, spi ooe pl oad_shi ft
badpar , pdatain ) ; output [11:0] pshregout;
I nput reset_, 130 n , _spio_in,
spi ooe ———— bload shift - i ——lnput__
[ 7: 0] pdatain ; | .Jeg  Qafter_pl oad; al efilge cl kin)j
after pl oad <= #t9ep! oA 2hift & reseft |); r{ty = ~badpar *
(“pshregout[8:1]); |Lteg! [11: Q] shr 49 ; posedge El kin
| f ('nesgt ) pshr egput <z% 11111 |
else if (pload_shifg)| pshregout <= #1|{3] Q1Li, PO} |
/1 1'oad el se iif &t pl oad) pphredo@ , parity, |l
pshregout[8:1]); i fix parit & a ]
pshregout <= #1 ((spip_in bi goe), pshredodk ft & |
endnmodul e | e =
l i
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215 ../veril og/ bobsense.v "tinmescal e 1ns/ 10ps /1 BOBSENSE.V [/
Senses termnation (for "auto-ternt) and connectors installed nodul e

bobsense ( cl ki n, sync_rst_,
sSpi oreset, scsi _rst
ternsense_b, - ternsense_a,
X_connsense, connsense,
seens, brdcs, brdrw,
sense brddat ); i nput cl ki n, sync_rst_,
spi or eset scsi_rst_, 18/30 t ernsense_b,
ternsense_a, X_connsense, connsense,
seens, brdcs, brdrw,
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out-put [ 1: 0] sense_brddat; reg scsi_sync_1, scsi _sync_2,
‘termb ff 1, terma ff_1, termb ff 2,
terma ff 2, x_conn_ff 1, x_conn_ff 2, conn_ff 1,
connff_2; reg [4:0] sanple_tinmer; reg [ 1: 0] state; reg
[1: 0] next_state, sense brddat; wre sanpl e_pul se:
= (&sanpl e _tiner); Il Al ones always @ posedge clKkin)
begi n scsi_sync_1 <= #1 scsi, rst_; scsi_sync_2
<= #1 scsi_sync_1; state 19/30 <= #1 next_state;
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../verilog/bobsense.v

x_con_ff 1 <= #1 x_connsense, x_conn_ff_2 <=
#1 x_conn_ff _1; conn_ff 1 <= #1 connsense; conn_ff_2
<= #1 conn_ff_1; end al ways @ posedge cl ki n) i f (
~sync_rst_ | spioreset | scsi_sync_2 ) sanple timer <=
#1 5' bO; el se sanple timer <= #1 (sanple_tinmer + 1'Dbl);
al ways @ posedge cl ki n) i f §0~sync_rst_ | spioreset )
begi n termb ff1 20480 #1 1' b1;
terma ff_1 <= #1 1' bO; termb ff_2 <= #1
1' b1, terma ff 2 <= #1 1' bO; end
else if ( sanple_pul se) o S = termb _ff_1
<= #1 ternsense_b; N g @k #1 ternsense_a,;
termb ff_2 <= #1 term.b_fg 1, t fm_a_ff_z <= #1
terma ff 1; ( Nl EEON (comment) // // 00
- means the next BRDLOG C read lis i he ®@grnstat // 01 - cone
here while the first read (te tafy i /[l 1L - come here after

nse

the first read conpletes, frdmithe
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/'l next_state and sense_brddat are programm ng regs, NOT flip-flops...

always @ sync_rst_ or spioreset . or scsi_sync_2
or state or termb ff 2 or terma ff_2 or
x_conn_ff 2 or conn ff 2 or seems or brdcs or brdrw
begi n i f ( state == 2'Db00) begi n
sense_br ddat = (termb ff2, terma ff 2 ); if (
~sync_rst_ | spioreset | -scsi_sync_ 2 ) next state = 2' b0O;
else if ( seens & brdcs & brdrw) next _state =
2' bO1; el se 21/30
next state - 2'b0O0; end else if ( state ==
2' b01) begi n : sense_br ddat = {
termb ff 2, terma ff_2 ); i f ( ~sync_rst_ |
spi oreset | ~scsi_sync_2 ) next _state = 2' b0O; el se
if ( seems $ brdcs $ brdrw) next _state = 2'b01;
el se next state =
2' b11; ' 217
../verilog/bobsense. v
3 end el se [l ( state probably == 2'bll )
begi n sense_br ddat = { x_conn_ff_2, conn_ff_2 };
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| f ( -sync_rst_ | spioreset | -scsi_sync_2 ) next _state =

2' b0O; el se

next state = 2' bll; end end endnodul e

218 ../lverilog/iddat .v "tinmescal e 1ns/ 10ps /1 1DDAT.v [/
This is. based on a shift register and a tinmer. // // The shift register
resets to all ones, then shifts in fromthe "PAL" pin. // The shift

regi ster stops shifting when the first zero gets to bit [0]. // // The
timer resets to F then counts down to 0. If the tiner reaches zero and NO
zeroes // have been shifted in fromthe PAL yet, then JAM a parallel thing
into the shift register. [/ Wat to jaﬁ?ﬁﬁbends on the level of idpal AT
RESET TIME (as renmenbered by idpal &t _rst) // If zero, use the chip
built-in value, if one use the " paréluljg’l pin" values. // There's a special
bandaid to make sure the shift regi®E-goesn't |oad zeroes at all // if

idpal is low all the tine. nodul e b ( clkin,
sync_rst_, reset gggg i dpal in,
i ddat _i n, ' it
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17:0]

I nput

in;
I nput
seecs .in;

i d done,

cl ki n,

i dpal
me_in;

ronts in

[17: 16]

I nput

I nput
I nput

seecs in,

ma_in,

I nput

rst_
in;

nmwin,

esbrd in,
i ddat byt e,
sync_

| ddat
ronts_in

out put

I nput
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219 wre shifter_all 1 = &shifter; wre timer_O =
~|tinmer; Wre shift _in = front_end[0O] | -idpal_at_rst; //
Force to 1 if idpal _at rst == 0 wre [ 1: 0] romsize = ~ronts_at _rst
? 2'bll /1 NO ROM
~ma_at _rst[ 16] ? 2'bl0 /1 ma[ 16] |ow -> 64K
~ma_at _rst[17] ? 2'bl0 [l ma[17] low -> 128K
: 2' b00; /1 256K [/ OK, if there is no PAL will be "jamm ng" in
either default or frompins wre [18480 3amin = -idpal _at _rst ?
17' b110_0000_0101_0101_0 [l Internal default
: { 1'bl, /| ESTAT[ 7]
romsize[1l], /1 [6]
1' bl, Il [5]
esbrd_in, 1 [4]
seecs_at _rst 1 ]3]
-nTw_at _rst, Iy [ 2] SLAVE SERIAL PORT
rom si ze[ 0], g/ [ 1] INPUT-OUTPUT CIRCUIT
| " b0, [ 0] 254
i ddat _in, //I D[7:0] /1505
1'b0  }; /1 288top shifting" bit. al weys, @ posedge cl ki n)
front end <= 4% [{idpal in, front_end[1] ) /\l  Free-runni ng,
no reset al ways @jppsedge cl ki n)
' [ 1501 ' ]
; 1502 1503 11504
| PCIRST- {_F; f G2
|
N
1 LpCIRST-
SPIO-—4
e uJ/241
| MASTER SERIAL PORT
| INPUT-OUTPUT CIRCUIT 2!416, 1230 PCIRSTE-
| sy 210 1542
1< -
1
g . Ng
l tee -—I———-};
: ASTIB-
l 7 0
I Host SYSTEMBUS
I ADAPTER MODULE &2
} 240 . ces —d j
R NN |-~ M i
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<= #1

al ways

in;

@ posedge reset )
#1 nmrw in;

ma

( timer_ O & shifter_all

<

shifter
begi n

530"

) -

al ways

<

rst 2

else if
else if ( shifter[0])

shifter[16: 1]
<= #1 4'bll11,

rst

nrw at

_in,
( ~sync_rst_ ) tinmer
ma_at

in ;

<= #1 jam.n;
<= #1 (timer - 4'Db0001);

( ~sync_rst_ )

in;

NON- CLOCK- TRI GGERED FLI P- FLOPS

shifter <= #1 ( shift
1 idpal

shifter

i f

timer

<= #1 ronts

if
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10 ************************/ rmdule Sprv\dec (

Read/wite decoder
crbusy, por, softcnden, rdlb,

csadr _, csren_, cdadr_, cdwen_,
rdld, rdle, rdbrdctl _, rdseectl , rdspiodat_, spi obsy, spiobsy , 15
wrbrdct!l _, wspiocap_, wseectl , wspioctl _, wr spi odat _ ); i nput
[7:0] csadr_, cdadr_; i nput csren_, cdwen_, crbusy, por, softcnden;
20 out put rdlb; /1 reading address Ib out put
rdld; /'l reading address 1d out put rdl e;
/'l reading address |le - output rdbrdct! _; /'l read BRDCTL (1D)
25 out put rdseect! _; 'l ragrdo SEECTL ( 1E) out put
rdspi odat _; /1 read SOFTDAT (1E) out put spi obsy; q/ ClO
r ead out put spi obsy_; /1 ClOread out put wr brdct!| _;
/1 wite BRDCTL (1D) 30 out put Wr spi ocap_; [l wite ESTAT dlB)
out put w seect| _; /'l wite SEECTL (1E) out put wrspi pctl _;
/1 wite SPIOCTL (1lE) out put wr spi odat _; [l write SPI OPAT
(1D) 35 221 /'l csadr _ decbde
/'l conpl ement signals nbuf 02 ivO ( . NQ softcnden_), A(softcnﬂen)‘); 5
invOl iVl ( .NQ(csadr4), .A(csadr _[4]) ); invOl iv2 ( .NQ csadr3)
.A(csadr _[3]) );: invd iv3 ( .NQcsadr2), .A(csadr_[2]) ); i nva
ivd ( .NQcsadrl), .A(csadr_[1]) °); i
'
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nvd iv5 ( .NQcsadr0), .A(csadr _[0]) ); 10 invd iv6 ( .NQcsren),

.A(csren_) ); /1l bl ock decode: 00011 and05 anO0 ( . Q bl krd),
.A(csadr _[7]), .B(csadr _[6]), .C(csadr _[5]), 15 .D(csadr4),
.E(csadr3) ); /'l register decode: 011, 101, 110 nand@3 anl (
.NQ(nrdilb), .A(csadr_[2]), .B(csadrl ), .C(csadr0 ) ); 20 nand03 an2
( .NQnrdld), .A(csadr2 ), .B(csadr [1]), .C(csadr0 ) ); nand03
an3 ( .NQ(nrdle), .A(csadr2 ), .B(csadrl ), - .C(csadr _[0]) );

nand03 an4 ( .NQ declbldle), .A(nrdlb), .B(nrdld), 25 .C(nrdle) );
nbuf 02 nb0 ( .NQrdlb), .A(nrdlb) ); %Z@E nbuf 02 nbl ( .NQrdld), .A(nrdld)

); nbuf 0 _(__I\IQg)Ld:I_e.)..__A(_m D30 L[ _set..and reset busy
nand03 an5 ( {NQadrok_)g . A(bl krd), .B(declbldle), .C(csren) );
or02 oro ( . :sertrﬁgij—w\:Idl‘adrok_), .B(crbusy) ); 35 nor02 nr0O (
 NQ(rstrbsy ) <<ACSKEn g, 1. B(por) );
222 nrsl 10 ( IN&Tbsy ), .Qbsy), .NS(setrbsy ), .NR(rstrbsy )
) buf 010 0 ( |Qspiobsy), .A(bsy) ); buf 0103 bf 1 (
. Q spiobsy_), : Absys ); 5 /] Lead strobes nand03 nd10 (
NQ(rdbrd ), (AN dl dP ocBesmressy) .C(softcnden_) ); nand03 nd11l (
.NQ(rdsee_ ), {A(rdle), .B(spiobsy), O .C(softcnden ) ): nand03 ndi12
( .NQ(rdspiodeft_), A(rdld), .B.(spionsy),- . C(softcnden) );
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buf 0102 iv30 ( .Qrdbrdctl _), .A(rdbrd) ); 15 buf0102 iv31l ( .Qrdseectl ),

.A(rdsee_) ); /1 write decode 20 invOl ivll ( .NQ cdadr4),
. A(cdadr _[ 4] ; inv0l iv12 ( .NQcdadr3), .A(cdadr [3]) ); i nvol
; inv0l ivl4 ( .NQcdadrl),

)
adr2), .A(cdadr [2]) ):
.A(cdadr _[1]) ); 25 inv0l iv1l5 ( .NQcdadr0), .A(cdadr_[1]) );
nbuf 02 iv16 ( .NQ cdwen), .A(cdwen ) ); /1 block decode: 00011
7]

iv1l3 ( .Nchi

)

and05 an10 ((.Q(bl kwr), .A(cdadr [7]), .B(cdadr [6]), 30 .C(cdadr _[5]),
r

.D(cdadr4), .E(cdadr3) ); /'l register decode: 011, 101, 110
and03 anll ( .Qwlb), .A(cdadr_[2]), .B(cdadrl ), 35 .C(cdadro ) );
223 and03 bn12 ( . Qw1d), .A(cdadBB0 ), .B(cdadr_[1]), . C(cdadrO
) ) and03 &an13 ( Qwrle), .A(cdadr2 ), .B(cdadrl ),
.C(cdadr _[0]) ) 5 and02 anl4 ( . Q wspiocap), .A(blk T gtwrtb)y ) ;
and03 anl5 ( . Q@ wbrdctl), .A(blkw), .B(wld), . C(sofftcalen ) A,
and03 anl6 ( . wseectl), .A(blkw), .B(wle), 10 .C(sdft &2ddn 12);
and03 anl7 ( .® wspiodat), .A(blkw), .B(wld), - . C( qof tEnenys ) ;
and03 anl8 ( wspioctl), .A(bl kw), .B(wle), .85‘3 L ic
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.C(softcnden) ); 15 and02 an19 ( .Q w spiocap), .A(cdwen),

. B(wspi ocap) ); and02 anla ( .Qwbrdctl), .A(cdwen), .B(wbrdctl) );
and02 anlb ( .Qwseectl), .A(cdwen), .B(wseectl) ); and02 anlc (
. Qwspiodat), .A(cdwen), .B(wspiodat) ); 20 and02 anld ( .Q wspioctl),
. A(cdwen), .B(wspioctl) ); nbuf 02 nb19 ( . NQw spi ocap_),
. A(wrspi ocap) ); nbuf @2 nbla ( . NQ(wbrdctl ), .A(wbrdctl) );
nbuf 02 nblb ( . NQ(wseectl ), .A(wseectl) ); 25 nbuf02 nblc (
. NQ(wr spi odat ), .A(wspiodat) ); nbuf @2 nbld ( . NQwspioctl ),
.A(wrspioctl) ); endnodul e 29/30 - 224-
Cl ains: - 1. Anmethod for serially transferring information on a
serial port input-output |ine between a first integrated circuit and a
second i ntegrated circuit conprising: 5 transmtting an
initialization signal on said serial port input-output line from
sai d second integrated circuit in response to a power-on reset
signal; and driving a signal on said serial port input- 10
output line by said second integrated circuit, subsequent to said
initialization signal, only in response to a signal fromsaid first
i ntegrated circuit on said serial port input-output |ine. 15
2. The nmethod of Caimil whgr in, sal pcond integrated circuit drives
an acknow edge signal or—galod Lseriért i nput-output line within a
pr edet er m ned time of ceijurngi 4a i gnal fromsaid first i nt egrated
circuit. . =<
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wai ting by said

conpri sing

3. The nmethod of claim2 further

Integrated circuit for conpletion

20

from
on said

circuit.

of said acknow edge signha

first

circuit before driving another signal

I nput - out put

sai d second integrated

seri al

I nt egrated

line by said first

25 port
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INTEGRATED-CIRCUIT WITH A SERIAL PORT
- HAVING ONLY ONE PIN

BACKGROUND OF THE INVENTION
Reference to Microfiche Appendix

Microfiche Appendix A of 2 sheets and 75 frames
and microfiche Appendix B of 1 sheet and 58 frames are
part of the present disclosuré, and are incorporated
herein by reference in their entirety.

Microfiche Appendices A and B include VERILOG code
listings for generating the modules for a serial port.
for a host adapter integrated circuit and a slave
serial port input-output integrated circuit
respectively.

A portion of the disclosure of this patent
document contains material which is subject to
copyright protection. The copyright owner has no
objection to the facsimile reproduction by anyone of
the patent document or the patent disclosure, as it
appears in the Patent and Trademark Office patent files
or records, but otherwise reserves all copyright rights
whatsoever. |

FIELD OF THE INVENTTON

The present invention is related generally to a
serial port for an integrated circuit and in patrticular
to a serial port for input and output of information to
a circuit external to the integrated circuit using a
single pin terminal of the integrated circuit.

DESCRIPTION OF RETLATED ART

As the number of functions performed by an
integrated circuit, hereinafter IC, increases,
typically the number of pins of the integrated circuit

‘aldo increases. However, as a rule of thumb, a

REPLACEMENT SHEET
27 FEB 1999
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INTEGRATED CIRCUIT WITH A SERIAL PORT
HAVING ONLY ONE PIN

A host adapter integrated circuit that contains
data transfer modules'has a serial port that uses a
single serial port pin to communicate with a slave
serial port input-output integrated circuit that
interfacds to various resources that are included in a
support circuit. The serial port forms a packet.from
each byte of information to be transferred from a
module to the slave device by adding a start bit before
the byte, followed by a parity bit at the end of the

byte and followed by a stop bit.

the packet, the serial port waits for an acknowledge

After transmitt

packet from the slave serial port input-output _
integrated circuit, for example for two clock cycles

after transmission of the packet.

ing

For synchronous

operation, a common oscillator drives the clock signal
on the slave serial port input-output integrated

circuit and host adapter integrated circuit.

The

serial port pin in the host adapter integrated circuit

-is connected to a shifter circuit in the serial port

that serially clocks data from the serial pért pin and

passes the data parallelly to a bus in the host adapter
integrated circuit and vice versa.

Figure 3
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