| NTERRUPT TEST CIFRCU T FOR M CRCPROCESSCR SYSTEM Field of the Invention 5
Thé" ~p-resent i nvention rel ates, i n general, to<the-field of digitalF -data
processi ng systens such as m'croprocessor syste ? nput er
systens. Mre particularly, the inventibn rel at2$ gﬁﬁyrupt t est
circuit for a digital process| ng system whi ch faC| litates interrupt 10
performance tests. Backgmeuss : . devel opnment of -a

m croprocessor which is ) nmonol i thic
integrated circuit, has brM@OBRﬂ)ﬂESSGRbS&STEN[ range of many
applications, including digl contro unctl as nuneric control,
autonotive control, elevator control, highway and rail traffic control and
process control, and count | ess ot her applications within the fields of
househol d appl i ances, transport Fieldhof tie Inventiah el ectronics, test

systens, and many ot hers In the m croprocessor system a central _
processding unit (CPU) perforns a master controller function since it
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response tQ.re om.various p nit.s se requests
are often il fﬁf"of %?égﬁgi Pﬁééee%?%ls% fvs]?wi‘ f%ﬁlh‘%tp Phterrupts
provi d® a p:axfoumamqatem.l | y suspend nornmal program executlon so that the

CPU can be freed to service these 30 requests. After an interrupt has been
seyi ced, the main programresunes -as‘if there had been no interruption.

2 The instructions executed i esponse Ea_’;gnl nterrupt are called the
Interrupt service routine. T &0 YERWOR i ke subroutines except

that they are called through the automatic hardware interrupt mechani sm
rather than-by a subroutine call instruction, and all CPU
The recent development of a microprocessor which is fabricated in

15 the form of a MOS monolithic integrated circuit, has brought feasible
and broad new range of many applications, including digital control
functions such as numeric control, automotive control, elevator control,
highway and rail traffic control and process control, and countless other
applications within the fields of household appliances, transportatlon,

20 medical electronics, test systems, and many others.

In the microprocessor system, a central processing unit (CPU)
performs a master controller function since it executes stored program
o instructions and transmits and receives data and control signals required
| to perform over-all functions of the microprocessor system. The CPU
25 sequentially executes instructions. In many applications, it is necessary to
execute sets of instructions in response to request signals from various
peripheral units. These requests are often asynchronous o the execution
of the main program. Interrupts provide a way to temporarily suspend
~ normal program execution so that the CPU can be freed to service these
30 .requests. After an interrupt has been serviced, the main program
resumes as if there had been no interruption. :




5 registers are saved on the stack rather than just saving the. program .. _
counter. An interrupt (provided it is enabl ed) causes normmal progranrflow&,,
to be suspended as soon as the currently executing instruction finishes. '
The CPU then pushes the cotents of al2 CPU registers onto the stack so that
the CPU context can be restored after the interrupt is 10 finished. After
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address to be recovered from the stack so that the mterrupted program
20 can resume as if there had been no interruption. If any interrupt request
still exists, the CPU recogmzes it and executes an mterrupt again. _
‘Interrupts can be enabled or dtsabled by an I-blt in the condmon oy
code register (CCR) and by local enable mask bits i in the. on-chlp
peripheral control registers. The I-bit i in the CCR acts as a primary - = .
25 enable control for all maskable interrupts. When the Ibitis set, -
interrupts can become pendmg but . will not be honored When the I-b1t lS
clear, interrupts are enabled to interrupt: normal program ﬂow when an
mterrupt source requests service. .. - -
- An interrupt can. be reeogmzed at any tlme by the CPU provrded
30 itis enabled Once any interrupt source is recogmzed the CPU wilk.
respond at the completmn of the currently executing instruction, Wherr o
the CPU decides to service an interrupt, the contents of CPU reglsters are -
pushed (stored) on the stack memory. The mtermpt sequence then o o
proceeds to the priority resolution step. After the contents of the -
35 registers have been stacked, the CPU evaluates all pending interrupt




|nterr7upt sources usual |y have a f1 xed -har r;e pri or i ty |nterrupt .
rel &4 onshi p. - When an i nterrupt has'been servitced as needed, the CPU =~ ~
returns to 5 the programthat was running at the time of t he i nterruption.
During servicing of the interrupt, sone3or all of the CPU registers will
have changed. To continue the fornmer programas if it had not been
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- executes an interrupt operation when receiving interrupt request
signal(s). :

However, there are several problems in carrying out both

performance tests. Because the peripherals and the CPU are directly -

20 connected through interrupt request lines, whenever the Peripheral test
should be done, the CPU necessarily executes the interrupt service. In
other words, the Peripheral test can not be done without the actual
interrupt execution, and therefore much time and troublesome procedure .
are required.

25 In the CPU test, there is a need to cause all peripheral units to .

- actually provide their interrupt request signals concurrently, sequentially
and in other ways. Accordingly, the CPU test requires a very complex
test procedure and much amount of time, and further requires a variety
of complex test programs for each microprocessor chip having different

"30 sets of peripherals. '
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S mnimumtinme and procedure for interrupt performance tests. Mre )
particularly, it is an object of the present invention to provide an" -7 __,
interrupt test circuit for a mcroprocessor systemwhich facilitates ~ .
interrupt perfornmance tests, in whicHboth the Peripheral ahd CPU tests can
be easily carsied out independently and precisely with the 10 mninmumtine
and procedure. Briefly described, the present invention includes an
interrupt test circuit forESﬂﬁﬁﬁgﬁV@ﬁﬂﬁ§Qﬁv§ﬁﬁbﬁﬂlhaVIng a‘centra
processing unit (CPU), 'and an-intefrupt controller, for controlling
execution of an interrupt operation of the central . processing unit
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is connected between the peripheral units and the mterrupt controller in
.one embodiment. The interrupt test ctrcult compnses atest srgnal output
connected to the interrupt controller, and storage means for storing an
interrupt request test. mgnal under control of the central processmg umt

20 and for supplying the test s1gna1 through the test s1gnal output to the
interrupt controller for CPU interrupt performance tests. Ina partlcnlar
embodiment, the interrupt test circuit further compnses gate means. =~
having an input connected to the request: srgnal output of the penpheral
unit and transmitting the Trequest s1gna1 to, a data bus_ for penpheral '

25 mterrupt performance tests. . .
. 'These and other objects and ad an
skill in the art from the detailed descnptt_ _be
the drawings. S




I_Q_ A FIG 4Ais a timng d| agram descrl pt I ve of the Peri pheral test
cycl: &in the tnterrupt performance ‘tests accordi ng to the present

invention. FIG 4B is a timng diagram_descriptive of the CPU test cycle in
t he int errupt performance tests accor d5ng to the present invention. 15

FIG 5 is a block diagramof a prior mcroprocessor systemillustrating the
connecti on between peripheral .units and an int errupt controller in a CPU
Det ai | ed Description of thBrievaBBScmpuGﬁ ofatheaDrawiiage under st andi ng t he
present invention, a brief reference will be nmade to a conventi onal

m cr opr ocessor syst'em The bl ock diagramof FIG 5 represents the
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illustrating the connection between peripheral units and an interrupt
controller in a CPU.

Detailed Description of the Invention -

20 o - .
To facilitate understanding the present invention, a brief reference
will be made to a conventional microprocessor system. The block
diagram of FIG. 5 represents the connecting relation of a central
S processing unit (CPU) 1 and peripheral units 3, 5and 7 in a pnor
25 rmcroprocessor system.

- CPU 1 performs a master controller function and sequentlally
executes stored program instructions. CPU 1 includes an interrupt
controller 9 which functions to control the execution of interrupt service
of CPU 1 in response to receiving an interrupt request signal. CPU 1

30 also has several kinds of registers such as an index register, a condition
‘code register (CCR), a program counter, etc., although they are not
shown. An interrupt mask bit I (not shown) in the condition code
register (CCR) can be used to inhibit all maskable interrupts.



.10, ar.cangenent determined by request lines 11. Peri pheral units 3, 5 and. 7
have software-accessible control bits.(not shown) to enable or disable the
generation of their interrupt requestagm gnal s on an individual basis. - .

Programers can deci de which periphera&l units will be used to generate
cinterrupts. 15 - The |nterrupt request signal requests that an _
interrupt sequ@isghip atatonnstsuﬁﬁaﬂlasﬁwrrh igdurees targnti | it
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test circpiithateRhe] FotHelirtBArupt 2A&EK bt AN the CER is not set; CPU 1 will

begin an interrupt sequence. The contents of the index register, program

20 counter, accumulators and condition code reglster are then stored away
on the memory stack during the interfupt sequence. Next CPU 1
responds to the interrupt request by setting the interrupt mask bit I high
s0 as to inhibit nested intérrupts, and evaluates all pending interrupt
requests to determine which peripheral unit has the highest priority. -

25 - Because the. penpheral units 3, 5 and 7. of the prior microprocessor .
system are connected directly to CPU 1, whenever the Peripheral test is \J
carried out, CPU 1 actually executes the mterrupt sequence. Therefore, :
the Penpheral test can never be done thhout the actual interrupt
execution, resultmg in much time consummg and troublesome procedure.

30 Inthe CPU test, the prior mxcroprecessor system causes penpheral units
3,5and 7 to actually provide their interrupt request signals
concurrently, sequenually and in other modes. Speclally, when checkmg
the CPU interrupt sérvice responding to multlple mterrupt requests itis
required for all perxpherals to continue prov1d1ng their request signals

35 until the CPU finishes-all interrupt services. This: requirement is very




Now- P descrr bed in detail with ref erence 0. a preferred enbodi ment

t hereof, which is illustrated in FEGS. 1, 2 and 3. Shown in FIG 1 is a

bl ock di agram of a m croprocessor system according to the present 10
“invention. A mcroprocessor systemis.& specific exanple of a nore gener al
digital data processing system It shoul d be understood that the term"a
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h I t 0] t to inte t.est rcuitry
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Lines 11 g @fa%ré%é&%?@ﬁ@ﬁ@%nd bt LS $ond T o °
specifically, request signal outputs of peripheral units 3 S and 7 are
20 connected to interrupt test circuitry 13 by first interrupt request lines
11f. Test signal outputs of interrupt test circuitry 13 are connected to
request signal inputs of an interrupt controller 9-in CPU 1 by second
interrupt request lines 11s. Accordingly, interrupt request signals
generated in peripheral units 3, 5 and 7 are not connected directly to
\_, 25 interrupt controller 9 in this embodiment. Instead, interrupt test
circuitry 13 can read the interrupt request signals and send them to
interrupt controller 9. ' :
FIG. 2 shows a preferred embodiment of a logic diagram for one-
bit of interrupt test circuitry 13 of FIG. 1. The one-bit interrupt test
30 circuit includes an OR gate 17, a register 15 as storage means and a gate
19. OR gate 17 has two inputs, one of which is connected through one of
first interrupt request lines 11f to the request signal output of one of
peripheral units 3, 5, or 7 to receive an interrupt request signal 101. The
other input of OR gate 17 is connected to a Q output of register 15 to
35" receive an interrupt test signal 100. A request signal or a test signal is

p-




to interrupt controller 9. 5 Register 15 is a speci fic exanple of -
storage means which termis intended to include-other storing devices such_
as a Dflip-flop, a latch, a nmenory cell, etc. Register 15 has a D i nput. -
connected to one bit of a data bus toSreceive data 103. Data 103 is witten
(stored) in register 15 as an interrupt test signal when a register wite |
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FIG. 3 shows a block: diagram of a mlcroprocessor system whlch
incorporates three interrupt test cireuits as shown in FIG. 2. Interrupt
20  test circuits 21, 23 and 25 are connected between penpheral units 3, 5.
and 7 and CPU 1. Interrupt test cucults 21, 23 and 25 receive mterrupt
request signals 101a, 101b and 101c from pen' heral units 3, 5 and 7, - |
respectively, and send out signals. 102a, 102b and 102¢ to CPU 1. Slgnals '
102a, 102b and 102c are the actual interrupt request s1gnals orthe ..
25 interrupt test signals. Interrupt test circuits 21, 23.and 25 are also .
connected to data bus 27 for readmg and W tmg the request s1gna1s
The operation of the interrupt test eireuit for mterrupt
performance tests according to the present mventmn will now be
deseribed with reference to FIGS. 4A. and 4B |
.. Peripheral Test FIG4A.-_- . R -
~The interrupt is disabled or mhtblted i mterrupt controller 9 by
setting the interrupt rnask bit I in the CCR in CPU 1. Reglster 151 is reset
so that interrupt test signal 100 is kept loglcally 7 at Q output. Each
peripheral unit is caused to generate its interrupt request signal 1_01 one
35 by one or concurrently, If each peripheral-ﬁ unit properly generates the

30




|nt er&upt request signal 101, then 5|gnal 102 at the out put of
cor respondi ng' OR gat e 17 ‘betdimes " acti ve, ~whi ch -can be réad on corresponding -
data bus bit 103 by making RD signal high. CPU Test (FIG 4B) 5 All
interrupt request lines 101 are maintai ®d inactive for exanple by setti ng
the internal control bits in peripheral units. Interrupt test data is

oot ved, Rtethnt Rabds: ﬂ%ﬁ?héﬁééwﬂééé?sgg@di@%aﬁﬁé@%ﬁ”ﬂe?. Merrupt test
signal 100 €QITEEPQB dingl OR \gate A 7<asotmesiactiveewhiph daesbe segdan or 10

I.S manner, a
ot a can necoresbéidin 93&9"%?21?%@%% GRS RE signal Big o 50 For °

carrying out the a variety set of request signals. For
ex?rrpl e5tvvhen teﬁ]]ﬁm en et ﬁhégflto é%ﬁﬁ@ﬁﬁéﬂ%&?ster og";%e V\*ern t he
nterru r

' I15 edatg h 6? &%@Hﬁﬁlmﬁn& %Pﬁ'rfg}elf@]plmnﬁ erruph fesiedatasi | y

conf i med b !ni]lpllled o0 i I 160 and s GFcesindeistes 1SRRI W Signal
Syt om acooP deRBTSET ReEIsERd S ORISR chiciof ahih siprtics R Bisphunr

preparing ntesy signalslQ0 tp OR gaterlds which ;amtgausmﬁamiptmsmxgnal/wt ional l'y

nterr ot %:2“‘@“‘?“8‘%5?51 SR @?fgi@t’ pRRBHIT0, I oRE WA b

present in Wbﬁc\vﬂtﬁe&t iouggisterseZ anst 2§rviardatatbus 27 for whi ch
bot h the Pecampingbusithe CRU! et ﬁsﬁ@a%rg,g?'de‘t %r% |Ie dently

t
oA ﬁﬁ%?ﬁ%l e deRiak hh CRL HieaTips excahtipnsspopds tormeliple,
particul ar imtesriptrequests; EtaS encughotes simply iwrite tns téi*WWlﬂ'ﬂQhét 0

Wil | bigapp&dﬁrﬁa\hﬂgtms’ﬁ“sﬂé %Qe&%&ﬂﬁoﬁg&eﬁﬂﬂt Xeoibs P' an be easily

scope of the esent 1riventi o
co umed by observing the contents in CCR, or data or address bus

information.

Advantage

20

The interrupt test circuit for a microprocessor system according to
the present invention eliminates the necessity of preparing many kinds of
performance test programs which were conventionally required for a
variety of chips having different sets of peripherals. The interrupt test

25  circuit for a microprocessor system according to the present invention |
‘ facilitates the interrupt performance tests, in which both the Peripheral
- and CPU tests can be easily carned out mdependenﬂy and precisely with
- the minimum time and easiest procedure.
While the present invention has been shown and described with
30 reference to a particular embodiment thereof, various modifications and
changes thereto will be apparent to those skilled in the art and are w1thm
the scope of the present invention.



1 A d| gi tal data processing system conprising: am unit .
“an interrupt controller having a Teguést STgnal controlling 5 ,‘,,Jy
execution of an interrupt operation of said centraﬁ’"&@b m in
response to an interrupt request si | ; at |east one nm _
having a request signal output for providing an interrupt requist* si gnal to .
~ the request signal input of the mm{h ontroller; and 10 at-

| east one interrupt test circuit w&ﬂito t he. request si gnal i nput of
the interru t.cqntr sai d- i nterrupt. test cCi rcwt i ncl udi.ng test signal
out put cilr cOi digital cﬁr@éeﬁﬁingl'ﬁé’sﬁmpﬂ%ﬂﬁl input of the interrupt
controller, and storage means for storing an |nterrupt request test signal -
when 15 a centr&LBroc m;g eterm ned control :signal, -and coupled to
the test signal output circui or supplying a test .si gnal through the -

e P&“éqsiﬁ‘aﬁ% e

wher é§ n exedution of anemtemupt operaﬂcbm ofisaid oenéxdd priocessingcanitrinl

processi ssing. system according to claim1 -
wherein gg?@ﬁdgegl %PAié‘@?ﬂhB ssﬁndgég%t em conprises a plurality of - .
peri pher al unlt 4. A di al -data jprqcessin st.em accordipg to claim 1
wher ei n sai d ﬂt %:feo% M VINgA 1§ \13% Q}IW‘FE&TSl_g_naI i nput
for 25 r@r@vidmg #n \Whidreupt mpiest si:gnatltte ttrenie esplsm partof the and - :
having a.te gnat lggut r-recelving a test signal, ereby said
regi ster 1B ltecF ﬁn(jﬁal when receiving the wite signal and
supplies the test S|gnal to the request signal input of the i nterrupt

contl@l I er.  atdeast ane interrupt test circul. connecied4o theteguest signalg syst em f\"‘
accor di ngnher 6F3hE tht ét*}ﬁgf"can rbg RL ]%ifesf'c‘h‘é&lfm QgeCt ed
e perl era

bet ween t request Sl gn outp uni t an request

signal i nput ggit g al 8 ﬂtttﬁtcxﬁ é@hh@étea% ﬂﬁpféqgﬁ% t?xal request
signal fromthe gﬂ g" unlt 5 dtransmttln nt er u request o
si gnal totheln BP o
storage means for stonng an 1ntermpt request_ test signal when
15 receiving a predetermined control signal, and coupled to the test

signal output circuitry for supplying a test signal through the
test signal output circuitry to the request 31gna1 input of the
1nterrupt controller. e .

2. A digital data processmg system accordmg to claun 1 wherem sa1d
20 mterrupt controller is mcluded in the central processmg unit. '

3. A d1g1tal data processmg system accordmg to claim 1 wherein said
digital data processmg system compnses a plurallty of penpheral umts

4, A digital data processmg system accordmg to clalm 1 wherem sa1d
storage mearns comprises a register having a write signal input for

25 receiving a write signal from the central processing unit, and having a. .
test signal input for receiving a test signal, .whereby said register stores
the test signal when receiving the write signal and supplies the test signal
to the request signal input of the interrupt controller.



:'6.""=A§.di gi tal data processi ng system-.accor di .hg to clai mlw
interrupt test circuit further conprisés an OR gate havi WO i nputs

ng_t
receiving the interrupt request signal fromthe peripher WI
test signal fromthe storage neans rdépectively, and hévm mm‘lflm
connected to the request signal input of the interrupt' controll'er® 7s :
digital data processing systemaccording to claim5 wherein said interrupt

test circgit SR %n d o Hidis : :ad to the
equest S %@%ﬁ‘?ﬁﬁﬁ%ﬁ?{@%ﬁ#?éﬁ;&?@?@%@ﬁ%é‘é#??,%;“’rﬁféﬁﬁiﬁa&st si gnal
under coriniesrupt testcCizewit iscoangstask batyveen the request signal gueput qgﬂx

‘pr ocessi i [ i Qqehg, nsmts

t he requ st%é%}ﬁ?%%mdg%a}%%‘gésahe Jec iu\}i%ﬁgé ?%ad al . n(%%the
central s ECEINGS e, IGITURE dPgUesh SigRaL FRT M PRDBESALARIL T di ng, a
centr 5l praesmitting the tinteruptrequemtsignal toltheinterciptiedntrollére central
processing unit and having 2 a request signal input, for . controlling

o f oo . : . i
Fesponse B0 A gl Satk Brodfiiiy %8-&5&2@?325%% Claghl SGRBR ' 1
each haviintersupt gestseircuiyfarthartgomprises Riigate having dwa putsquest
signal t GelBRyinRORRS inferaiiR! requRst sinal Teom i pepiphieril unlid fad tBed 2
B Rt e o s st ok e ™ "
cor r ¢@porgtmuedteditohieateqist sigialt imput of thepimdimpt 'conteollessi gnal i nput  of

the interrupt controller, and receiving the interrupt request signal from

roguest " SPoRiEHaP Aats RFbR SRk ybfEim HEEP AL 4 it 5 PhERINNE", oo,
ci rcui t s intesrupsitest: circuitfurther comprises gate means having an inputa t est

ot rol | GOteEANS R vechest Sigitll iibuf ofife ctiphord] HEROREAHE,

signal f rto Taguest signal pndercontig ok e AWACSSINELYAIL| gnal i nput 5

for receiving a test signal, whereby said register stores thée test signal

whenlgeced.viAdigital datd processing spstemi prtordinghe Chiitn 7 wherein said
gate means transmits the request signal to a data bus when receiving a
read signal from the central processing unit.

p

9. A digital data processing system including, a central processing unit,
an interrupt controller included in the central processing unit and having
. 20 arequest signal input, for controlling execution of an interrupt operation
of said central processing unit in response to an interrupt request signal,
st a plurality of peripheral units each having a request signal output for
providing an interrupt request signal to the request signal input of the
interrupt controller, and a plurality of interrupt test circuits,

25 each of said interrupt test circuits being connected between the
request signal output of the corresponding peripheral unit and
the corresponding request signal input of the interrupt )
controller, and receiving the interrupt request signal from the
corresponding peripheral unit for transmitting the interrupt

30 request signal to the interrupt controller,

each of said interrupt test circuits comprising:
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signal to the corresponding request signal input of the interrupt

Signal 10 Ot E G tng cort espaygling. per i pher Jllllllmlﬂllﬁi‘ﬂlllﬂﬂllé“t. ""

signal fromthe register respectively,”~“and havi ng one “out puf cbnrfect'ed to
the correspondi ng request signal input of the interrupt controller. 10. A

digital data pr ssin m co I.n a_central ocessi un| t '
i ncludi ng an |41?“es§ g’cBﬁm %Gaﬁggﬁeﬁq“eﬂ Sig mqu E € si gnal

i nput, said inter rmmermpmtcmiﬂreﬂec'ont rolling execution of ‘an int errupt
operation of said central processing uni't"in response to an L.nterrupt

request si gnala registesmhavingapwritptsegnal input fiorweceivinge werite signali out put -
for providing an i t 20 '
of the interrupt cf#n’ﬁ W%eﬁﬁ%?ﬁégéﬁﬁﬂ%gx?%%&h?%ﬁ te§t g@afl #lect ed
to theSrequest si gﬁﬁmrepnptmgoa tQS’(GSIgﬂabrWHQIC‘Bbﬁ%ld)l'ﬁ@ﬁteroﬁﬂaeibﬂ!ﬂ teskns f or
connecting bet vveerslgﬂhp“qﬁgﬂ féﬁex{a{ ﬁ'iéia&ﬁke‘#ighal aﬁd% e@hhb%stjnl t and

said interrupt test ciscu - Jnt est .ClLrcuit
conprising at |easit gBﬂL€ éﬁ% cﬁrﬁ‘?ﬁﬂc’n{ﬂ}?&ﬁe@@ﬁh ER& tﬁ@d&&%‘fmmgnal
i nput of the intergomrotlensroller, and at |east one storage nmeans for
storing an interrupt request test signal under. control. of the central

processing unian OR gate havipgyiwg mputst receivingthe intermps requestemgmilgnal
ot [ he 30 from the corfésPdirting ﬁ’éﬁﬁhéf&@‘ﬂmf’hnhhﬁe' st 'sighA1 from

contr : :
the register respectlvely, and having one output connected to the .
correspondmg request signal input of the interrupt controller. N\

10 A digital data processmg system compnsmg.

a central processmg unit mcludlng an mterrupt controller havmg a
15 | request signal input, said interrupt controller controlling
| execution of an interrupt operation of said central processing -
unit in response to an mterrupt request 'signal;

. at least one peripheral unit havmg a request s1gna1 output for
providing an interrupt request s1gna1 to the request s1gna1 input
20 - of the mterrupt controller; Lo

at least one mterrupt test circuit connected to the request s1gnal mput o
of the mterrupt controller; - S :

-data bus means for connectmg between satd central processmg umt 3
sald penpheral unit and satd mtermpt test CIrcult' and '

25 said interrupt test circuit compnsmg at, least one test s1gna1 output N
connected to the request sxgnal 1nput of the mterrupt controller,
and at least one storage means for stonng an’ mterrupt request
test signal under control of the central processmg unit and for
supplylng the test 31gnal through the test signal output to the

30 request signal input of the 1nterrupt controller




