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METHOD AND APPARATUS FOR TESTING A MEGACELL IN 

AN ASIC USING nAG 

QACKGROUND OF DfE INVENTION 

5 The present invention relates to inprovements in testing of integrated circuits. Spaclicaly, the invention 

involves a· method and apparatus for testing a megacal within an appRcation specific integrated circuit •A11c• at 

the chip level . 

Description of Related Art 

The increasitg complexity of circuit designs and new
1 
~!~~ed circuit packaging techniques leads to an 

10 ever increasing problem of testing iltegratad circuits and printed circuit boards. Software testing of l1111tal hardware 

is constantly improving, hDWIVll' the complexity of the circuitry makes testing more llffi:ult unless the components 

are designed with testabD"ity in mind. 

One method for testing ~itry which hu 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 inplementation of this standard involves designing cemponants (e.g., integrated circuits) for serial hoindary-scanned 

testing by provicr11g shift-register elements daisy chained to form a path around the pmiphery af en integrated circuit 

component. The idea behind the serial t8(lfng Is to shift serial data irito and through a number of mtagrated circuit 

·components. The serial data is applied to inputs af known circuitry to effect outputs u determined by the circuit 

functions. A master testing circuit ·compares the return data to an expected result fr.a., a result which is dependent 

20 upon the functions of the known circuitry). In other words, the serial data itputs appfied to the circuit being tested 

produces known outputs if the circuit is functioning properly. If the data stream returned to the master testing 

circuit is not as expected, then a malfunction in the circuit is detaCied by the testing circuit. A careful analysis 

funder software controQ of the deviations in the data· stream may isolate any mattunctions 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 

normaDy inaccessible via the output pins supplied on the. IC package. Such internal logic circuitry within the ASIC 

is typicaly vendor-supp&ed as a module having defined inputs and ·outputs, and is commonly referred to as a 

megaceU. In some circuit boards, the test inputs and outputs for the vendor·supp&ed megaceD within the ASIC are 

connected to special pins on the IC package so that the megaceH is accessible for testing purposes by the 

30 manufacturer via external pins on the IC package. However, the extra pins required to test the ceU are typicaUy of 

no ~se during normal implementation and operation of the IC~ Furthermore, the additional test pins sometimes 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 package takes adlfltional printed circuit board real estate and costs are increased 

because a larger die size is generaUy more expensive. 

35 Furthermore, the standard JTAG specification aUows a megacell 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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Under a further aspect, the invention is a method af testing a megaceR within an integrated circuit having 

the megacel as an integral component af circuitry withit the integrated circuit. The megacel has at least ane test 

output signal having no connection external to the integrated circuit during operation of the integrated circuit. The 

integrated circuit has a plurality of signals which.are provided as autputs on respective pins af·the integrated circuit 

6 during the operation of the integrated ciait. The method comprises applying a serial instrucdDn to the integrated 

circuit via a JTAG input pit to place the integrated circuit ilto a predetennined test mode: selectively disabing one 

af the plurality of output signals from a respective fist pin of the integrated circuit; selectively rauting the test 

. output from the megacel to the respective lht pin at the disabled autput signat applying a tast input to the 

megaceR via a second pin of the integrated circuit to stinulate the megacel to perfonn a test operation: and 
{ . ,.,. ., 

10 monitoring the test output of the megaceD at the respective fiist pit of the integrated circuit 

Brief Description at the Drawings 

Figure 1 is a schematic block diagram which lustrates the confaguration of a JTAG test circ!Jit. 

Figure 2 is a schematic block diagram which shows an IC circuit having a megacell with test input/output 

terminals connected to external pins of the IC. 

15 Figure 3 is a state diagram showing the operation of the TAP controUer circuit used to control the JTAG 

20 

test circuit. 

Figure 4 is a schematic block diagram showing an inproved JTAG test circuit which provides a connection 

of an internal megaceft with an external pin. 

Petaled Descriation of the Invention 

F1gure 1 is a schematic block diagram showing an integrated circuit llC) chip 100 configured for testing 

using a JTAG IEEE 1149.1 daisy-chain boundary-scan serial testing system. The exemplary JTAG system shown in 

_Figure 1 comprises a master pattern genaretor/comparator 102 which outputs a datafmstruction signal over a ine 

105, a mode signal over a line 107, and a clock signal over a tine 109. It should be understood that accorcfing to 

conventional terminology, the datalinstiuction signal fine 105 is also referred to as the TOI signal line, the mode 

25 signal line 107 is referred to as the TMS signal fme, and the clock signal fine 109 is referred to as the TCK signal 

· line. The output lines ·105, 107, and 109 of the pattem generator/comparator 102 connect to external input pins 

extending from the IC 100 so that a TAP controUer state machine 110 within the IC 100 receives the signals via 

the lines 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 register 120 

via a serial instructions line 122 and a clock enable line 124. It should be noted here that, typicaly, the TOI line 

105, the serial data fine t17, and the serial instructions fine 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 register 120 connects in paraDel with a latched instruction register 140. Each of the bit storage locations 

within the latched data register 130 connects to a first input of a multiplexer within the IC 100. For example, as 



.. ~ ,,. 

W09614I205 PCl'/US96!08576 

the multiplexer 145 shown in Figure 1) receives a JTAG iaput which is connected to the latched data register 130. 

Thus. for example, the multiplexer 145 is enabled by the decoder 150 via the line 152 to select the input 147 

connecting to a storage location within the register 130. Thus. the output 185 of the muJtiplexer 145 is forced to 

the bit value stared within the register 130. In lhis 111111118r, the oUCput connections of the IC 100 over the Una 185 

· 5 may be tested for defects. Far example, if the storage location cannected to the multiplexer f45 via the lini 147 

contains a high voltage level bit rLe., 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 d'igita) 1. If this output pin does not generate 

a d'rgital 1, then the test ci'Cflitry to which the IC 100 Is cannected wl register an errar so that the IC 100 may 

be designated as defective. This teat is perfonned far each ~ ~ .. ~uts and· outputs designated by the decoder 

1 O 150 in response to the instructions loaded by the pattern generatorfcomparator 102. 

Of course, although not depicted in figure 1, it wll be understood that multqlle ICs may Ila connected in 

series in a daisy-chain configuration so that the pattern generatorlcomparatar 102 can shift in data end instructions 

for multiple ICs at one tine. Thus, the IC 100 includes a multiplexer 170 which selectively shifts out the data 

passing through the regi~er 115 or the instructions passing through the register 120 via the lines 172 er 174 under 

15 the control of the TAP controller state machine 110. Finally, the data autput tram the last IC is transfened back 

to the pattern generatorlcomparator 102 via the serial i8tum Ina 175. 

Figure 2 is a schematic block d'ragram which depicts an IC 200 inclulmg a vendor-suppled megacell 210 

in addition to normal ittegrated circuitry 220. The megacel 210 operates as a functiQnal unit within the· le 200 

which receives inputs from and provides inputs to the normal circuitry 220 via Ines 225. 

20 The vendor-suppied megaceU 210 is distinguished from the nonnal circuitry 220 in that the vendor-supp6ed 

megacell 210 bas a standardized structure and function provided by the vendor, while the normal circuitry is custom 

designed by an ASIC designer. Thus, the megaceU module has an independent functionafity fLe., the megacel could 

be used to perform the same function iia a variety of d'lfferent surrounlflRg circuit configurations so that. this 

functionality is substantially independent from the other cicuitry within the IC 200). Furthermore, a separate set 

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

the megacell 210. . 

Thus, for example, an ASIC designer uses standard functionil logic blocks such as UARTS, phase locked 

loops, etc., as a part of the ASIC design. An ASIC vendor suppfies structure for these standard functional 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 typicaUy supplies test vectors which are used by the chip foundry during 

the manufacturing process to test the megaceft within the ASIC. Typicafty, the ASIC can be tested as an entire unit, 

but if malfunctions are discovered in the entire unit, it wit be diffacult to determine if the malfunctions are due to 

custom circuitry whose structure is provided by the ASIC designer or due to the cell vendor-suppfied megacell 

circuitry. For this reason, the megacells are tested independently usitg the test vectors provided by the ceD vendor. 

35 Additionally, the ASIC designer need not expend the effort to exhaustively test the magacell since this testing will 

be done via the vendor supplied tests. 
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the lne 117. The TAP controller 110 continues in the shift data register state 320 as long as TMS is held low. 

nus, as many data bits as are necessary to load the prespecif11d test vectors into the shift registers 115 are 

shifted into the register 115 while TMS is held low in the state 320. 

When the TAP controler 110 is in the shift data register state ·320 and a rising edgi is applied ta TCK 

5 whle TMS is held high. then the TAP controUer state machine 110 enters the exit data register state 325. The 

exit data register state 325 is a temporary controller state,; If TMS is held high, a rising edge appiecl to TCK causes 

the TAP controlar 110 to enter an update data regists state 340, while if TMS is held low while the rising edge 

is applad to TCK then the TAP controler 110 enters a pause data register state 330. The pause data nglster state 

330 aUows the shifting of the test data register 316 to be tmnpararly halted. .Tha TAP cantraler 110 remains in · 
I . • . .(,. ., 

10 pause data register state 330 whle TMS is held law. Whan TMS is hild high and a rising edge is applied to TCK, 

then the TAP controller state machine 110 enters an exit 2 data register state 336 which is also a temporary 

controler state. If a rising edge is applied to TCK whBe TMS is held low, then the TAP controler state machine 

110 returns ta the shift data register state 320. However, if TMS is held high whle a rising edge is applied to 

TCK, then the TAP centraler state machine 110 transitions from the exit 2 data ngister state 335 to the update 

15 data register state 340. As shown in Figure 1, the shift data register 115 Includes a latched parallel output to 

prevent changes to the data in the data register 130 while data is shifted it th8 ~tad shift register path 115 

in response to certain instructions with the itstrucdan register 140. Thus, in die update data register state 340, 

data is latched from the shift register 115 onto the parallel output of the shift register 116 an the fal&ng edge of 

TCK. Thus, this data is stored within the latched data register 130 so that the data within the register 130 does 

20 not change other than in the update data register state unless operation during the execution of a self-test is requirid 

(e.g., during the idle state in response to 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 whle the TAP controUer 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, t~ TAP Controler 110 enters the select data 

25 register 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 machine 110 is in 
. • r • • 

the select data register state 305, then the TAP controfter 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. If the JTAG test circuitry does not include a paralel-loaded 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 wh~e 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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in the test logic reset state 342 while TMS is held high. By holding TMS low during a rising edge on TCK, the TAP 

controller state machine 110 wil enter the idle state 300. 

Figure 4 is a schematic block d"11gram which shows an exemplary internal JTAG test circuit within an IC 

400. For simpficity of Ulustration of the prannt invention, the TAP state controler 110, the data and instruction 

. 5 shift registers 115, 120, and other associated JTAB ci'cuitry are not shown in Figure 4. However, it wUI be 

understood by those of ordinary ski in the art that the IC 400 inclldes the aforementioned JTAG circuitry having 

substantially the same aperadin as described above. The IC 400 may, for uample, comprise an application-specific 

integrated circuit (ASIC) which includes custam-digital circuitry designed lly an ASIC dasigaw (represented in figure 

4 as normal circuitry 410} and a vendor-suppled structure for a magacel which the ASIC designer incorporates into 
I '·"" ., 

10 the custom ASIC (represented u the megacel· circuitry 420 in 'r111ura 4). The normal-ci'cuitry 410 communicates 

via input and output Ines 422 with the megaceD circuitry ·420. ·for · uample, · the magaceD circuitry -420 may 

comprise a standard arithmetic logic unit,. microprocessor, or other circuitry which has a standard design and can 

be inplemanted as an independent module within the ASIC 400. 

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

15 Of course, it will be understood that typicaly the normal circuitry 410 wl receive on the ord• af daiens, or even 

hundreds af inputs but for purposes of clarity in llustrating the present ilvention, only the ilput terminals 423, 425 

are shown to connect ta the nonnal circuitry 410. In addition to outputting signals to the megacal circuitry 420 

via the fines 422, the normal circuJtry 410 may also output certain signals to the megaceD circuitry 420 via a line 

437 which connects tci a first ilput of a 2·to· 1 multiplexer 440. The multiplexer 440 further receives an ilput signal 

20 from an external pin 445 via a second input 447. The output of the multiplexer 440 is provided to an ilput of the 

megacell 420 via a rme 449 as shown in Figure 4. 

The multiplexer 440 receives a select input from a decoder 450 via a line 452. The magaceD circuitry 420 

further receives test inputs from an AND.gate 455 and an OR.gate 457. Of course, it should be understood, that 

the megaceU circuitry 420 will typicaUy include several test inputs, but the AND.gate 455 and the OR.gate 457 are 

25 shown to provide two exemplary test inputs to the megaceD circuitry 420. The AND-gate 455 receives a first input 

via the fine 452 and a second input via the rme 433 from the input pin 423. Furthermore, the OR-gate 457 receives 

a first inverting input via the fine 452 and a second input via the fine · 435 from the input pin 425. Although not 

shown in figure 4, pin input and output buffers are assumed to be 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 rme 462. Again, 

30 it should be understood, that the normal circuitry 410 wiU typicaHy 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 af the 2·to· 1 multiplexer 460 

would connect directly to a latch boundary scan data register so that the JT AG 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-to· 1 multiplexer 460. However, in accordance with the present invention, the second input of the 
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outputs of the ANO-gate 455 and the OR-gate 457 are set to low and high, respectively, so as to prevent the test 

inputs to the megacel circuitry 420 from changing during nonnal operation. When the standard test vector ilputs 

appfied at the input tannin* 423, 425 are propagated through to the test inputs of the megaceD circuitry 420, the 

megacel circuitry 420 outputs signals in response to the test vector inputs over multiple output fines. In the example 

5 of Fagure 4, only the output line 474 is shown for ease of llustration; however, it will be underllood that a plurality 

of output lines wm be provided ta a plurality of 2·to-1 multiplexers (such as the multiplexer 470) in order to fuUy 

test the functional characteristics of the megacel circuitry 420. 

The signal output by_ the megacel circuitry 420 ii response to the test vector inputs is provided as the fnt 

input to the multiplexer 470 over the Ina 474. The latched instruction register 484, when in the megaceD test 
I •0'1.-, 

10 mode, further contains instruction bits which cause the decoder 450 to assert the select signal on the lne 478 to 

select the megacell test output on the Ina 474. Thus, the output of the megacel circuitry 420 in response to the 

test vector inputs is provided on the &ne 472 at the output of the multiplexer 470. The decoder 450 further 

provides a signal on the &ne 464, in response to the instructions within the register 484, to select the input 1118 472 

so that the megaceU circuitry test output is provided on the line 464 to the output pin 465. If the megaceU circuitry 

15 420 is functioning correctly, then the test vector inputs will cause the appropriate pattern of test vector outputs 

to appear on the output pins for which a path is provided from the megaceU circuitry 420. Thus, the output pil 

465 wl be ind'acative of the functionality of the megacal 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 functionarity 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 nonnal 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 &nes 478 to propagate the input over the line 476 from the latch data register 480 to the output 

472 of the multiplexer 470. Furthermore, the decoder 450 outputs a select signal over the fine 466 which causes 

25 the input on the rme 472 (which represents the value of a data bit within the latch data register 480 via the &ne 

476) to_ be propagated on the output 464 of the multiplexer 460 so that the JTAG boundary scan dat!I bit is. 

provided on the output pin 465 if the output path has integrity. 

If, on the other hand, the ASIC 400 is to operate in 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 mul~iplexer 460 and the &ne 464. Further, the decoder 450 outputs a low signal on 

the fine 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 will 

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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1. A system which provides for a reduced number of external pins on an integrated circuit (ICt 

package having JTAG test capability, said system comprising: 

custom designed digital logic circuitry formed within said IC package, said custom designed digital 

logic circuitry having itputs and outputs; 

a standardized magaceD module having independent functionally formed within said IC package 

and incorporated into said IC package ao u to communicate and function in unison with said custom 

designed lfagital logic circuitry, said magacel module having test inputs and test outputs which are used 

to test functiona&ty of said magaceU module; 
~ ~ ,,. ., 

a JTAG boundary scan data register which stores a·test 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 nrodule, said first 

selection circuitry further receiving a first selection input and providing one of said f11st inputs as an output 

based upon said farst selection input 

second selection circuitry having second inputs connected to sa~d output of said first selection 

circuitry and to at least one of said outputs of said custom designed d"rgital 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 selection input; 

a JTAG instruction register which stores instruction bits, and wherein said instruction bits and 

the JT AG 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 outputs of said megacell module are provided on said external pins when said instruction register and 

tap state are set to cause said first and second selection circuitry to propagate said megacell module test 

.outputs to said external pins. 

2. A system as defined in Claim 1, further comprising 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 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 megaceU module. 

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 megaceU module, said test inputs of said megacell module being held either high 

or low during normal testing of said megaceJI module, so that said test inputs can be controHed by a single input 

35 pin during JTAG testing. 


