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This invention relates generally to the field of sem conductor devi é@%’aﬁﬁ’\f
pore particularly to a nmethod and systemfor testing nenory.

METHOD AND SYSTEM FOR TESTING MEMORY

TECHNICAL FIELD OF THE INVENTION
This invention relates generally to the field of semiconductor devices and

more particularly to a method and system for testing memory.



2 BACKGROUND OF THE | NVENTI ON Singl e port cl ocked
RAM i s conventionally used as first-in, first-out (FIFO menory in
an interface between an | EEE 1394 serial bus and a parallel host bus. The
RAMis used to tenporarily store data for transm ssion to the | EEE 1394

serial bus or 5 for.reception by the parallel host bus. The RAMis
logically divided into transmt FI FO RAM and recei ve FI FO RAM
Transmit FIFO RAMtenporarily stores data provi ded by the parallel
host bus for transmi ssion to the |1 EEE 1394 serial bus. Recei ve
FIFO RAM tenporarily stores data provided by the | EEE 1394 serial bus for
transm ssion to the parallel host bus. 10 Fully testing the
RAM used in an interface between an | EEE 1354 serial bus and a
paral l el host bus is difficult In a conventional interface between an | EEE
1394 seLi A 7 o 3@#5%St bus, 'specific locations in the
RAM are not addressec the IEEE 1394 serial bus or the

host bus. Rather, thcslﬁg%/bmscwa@d maavﬂis Ecdniventidnally used as firsf-in[ fifst-SU{(FIFOYOI Y,
with data vvrltten to or read fromthe next available locatiogn in 15

" RAM Thus, conveRememanpy intefiee between asdBEEJA24 porial us and ipamallelhost bys. e
from or Qemﬁb&ngs{omt&t&t%ﬁt at Pﬁs 5 the- mﬁé%éﬁ %E@lﬂuég A

because the FIFO usedtB ace between an
seri al bus Sand afqoaeceptionbyhthxspardliethoss biso TheRAM is logically dtvnlcd/mtteulansmito

transmt FIFO ive, F entire

RAM may be acc%ﬁﬁ%ﬂﬁ%ﬁ%ff?%o%ﬁbﬁ@I imgcéfi?‘ﬁl bus.
The 20 par aidvﬁﬂedbpaiephuﬂelrﬂmméwms:daﬁlan%ymsﬁ 1394 striapai t FI FO
RAM and recei ve data nly fromthe receive FIFO RAM The | EEE

1394 serial bus Wlﬁ%ﬁ?Mé@@pwly stores data provided hyrthe {EEE:1394 serigtbusdag and
receive data onl y,f{&6 LO RAM Thus, even if
specific | ocations 1 ngE:#}G&l\ﬁ cogi%a e addressed through ei ther the

par a! lel 10 hoEull)immngrthdRmM skt inl fCidtesfecd tetwden an [EER i3 Ygefialdas and
R e R T L
bus. I'n additionsefdbad dndla Sﬁ{dsﬂl %lﬁéldcﬁﬁoﬂs%ﬁﬁm%notaddressedby

conversi ons woul d be necessar Par al to serial and serial to parallel
conver si ons cither the IFEEJ3 Wbbwlquhﬁvemméwedt%@m
first-out memory, with data written to or read from the next available location in
15 RAM. Thus, conventionally, specific locations in the RAM may not be read from or

written to in order to test the memory. Additionally, because the FIFO RAM used in
an interface between an IEEE 1394 serial bus and a parallel host bus is logically
divided into transmit FIFO RAM and receive FIFO RAM, only a portion of the entire
RAM may be accessed though either the host bus or the IEEE 1394 serial bus. The

20 parallel host bus may provide data only to the transmit FIFO RAM and receive data
only from the receive FIFO RAM. The IEEE 1394 serial bus may provide data only
to the receive FIFO RAM and receive data only from the transmit FIFO RAM. Thus,
even if specific locations in the RAM could be addressed through either the parallel
host bus or the IEEE 1394 serial bus, reading from and writing to each memory

25 location would require reading and writing data through both the IEEE 1394 serial bus
and the parallel host btis. In addition, parallel to serial and serial to parallel
conversions would be necessary. Parallel to serial and serial to parallel conversions
increase the time required to fully test the RAM.



3 Conventional | EEE 1394 specifications provide that any

packet of data nust contain a header cycle redundancy check (CRC).
The RAMin an interface between an | EEE 1394 serial bus and a
paral |l el host bus is conventionally tested through the use of such

a header cycl e redundancy check. Typically, when data is transmtted 5
between the | EEE 1394 serial bus and the parallel host bus, information is

al so transmtted with it that allows the RAMto generate an
expect ed header CRC. This expected header CRC is conpared to the
transmtted header CRC. If the transmtted header CRC and the

expected header CRC do not match, correspongling to an error
condition, the parallel host bus is not allowed to read the data. 10
The use of CRCs to assess the integrity of RAMin an interface between an

Because a o 1S RRSedtoRRTERE 1A% Soblinbitn ol BuP Sl Bt GG 20
foll owed, all bidosatainm lidaderfepdlk f¢ddndancy check (CRC). MBedSAM in hyintedficd Btween
Toggling all bits jn.t is generally required tq full assess
the integrity of% vhéﬁg‘f %aﬂ ag?@h?}xlgftﬁ@f ‘%WYF“PH%‘“ﬁé%EdI@P“MeunabI e
to 15 read t\gofi@ich a heddef Sycil &&muﬁé? &&@@ﬁfcﬁll*l@vﬂeﬂﬁa&ﬁ&?ﬁsxﬂfﬁe@ny
error for debuggi ng purposes. ) ypi cal Y all that can be

det er mi ned3i s t heptWeendhEEEL39¢retial bies and theparallel host bus, informptien iselsaor e, t he
transm ssi on of . ' “ﬁ ?.Qf' EBS .

paral |l el bus req%&@%gwgﬁﬁgggﬁl%ﬂ g‘%éé%f‘?e 0 lslerl achC‘ This
conver si ons. | ncexpedterbheader CRC is dolnpared ¢othe eransneitted haadercCRE@ SIf tHearahsrhiitted

required for testi . ' r., ret hods for testing internal
R it ch ml | ovleafet CEC prutthe gepegted header CRE do Hot i coNPPORILE RanieARy
include a scan cépmitioatHe ParBifdl BbitBhis RRHAIRWeR %4 rebdME)dataA SCan

chain transmits data to and fromthe menory in serial fashion. Wth a PM,
data is 10 t r aFhsfuse pEQRECy taaseess theiategrity eERAM)inj an ipterfage betwetmarhi on.

A scan chai n { eSipepidl a8 $6Y B b RNy ABE Ser WA AR Bebdlse £°2

out, t est node control S gna ) and a ‘scan cloc
requi red addr essscific iBBE 1824 farmat for a data pachétdm@hbefollowtd, all bits fthd RAMAS

'nternal RAMin gotsn%éeisgﬁl)t t%sgglieg.n"[‘ogz?igg gﬁ gits? In tﬂe m:s generally required to fully
assess the integrity of the entire RAM. Additionally, with the parallel bus unable to

15 read the data, it is difficult to determine the cause of any error for debugging purposes.
Typically, all that can be determined is that the header CRCs do not match.
Furthermore, the transmission of data between the IEEE 1394- serial bus and the
parallel bus requires serial to parallel and parallel to serial conversions. Incurring
these conversions increases the time required for testing.

20 Other methods for testing internal RAM, which allow direct reading of the
contents of the RAM, include a scan chain and a parallel module test (PMT). A scan
chain transmits data to and from the memory in serial fashion. With a PMT, data is
transferred to and from the memory in parallel fashion.

A scan chain test requires several external signals, such as scan in, scan out,

25 test mode control signals, and a scan clock. It shifts all required addresses, input data,
and chip control signals into internal RAM imra serial fashion. The use of a scan
chain test may not be appropriate for testing RAM used in an interface between an
IEEE 1394 serial bus and a parallel bus. For example, because data is transmitted in




chain test may not be appropriate for testing RAMused in an interface

bet ween an | EEE 1394 serial bus and a parallel bus. For exanple,
because data is transmtted in _

4 serial form testing in slow. In addition, not all nenory

| ocations in the RAM may be addressed fromthe parallel host bus
due to the logical division of the RAMinto transmt FIFO RAM and
receive FIFO RAM 'Furthernore, particul ar addresses wi thin the RAM

may not be specified by an external source over either the host bus or 5
the | EEE 1394 serial bus. Rather, the interface allows witing and readi ng
fromthe RAM onl y onaflrst-ln ];II’S'[ out basis.

Wth the PMI formof testing RAM -all i nt efnal RAM signals are connected
to external input/output pins with multiplex logic. During testing, the

i nput / out put . s are redefipned. The test is erfo i rall el
f ashi on by di reéﬁqasl/foé@c{fgtg?%dfﬁ' % é‘ﬁ&&%& g?ﬁé?"én‘?r%?ﬁa ﬁﬁw s. |If
the internal RAMid}aésedTﬁﬁﬂtﬁdrﬂz?ﬁ.ieShésb&E due to the 1ogm%1/d&lvisaialcn'thermw/1@tut put
pins, the PMI cannot, he use For exanple, a typical 512 X 32

¢l ocked SRAM hadransngt flf gepivedIFQ RAM o Furghermoreppasticulas addresses of dat a
out put, “"‘9@ Ay Heknal Wir& o
i nput/out put pins ditrenafll y,beljﬁ%gﬁ i can generJg mef&ﬁghzﬁgusu%red

during mandif act shedEEEt1394 seriad blpn‘ dathec,ahe thtcrfaemdllowsmsmgandmedmgfrom théMT t o
test RAMin thei i cat cecause t.he input/output pin definition
cannot Pg‘b' @ﬁp‘é‘fﬁ'ﬁ'ﬁg’ ff-act ure. Thus, end users cannot use
PMI to test the RAM With the PMT\oh®f ROt RAN, h@uﬁ&ﬂﬂwlsignﬂsﬁer&nﬁd&&d

interface between an | EEE 1394 seri al . bus and a parallel host bus.
to external input/output pins with multiplex logic. During testing, the input/output

pins are redefined. The test is performed in parallel fashion by directly accessing
10 RAM signals from input/output pins. If the intemal RAM has more signals than
available input/output pins, the PMT cannot be used. For example, a typical 512 X 32
clocked SRAM has 9 bits of address, 32 bits of data input, 32 bits of data output, 3
control lines, and one clock, which requires 77 input/output pins. Additionally, PMT
can generally only be used during manufacture. It is not practical for end users to use
15 PMT to test RAM in their application because the input/output pin definition cannot
be redefined after manufacture. Thus, end users cannot use PMT to test the RAM
while powering up devices utilizing the interface betwéen an IEEE 1394 serialbus ©  *
and a parallel host bus.

-



5 SUMVARY OF THE | NVENTI ON Therefore, a need has
rarisen for a nethod and systemfor testing nenory that

substantially elimnates or reduces di sadvantages and probl ens associ at ed
with prior devices and nethod. 5 The invention
conprises a nethod and systemfor testing nmenory in an I nterface
system coupling a parallel “host bus to a serial bus. The nethod conprises
receiving within the interface systema test control signal fromthe host

bus and sel ectively obtaining control of menory based on the
control signal. The method further conprises receiving a plurality
of parallel data values fromthe parallel hhost 10 bus and generati ng

internally within the interface a wite aédress for each parallel data
val ue. Each parallel data value is witten to a location in the nenory

associ ated wit Mress associated with the parall el
data value. Ea fromthe nmenory for
conmpari son to the pahérkfotd, a@addehay atiseq v d théthod &rd sySeinifyr tediihg PiedRy that
operation of the nmenory.. The method further conprises selectivel

rel i nqui shi ng fﬁbsmtial}))éﬂ'mi&‘%‘?r Tedpses Epadvontages abgprepletps P%“%‘é‘f“é&’f%\?@f"y

accessed for t%%%i'b&&g \ekiEngt he interface is coupled to both the
paral | el host bus an “ﬁue serial bus and control of the menory is

sel ectiveby reli nquiThhéyentipnaiompristsreanghidailsysten fortesing slemseninghe host bus
Mvent  on. & pdRETETYEm savipe o pgre RSO Pre L BB e eRRBSRERE ' 11
paral | el host hecivify @ithinkRFnta@<e 6teinal tefd dontfod Bighalfien the host bus and
selectively obtaining control of memory based on the control signal. The method
further comprises receiving a plurality of parallel data values from the parallel host
10 bus and generating internally within the interface a write address for each parallel data
value. Each parallel data value is written to a location in the memory associated with
the write address associated with the paralle! data value. Each parallel data is read
from the memory for comparison to the parallel data value written to verify the proper

operation of the memory. The method further comprises selectively relinquishing

15 control of the memory. The memory is selectively accessed for testing while the
interface is coupled to both the parallel host bus and the serial bus and control of the
memory is selectively relinquished to allow transmission of data between the host bus
and the serial bus.

According to another embodiment of the invention, a parallel to serial

20 interface for connecting a parailel host bus to an IEEE 1394 serial bus comprises a
random access memory having a plurality of memory locations for temporarily storing
data received from either the paralle] host bus or the IEEE 1394 serial bus, the random
access memory being logically divided into a transmit memory portion and a receive
memory portion. The interface also comprises a transmission control unit operable to

25 control transmission of data from the parallel host bus to the serial bus, the

 transmission control unit further operable to access the transmit memory portion of
the random access memory. The interface also comprises a reception control unit’
operable to control reception of data by the parallel bus from the IEEE 1394 serial



random access nenory having a plurality of nmenory |ocations for tenporarily
Sstori.ng data received fromeither the parallel host bus or the

| EEE 1394 serial bus, the random access nenory being logically
divided into a transmt nenory portion and a receive menory
portion. The interface also conprises a transm ssion control unit operable
to 25 control transm ssion of data fromthe parallel host bus to the
serial bus, the transm ssion-control unit further operable to
access the transmt menory portion of t he random access nenory.
The interface al so conprises a reception control unit operable to
control reception of data by the parall el Qus fromthe | EEE 1394 seri al

6 bus, the receive control unit “further operable to access the
receive nenory portion of t he random access nenory. The interface
further conpris | le t el lvely obta

control of rr}[) he rg%h gxg kqg%;gg g gé&%e%ﬁgr y B bcljentoz‘i1 c%eg?]?’rg 5?0(2{3%'% én i g’loyy porﬁon &

recei ved from t the reioal dcedss hresiorh URlie ifterface furthed cemiidel ¥ teguity opeabRd6lr esses
for each nenory Ioc.atioB withi&rqt; rapdom access menory; control

e .
transmi ssi on of S{CHsly gptaipgontr %%?WWQ%PWQ%%M%P&W
Wi th the interngdchivedbated dekdsesnes to the parallel host bus for

I nspection; and, sel ectively felinquish control of the random
access nerory t &temalbigenemieadiressenfor edch memory locatiert withje thegerdontrscesser i al  bus

1 P s o e s e B A ST B,
menory nmay be diwithahd intetrestigt gendrated dddressys @6 thepgraliblchost bus for inspeétitagdndof
| nput/outPUL BT 08 L el EiEuh comtol oF he Fandor aceess emory 1o allow aunsmicsion of

data between the serial bus and the parallel bus.

10 The invention provides various technical advantages. For example, one
technical advantage is that memory may be directly read without increasing the
number of input/output pins required of the interface and without redefining the
input/output pins for testing purposes. Another technical advantage is that the
invention provides a method for rapidly testing memory because data is both written

15 and read in parallel fashion. Another technical advantage is that end users can
perform a memory test by directly writing to and reading from each location in the
memory, thus allowing a complete verification of the RAM. Another technical .
advantage is that end users can perform a memory test during powering up of a device

incorporating the memory.



i nput/output pins for testing purposes. Another technical advantage is that
the - i nvention provides a nethod for rapidly testing nenory because
data is both witten 15 ~and read in parallel fashion. Another

techni cal advantage is that end users can performa nenory test by
directly witing to and reading fromeach | ocation in the menory,
thus allowing a conplete verification of the RAM Anot her technical
advantage is that end users can performa nmenory test during powering up of

a device i ncorporating the nenory.

7 BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore
conpl ete understandi ng of the present inveption and the advant ages
thereof, reference is now nmade to the foll OWi ng descriptions taken in
connection with the acconpanying drawings in which: 5 FI GURE 1

illustrates an mmwrface in block diagram

form construct ec v i on; FI GURE 2
is a block di agram t hgia thbre UsthpRicandastahdihdsrthe pioient invemtfontah@thient er f ace
shown in FIGURE 1, showi ng nore conpletely the connections_ between the

sub-units  advaniggesthereofyrefarense is noygmade to the following descpipgions aken i p| ock -
teot control untiuehaeed O it Aot et e e 2
bl ock di agf am t hat i FIGISRE dtikhsstrasdslart ¢xample pdedilel tosend] intbrfacRihblock diagram t est
control unit s h%\)’wm ti:orx]lstﬁlc Rangc;ongxqge with the invéntion;
FIGURE 2 is a block diagram that illustrates additional details of the interface
shown in FIGURE 1, showing more completely the connections between the sub-units
of the interface; -
10 FIGURE 3 is a block diagram that illustrates the inputs and outputs of the
example RAM test control unit shown in FIGURES 1 and 2;
FIGURE 4 is a block diagram that illustrates additional details of the RAM
test control unit shown in FIGURE 3; and
FIGURE 5 is a timing diagram associated with a portion of the RAM test
15 control unit illustrated in FIGURE 4.




FI GURE S is atimng diagramassociated with a portion of the RAMtest 15
control unit illustrated in Fl GURE 4.

8 DETAI LED DESCRI PTI ON OF THE | NVENTI ON - An
enbodi ment of the present invention and its advantages are best
understood by referring to FIGURES 1 through 5 of the draw ngs, |ike

nuner al s bei ng used for |like and correspondi ng parts of the
various drawi ngs. 5 FIGURE 1 illustrates in block diagramform
an exanple interface 10° according to the teachings of the

I nvention. Interface 10 coordinates the transm ssion and reception

of data between an | EEE 1394 serial bus 20gpand a parallel host bus 30.
Interface 10 nmay be formed using a single I'ntegrated circuit.

Paral | el host bus 30 provi des and receives data and control signals in -
paral l el 10 DEPK ‘mmuﬁuum VI des and receives data
and control signal: 94 specifications in
serial form The |nt&mémh@ilﬂlent(tﬁﬂnrpr&ea1ﬁvent10nand1tsﬁ#ﬂ@dgesﬂ6fbést0| ocked RAM

70 for terrporarll i ng. dat a fro | EEE 1394
serial bus 20 of™ 8 E}ngﬁ%éf&gl@s@g %géﬂ @P‘E‘“"@Fdﬁ‘ﬁé‘a‘nmb‘)’@gl s
logically di VI d@sédlfdmmetaﬁ@a&msﬁoﬂdiﬂgﬁimaméb&ﬁusawﬁéél FO nmenory, for

t enpor ari lﬁl storing data being transmtted fromthe parallel host
bus 30 tq=*he | EEE 1@@&‘%1ilblstratesmbockdm@@man@xmmdem@fmm menory,

for tenporarily,g sﬂeatgﬁ Yrehdd ral | el. host
bus 30 fromthe | E@lé}g seri g nggﬁ@gﬁa@h IRtt ran?r%c?oﬁg'lnlégs %ﬁ‘gp" sston
may be accessedandrecaptibn vf datesbdttvednl anTEEB 189 4serialbus 20@nd 7 parallet hiestbas 9. FO
menory

Interface 10 may be formed using 'a'i'éingle integrated circuit.
Paralle] host bus 30 provides and receives data and control signals in parallel

10 form. IEEE 1394 serial bus 20 provides and receives data and control signals
according to IEEE 1394 specifications in serial form. The interface 10 comprises a
single port clocked RAM 70 for temporarily storing data received from either the
IEEE 1394 serial bus 20 or the parallel host bus 30. Single port clocked RAM 70 is
logically divided into transmit first-in, first-out (FIFO) memory, for temporarily

15 storing data being transmitted from the parallel host bus 30 to the [EEE 1394 serial
bus 20, and receive FIFO memory, for temporarily storing data being received by the
parallel host bus 30 from the IEEE 1394 serial bus 20. The transmit FIFO memory
may be accessed through transmit FIFO control unit 40. The receive FIFO memory
may be accessed though receive FIFO control ﬁnit 50.

20 Transmit FIFO control unit 40 provides control logic to control transmission
of data that is provided from the parallel host bus 30 to the single port clocked RAM
70. Transmit FIFO control unit 40 may also control movement of data stored in _
single port clocked RAM 70 through transmit data buffer 90 to IEEE 1394 serial bus
20. In one embodiment, transmit data buffer 90 receives 32 bit data in parallel

25 fashion from single port clocked RAM 70 and transmits it in serial fashion to IEEE
1394 serial bus 20. |

The receive FIFO control unit 50 controls data transmitted from IEEE 1394

serial bus 20 through the receive data buffer 80 into single port clocked RAM 70. In



may be accessed though receive FIFO control unit 50. 20
Transmt FIFO control unit 40 provides control logic to control

transm ssi on ' of data that is provided fromthe parallel host bus
30 to the single port clocked RAM 70. Transmt FIFO control unit
40 may al so control novenent of data stored in single port cl ocked
RAM 70 through transmt data buffer 90 to | EEE 1394 serial bus 20.
In one enbodi nent, transmt data buffer 90 receives 32 bit data in parall el
25 fashion fromsingle port clocked RAM 70 and transmits it in serial
fashion to | EEE 1394 serial bus 20. The receive

FI FO control unit 50 controls data transmtg¢ed from | EEE 1394
serial bus 20 through the receive data buffer 80 into single port clocked
RAM 70. In

9 ON@ne BABEHiHeny the rdt8ive Qa8 biFerBDirdceiet E@ial 8la r8HMV/RBIWRE bG!
data fromthe serial bus 20 and transmts the data in parallel

fashi on when t hénd gaesmits thedan inperallel feshiqnowhen)the repgive data buffer 89 isdfull.alne
nbodi ment, th ' fer:80:.] i ins, 32 hits of
P e L B e

data. Host data out put recerves parall e single
port clocked 5 data. HompddtyQutputduffercdi0d mceives peraltbh tiata imomathsingle pert clbeledi on t o

Compr 1 Ses. Bddi &1 TOGPR SPTR Uit ok e o e vl host bl 20

test control uniAssé&iatededntiobsirdultryVIR0ichMpAd alldifibnalBitduityy hsdd #inteph & fo2CE,
such as interface 10. RAMtest control unit 60 is operable to obtain

control of single  RAMtestgontiol unitfQensratesie yerify andtesunemery in anigtengceand
L O S 0 B 000Gt s g iy G
writing or readipoegt dierked BAM 7Qedntial dve rpading dnell wiitigtofidata tS4ll méhery lodations
10 of single port clocked RAM 70, and internally generate addresses for specifying
locations for writing or reading data provided from parallel host bus 30. When the
RAM test control unit 60 obtains control of single port clocked RAM 70, transmit
FIFO control unit 40 and receive FIFO control unit 50 are disabled. With transmit
FIFO control unit 40 and receive FIFO control unit S0 disabled, data may be provided
15 by parallel host bus 30 to all locations within single port clocked RAM 70, and data
may be received by parallel host bus 30 from all locations within single port clocked
RAM 70. RAM test control unit 60 generates internally addresses for specifying
locations for writing or reading data in single port clocked RAM 70. Because the
addresses are generated internally within the interface 10, data may be written to and
20 read from specific locations within single port clocked RAM 70. Because data may
be written to and read from specific locations in single port clocked RAM 70, values
of data written to a particular location in the single port clocked RAM 70 may be
compared to values of the data read from the same location in the single port clocked
RAM 70. Comparing the values of data written to and read from the same location in
25 single port clocked RAM 70 allows the integrity of the single port clocked RAM 70 to
be assessed. Because data may be written from or received by parallel host bus 30 in
parallel fashion, rapid testing may occur.




RAM test control unit 60 obtains control of single port clocked RAM 70,
transm t FI FO control wunit 40 and receive FIFO control unit 50 are
di sabled. Wth transm t FI FO control uni't 40 and receive FIFO
control unit 50 disabled, data may be provided 15 by parallel host
bus 30 to all locations within single port clocked RAM 70, and data

may be received by parallel host bus 30 fromall locations within single
port cl ocked RAM 70. RAMtest control unit 60 generates internally
addresses for specifying | ocations for witing or reading data in
single port clocked RAM 70. Because the addresses are generated
internally within the interface 10, data nqé be witten to and 20- r ead
fromspecific | ocations within single port Clocked RAM 70. Because data nay
be witten to and read fromspecific |ocations in single port clocked RAM

70, val ues f data itten to | cular | tion in.the single
port clocked RAM 70 n@‘f "Bgtmg ofltata s andéﬁ@ﬁ@#ﬁ%ﬂf@@i?“?% vahin sipgle 4
fromthe sane | opat ¢locked RANIGO giffees @orﬂ%ﬁveﬁﬂi&ﬁk@i?e and testing of infMaddd.
Comparing the va&t@s of %ata witten to and read fromthe sane |ocation in

25 si ngl e pbitve IEERdesmialions and a paralleldopthus g Forexample; qeaventipagle port
cl ocked RAM 70 t Qyterfaces between Qﬁﬁgﬁiﬁgﬂd%ﬁ?w&ﬂm&?ﬁ}{uﬁ q‘fflllii:&rﬁ;ﬁ-ﬁefa.r om

or received by parallel host par a ashiron,” rapid
testing may occumethod for transmitting an address from either a parallel host bus or the IEEE 1394

10 -1 1. 1he W L N f data t t eadi 0. ata from
specific |ocati oﬁegalv&“fsﬁlgﬁhe t g{a&er, WC%WFO%%@%%W%F@% rom
conventional usadfta Gatnii®st bebgeetla paralielHoBORE and an IEEE 1398 s¥@# Bud, EEE 1394
serial bus and a parallel host bus. For exanple, conventional

i nterfaces bet we&VaRionaty-dataiswrittenibyone bus apdaead Yy thewthen bup insa fistin, fist-not

conprise a out fashion. Therefore, conventionally, particular locations in memory are not
10 specified for reading or writing data, and thus, no pins on the interface are allocated

for receiving an address. Because particular locations in memory cannot be specified,

values of data written to a particular location in the memory may not be compared to

values of the data read from the same location. Therefore, conventionally, the

integrity of memory m an interface between an IEEE 1394 serial busand a parallel
15 host bus cannot be fully tested.

In FIGURE 2, additional details of an exemplary embodiment of interface 10
are shown. Single port clocked RAM 70 includes an address input port 72 for
receiving a memory location to be used in the storage or retrieval of data. As will be
discussed in more detail below, address input port 72 receives a signal from either

20 transmit FIFO control unit 40, receive FIFO control unit 50, or RAM test control unit
60. Single port clocked RAM 70 also includes a data input port 74 for receiving data
fmm either the parallel host bus 30 or from the IEEE 1394 serial bus 20. Read-write
input port 76 of single port clocked RAM 70 determines whether single port clocked
RAM 70 reads or writes data. The read-write input port 76 is also controlled by either

25 transmit FIFO control unit 40, receive FIFO control unit 50, or RAM test control unit
60. Data output port 77 of single port clocked RAM 70 provides data from the
memory location specified to single port clocked RAM 70 at address input port 72 to
either the IEEE 1394 serial bus 20 or parallel host bus 30. This data first passes



5 - nethod for transmitting an address fromeither a parallel host bus

or the | EEE 1394 serial bus to the RAM Rather, because the RAMis
nerely used to tenporarily store data transmtted between a
paral |l el host bus and an | EEE 1394 serial bus, conventional ly data

Is witten by one bus and read by the other bus in a first-in, first-
out fashion. Therefore, conventionally, particular |locations in nenory are

not 10 specified for reading or witing data, and thus, no pins on the
interface are allocated for receiving an address. Because .
particular | ocations in nmenory cannot be specifi ed, val ues of data

witten to a particular location in the nmenory may not be conpared to
val ues of the data read fromthe same |ocattlon. Therefore, conventionally,

t he integrity of nmenory in an interface between an | EEE 1394
serial bus and a, parallel 15 host bus cannot be fully tested.
In FIGURE 2, additepghsithersansmitdatsrbuffer $0cerrhoptdata @%blﬁ%e%@gl@moﬂ decked ace 10

are shown. Si nglmotalﬁ!cgﬂf:ﬁgesw&@ncﬁu?ﬁé h?g&gﬁg}ggagcg&%%{;grné{@gtﬁo ort 72 for

receiving a nenory location'to be use I ev of dat a.
As will be system cltick {nat sxplicitly shows). det ai | bel ow, address input port 72
recei ves a signal fr%e.i

t her . ansm t FIEOQ conirol unit 40,
recei ve FI FO contr ol un|?P'Elﬁon?(ra"ﬁ&‘f\ﬂefégf‘fpﬂﬁrf?rr%felw ?ﬂmp“mﬁd d‘j‘ta;_GO. Si ngl e
port clockéd RAMiow@vel &y dtivelsuithdfe rinfbet 6f ihpudtiéoulDbd uséd DRk olu@GSioi779 dat a
fromeither the parall el ,hcs)st bus 30 or fromthe | EEE 1394 serial bus 20.

Read-write - provides;dafa in 32 bit paraliel Sprm to franamis bufferH0p drangmithniiad®Odet er mi nes
whet her si ng| C - _
et her single pembmitd &Eli'aﬁ‘mleldatamsenal B’FAIFﬂ)J I“E@%qssggpu%%d. tﬁaﬁa%‘ﬁgﬂ&?% FO

read-write input port 76°Is also controlled by eit
control unit 40,alsoqsevides 32| tixpacailet datd tohostidatatoutpt by 10@.sHost dit batputini t
60. Data out put '

Che el el 8k et o L e e Pt L ortitncn ot
addr ess i iput podrigind®ing from either paralleBhdshBils 3010 IEEEE3 43RdaIRE D@ 1rls i20 Or
paral l el host bus 30. This data first passes
received from IEEE 1394 serial bus 20, it is first passed through receive data buffer 80
and then provided in parallel form to data input port 74.
The transmission of parallel data from parallel host bus 30 to IEEE 1394 serial
bus 20 is controlled by transmit FIFO control unit 40. Transmit FIFO control unit 40
15 controls the transmission of parallel data from the parallel host bus 30 to the data
input port 74 of single_ port clocked RAM 70. Transmit FIFO control unit 40
additionally controls.the writing of data stored in single port clocked RAM 70 from
data output port 77 to transmit data buffer 90. Transmit FIFO control unit 40
generates an address output signal 42, a read-write output signal 44, and a request
20 output signal 46. These output signals are generated by the transmit FIFO control unit
40 through conventional techniques based on control signals provided by the parallel
host bus 30 and IEEE 1394 serial bus 20. The address output signal 42 specifies
addresses within the transmit FIFO portion of single port clocked RAM 70 on a first-
in, first-out basis. Thus, transmit FIFO control unit 40 produces an address output
25 signal 42 specifying the address of next available memory location within the transmit
- FIFO portion of single port clocked RAM 70.
Address output signal 42 of transmit FIFO control unit 40 is provided to
multiplexer 120. The output of muitiplexer 120 provides an address to address input

{ g




through either transmt data buffer 90 or host data buffer 100. Single port
¢l ocked RAM 70 al so conprises a clock input 78 for receiving a

cl ock signal 206 froma system cl ock (not explicitly shown).

Data input port 74 includes 32 inputs for receiving 32 bit parallel data; 5
however, any other suitable nunber of inputs could be used. Data out put

port 77 provides data in 32 bit parallel formto transmt buffer
90. Transmt buffer 90 transmts the parallel data in serial
fashion to | EEE 1394 bus 20. Data output port 77 al so provides 32

bit parallel data to host data output buffer 100. Host data out put
buffer 100 transmts data in parallel to tht bus 30. Data input port 74
recei ves data 10 originating fromeither parallel host bus 30 or |EEE
1394 serial bus 20. If data is received fromI| EEE 1394 serial bus -

20, it is first a;f%?i)?qg gf’ngﬁnfegﬂgﬂgld’cﬁm ﬂ%‘glﬁh[el}%g-@fite%%put signal 44 om.f%.gen

provi ded in par ata 1 nput
transm ssi on of HEOxbhtwdl uwitidf if providabtoahultpleteo $40.bTise Glput of nklEplex&A403er i al

bus 20 is controlle transm.t FI FO control unit 4 r mt .El FO
control unit 40 ¥ “ge‘ijt\écfﬁaﬁlf%ﬁeénﬁuﬁgmf 7@?%‘&@%?%"%‘1‘“8%?@?‘_’ WEE'Y from the
paral l el host bughetierdetatvAR béledad from or written tdé1Hgle BOYt tloéked WA M 700 IRRqiat

cl ocked RAM 70. Transmit FIFO control unit 40 additional ly

control s tBe wriQutpHy signalf@tigprovidedte arbites il Hyy| Whemactive, requestcputpatsigal fif om
data out put port mgh}gg . . ' é)‘;yr{ol uni t
40 generreé‘tzegigq%% a re&sustg‘%(?pu is%nnﬁ)b% , g@@gggf%:sﬁgg out put
signal 44, and aclodgd®MZ0. Arbiter 1 Hldgtartnires gwhethezitfansifiitdIEO oontmli inis 4@jisal s

are generated by the . transmt FElIFO gontraql ht . .. .40 through
convent i onal tecW&%&%"%@ggéﬂn%ﬁp%ﬁP%ﬁwﬁg rbiter 11 Qs fisgyss ’é‘gﬁ%ﬁl | el
host bus 30 and §dtkibbeled®4 serial bus 20. The address output signal 42
specifies addresses _within the transmt FIFO portion of single
frophiEEE

port clockBd RAM 70 oFheressiyesiIFO control unit 50 controls ths receptionnd dpts £l .
transmt FIFO cog d9'4C§eriMrUqu 20 9¥ %gl%ﬁﬁ%*o@faedma%ﬂgr chﬁroll]s the re%ﬂiggg% 42
r avail ab I'n the

specifying the a ess of nex e nenory |locatron wt
transmt data EbEGinghe partelockied RiAM 7@ foraedeptidmlsykpatiallRIAsT Bus 30. Receive’

At ess out Pt bRty S b oAk Sl Sl oBRHE S
address .input  control unit 40. Receive FIFO control unit 50 includes an address output signal 52, a
15 read-write output signal 54, and a request output signal 56. These output signals are
generated by the receive FIFO control unit 50 through conventional techniques based
on control signals provided by the parallel host bus 30 and IEEE 1394 serial bus 20.
The address output signal 52 specifies addresses within the receive FIFO portion of
single port clocked RAM 70 on a first in, first-out basis. Thus, receive FIFO control
20 unit 50 produces an address output signal 52 specifying the address of the next

available memory location in the receive FIFO portion of single port clocked RAM -
70.

Address output signal 52 of receive FIFO control unit 50 is provided to
multiplexer 120. The output of multiplexer 120 provides an address to address input
25 port 72 of single port clocked RAM 70. The read-write output signal 54 of receive
FIFO control unit 50 is provided to multiplexer 140. The output of multiplexer 140 is
provided to read-write input 76 of single port clocked RAM 70 to specify whether
data will be read from or written to single port clocked RAM 70. Request output



12 port 72 of single port clocked RAM 70. The read-wite out put
signal 44 of transmt FI FO control unit 40 is provided to

mul ti pl exer 140. The output of nultiplexer 140 is provided to .
read-write input port 76 of single port clocked RAM 70 to specify

whet her data will be read fromor witten to single port clocked RAM 70.

Request 5 out put signal 46 is provided to arbiter 110. Wen active,
request output signal 46 requests that the transmt FIFO control
unit 40 be granted control of single port cl ocked RAM 70. Arbiter
110 determ nes whether transmt FIFO control unit 40 is gr ant ed
control. of single port clocked RAM 70. Arbjter 110 is discussed in greater
detail below 10 The receive FlI control unit 50 controls the
reception of data from | EEE 1394 serial bus 20 by single port

cl ocked RAM 70 ] . tr r i Qf ata from
single port cl o%ggaé%ﬁ%\ﬁ ?ddéfpd(}rg afbg%‘(ilp]{opg{ﬁ"q %gﬁ%lsf%’fl ?1%5?’“5%@“%@'.6 TREY8i ve
FI FO control unFIFGh&ntpkurit $cbei gtartedsishadloofisinglel portdlatkbdRANRTO) eArbiter f1pansmi t
FI FO contral unit 40. Regceive FIFO caontrol ynit 50_includes an
addr ess out put ?t%ﬁ‘esé’%feﬂﬁ’ Tegeive Eﬁpe‘??&%f‘f“t“é*%dﬁl%m"ﬂﬂ pfsipgle porty o

request output glogied!RAKI-70T PEBiter Q14 R\HisciidsOl B gredretajl below,  generated by
the receive FIFO control unit 50 through conventional techni ques based

on controld signal s pRAM isttopiyoliunis 60 serttdlsteading fromand 30iting tb SiEEPAB94
serial bus 20. ; t skanal egisf addresses
within the receicl\%k lwygﬁgllﬁfggésgiéth%%%oryggﬁﬂéfgéﬁgl?&egl%lﬁjg. WN on a
first in, first testtontrabumit 60Tgencrates arRidvess buthdd sigmal 620for sHicifying an addidss &0
produces an address out pu ' 2 specifying the address of the next

avai | abl e nemrﬁ'%%@ﬁ?icgﬁﬁf‘?worééﬁ gP!&B‘“Eﬂ) B-ofdess ontpyt dengbp? is

cl ocked RAM received by _metig(l)expr 120. The ogt(;j:utt %fmgﬁﬁéﬁﬂ% %ﬁ?\iﬁd@'iéﬁdcﬁgsim

receive FI FO control unit is provid pl exer 120. The

out put of 10l t i persskeert 12 RpMotest gontral G0 alsa genssatesc reattiweitssouitp signad 54 for
port 72 of i n0lsgecghl vileBieh it M %a AR of SAHEM HAMEHS Rtlha ShANGIpR? ©f

recei ve

signal 64 is received by multiplexer 140. The output of multiplexer 140 is provided to
read-write input port 76 of single port clocked RAM 70. RAM test control unit 60
also generates a ref;uest output signal 66. Request output signal 66 communicates a
15 request from RAM test control unit 60 to arbiter 110 for control of single port clocked
RAM 70.
Arbiter 110 may comprise a conventional priority encoder and operates to
control and prioritize requests to control the single port clocked RAM 70. Requests
are communicated by request signals 46, 56, and 66 of transmit FIFO control unit 40,
20 receive FIFO control unit 50, and RAM test control unit 60, respectively. Arbiter 110
processes requests from RAM test control unit 60 first, receive FIFO éontrol unit 50
second, and transmit FIFO control unit 40 last. Thus, if transmit FIFO control unit
40, receive FIFO control unit 50, and RAM test control unit 60 all request control of
single port clocked RAM 70 during the same clock cycle, control will be granted to
25 single port clocked RAM 60. If control is fequestéd by receive FIFO control unit 50

and transmit FIFO control unit 40 during the same clock cycle, control will be granted
to receive FIFO control unit 50.



FI FO control unit 50 is provided to nultiplexer 140. The out put of

smul tiplexer 140 is provided to read-wite input 76 of single port
cl ocked RAM 70 to specify whet her data will be read from or
witten to single port clocked RAM 70. Request out put ‘

13 signal 56 is provided to arbiter 110. Request output signal
56 requests that the receive FI FO control unit 50 be granted
control of single port clocked RAM 70. Arbiter 110 det erm nes

whet her receive FIFO control unit 40 is granted control of single port

cl ocked RAM 70. Arbiter 110 is discussed in greater detail below 5

RAM test control unit 60 controls reading fjgomand witing to single port
cl ocked RAM 70 while testing the menory of single port clocked RAM 70. RAM
test control unit 60 generates an address output signal 62 for specifying

an address in Arbﬁérrmbeora&as*es e BAMIY 017, 014, a8@di ) JERh ofMiiel | NY
data. Address outgut si gnal recei ved by mul tipl exer 120. The
out put of nul ti p'“F SG‘éPUtPEG 113, lﬂﬂmﬁdéﬂwacﬁe}fs@r fos & mytiplexer, ‘Fhgselegipddresp.  RAM

" test control f I
speci fyi ng V\/net her a%ﬁﬁqlﬁse‘%%a#g;‘gq?&ﬁoﬂr%%?% Pﬂt;}ﬂtme le?gtall%gsﬂé%pénl?aggx N

out put sggh fbm@itherdrangmie FIRicdngrohunit 4G k@mre FlIlKDconﬁhbumﬁ()pmt of
mul ti pl exer, 140

rOV|d t,,port 7. f single
port clock@d RA ?‘gé‘f‘ﬁéghﬁ%fdeﬁhwg@ﬁm output i ‘11265 lﬁgﬂg?cg es ag
request out put smmﬁ@lexﬁ614oRmu@;§léxe9m¢lecﬁslagaﬂi-wﬁ€e SOEAlE6th eitfief Sramkmid

request from RAM test control unit 60 to arbiter 110 for control, of single
port clocked FIFO confyah\pnit#0, receive FIFO control unit 54 pf RAM testGonteo) upip it The "o

conventional pri glidct ¥ats BPatGEend A 690 FoHIES to Multiplexer 130. Multiplexer 130 selects
. whether data is received from the parallel host bus 30 or the IEEE 1394 serial bus 20.
10 If either RAM test control unit 60 or transmit FIFO control unit 40 requests control of
' single port clocked RAM 70, the arbiter 110 selects data provided by parallel host bus
30 for reception by data input port 74. If receive FIFO control unit 50 requests
control of single port clocked RAM 70, the arbiter 110 selects data from the IEEE
1394 serial bus 20 for reception by data input port 74.

15 Thus, the RAM test control umt 60 may obtain control of single port clocked
RAM 70 by sending a request signal to arbiter 110. Because RAM test control unit 60
may obtain control of single port clocked RAM 70, data may be written to and read
from locations in the single port clocked RAM 70 specified by the RAM test control
unit 60. In contrast to receive FIFO control unit 50 and transmit FIFO control unit 40, -

20 RAM test control unit 60 is not limited to controlling access to memory locations in
only a portion of single port clocked RAM 70, such as the receive FIFO portion of
single port clocked RAM 70 or the transmit FIFO portion of single port clocked RAM
70. RAM test control unit 60 may control writing to and reading from any location in

- single port clocked RAM 70. Because RAM test control unit 60 may write to and
25 read from any location in single port clocked RAM 70, the integrity of the entire
single port clocked RAM 70 may be verified.
In FIGURE 3, the input and output signals of RAM test control unit 60 are
illustrated. The input and output signals of RAM test control unit 60 are used to



control and prioritize requests to control the single port clocked RAM 70.

Request s are communi cated by request signals 46, 56, and 66 of
transmt FIFO control unit 40, 20 receive FIFO control unit 50, and RAM
test control unit 60, respectively. Arbiter 110 processes

requests from RAM test control unit 60 first, receive FIFO control unit 50
second, and transmt FIFO control unit 40 last. Thus, if transmt FIFO

control unit 40, receive FIFO control unit 50, and RAMt est
control unit 60 all request control of single port clocked RAM 70
during the sanme clock cycle, control will be granted to 25 singl e port

clocked RAM 60. |f control is r equested bysreceive FIFO control unit 50
and transmt FIFO control unit 40 during the sane clock cycle, control wll
be granted to receive FIFO control unit 50.

and 116, Each of*TiExitat hfmddih GBI &5 Rank Mefiopoh if sl Bl Rant °, 114

sel ector for a moktplqit 2iestof sifigke et chwkeRAMTE RAM test conteal upit 60 glodiak anl 12

is provided to tiplexer,120,. Ml tjpl exer, 120, sel ect n.addres

signal fromeith ' t 61 ; rol unit
Rt it 2P gty pocatipn el et bt RAM TR

50, or 5 . RedMiheol wi@ip da@l. RiMitest Contrb1Enib 60 £SS pro8@ds Wa&ﬁvrﬁé’!igx% 64
signal 114 is provided to nmul ti pl exer 140. Ml tipl exer 140 sel ects

a read-w i e si gieapperifying sihether data willdeiread from or written tpsinglerportslocked RANO,
recei ve FI FO con | %ﬁpg | badB8 .
sel ect data out pz({'qgit%gr?ﬁbo?g%mﬁgéhop%%l e gqn%uﬁgl"%ﬁ’exef @g@?\;\ﬁ“ﬁ spef exer
130 sel ects low whenhveritingrto siapie post cloekezl RN T0ramdhis $ee high wdleh fdadifg fbmbus 30
or the | EEE 1394 .seri al s .20 | f either RAM test control unit_ 60
or transnit Fl Fd%@ﬁ??%FBM%BeM@tW"Wt also produces a request signal
66. Request signal 66 is provided to the arbiter 110 to communicate a request for
10 control of single port clocked RAM 70.

Single port clocked RAM 70 receives a variety of control signals from the
parallel host bus 30. For the embodiment of interface 10, some of these signals may
be received indirectly from the parallel host bus 30 through a register on interface 10
through conventional techniques to avoid the need for adding pins to interface 10. A
15 RAM test signal 212 c;)mmunicates to RAM test control unit 60 a request for a test of
single port clocked RAM 70. The RAM test signal 212 may be set high when a
mémory test is desired. A clear address signal 210 is also provided to RAM test
control unit 60 by the parallel host bus 30. In one embodiment, when the clear
address signal 210 is high, an address counter within RAM test control unit 60 is set
20 to zero. A RAM action signal 204 is received by RAM test control unit 60 from the
paralle] host bus 30. RAM action signal 204 may be set low when a write is requested
and high when a read is requested. A RAM access request signal 202 is provided by
the parallel host bus 30 and received by RAM test control unit 60. In one
embodiment, RAM access request signal 202 is toggled in order to access the single
25 port clocked RAM 70 for testing purposes. For example, for a first access, RAM
access request signal 202 is set high. For a second access, RAM access request signal
202 is set low. RAM test control unit 60 also receives a system clock signal 206 and a
reset signal 208. When reset signal 208 is set low, internal flip-flops within RAM test



single port clocked RAM 70, the arbiter 110 sel ects data provi ded by

paral | el host bus 30 for reception by data input port 74. If
receive FIFO control unit 50 requests . control of single port
cl ocked RAM 70, the arbiter 110 selects data fromthe | EEE 1394
serial bus 20 for reception by data input port 74. 15 _Thus,

the RAMtest control unit 60 nay obtain control of single port clocked

RAM 70 by sending a request signal to arbiter 110. Because RAMtest control
unit 60 may obtain control of single port clocked RAM 70, data
may be witten to and read fromlocations in the single port

cl ocked RAM 70 specified by the RAM test cqgqtrol unit 60. In
contrast to receive FIFO control unit 50 and transmt FIFO control unit 40,
20 RAM test control unit 60 is not limted to controlling access to
menory | ocati ongy ; ; s ;S| M 70,
such as the recgtin{/ug1 ‘Iglll}:%) ggg??%{r%k%%oaze%ga@&s&gilﬁ g&%&j@i%ﬁg&ﬁgﬁ%&%ﬁo or
the transmt Fl F@rfage bétwaend pazilie host puy and@h SEEE di394erial bus conventichdlly &M t est

control unit 60_mm nttr.ol witing to.and .readi ng.f.ram | ocation in
single port cl ogﬁte%c%%seﬁé%cﬁﬁ%‘gg W‘p%??“%ﬁﬁ %’i’mﬁ?ﬁ WCP FRPORHY ¢ 1o
and 25 r ead sforecdmpliving edSinitRd betvesn the lperalélHostHus akcbele BARE T1b4 seha
integrity g)f th% entire single_port clocked RAM 70 -nay be

verified. us, input pins are nptavajlehlgpn the interace freceivivg B Adgtess rejfidnea of
Si gnal o of RAM Paplar fophuth i thg BAM. Thirt#f} i host s 30 BldhorfRbtidd P11
5 c pemtigulacaddeess sgieoifying & tovationewithiy sinple plclackat RABIT0fot wiiting 60
o5t Mooty ot ne detagorreadifiO TR FhG. Ratie? in Slierto Whef aflehd LRSS SHEY 7O FAV
~ locations in single port clocked RAM 70, RAM test control unit 60 internally
10 generates an address output signai 62 for specifying particular locations within single

port clocked RAM for reading data from or writing data to. The internal generation of
addresses specifying particular locations in memory is discussed in greater detail in
conjunction with FIGURE 4.
Referring now to FIGURE 4, an exemplary embodiment of the RAM test
15 . control unit 60 is shown. According to the embodiment shown in FIGURE 4, the
RAM test control unit 60 comprises a read-write circuit 420, a handshaking circuit
430, and an internal addressing circuit 440, Read-write circuit 420, handshaking
circuit 430, and internal addressing circuit 440 operate to verify and test memory in an
interface, such as interface 10. Read write circuit 420 operates in conjunction with
20 handshaking circuit 430 to obtain control of the single port clocked RAM 70 and
h control reading data from and writing data to all locations of single port clocked RAM
60. Internal addressing circuit 440 provides addresses for specifying paﬁicular
locations within single port clocked RAM 60 to write to or read from. Through
reading data from and writing data to all locations in single port clocked RAM 70,
25 single port clocked RAM 70 may be tested by comparing the values of the data
written to the values of the data read.
To specify particular locations within single port clocked RAM 60 to write to
or read from, the internal addressing circuit 440 uses a multiple bit flip-flop 318 for



addfess out put signal 62 to specify é |l ocation in single port clocked RAM

70 for reading or witing data. RAMtest control unit 60 al so
produces a read-wite signal 64 5 for specifying whether data will be
read fromor witten to single port clocked RAM 70. In the

enbodi mrent shown in FIGURES 1 through 5, read-wite signal 64 is set :
| ow when witing to single port clocked RAM 70 and is set high when readin

from single port clocked RAM 70. RAM test control unit 60 al so
produces a request signal 66. Request signal 66 is provided to the
arbiter 110 to comruni cate a request for 10 control of single port

cl ocked RAM 70. Si ngl e portncl ocked RAM 70 receives a
variety of control signals . fromthe paral |l el host bus 30. For the
enbodi ment of interface 10, sone of these signals may be received

indirectly from . u g | n.nterface 10
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control unit 60. mulif)éiRr 316 and increm&IR 394 "B HqueRANNCEHAS figh AL eftpurdrgRal 202
is toggled in order to access the single 25 dport cl"ocked M 70 for

testing putdoses incrasmentst b iscprovided by multiplexes 336 essaddreassignal 224 for themextess
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208 is set low, irgci[uecsrtr;?glnalf&i vEl_llfble%?s%usvsme& irxli n;]oreRA del\i/lsala leacslz)w. In the embodiment shown in

FIGURE 4, incrementer 314 adds one to the value of its input. The input to

incrementer 314 is address output signal 62. Thus, through the use of incrementer

314, multiplexer 316, and muitiple bit flip-flop 318, an address output signal 62 can

be provided for reading data from or writing data to sequential locé.tions in memory.

Because the addresses are generated internally within the interface, memory, such as

single port clocked RAM 70, may be tested without receiving addresses externally

20 from either the parallel host bus 30 or IEEE 1394 serial bus, which would require
additional pins. Additionally, because test control unit 60 is operable to obtain control
of single port clocked RAM 70, all locations of single port clocked RAM may be
accessed rather than only a portion. Transmit FIFO control unit 40 and receive FIFO
control unit 50 each can only access a portion of single port clocked RAM 60.

25 In order to reset address output signal 62 to zero, the multiple bit flip-flop 318
receives a clear input signai 218. Clear input signal 218 is received from AND gate
312. The AND gate 312 receives as inputs a reset signal 208 and the complement of
address clear signal 210 provided by inverter 310. Multiple bit flip-flop 318 resets



16 control unit 60 are initialized to zero, as discussed in
greater detail bel ow. Because an I nterface between a parallel host
bus and an | EEE 1394 serial bus conventionally does not receive
addresses specifying particular locations within the RAMto tenporarily
store data being transmtted between the parallel host bus and the | EEE

1394 serial 5 bus, input pins are not available on the interface for
recei ving an address specifying a particular location within the
RAM Therefore, parallel host bus 30 cannot provide a particul ar

address specifying a location within single port clocked RAM 70 for witing
data to or reading data from Rather, in ofgler to wite and read data from
specific | ocations in single port clocked RAM 70, RAM test contr ol
unit 60 internally 10 generates an address output signal 62 for

specifying parti af it 14 3N 154 8¢ s flio M f or
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circuit 2 sigpah2 125 lova rRAM: test gentrol yait 6Q dossdrotreausst eongraborl sigleory i t e

ciroutt 420, handaRedRAN 70. [FRAM bt Gigt 5171 BighBhuolb AN pdi EGRE RAM

circuit 440 operate to verify nmenory
such as i nt erf acH) i Gequédtel and the statns pfrequestisighab @ isatetesmined by RjAbbadcessn wi t h

20 handshaki na cir.cujt.43 obtai n_contr.ol t i ngl e port. cl ocked
R 70 and et il sodnd SR ofennt g 14, REM s s et gt
locations of siny2end RAM atdesdasholtdd\ignal 214 are inpi@ to ERCBUSEVE DRI§£65020dn
circuit 440 provides addresses for slpeC| fggl ng particular :

glfg.&lma

| ocat i ons Wi t hi n'hg Fargthat BAM test gnabl 2HiniieBoif paess reguest signahdf2rand RAM
-srih:]grghpor t cl ocicglesg%%k/l&%,g% zfmg{pse?tgglﬂgmpl})iwg%%Eoé%%t?%ﬁﬁngyv@g%% lagt ed
by conparing t helowalHoyever, ifteftberdRAM access request sigmadl 2020r R AM dveess edsparse of t he
RSB pp M AT ST T N TR
addr essi ng ci r cutHarafistiaRT RAMYtdesddbshohiel sigrlal P4 willbeHbstribed below.
15 RAM access response signal 214 is controlled by handshakmg circuit 430.
The handshaking circuit 430 shown in FIGURE 4 comprises a single bit'ﬂip-ﬂop 308.
Single bit flip-flop 308 sets its output, RAM access response signal 214, equal to its
input, single bit flip-flop input signal 220, after the rising edge of clock signal 206.
The RAM access response signal 214 provides one input to multiplexer 306. The
20 other input to multiplexer is RAM access request signal 202. The multiplexer 306 is
: selected by request signal 66. When request signal 66 is high, RAM access request
signal 202 is selected. When request signal 66 is low, RAM access response signal
214 is selected. Thus, handshaking circuit 430 copies the value of RAM access
request signal 202 to RAM access response signal 214 when request 66 is high.
25 Single bit flip-flop 308 also receives a clear input signal 208 for resetting the single
bit flip-flop 308.
Thus, through the use of read-write circuit 420, handshaking circuit 430, and
internal addressing circuit 440, RAM test control unit 60 is operable to obtain control




17 - latching an address signal 224. Multiple bit flip-flop 318
produces address out put signal 62 for specifying a location in
single port clocked RAM 70 for witing or receiving data. Miultiple
bit flip-flop 318 receives address signal 224 at input 225 and

copi es address signal 224 to the address output signal 62 at output 227

after the rising 5 edge of clock input signal- 206. d ock input signal
206 is received froma system cl ock. Address signal 224 and
address output signal 62 may contain nultiple bits. New

val ues of address signal 224 and address output signal 62 are generated
based on a previous val ue of address outputi9si gnal 62. This function is

. performed by mul tipl exer 316 and increnenter 314. If request
signal 66 is high, the output of the 10 increnenter 314 is provided by

mul ti pl exer 316 dsingigoatockedRAM APdhdfcontrélie regdhg and writing ofdh@edkalcycl e. | f
request signal 66 is | ow, the previous value oqug%i&ess o%t put signal 62

and address si grfafmopocafions,of singlepqrt glpck 7 gqngily. besaupedatanysed

characteristics fof testing the singlé Bkt E12Eked RN 706 prohidbd BRI 1dbctved by K fafuileD! €
detail below. In the enbodi nrent shown in FI GURE 4, increnenter 314

adds one to the hosthys 38sdata may bgwritterynd readiin parallel famp. Becapssdlatemaytber 314 is

addr ess outsput s I ugh.. e ' ter

314, multi t8| exer angﬁ%adyﬁp%iﬂrlﬁlg&gq’W%]%afﬁ%%&%{%%{aaﬁﬁ%dr ess out put
signal 62 can ~ FIGURE pisauiniag diagrany assutiacgl widi apdrtiomofithe RAM testg dat a
to sequential |ocations use .t he adc{r esses are

| N, Menor.y.
gener at ed i nt er nARF! W&%‘H“W@di)gﬁf@méz Fﬁﬁﬁﬁgp’%‘ﬂ cxample waveforms fgf g e

port clocked RAMId sighal 208 Riad% teafkigial DEURAM G&ledd reGuetisiabaRS eGaah !y
20 from either stl e parall el hcl)%i%al bus 30 or | EEE 1394 serlgﬁa%ugsl%i ch

woul d require  66,and argessirespansesignal 214ddi ti onal | y, because test control

unit 60 isoperable tg: LN f single.port .cl.ock RAM
70, all 1o8ttons of BB FIGORES | dunypiiyortioiin e O tbuea By

rather than onl ythaipentiorowill berdesaibed. WheitdOdusired touedt thedthghpbrticieRéd/ e FI FO
control unit 50 ﬁm,?can only access, a portion of single part. cl ocked RAM

60. 25 | 179, rengropeiate;contrel signals arsrreeddes, thoyeh ths pamilel host bus 3pdp o,
the nmultiple bitRaM RsfdofRoidhE 60. Testing is enabled by setting RAM test signal 212 high.

With RAM test signal 212 high, request signal 66 may be high when RAM access
15 request signal 202 and RAM access response signal 214 have different values, as
shown in FIGURE 5. If RAM access request signal 202 and RAM access response
- signal 214 have different values, the RAM test control unit 60 is selected by arbiter
110 to control single port clocked RAM 70, with action from transmit FIFO control
unit 40 and receive FIFO control unit 50 blocked. Toggling the value of RAM access
20 request signal 202 changes request signal 66 from low to high as described below.
Upon startup the RAM access request signal 202 and RAM access response -
signal 214 are low. Additionally, after the RAM test control unit 60 has completed
accessing the single port clocked RAM 70, the value of RAM access request signal
202 is copied to RAM access response signal 214, Thus, until RAM access request
25 signal 202 is toggled, RAM access request signal 202 and RAM access response
signal 214 will both have the same value. When RAM access request signal 202 and
RAM access response signal 214 have the same value, or when RAM test signal 212
is low, request signal 66 will be low and RAM test control unit 60 will not have




receives a clear input signal 218. Cear input signal 218 is received from
AND gat e 312. The AND gate 312 receives as inputs a reset signal
208 and the conpl enent of address clear signal 210 provi ded by
inverter 310. Multiple bit flip-flop 318 resets

18 when clear input signal 218 is low Thus, nultiple bit
flip-flop 318 will reset when reset 208 is | ow or when address

cl ear signal 210 is high. The characteristics of request
signal 66 is controlled in part by read-wite circuit 420.
Read-write circuit 420 receives a RAMtest signal 212. \Wen RAMtest 5
signal 212 is low, RAMtest control unit 6®0oes not request control of
singl e port cl ocked RAM 70. If RAMtest signal 212 is high,
control of single port clocked RAM 70 is requested, and the status
of request si gnatonfi6l ofthelsibgle pom eldcked RN 79 Ees@ver, under the comtijisasthat R Aval

202 and RAM access, res Sigha RAM acce nal
202 and RAM acce¥& %‘éﬁ%ﬁs‘ %MFR%*‘%FF%“F% t‘%m% ‘(?%‘emfﬁ—é% 302.
In 10 - the casRessequeStASnbER2 abl B2 acchds respoRiciignal 214RGN BRG 288 tHeequest

signal 202 and RAM access response signal 214 are either both high
or both |ow, reqoeputofESCIUSINEAR |gated02 will be high, setking pramess signali6p hight her RAM

access req st s are
| ow whil e e ot @Msg&%&gﬁﬁl r eq&ﬁ'q'ggy gna?tpcggéa u'nft 60maﬁrcoﬁﬂrc9¥§4duéjaﬁd
characteri st | cs wohitiRg\ld the single poaciokalRAMYTRI 214 will be descrl bed bel ow.

circuit 430, o ThARRE AL s s BB Ad g 6

conprises a si ngligsebiotzefd Bybsefting Qleﬁpﬁidress sxgnal 210 BighY iWflthtihé addrdsPodth @Rig3aB
sets its output, RAM access response signal 214, "equal to its
62 set to zero, data from the parallel host bus 30'is written by setting action signal 204
10 high, making read-write signal 64 low. When read-write signal 64 is low, data
provided through the parallel host bus 30 may be written to single port clocked RAM
60. When read-write signal 64 is high, data may be read from single port clocked
RAM 70. With address output signal 62 set to zero, data is first written to location
Zero.
15 As discussed above in conjunction with FIGURE 4, when request 66 is high,
incrementer 314 adds one to address output signal 62. Thus RAM access reéponse
214 was toggled after RAM test control 60 finished writing, and address output signal
62 was incremented by one for the next write action. Upon completion of writing, the
value of RAM access request 202 is copied to the value of RAM access response 214, -
20 changing request signal 66 from high to low. To write a second time, RAM access
request 202 is toggled, changing request signal 66 to high to allow writing. Data is
then written to location one because address output signal 62 was incremented by one.
These steps may be repeated until the single port clocked RAM 70 is filled with data
provided by the parallel host bus 30.
25 After filling the single port clocked RAM 70 with data, the data is read back
. though the parallel host bus 30 and compared to the expected data to verify the

integrity of the single port clocked RAM 70. This procedure is accomplished as
follows. '



inpht, single bit flip-flop input signal 220, after the rising edge of

.cl ock signal 206. The RAM access response signal 214 provi des one
i nput to nultiplexer 306. The 20 other input to nmultiplexer is RAM
access request signal 202. The multiplexer 306 is sel ected by

request signal 66. Wien request signal 66 is high, RAM access request
signal 202 is selected. Wien request signal 66 is |ow, RAM access response

si gnal 214 is selected. Thus, handshaking circuit 430 copies the
val ue of RAM access request signal 202 to RAM access response
signal 214 when request 66 is high. 25 Single bit flip-flop 308 al so
receives a clear input signal 208 for resebjing the single ' bi t
flip-flop 308. Thus, through the use of read-wite circuit
420, handshaking circuit 430, and internal addressing circuit

440, RAM test contr OlTHdRlehr £fdres$siAE D BPis SetlHigtOB rédetladdrdé H&@put signal 62 to
19 of single port clocked RAM 70 and control the readi ng and

writing of data 2zete. ghgtion signal 204 jisssebloy, makiag ireadswidie signal it dighdp designsteked RAM

70. Additi | . dat ' inQl t

cl oc kedI R:A(I\)/Ingo Y%&%@%gggge@ nﬁo?g?%e zlo’t%'gMp%?%% #%Iqestt 26 élmﬁgggf éagbus

30, data rrgy bedmddg&equea{stgnmghﬁxﬂa:mm&eddﬁ;gnfmgammmzd&m: iBestinge 5
tt read in para .fo esting may  be 0 rapi . :

P GURE 518 a1 T HF) 5E ek B taciaronats RATSS gt £ e R A s

control unit 60 idpiddsh ttdladgresd hufuthibhal 62 afd 5aﬁérQHéa xfikﬁ% &2 0P¢16ck

wavefornms for ] cl ock signal 206, RAMtest sign 12, RAM access
request signal 2input206qdbus, addrepsahitput signal 62 isdgcremente ngderthengxgmadnse

Signal 214 10 The dota sead may Weh e L SIEING tnd Srpbi BRI ooh IR HE i) BP
the single port clocked RAM 70. Upon completion of reading, the value of RAM
10 access request 202 is coped to the value of RAM access response 214, changing
request signal 66 from high to low. 'fo read from the next location in memory, RAM
access request 202 is toggled, changing request signal 66 to high to allow reading.
Data may then be read from location one. These steps may be repeated until all data
locations are checked.

15 The above-described process for verifying the integrity of the single port
clocked RAM 70 may be repeated until all of its bits are toggled. One method for
accomplishing toggling of all bits in the single pdrt clocked RAM 70 descﬁbed in
FIGURES 1 through 5 comprises writing and reading three sets of data. The data that
may be written comprises (1) writing the value of the address to the address location

20 to ensure the single port clocked RAM 70 is being addressed correctly; (2) writing
AAAAAAAAH to each memory location; and (3) writing 55555555H to each
memory location. Because addresses associated with particular locations in single
port clocked RAM 70 can be specified by test control unit 60, the value of the address
may be written to the memory location specified by that address. Thus, a complete

25 testing of the single port clocked RAM 70 may be performed. _

The RAM test control unit 60 may also be used to examine the contents of the
single port clocked RAM 70. Examining the contents of single port clocked RAM 70
may be useful for debugging purposes. This procedure is substantiaily similar to the



the invention will be described. When it is desired to test the single port

el ocked RAM 70, appropriate control signals are provided though

the parallel host bus 30 to RAM test control unit 60. Testingis
enabl ed by setting RAMtest signal 212 high. Wth RAM test signal
212 hi gh, request signal 66 may be high when RAM access 15 request

signal 202 and RAM access response signal 214 have different val ues, as
shown in FIGURE 5. |If RAM access request signal 202 and RAM access response
signal 214 have different values, the RAMtest control unit 60 is selected

by arbiter 110 to control single port clocked RAM 70, with action
fromtransmt FIFO control unit 40p9and receive FIFO control unit
50 bl ocked. Toggling the value of RAM access 20 request signal 202

changes request signal 66 fromlow to high as described bel ow

Upon startup thewRi o RUBERE] R AMITPdeséittd ABSheRAMpARGE Biteh £ SPPISS:
signal 214 are | ow. Ad_d{ihfgi&zpnally, after theg RAM t est ggﬁtrgl unit 60 has
conpl et ed data proyided by thg petalleldiostdius 3 end then rrafliag itRhr/d7te tempogarily| ue of
RAM access reque A | s 12&21 i. ' . e onse
signal 214. Thus?tbﬁﬁtn?ﬁ@meggggggk? equesfo @g%&q‘léspos[ﬁ%é\hwgfeggiﬁﬁﬁlélgs?gﬁsgl ed,
RAM access r eque3@ oslE}iRAN392 6étiah btk 20AMMinexelg 3eadl Repding ef data from singlepbgnal 214

RAM access T espoGEeagi 1055 e-paplney exis NAMGEET? spd aaobinedions gna

3ﬁ|2t 60 will ni)ts adrl]cgl\é/!‘.g sigRAIA B high sHACkttRE atWidn! sighl 200w 6 indRbe 48R twilt 80 Fag!
20 confiew single poreclacked RAM 30.+ RAMbadeess requestsignal }03ds/den toggladr t he

Conct 1 0, " g b 0P b e s paB R REERERA
access response $DgAfier 24dingfrbin latiafibrezera radddelsoutput signal 62 is incremented and the
10 value of RAM access request signal 202 is copied to the value of RAM access
response signal 214, changing request signal 66 from high to low. In order to read
data a second time, RAM access request 202 is toggled, changing request signal 66 to
high. Data is then read from location one. These steps may be repeated until all data
locations are read.
15 Thus, RAM test control unit 60 operates to allow testing of single port clocked .
RAM 70 by obtaining control of single port clocked RAM 70, controlling the reading
and writing of data to all memory locations of single port clocked RAM 70, and
internally generating addresses for specifying locations for writing or reading data
provided from parallel host bus 30. Therefore a more complete and rapid test of
20 single port clocked RAM 70 may be performed than the testing possible with
_conventional techniques. Additionally, according to the teachings of the invention,
the contents of all memory locations within single port clocked RAM 70 may be
examined.
Although the invention has been particularly shown and described by the
25 foregoing detailed description, it will be understood by those skilled in the art that
various other changes in form and detail may be made without departing from the
spirit and scope of the invention, which is defined by the appended claims.



out put of EXCLUSI VE-OR gate 302 will be high, setting request signal 66

high. 5 Wth request signal 66 high, the RAMtest control _unit ﬁﬂ 221V,
control reading and witing to the single port c cked RAM 7

The addressing of data is acconplished as fol | ows. Address ummull l@ﬂﬂﬂ\
IS set to zero by setting. clear address signal 210 high."

out put si gnal 62 set to zero, data fromthe parallel host bus

is witten by setting action signal 204 10 hi gh, making read-wite
signal 64 low. Wen read-wite signal 64 is | ow, data provi ded

t hrough the parallel host bus 30 may be witten to single port clocked RAM
60. When read-wite signal 64 is high, datg may be read from single port

cl ocked RAM 70. Wth address output signal 62 set to zero, data is
first witten to |ocation zero. 15 As di scussed
above in conj unoyHAT IMOIAIMEBIFE 4, when request 66 is high,

I ncrenmenter 314 adds one to address output signal 62. Thus RAM access
response 214 was toggled after RAMtest control 60 finished

witing, and adqress A%QH to%Elgzﬂ%terface for come@ﬁn%@ﬁaﬂ#? h&SBRY ﬁ%wlﬂ? %‘9 f or

the next wite action.” Upon conpletion of
RAM access requssmalbﬁszﬂlesntcdpceexdmpnsmg:e val ue of RAM access response 214

20 angi ng request signal 66 from high to, | qw. wite g second
Lime, RAM access ihastesumuay e p il anBPRa e o8  gnal
66 to high to aliémysriilysiofitlg dhiatekeived from either the faraIR]1 Kést bitsd? tﬁaﬁbeqw on one
because address output signal 62 was increnented by one. hese

steps may be r epiélartl us, 4 rRpdanp accessmgmory being lplgzsemeéwmm@a frgnspiy mguorw th
??It ?I ng the singl ew;t)%?ltd (?%(oc kgnm%l)wh??\t dgg; 3tohe2gat ais read bac'li\f ver
t hough the parallel host bms&ﬁsmmbouuammt@@emblemmxmobtmtsanksnbatoﬁdztw verify
e P T el A SRR, B RSKE S AL IO T L 00cr €
operable to access the transmit memory portion of the random access memory;
a reception control unit operable to control reception of data by the
parallel bus from the IEEE 1394 serial bus, the receive control unit further operable to
access the receive memory portion of the random access memory; and
15 a test unit operable to:
selectively obtain control of the random access memory based
on a control signal received from the paralle] host bus;
internally generate addresses for each memory location within
the random access memory; _
20 control transmission of parallel data from each memory
location associated with the internally generated addresses to the parallel host bus for
inspection; and
selectively relinquish control of the random access memory to
allow transmission of data between the IEEE 1394 serial bus and the parallel host bus.
25
2. The interface of Claim 1 wherein the test unit is further operable to control
transmission of parallel data from the parailel host bus to each memory location
associated with the internally generated addresses.



21 The cl ear address signal 210 is set high to reset

address output signal 62 to zero. Action signal 204-is-set |ow,

maki ng read-wite signal 64 high to designate readi n omsingle
port clocked RAM 70. RAM access request 202 is then toggl edillm n"”,m“m'
setting request signal 66 high and allow ng reading of data 1 I”"I
zero. Setting 5 request signal 66 high also increnents address sidhals *
224. Address signal 224 is copied to the address output signal 62

at output 227 after the rising edge of clock i nput 206. Thus,

address output signal 62 is increnmented by one for the next read.

The data read may then be conpared to the @4pected data to confirmthe
integrity of the single port clocked RAM 70. Upon conpl etion of
readi ng, the value of RAM 10 access request 202 is coped to the val ue
of RAM access r esponde itdrface bAQimJ wherein the test efjti@gihiprisegnéedun@bforr om hi gh

to low. To read from.the next |ocation in nory, .RAM access

request 202 is t&SHPMRE e ﬁ%@%%'%f ?ﬁﬁ&e{m&r FRHOnEE IR hRirgiomFoehss piFmory.

r eadi ng. Data may then be read from |l ocati on one. These steps nmay

be repeated until all_data . locations are checked. 15 The

above- descri bed $r ocelds interfacg of Clajmngvhesnein thettesy anit is fusther ioperable tyl recaivera

cl ocked RAN 70 i i bits are toggled. One

met hod forlgl nagﬂgg%ré%%%%%‘g‘ﬂﬁeﬁgkﬁéé%%é‘Hég)&d}f‘iegl| bits in the single port

cl ocked RAM 70 described in FIGURES 1 through 5 conprises witing

and reading threg setg qf data.. The data that .. may be witten

conprises (1) witing p@te&%ﬂeyg%lhg %ﬁ_&ﬁ&éﬁ#%ﬂ#@%@@@@eﬁwm% 20

to ensure the S'ﬂ%ﬁ;ﬁqﬁ%ﬁ@nﬁ%&&ﬁek&ﬁnﬁﬁk&n@ﬂﬁﬁ%ﬁ%? Q1 agg by (2)
an

witing to each nenor ocat i on; (3) witing
55555555H t 0 eacte random access memorytolthepardllshhosBbusause addr esses associ at ed
with partigular locations in single port clocked RAM 70 can be
specified by test control unit 60, the value of the address may
be witten to thé nerTheyinietface df@laiPewhéreiael by that address. Thus, a
conplete 25 testi of the single port clocked RAM 70 nmay be perforned.
The RAM test control @%ﬂanﬁelsﬂag/c%q bupjbis fiacther pperable i aceess the tepsmignt s of

t he S| BBy ML EEs I 01 * .Qf 4 Si ngl e
port cl ocked RAM 70 rﬁo{%ﬂﬁér(rggdégé usefnﬁﬁﬁﬂﬂ%%%%gél)a@%@?dThi S

procedure is subst antthardcpptinnrontel unis is fugther operable to access the reception memory

15 portion of the random access memory in a first-in, first-out manner.

7. The interface of Claim 1 wherein the test control unit is further operable to:
receive a memory test signal;
receive a memory access request signal; and
20 generate a memory control signal operable to obtain control of the
memory based on the values of the memory test signal and the. memory access
request signal.



22 testing of single port clocked RAM 70 descri bed above except

that, instead of witing data provi ded by the parattel host bus 30

and then reading it, the data tenporarily stored i )
port clocked RAM 70 for transm ssion to either parallel hos{“ ”m"r“ |ﬂ||||" IIII
30 or I EEE 1394 serial bus 20 is directly read. Reading of data 9radm &ingl e*

port 5 cl ocked RAM 70 is acconplished by setting RAMtest 212 signal
hi gh, setting clear address signal 210 high, and setting action
signal 204 lowto indicate data will be read from single port

cl ocked RAM 70. RAM access request signal 202 is then toggl ed,

setting request signal 66 high to allow redding of data from single port

cl ocked RAM 60. After reading fromlocation zero, address output
signal 62 is incremented and the 10 val ue of RAM access request signal
202 is copied td-the val ué prrallRiil sexid dsterface for connecting pparsitel bbgybad to2h4,
changi ng request to low. In order to read dat a
a second tine, aggjégeggﬂé%suggtmt ©rem, P%é‘bq changi ng request. si gnal

66 to ' hi.gh. Dat aalrmdbhﬂ&cd’seﬂﬂmbf}qmvh@wmﬂy%ﬁxemBBQSEhtﬁh?%? may
be repeated unti| all cations are read.

15
‘Thus, RAM t est CBWP?‘anLﬁtﬁftngée%fféwa@ fromy<ithey the, parallel hios; user the FRREL1394 t
cl ocked 5 seff4iNué0 by obtaining control of single port clocked RAM 70,
controlling the reading and witing of data to all nenory
| ocations of single port @countkagniRopratie toand internally generating
addresses for specifying | ocati Wit BN dat
provi ded from parallel host busg'%la'? 5‘%9%?%% hﬁg@ﬁ%&?ﬁ@%éﬁﬁa
test of 20 HEER1364 seridl bas; ocked RAM 70 may be perforned than the
testing possible with conventional technigues. Additionally,
according to the teachings of CORrol theasaepinn of data by the paralich hosp huscfm thsf  all |
menory | oqat | onsmggfygasgﬁﬂg{,seaﬁprt cl ocked RAM 70 may be
exam ned. hough the invention has been particularly

shown and descri bed by th@t%umwpdrzhietym ng detailed description, it wll
be understood by those skilled_in.the r?hr-otlsit hat

receive a co from the parallel host bus;
selectively obtain control of the random access memory based
on the control signal received from the parallel host bus;

15 internally generate addresses for each memory location within

the random access memory;

control transmission of parallel data from the host bus to each
memory location associated with the internally generated addresses; and

control transmission of parallel data to the host bus from each

20 memory location associated with the internally generated addresses for comparison to
parallel data transmitted from the host bus to each memory location associated with
the internally generated addresses.

25 9. The interface of Claim 8 wherein the test unit comprises a counter for

generating the addresses for each memory location within the random access memory.



various other changes in formand detail may be nmade w thout departing from

t he spirit and scope of the invention, which is defined by the
appended cl ai ns.

23 VHAT 1S CLAIMED | S 1. aparar el | [T HITTHE AN
interface for connecting a parallel host bus to an IEEE 1394 * ¢ L ® s
serial bus, the interface conprising: 5 " a random

access nenory having a plurality of nenory |ocations for _
tenporarily storing data received fromeither the parallel host bus or the

| EEE- 1394 serial bus, the random access nenory being logically
divided into a transmt nenory po26i on and a receive nmenory
portion; a transm ssion control unit operable to
control transm ssion of data 10 fromthe parallel host bus to the

serial bus, the 0 andshiedneiface obGlairoP wheiein the tastienit is further operabieeto admeivetao
access the transpi [ tign of .t.he random.,access nory:;
a reception cont%#aﬁ%sggﬁﬂ) etp(a.)mg?}ﬁ‘f’f‘t&us P%%E%bg? ° Seéggt‘fg'("ée’by t he

parall el bus fromthe I EEE 1394 serial bus, the receive control unit

further operable to ) ag&ess the receive nmenory portion of the
r andom access nelnlmy;’rh&ﬁ@erfggeo laxm8wheremthetestumt:gfgr@pgomhle@ggqeg@ae to:

| ivel bt aj iti
sel ectivel y obt ahBm&9akeédds rehest HEndl ﬁg‘ﬁlﬁg% ﬁ%‘gis%t% ﬁ%%g{;}g%ﬁérﬂ?eﬁg%uate on a

control signal received fromthe par
i nternal |y genertansmisgion ofpassllel data famithenmndony ataessahemorywo theiparalle! host bus.

12.  The interface of Claim 8 wherein the test unit is further operable to:
receive a memory test signal;
10 receive a memory access request signal; and
generate a memory control signal operable to obtain control of the

memory based on the values of the memory test signal and the memory access request
signal. -

15 13.  The interface of Claim 8 wherein the control unit comprises:
a transmission control unit operable to control transmission of parallel
data from the host bus to the serial bus; and
a reception control unit operable to control reception of data by the

host bus from the IEEE 1394 serial bus,
20



t he random access nenory; 20 control

transm ssion of parallel data fromeach nenory | ocati on

?2foci at ed Witihntsggcit in'z)ﬁ;rn({;llnldy generated addresses to the p 1“Mﬁulll_mliﬂllmﬁ“l
a *

relinquish control of the random access nenory to 11 dw

transm ssion of data between the | EEE 1394 serial bus and the parallel host
bus. 25 2. The interface of Caim1l wherein the test unit is
further operable to control transm ssion of parallel data from
the parallel host bus to each nmenory | ocation associated with the
i nternally generated addresses. 27

24 3. The interface of daim1l wherein the test unit
conprises a counter for generating the addresses for each nenory

| ocation within the random access nenory. : 4. The interface of

Claim 3 wherein e test unit is.further operable to receive a 5
cl ear address si &Xr}al Séﬁﬂéc{)él tlgr FYng SR %‘b‘ﬂﬁfé?e. system coupling a parallel hogy,
i nterface of d abmtbamahﬂcbﬂﬂﬁﬁiiﬁ%i&e%béoﬁs further operable to receive a

menory access request signal ogperable to initiate transm ssjon of parallel
data from receiving within the interface system a test control signal from the host

5 bus;

selectively obtaining control of memory based on the control signal;
receiving a plurality of parallel data values from the parallel host bus;
generating intemélly within the interface a write address for each
parallel data value;
10 writing each parallel data value to a location in the memory associated
with the write address associated with the parallel data value;
reading each paralle] data value from the memdry for comparison to
the parallel data value written to verify the proper operation of the memory;
selectively relinquishing control of the memory; and
15 wherein the memory is selectively accessed for testing while the
interface is coupled to both the parallel host bus and the serial bus and control of the

memory is selectively relinquished to allow transmission of data between the host bus
and the serial bus.

20 15.  The method of Claim 14 wherein the step of generating internally within the
interface a write address for each parallel data value comprises incrementing the count
of a counter within the interface.

16.  The method of Claim 14 wherein the step of generating internally within the
25 interface a write address for each parallel data value comprises:
receiving within the interface a clear signal from the parallel host bus;

clearing the count of a counter within the interface based on the clear

signal;



the random access nenory to the parallel host bus 10

Pnterface of Caim1 wherein: e transm ssion cont
unit is further operable to access the transm't n’i "H"HH"'"(HI“H“II
t he random access nenory in a first-in, first-out manner;

the reception control unit is further operable to access the receptlon

menory 15 portion of the random access nenory in a first-in,
first-out nmanner. 7. The interface of Claim| wherein the
test control unit is further operable to: receive a
menory test signal; receive a nmenory access request
signal; and 20 gener at28 a nenory control signal
operable to obtain control of the menory based on the val ues of
the nenory test signal and the nenory access request signal.
25 8. providipgitha kbt of the Sauritetlas b ifirst Wrincfidkads; connecting a
paral l el host bus to an | EEE 1394 serjal bus, the interface
conpri si ng: incrementing the copnier g prodieeansincrementsd epuat Apd a
plurality of mermory |ocati di e a
received fromeither the 55”% %%Fler%cﬁm%ﬁegégr thgﬁ[dggée%gﬁéﬁgv}#ﬁé seri al
bus; address. a control unit .operable to:

5

17.  The method of Claim 14 wherein the step of obtaining contro! of the memory
comprises:
receiving within the interface a memory test signal;
réceiving within the interface a memory access request signal; and
10 generating within the interface a memory control signal operable to
obtain control of the memory based on the values of the memory test signal and the

memory access request signal.

18.  The method of Claim 14 wherein the Step of writing each parallel data value to
15 a location in the memory associated with the write address associated with the pafallel

data value comprises toggling a memory access request signal.

19.  The method of Claim 14 wherein the step of selectively obtaining control of

the memory comprises selectively obtaining control of a single port clocked random
20 access memory used by the interface as first-in, first-out memory. -

20.  The method of Claim 14 and further comprising the step of generating a read-
write signal for specifying whether data will be read to or written from the memory.

25



control the transm ssion of data fromthe parallel host bus to the
FEEE 1394 serial bus; control the reception

of data by the parallel host bus fromthe 10 | EEE 1394 serial bus; and
a test unit operable to: _ receive a control
signal fromthe parallel host bus;
sel ectively obtain control of the random access nenory based
the control signal received fromthe,parallel host bus; 15
internally generate addresses for each nmenory |ocation wthin
random access nmenory; control transm ssion
of parallel data fromthe host bus to each menory | ocation
associated with the internally generated addresses; and

control transm ssion of parallel data to the host bus fromeach 20

menory | ocation associated with the internally generated addresses for

on

t he

conparison to parallel data transmitted fromthe host bus to each
menory | ocation associated with the internally generated
addr esses. 25 9. The interface of Caim8 wherein the test unit

conprises a counter for enerating the r for each nenory
| ocation within the rarMEWM'S%@WﬁM.FOlgTESTD?Sm&%{
26

ABSTRACT OF THE DISCIL.OSURE

The invention cbmprises a method and system for testing memory in an interface system 10
coupling a parallel host bus 30 to a serial bus 20. The system comprises a random access memory
70 having a plurality of memory locations for temporarily storing data received from either the
parallel host bus 30 6r the IEEE 1394 serial bus 20, the random access memory 70 being logically
divided into a transmit memory portion and a receive memory portion. The interface also
comprises a transmission control unit 40 operable to control transmission of data from the parallel
host bus 30 to the IEEE 1394 serial bus 20. The transmission control unit 40 is further operable to
access the transmit memory portion of the random access memory 70. The interface also comprises
a reception control unit 50 operable t‘o control reception of data by the parallel bus 30 from the
serial bus 20. The receive control unit 50 is further operable to access the receive memory portion
of the random access memory 70. The interface further comprises a test unit 60 operable to
selectively obtain control of the random access memory 70 based on a control signal received from
the parallel host bus 30; internally generate addresses for each memory location within the random
access memory 70; control transmission of parallel data from each memory location associated with
the internaily generated addresses to the parallel host bus 30 for inspection; and selectively

relinquish control of the random access memory 70 to allow transmission of data between the [EEE
1394 serial bus 20 and the parallel host bus 30.

FIGURE 2
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The interface of Caim9 wherein the test unit
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14. A nmethod for testing a nmenory in an interface systemcoupling a

paral |l el host bus to a serial bus, conprising the steps of:

“receiving within the interface systema test control signal fromthe host 5
bus; sel ectively obtaining control of menory based
on the control signal; receiving a plurality of

paral | el data val ues from the paral | el 2kt bus;

generating intern y wirthin the interface a wite address for each
paral | el data valf@ 10 writing each parall%@ dat a
value to al ocationidn the nenory a\s/goz'&ated with the wite 3 dress
associ ated wi th t hgoprapshl el data | e TRANSMITFea

each parallel datd gafrug -L-o-m_t;h-e_mHDLm f or corpar-son—14e] DATA

paral | el data jal LeBwrpERt ? verify t he proper operatidn| qurtere rrem)ry,
selectively refi nc-u-r-a-h-r-n-g- con Qol of the mepory;, —and 15

wherein the ne or testiphg while the
interface is cpupl ed t%{poth the paral Rgh_ h)sﬁuﬁﬂﬂTa1d the serialofpbs and
control of the memory Tssetectivel y Fifl i nfui shHed to al Jow
transnissi on of |data_between the host ABRRESS| CONTROL #ho—tihe—Seridt—bus.
20 15. Thie el hod @T Caim 14 ﬁﬂiﬁgi] t ) step of |generating
internally withijn the HerHabe— Wite ad@ress| for each paralle
data val ue conprj ses |%®renent|%§~the count of |a counter Wi thin
the interface. The nmet hod, lm 14 wherein thejstep of
gener ati ng i nt e+ped¥ V&L“ n'*h“ T - ~nt erface wrilte address|for
‘each parallel fHata vhl 4 conpri sey: R/W_ RECEIVE recepging
within the interfpacera C|ear stongr—tTom tng pdifd | el host bus;
clearing the cpupt of a ciynter wi |t hi ADPRESS| nCeNIRSt e [asep—om The Titear
si gnal ; 50
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28 ' providing the count of the counter as a first

write address; I ncrenmenting the counter to produce
an increnented count; and provi di ng the increnented
count of the counter as second wite 374 address. 5 17. The
met hod of Claim 14 wherein the step of obtaining control of the nenory
conpri ses: receiving within the interface a nenory
test SigNpleme e e +~=—Lecelving within thae.interface a_
menory actess gequest signal; and g0 11 ggneragting within
the intertace @/ menory control sidhal %Jarabl eto 11 Zgbtaiidfcontrel
of the me‘mry Pased on the val uesli)f t menory test sildnakland Elpe |
menory acgess request signal. 0" g.u 18. The met hqd of] O & 14 |
wherein the step off witing each parallgl data val ue tmlé\an Iocaﬂion
in the rre!mry atS&eiated with t8 Wit ¢3addgess assody atled~i t 8+le 8L|
parallel data val ue conpifses Boggl i ng a mefor | acgess r quest |
signal . | 19. The methqy of Tlai m 14 wherei gt he [step of :

sel ectively obtqining control of 11 &| the nenory corpri ges selectively

obt ai ni ng| ontrpl of a single porttlclocked random 20 1l gccess |nmenory

used by tpe interface as first-in,firstfout nenory. ” 0. The
met hod of 10fal rex14 and turft her corpfisfng the step Jof ggnergting a read,
wite sighpllciof sgapifyirg whet hat| daf a wi L wbe rdad ti or jwitten frop
t he menor S Non oSS 1 ]
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