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Field of the lnvention

5 ' The present invention relates to improvements in testing of integrated circuits. Specifically, the invention

involves a method and apparatus for testing a megaceR within an application specific integrated circuit "ASIC" at

the chip level, |

Description of Related Art

The increasing complexity of circuit designs and new, intpp{g‘ted circuit packaging techniques feads to an
10 ever increasing problem of testing integrated circuits and printali circuit imards. Software testing of digital hardware
is constantly improving, however the complexity of the circuitry makes testing more difficult unless the components
are designed with testability in mind. '
One method for testing circuitry which has received notable attention is the IEEE 1149.1 Boundary-Scanned
Standard originated by the International Joint Tests Action Group (JTAG), (hereby incorporated by reference). One
15  implementation of this standard involves designing components (e.g., integrated circuits) for serial boundary-scanned
testing by providing shift-register elements daisy chained to form a path around the periphery of an integrated circuit
component. The idea behind the serial testing is to shift serial data into and through a number of integrated circuit
components. The serial data is applied to inputs of known circuitry to effect outputs as determined by the circuit
functions. A mastef testing circuit compares the return data to an expected resuit {ie., a resuit which is dependent
20  upon the functions of the known circuitryl. In other words, the serial data inputs applied to the circuit being tested
produces known outputs if_ the circuit is functioning properly. (f the data stream returned to the master testing
circuit is not as expected, then a malfunction in the circuit is detecied by the testing circuit. A careful analysis
{under soffware control) of the deviations in the data stream may isolate any malfunctions within a circuit.
" Boundary-scanned testing of components, as briefly explained above, can also be expanded to testing of
25 a very large scale integrated (VLSI) circuitry such as an ASIC. An ASIC includes internal logic circuitry which is
normally inaccessible via the output pins supplied on the IC package. Such internal logic circuitry within the ASIC
is typically vendor-supplied as a module having defined inputs and outputs, and is commonly referred to as a
megaceil. In some circuit boards, the test inputs and outputs for the vendor-supplied megacell within the ASIC are
 connected to special pins an the IC package so that the megacell is accessible for testing purposes by the
30 manufacturer via external pins on the IC package. However, the extra pins required to test the cell are typically of
no use during normal implementation and operation of the IC. Furthermore, the additional test pins somatimes require
the manufacturer to increase the IC package to the next larger size die and or package because of the increased
number of pins. Thus, the IC paékage takes additional printed circuit board real estate and costs are increased
because a larger die size is generally more expensive.
35 Furthermore, the standard JTAG specification allows a magacell within an ASIC to be surrounded internally
with JTAG cells. However, use of this test architecture is incompatible with the way a vendor typically tests
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of the plurality of output signals from a respective first pin of the integrated circuit; selectively routing the test
. output from the megacell to the respective first pin of the disabled output signal; applying a test input to the
megacell via a second pin of the integrated circuit to stinul:lte‘slzq\ megacell to perform a test operation; and
10 monitoring the test output of the megacell at the respective first pin of the integrated circuit.
ief Description e Drawings
Figure 1 is a schematic block diagram which illustrates the configuration of a JTAG test circuit.
Figure 2 is a schematic block diagram which shows an IC circuit having 8 megacell with test inputoutput
terminals connected to external pins of the IC. '
15 Figure 3 is a state diagram showing the operation of the TAP controller circuit used to control the JTAG
test circuit. _
Figure 4 is a schematic block diagram slmivinn an improved JTAG test circuit which provides a connection
of an internal megacell with an external pin.
Detailed Description of the invention
20 Figure 1 is 3 schematic block diagram showing an integrated circuit (IC) chip 100 configured for testing
using a JTAG IEEE 1149.1 daisy-chain boundary-scan serial testing system. The exemplary STAG system shown in
Figure 1 comprises a master pattern generator/comparater 102 which outputs a datafinstruction signal over a line
105, a mode signal over a line 107, and a clock signal over a fine 109. it should be understood that according to
conventional terminology, the datalinstruction signal ine 105 is also referred to as the TDI signal line, the mode
25 signal line 107 is referred to as the TMS signal line, and the clock signal fine 108 is referred to as the TCK signal
- line. The output lines 105, 107, and 109 of the pattern generator/comparator 102 connect to external input pins
extending from the IC 100 so that a TAP controlier state machine 110 within the IC 100 receives the signals via
the fines 105, 107, and 109, | '
The TAP controller state machine 110 connects to a data shift register 115 via a serial data line 117 and
30 a clock enable line 119. The TAP controller state machine 110 further connects to an instruction shift ragister 120
via a serial instructions fine 122 and a clock enable line 124. It should be nated here that, typically, the TDI line
105, the serial data ﬁﬁe 117, and the serial instructions {ine 122 are connected to a common node and the fines
105, 117, and 122 differ only insofar as they are considered as carrying data, instructions, or both.
The data shift register 115 is connected in parallel with a latched data register '130. while the instruction
35 shift ragister 120 connects in parallel with a latched instruction register 140. Each of the bit storage locations
within the latched data register 130 connacts to a first input of a multiplexer within the {C 100. For example, as
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-2- Thus, for example, the muitiplexer 145 is enabled by the decoder 150 via the fine 152 to select the input 147
connecting to a storage location within the register 130. Thus, the output 165 of the multmlmr 145 is forced to

the bit value stored within the register 130. In this manner, the sutput connections of the IC 100 over the fine 165

5 may be tested for defects. For example, if the storage focation connected to the multiplexer 145 via the Fne 147

cu_ntains a high voltage level bit (i.e., corresponding to a digital 1), then the output of the multiplexer 145 along the

line 165 should be detected at the output pin of the IC 100 to be a digital 1. If this output pin does not generate

a digital 1, then the test circuitry to which the IC 100 is connected wl register an errot so that the IC 100 may

be designated as defective. This test is performed for each o‘f tlll_g‘i.!puts and- outputs designated by the decoder

10 150 in response to the instructions loaded by the pattern generatet/comparator 102.

Of course, although not depicted in Figure 1, it will be understood that multiple ICs may be connected in
series in a daisy-chain configuration so thit the pattern generator/comparator 102 can shift in data and instructions |
far muitiple ICs at one time. Thus, the IC 100 includes a multiplexer 170 which selectively shifts out the data
passing through the register 115 or the instructions passing through the register 120 via the ines 172 or 174 under

15 the control of the TAP controller state machine 110. Finally, the data output from the last IC is transfersed back
to the pattern generator/comparator 102 via the serial return fine 175. ' ) .

Figure 2 is a schematic block diagram which depicts an IC 200 including 8 vendor-supplied imegacell 210
in addition to' normal integrated circuitry 220. The megacell 210 operates as a functional unit within the IC 200
which receives inputs from and provides inputs to the normal circuitry 220 via lines 225,

20 The vendor-supplied megacell 210 is distinguished from the normal circuitry 220 in that the vendor-supplied
megacell 210 has a standardized structure and function provided by the vendor, while the narmal circuitry is custom
designed by an ASIC designer. Thus, the megacell module has an independent functionality (i.e., the megacell could
be used to perform the same function in a variety of different surrounding circuit configurations so that.this
functionality is substantially independent from the other circuitry within the IC 200). Furthermore, 8 separate set

25 of test vectors than those used to test the overall IC 200 are typically used to separately test the functionality of

. the megacelt 210.

Thus, for example. an ASIC deslgner uses standard funcuonal logn: blocks such as UARTS, phase locked
loops, etc., as a part of the ASIC design. An ASIC vendor supplies structure for these standard functiona! logic
blocks, which the ASIC designer incorporates into a custom ASIC. These standard functional blocks are referred

30 to as megacells, and the megacell vendor typically supplies test vectars which are used by the chip foundry during
the manufacturing process to test the megacefl within the ASIC. Typically, the ASIC can be tested as an entire unit,
but if malfunctions are discovered in the entire unit, it will be difficuit to determine if the malfunctions are due to
custom circuitry whose structure is provided by the ASIC designer or due to the cell vendor-supplied megacell
circuitry. For this reason, the megacells are tested independently using the test vectors provided by the cell vendor.

35 Additionally, the ASIC designer naed not exﬁend the effort to exhaustively test the megacell since this testing will

" be done via the vendor supplied tests.
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Thus, as many data bits as are necessary to load the prespecified test vectors into the shift redistets 115 are
shifted into the register 115 while TMS is held low in the state 320.
When the TAP controller 110 is in the shift data register state 320 and a rising edge is applisd to TCK
5 while TMS is held high, then the TAP contraller state machine 110 enters the exit data register state 325. The
exit data register state 325 is a temporary controller state. f TMS is held high, a rising edge applied to TCK couses
the TAP controller 110 to enter an update data register state 340, while if TMS is held fow while the rising edge
is applied to TCK then the TAP controller 110 enters a pause data register state 330. The pause data register state
. 330 aliows the shifting of the test data register 315 to be temporarily halted. .The TAP controller 110 remains in -
10 pause data register state 330 while TMS is held fow. When Ths };‘Ii;ld high and a rising edge is applied to TCK,
then the TAP controller state machine 110 enters an exit 2 data register state 335 which is also a temporary
controller state. If a rising edge is applied to TCK while TMS is held fow, then the TAP controller state machine
110 returns to the shift data register state 320. However, if TMS is held high while a rising edge is applied to
TCK, then the TAP controller state machine 110 transitions from the exit 2 data register state 335 to the update
15 data register state 340. As shown in Figure 1, the shift data register 115 includes a latched paraliel output to
prevent changes to the data in the data register 130 while dmisslﬁfhdhﬁdu;ociatcdshift register path 115
in response to certain instructions with the instruction register 140. Thus, in the update data register state 340,
data is latched from the shift vegister 115 onto the parallel output of the shift register 115 on the falling edge of
TCK. Thus, this data is stored within the [atched data register 130 so that the data within the register 130 does
20 not change other than in the update data régister state unless operation during the execution of a self-test is required
{e.g., during the idle state in response te a design-specific public instruction). As with each of the states 305-335,
the instructions stored within the instruction shift register 120 and the instruction latch data register 140 do not
change while the TAP controller 110 is within the update data register state 340. When the TAP controller is in
the update data register state and a rising edge is applied to TCK, thg TAP controlier 110 enters the select data
25 ragister scan state 305 when TMS is held high, or the idle state 300 when TMS is held low. |
If TMS is held high, and a rising edge is applied to TCK while the TAP controller state mac_hine M0isin
the select data register state 305, then the TAP controller state machine 110 transitions to the select instruction
register scan state 310. '
if the TAP controller state machine 110 transitions into the capture instruction register state 345, then,
30 in this state, instructions may be parallel-loaded into the instruction register 140 from the shift instruction register
120 on the rising edge of TCK. 1f the JTAG test circuitry does not include a paratieHoaded instruction register 140,
or if capturing is not required for the selected test, then the instruction shift register 120 retains its previous state
unchanged. Furthermore, the bits stored within the data registers 130, 115 remain unchanged while the TAP
controller state machine 110 is in the captured instruction register state 345. When the TAP controller 110 is in
35 the capture instruction register state 345 while TMS is held low and a rising edge is applied to TCK, then the
controller enters a shift instruction register state 350. However, if TMS is held high while the rising edge is applied
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integrated circuit (ASIC) which includes custom-digital circuitry designed by an ASIC designer (represented in Figure
4 as normat circuitry 410) and a vendor-supplied structure for a‘mg‘gﬁl which the ASIC designer incorporates into

10 the custom ASIC {represented as the megacell circuitry 420 in Figure 4). The normal ciccuitry 410 communicates
via input and output fines 422 with the megacell circuitry 420. -For example, the megacell circuitry 420 may
comprise a standard arithmetic logic unit, microprocessor, or other circuitry which has a standard design ami can
be implemented as an independent module within the ASIC 400. ,

The normal circuitry 410 receives inputs from external pins such as pms 423, 425, via lines 433, 435.

15 Of course, it will be understood that typically the normal circuitry 410 will receive on the order of dozens, or even
hundreds of inputs but for purposes of clarity in dlustrating the present invention, only the input terminals 423, 426
are shown to connect to the normal circuitry 410. -In addition to outputting signals to the megacell circuitry 420
via the lines 422, the normal circuitry 410 may also output certain signals to the megacell circuitry 420 via a line
437 which connects to a first input of a 2-to-1 multiplexer 440. The multiplexer 440 further receives an input signal

20 from an external pin 445 via a second input 447. The output of the multiplexer 440 is provided to an input of the
megacell 420 via a line 449 as shown in Figure 4.

The multiplexer 440 receives a select input from a decoder 450 via a line 452. The megacell circuitry 420
further receives test inputs from an AND-gate 455 and an OR-gate 45J. Of course, it should be understood, that
the megacell circuitry 420 will typically include several test inputs, but the AND-gate 455 and the OR-gate 457 are

25 shown to provide two exempiary test inputs to the megacell circuitry 420. The AND-gate 455 receives a first input
via the line 452 and a second input via the fine 433 from the inpist pin 423. Furthermore, the OR-pate 4_57 feceives
a first inverting input via the line 452 and a second input via the line 435 from the input pin 425. Although not
shown in Figuré 4, pin input and output buffers are assumed to he present but are not shown for ease of illustration.

The normal circuitry 410 connects to an input of a JTAG output multiplexer 480 via a fine 462. Again,

30 it should be understood, that the normal circuitry 410 will typically include on the order of tens or hundreds of
outputs, however, for clarity of illustration, only the output 462 is depicted in Figure 4. The output of a 2-to-1
multiplexer 460 is provided to an external pin via a line 464. A select input of the 2-to-1 multiplexer 460 is provided
by decoder 450 via a line 466. According to conventional circuitry, the second input of the 2-to-1 multiplgxet 460
would connect directly to a latch boundary scan data register so that the JTAG standard input value would force

35 the output terminal 465 to be equal to the JTAG bit when the appropriate select signal was provided to the input
of the 2-te-1 multiplexer 460. Howevar, in accordance with the present invention, the second 'iapnt of the
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operation ;me%ancgll circuitry 420 outputs signals in response to the test vector inputs over muitiple output lines. In the example |
5 of Figure 4, only the output line 474 is shown for ease of illustration; however, it will be underStood that a plurality
of output lines will be provided to a plurality of 2-to-1 multiplexers {such as the muitiplexer 470} in order to fully
test the functional characteristics of the megacell circuitry 420,
The siglial output by the megacell circuitry 420 in response to the test vector inputs is provided as the first
input to the multiplexer 470 over the kine 474. The latched ‘iutlr:xnct.‘inn register 484, when in the megacell test

10 mode, further contains instruction bits which cause the decoder 450 to assert the select signal on the fine 478 to
select the megacell test output on the fine 474. Thus, the output of the megacell circuitry 420 in response to the
test vector inputs is provided on the line 472 at the output of the multiplexer 470. The decoder 450 further
provides a signal on the line 464, in response to the instructions within the register 484, to select the input fine 472
so that the megacell circuitry test output is provided on the line 464 to the output pin 465. If the mega;:ell circuitry

15 420 is functioning correctly, theq the test vector inputs will cause the apprnpriate pattern of test vector outputs
to appear on the output pins for which a path is provided from the megacell clrcmtry 420. Thus, the output pin
465 will be indicative of the functionality of the megacell circuitry 420 when the test vector inputs are applied to
the input pins 423, 425. In this manner, the functionality of the megacell circuitry 420 may be tested without the
provision of additional output pins on the ASIC 400.

20 When the functionality of the megacell circuitry 420 is not being tested, the instruction register 484 is
loaded with the appropriate instruction bits to cause the decoder 450 to select either the normal operation mode
or the JTAG test mode. When the JTAG test mode is selected, this causes the decoder 450 to output a select
signal over the lines 478 to propagate the input over the fine 476 from the latch data register 480 to the output
472 of the multiplexer 470. Furthermore, the decoder 450 ﬁutputs a selact signal over the line 466 which causes

25 the input on the line 472 (which represents the value of a data bit within the latch data register 480 via the fine
476) to be propagated on the output 464 of the multiplexer 460 so that the JTAG boundary scan data bi_t_is_.
provided on the output pin 465 if the output path has integrity. . -

if, on the other hand, the ASIC 400 is to operate ili the normal manner, the JTAG TAP state controller 486
causes the decoder 450 to select the first input 462 of the multiplexer 460 so that the signal on the line 462 is

30 output to the pin 465 via the muitiplexer 460 and the line 464. Further, the decoder 450 outputs a low signal on
the line 452 so that the test inputs to the megacell circuitry 420 are held to defined values so that the operation
of the megacell circuitry 420 is not affected by the inputs on the pins 423, 425.

Although the preferred embodiments of the present invention have been described in detail above, it wil
be understood to those of ordinary skill in the art that obvious modifications could be made to the invention without

35 departing from its spirit or essential characteristics. Thus, the foregoing description should be considered as
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circuit, said ihtegrAtsystemcwhich frovides for & educed-number pireyternplpins fom ow integrgted cieait (L)
I Nt egr at edyacrage having JTAG test capability, said system comprising:
‘ custom designed digital logic circuitry formed within said IC package, said custom designed dsgltal
5 fogic circuitry having inputs and outputs;

a standardized megacell module having independent functionality formed within said IC package
and incorporated into said IC package so as to communicate and function in unison with said custom
designed digital logic circuitry, said megacel! module having test inputs and test outputs which are used
to test functionality of said megacell module; C ha

10 a JTAG boundary scan data register which stores atest vector used to test integrity of inputs
and outputs of said IC package, said boundary scan data register having outputs;

first selection circuitry having first inputs connected to at least one of said outputs of said
boundary scan data register and at least one of said test outputs of said megacell niodule, sai;d' first
selection circuitry further receiving a first selection input and providing one of said first inputs as an output

15 based upon said first selection input; '

second sefection circuitry having second inputs connected to said output of said first selection
circuitry and to at least one of said outputs of said custom designed digital logic circuitry, said second
selection circuitry further receiving a second selection input and providing one of said second inputs as an

_ output based upon said second sefection input;

20 a JTAG instruction register which stores instruction bits, and wherein said instruction bits and
the JTAG tap state, are used to determine said first selection input to said first selection circuitry and said
second selection input to said second selection circuitry; and

a plurality of external pins connected as outputs of said second selection circuitry so that said
test nutbuts of said megacell module are provided on said external pins when said instruction register and

25 tap state are set to cause said first and second selection circuitry to propagate said megacell module test
outputs to sald external pins.

2. A system as defined in Claim 1, further comprising a switching circuit mcludmg first and second
inputs and an output, said switching circuit selecting hetween an input pin connected with said first input of said
switching circuit or said custom designed digital logic circuitry connected with said second input of said switching

30 circuit, said output of said switching circuit being connected to said standardized megacell modula.

3 A system as defined in Claim 2, wherein said switching circuit comprises a multiplexer.

4. A system as defined in Claim 1, further comprising an AND gate which has an output connected
to test inputs of said standardized megacell module, said test inputs of said megacell module being held either high
or low during normal testing of said megacell module, so that said test inputs can be controlled by a single input

35 pin during JTAG testing.
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Szgl v ‘ signal being said test output signakﬂf?en said integrated
J
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T -11- ' _ PCT/ US96/ 08576 (‘) out puts of the

AND- gat e 455 and the OR-gate 457 are set to | ow and high, respectively, so
as -to pMRHM20he test - inputs.to the megacel cir ®aTIUSpcH§HsT rom
changi ng during norrl operation. Whéfdthe standard test vector I nput s
applied at the inputgermnals 423, 425 are propagated through to the test

i nputs of the nmegace Cijrcui tr 0, th . emegacell circuitry 420
out put s F‘gmﬁga 1 %WI e out put

lines. Ijh the exanple [+
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5 -.. of Figure 4, only the |gi s shown for ease of 8 ¢
illustration; however, it wl@“lﬂﬁ‘lmgmag@mmthat a plurality IPO OW?
* L

output lines will be provide ity of 2-to-1 multiplexers (such
as the multiplexer 470) in order to fully test the functional
characteristics of the negacell circuitry, 420. The si gnal

output by the megackl | cfr eystemy which ipsriss 79 smbeddadn dnegasell withty annput s

is provided a { 18t . ' i ; m!! s ' t l'i ne
474. Thel at Cﬁig%@?art]%c{ 3 %Eé‘{llt (t)on bFetegslts 9'"%%%? %\ﬁ%h hilﬁggﬁ{@gg/égﬁpﬁyﬁ {ensst&io
nmode, fujther thenhregratd asduitieithom Iqhisinghdedivardlinput/dutputesiosidésr teliesto

assert the select signal on the Iine 478 to sel ect the negacell
test output orVeEIpES,| SaKbSYSM COMPESINghe out put of the negacel circuitry 420

in response to the S Ofg. J: . 0 S0t '?W'E njihe |i 472
at the out put of the nul qsﬁxg?syﬁg. %@Pgéglgdé}ra&% ur ‘%er‘%'llaiﬁn -Sﬁﬁ
provi dese a si gnal dnateghuted icireui,64aid i oustors desigedt digitak logis toiseaitio havinigt hi n

the register 484, to select the input line 472 . so that th gacel |
circuitry test outJBPuts<and SW’H’éd“’g’rF { AE pqrectads Jo igpRyRutRNG: piRs ﬁan‘EGS. f

the nmegagel |l ci rCUiiB{eé'rajcéi circuif $heh SaidiRtcetAdd Eﬁcﬁpfsr(g%%a{t%/hgcﬁ B nbipgalt €5t

h
vector inputs will calise the appropriate pattern of t tor outputs
to appear on the ouiperatiopainmotier which a path is provided fromthe negacell

circuitry 420. Thus, the qutput. n 65 will be indigative of the
funct i or‘n%l ity of the négaaﬁﬁ‘{)“‘i'?‘%cmeg?cﬁuﬂ?ﬁ‘\i%E%V%@‘%B%’l‘{]e%g’(”&?m?ﬂﬁﬂt s are

-

FUnct | ofal ity of ¢ Ao ARt dldhudirated Geic ad hrpor TR aRe ool Bueereied
12 circuit so as to communicate and function in unison with said custom
13 desi gned' digital logic circuitry, satd megacell module havihg test inputs
1o and test outputs which are used to test functionality of said megacell
15 module, said test inputs and test outputs having no connections to
16 iﬁpuﬂoutput pins of said integrated circuit when said integfated circuit is
17 operating in said normal operational mode;

. a JTAG boundary scan data register which stores a test vector
19 : used to test integrity of inputs and outputs of said integrated circuit, said
20 boundar)_? scan data register having outputs;

21 selection circuitry having first inputs which receive said outputs
2 from said custom designed logic circuitry, second inputs which receive
23 said outputs from said boundary scan data register and third inpixts which
2 receive said outputs: from said megacell module, said selection circuitry
28 having outputs, said selection circuitry. having selection inputs which
26 control which of said first inputs, said second inputs and said third inputs
27 are routed to said outputs of said selection circuitry;

28 a -JTAG instruction register which stores instruction bits, selected
29 ones of said instruction bits provided te said selection inputs of said
30 selection circuitry to control which of said first inputs, said second inputs
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provi:si‘cm of additional output pins on the ASIC 400. 20 When

the functionality of the negacell C_i;“ ummllﬁ" Hu t. being tested, the
instruction register 484 is : HeRkppropriate instruction

bits to cause the decoder 450 to select either the normal operation node
or- the JTAG test node. en,the JTAG t.est. node i s.sel ected, this causes the
decoder ¥50 to out p@dég{}e&a‘ét’f“’“w of smg§?1§?féﬂ“ BNEY Ats TPF‘F?élsmff?@ Pryputs
propagat g, the input (ugis ddiribh Micditd, E4i@Thienbmbal cobdleasal sichodd t o

t he out put 472 of the nultiplexer 470. Furthernore, the decoder 450
out puts & sel ect si gpatationar mphie td iselect4®il kst dhpws de aeute 3he outputseof spdt on

the |i 472 (which ts,th | f a.,data .bi it hi the |atch
Hata 1 ootat or 480 vicHSBREaFTERRd 105 Colifrydo g Gisbn bsisall dellofioh Mkt
464 of the nul tipl exel if§PuctBn thidicohRSlleiTN@ PPAGIutdE§ 3arf esBoptirhtidral

provided on the output pin 465 if the output path has integrity. .
|f, on tke other hamabdet ke sél8tiC s4id0sécond oinppisr tot aoute seide outputs fromnsaid, t he

JTAG TAP state control | er 486 . auses the decoder 450 to select the
first infut 462 of DRUSTRR 553 L reBistss 6 Rd paip & SIGTISCIER IRE, ABS 462
is 30 ,, output to ghiRenithidtidRBity conttdIRd TH lalrhdpabAE testiBBdé fiflsel o€ shilitRird 64
Further, the decoder 450 outputs_a |ow signal on the line 452 so
that thestest inputdnpuss thgomegseic ontpaty ofiiseidymegeeellr to prid outpnts i said)

val ues so that the gperation. . of the megacell circuitry 420 is not
af fect ed®by the inpﬁ SR ?ﬁ%m’ﬁ"n%“dﬂ& 425.

a _ a plurality of external pins connected to-said outputs of said
a2 selection circuitry, said outputs from said custom designed logic circuitry
a3 being propagated to said external pins when said integrated circuit is
“ operating in said normal operational mode, said test outputs of said
s megacell module being propagated to said extermal pins when said
a6 selected ones of said instruction register bits are controlled to cause said
.41 integrated circuit to operate in said megacell test mode of operation.

1 2. A system as defined in Claim |, further comprising a switching
2 circuit including first and second inputs and an output, said switching circuit
3 selecting between an input pin connected with said first input of said switching
a circuit or said custom designed digital logic circuitry connected with said second
s input of said switching circuit, said output of said switching circuit being
s connected to said standardized megacell module.

1 3. A system as defined in Claim 2, wherein said switching circuit
2 comprises a multiplexer.

1 4, A system as defined in Claim 1, further comprising an AND gate

2 which has an output connected to test inputs of said standardized megacell

3 module, said test inputs of said megacell module being held either high or low
-2- - ;
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Al t Hough the preferred enbodi ments o invention have been
described in detail above, it wll ”mmuﬁmﬂgﬂhiuﬂ ood to those of
ordinary skill in the art that obvi ous L could be nmade to the
i nvention w thout 35 departing fromits spirit or essential
characteristics. Thus, the f.oregi_oi ng description should be considered as
WO 96/ 41265 during normal testing of said megacell module, so that said test inpats can be

PCT/ US96/ 08576 : .S CLAL MED | S: . 1. A
syétem whf ch prc(?\‘/‘fraggdfbgré/wgﬁgiédﬂ@&mﬂgﬁ%‘#%ﬁ(}eﬁst&%al pi ns on an

' ntegrat EId cireult (g.C) A system as defined in Claim 1, further comprising an OR gate

2 which has an output comnected to test inputs of said standardized megacell
3 module, said test inputs of said megacell module being held either high or low
2 during normal testing of said megacell module, so that said test inputs can be
5 controlled by a single inpiit pin during JTAG testing.

1 6. A method of testing a megécell within an integrated circuit having
2 said megacell ds an embedded component of circuitry within said integrated
3 circuit, said megacell having at least one test output signal having no connection
s external to said integrated circuit during normal 6pera.tion of said integrated
6 circuit, said integrated circuit including logic which communicates signals to and
6 receives signals from said megacell during .said normal operation of said
7 integrated circuit, said integrated circuit having a plurality of signals which are
e provided as inputs to and outputs from said logic via respective pins of said
o integrated circuit during said normal operation of said integrated circuit, said
10 method comprising:

1" : applying a serial instruction to said integrated circuit via a JTAG

12 input pin to place said integrated circuit into a predetermined megacell
13 test mode such that said integrated circuit is no Ionger operating in said
14, normal mode of operation; -

16 selectively disabling at least one of said plurality of output signals
16 from sai(_l logic to a respective first pin .of said integrated circuit;

1 selectively routing said test out;;ut signal from said megacell to
18 said respective first pin of said integrated circuit;

19 _ applying a test input signal to said megacell via a second pin of
2 said integrated circuit to stimulate said megacell to perform a test
21 operation; and ' |
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packdge having JTAG test capability, ' stem conpri si ng:
custom designed digital |ogic ci rcw”liﬁ'mﬂﬂw"mﬂuw "said | C package, said
custom designed digital 5 S ¥8i try having inputs and
out put s; a standardi zed negacel | nodul e -havi ng

i ndependgnt functionalit i1t Nj ajd | C package - .

and incorporated into sa%gﬁ?éé%éagggkésqg&tggpt“(gn'ﬁlo%‘?ﬂh%ﬁ‘g‘t megargll ahsridon i n

uni.son ¢ th said cu-egpwﬁye ﬁIStJ)in of said integra@ﬁsi:i digital logic circuitry,
st n

sai d negacel I nodul e "having t | nput s d test outputs which are used
to test functionality of said-negacell nodule; 10 a

JTAG boundary scan_data regi ster whi ch stor 1 est. vec , est

integrity of inputé A system for testing aé‘?‘ﬁgaﬁegf g‘@f‘“@ﬁﬁﬁ%@i&%&&@ sai d

boundary scan t h Sf.el. - E@do h% , sran? it id integrated
%a.ﬁ@crﬁ?éaa&;l% #a\%’rﬁg |résbt m%rtljtt gfggtr:]%le t‘gl ltnosa:!t(ti 11:l(g§11-sat one of

first sélecti
sai d outputs gheuisaid megacell havin% test inpulsOviiiei e 1ot eomriteied tbeMtezhApignd at
l east one of said test oUtputs of said negacell nodule, said first -

sel ecti en ci rcfisaid yintegragdte cireuitc diririgng narmalrmodes of opdration pfigaid integragedovi di ng
one of said first inputs as an,ouf put 15 .. hased, ypon said
first sélecti \blﬁsl.‘titﬂ ﬁﬂ"(%' }ntc;,’,rc:utegl circuit F:)E'l.l.rl:her meluding mtergqé% &%cs@?@égtpmted

circui tyy haviiRGiSRARRE al phidlis SOGRREE Qﬂiéh?aré Prsvided Bhortal SANA siddaf!

sel ecti on

? to and normal output signals from said interface logic on respective external pins
. of said integrated circuit during said normal operation of said integrated circuit,
s said system comprising:

10 a JTAG input pin, wherein a serial instruction is applied to said
" JTAG input pin which places said integrated circuit info a predetermined
12 megacell test mode;

12 a first pin of said integrated circuit which receives one of said
1 output signals from said interface logic when said integrated circuit is
15 operating in said normal mode of opération;

16 : a selectable electrical path from said first pin to said megacell,
17 wherein a test input signal applied to said first pin when said integrated
18 circuit is in said megacell test mode is communicated to said megacell
19 via said selectable electrical path to thereby stimulate said megacell to
20 perform a test opefati‘on and to generate a test output signal, said
21 selectable electrical path blocked when said integrated circuit is opcraﬁng
2z : in said normal mode of opération; '

23 a second pin of said integrated circuit; and

20 a selection circuit which receives said test output signal from said
25 megacell ahd which receives one of said i)lurality of output signals from
26 said interface logic, said selection circuit providing a selected output
o signal to said second pin of said integrated circuit, said selected output
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L

circuitry and to at |east one of ' ai d custom desi gned
digital logic circuitry, said sec;ﬂummmmgmmmﬂ selection circuitry
further receiving a second sel ect vi di ng one of said second
i nputs as an out put based upon said second sel ection

i nput; 20 tructi ich stores

. . . G.l
i nstructi®n bits, anﬂ%éﬁ‘g}gnsaé%feaﬁ?‘%gﬁ iﬁ%@?weﬂlsf 13{;39& Sireult'1s in s

the JTAG,fap state, @ksemugeds bperﬁi%xﬁﬁﬁaﬂ'l@pﬁaaﬁbnf of Sid 5¢21af fristyBtibr) BH tsafdO
said first selection circuitry and said second sel ection

i nput tossai d second/fenpib pini saidiselegted qptput signal being said one of said g
plurality of exter na+ d}?\'xt e REH & ﬁﬁer?stc %’éz V@{)eﬂtssglld 1];1§ee #ﬁ%ﬁl& ganon

circuitry'so that sa

nmodul e arsg provi ded Qi Hahbhl dédy bRbpdatih. When sai d instruction register
and 25 tap state are set to cause said first and second

sel ection circuisksésy to propagate said negacell nodule test

out puts to sai d*&%¥rnal - pi ns. 2. A system as
defined in Gaim1l, further conprising a switching circuit including first
and second inputs and an output, said switching circuit selecting
between an input pin connected with said first input of said

switching circuit or said customdesigned digital logic circuitry connected
with said second input of said switching 30 circuit, said output of
said switching circuit being connected to said standardi zed negacel |

nodul e.
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e . ‘ : q706l5/-9
goas A system as defi'n i‘n Claim 2, wherein sai dﬁistcm ng mrculf/&o& WM,
'S :

conprises-a nul.ti pI exer. 4, Al tem g8
CGaim1l, further conprisi ng~an AND gat e whi ch has an put d& -
to test i nputCIT said st ke TY QREANEATIONS ai d t es s
sai d negacel | nodul e being held either é or | ow dur| ng nor nal
t est | ANAE @é’?blqA'lﬁQH (HUBLISHED HNDERTHE PATENT GEOPERAHION, BID ed
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(54) Title: METHOD AND APPARATUS FOR TESTING A MEGACELL IN AN ASIC USING JTAG

57 Abstraet

Specially modified JTAG test circuitry is used to provide test mputs and outputs for vendor supplied megacells (420) with buried VOs
within an integrated circuit chip. A multiplexer (460) or similar circuit is used to altcmatxvcly select between a JTAG boundary scan output
ora megacell (420) circuit test output in response to JTAG instructions within an instruction register. Additionally, a multiplexer (440) or
similar circuit is used to altcmatively sclect between an input pin or normal circuitry for input to a megacell's buried input. Furthermore,
an AND (455) or OR (457) gate is used to allow test inputs to'a megacell, which are normaily tied either high or low, to be controtled by
an input pin when in the special JTAG test mode. In this manner, test vectors applied at test inputs to the megacell circuitry result in test
outputs to the megacell circuitry being provided on output pins of the integrated circuit without requiring additional input and/or output
pins that are solely operational as test inputs or outputs to the megacell circuitry.




