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CHANGING SCAN CELL OUTPUT SIGNAL 
STATES WITH A CLOCK SIGNAL 

RELATED APPLICATIONS 

[0001] This Application is related to co-pending Applica 
tion for US. Pat. Ser. No. , ?led , entitled 

“Testing Buffer/Register”, incorporated herein by reference. 

[0002] This Application is related to co-pending Applica 
tion for US. Pat. Ser. No. , ?led , entitled 
“Enhanced Test Circuit”, incorporated herein by reference. 

TECHNICAL FIELD OF THE INVENTION 

[0003] This invention relates in general to integrated cir 
cuits, and more particularly to a test cell used in an inte 
grated circuit for providing a boundary scan test structure. 

BACKGROUND OF THE INVENTION 

[0004] Due to advances in the ?elds of board interconnect 
technology, surface mount packaging and IC density, board 
level testability is becoming increasingly complex. The 
combination of advanced board interconnect technology, 
such as buried Wire interconnects and double-sided boards, 
along With surface mount packaging creates problems for 
in-circuit testing of the boards. In-circuit testing, the most 
common board level testing method, depends upon the 
ability to physically probe the nodes of a circuit board. As 
board density (the number of ICs on a board) increases, the 
process of probing the board using traditional techniques 
becomes more dif?cult, due to the lack of physical access. 

[0005] As the IC density (amount of logic on a chip) 
increases, the number of test patterns required for proper 
testing likeWise increases. In-circuit testing relies on back 
driving techniques to force input conditions to test a par 
ticular IC in a circuit. When such test is being applied to one 
IC on a board, neighboring ICs, Whose output buffers are 
tied to the same nodes, may be damaged. The chance of 
damaging a neighboring IC increases With the length of time 
it takes to perform a test, Which is directly related to the 
number of test patterns applied, and therefore, related to the 
IC density. 

[0006] Therefore, a need has arisen in the industry to 
provide a test structure Which provides access to particular 
ICs on a board, and alloWs testing of particular ICs Without 
risk of damage to neighboring ICs. 

SUMMARY OF THE INVENTION 

[0007] In accordance With the present invention, a bound 
ary scan test system is provided Which substantially elimi 
nates the disadvantages and problems associated With prior 
testing systems. 

[0008] The boundary scan test system of the present 
invention comprises a ?rst multiplexer connecting a plural 
ity of inputs to a ?rst memory, responsive to control signals 
provided by a control bus. The output of the ?rst memory is 
connected to a second memory. The output of the second 
memory is connected to an input to a second multiplexer 
along With one or more other inputs. The second multiplexer 
is controlled by another control signal on the control bus. 
The output of the ?rst memory and the output of second 
memory are connected to the ?rst multiplexer as inputs. 

Oct. 7, 2004 

[0009] The present invention provides a variety of func 
tions for testing purposes. The test cell is operable to both 
reserve data inputs and control data outputs to and from the 
cell. The test cell may operate in tWo modes: “normal” mode 
and “testing” mode. In normal mode, the test cell provides 
a data path through Which inputs and outputs may propagate 
freely through the test cell. While in the normal mode, the 
test cell can also load and shift test data, remain in an idle 
state, or toggle test data Without disturbing the normal 
operation of the integrated circuit. Further, While in normal 
mode, a predetermined test data bit may be inserted into the 
data stream. Also, the test cell may perform a self-test While 
in the normal mode to insure correct operation of the test 
cell. 

[0010] In the test mode, the test cell inhibits the normal 
How of data through the test cell. Normally, the test cells in 
the integrated circuit Will have been prepared to output an 
initial test pattern. While in the test mode, the test cell may 
perform Idle, Load, Shift, and Toggle operations. 

[0011] The present invention provides signi?cant advan 
tages over the prior art. First, the test cell of the present 
invention may be used to perform internal and external 
boundary testing simultaneously, in order to reduce overall 
test time. Second, the test cells are capable of sampling or 
inserting data at the boundary during normal operation of the 
host integrated circuit. Third, the test cell is synchronous in 
operation With a free running test clock. Fourth, the present 
invention provides a method of toggling an IC’s output 
buffers, independent of the IC’s application logic, in order to 
achieve parametric measures and to facilitate boundary test. 
Fifth, the test cell provides self-testing capabilities. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] For a more complete understanding of the present 
invention and the advantages thereof, reference is noW made 
to the folloWing descriptions taken in conjunction With the 
accompanying draWings, in Which: 

[0013] FIG. 1 illustrates circuit diagram of an integrated 
circuit having test cells disposed at the boundary of the 
internal application logic; 

[0014] FIG. 2 illustrates a circuit diagram of a preferred 
embodiment of the test cell of the FIG. 1; 

[0015] FIG. 3 illustrates a circuit diagram interconnec 
tions betWeen test cells on an integrated circuit; 

[0016] FIG. 4a illustrates a circuit diagram of a preferred 
embodiment of a bidirectional test cell; 

[0017] FIG. 4b illustrates a diagram of the bidirectional 
test cell of FIG. 4a as disposed Within an integrated circuit; 
and 

[0018] FIG. 5 illustrates an implementation of the test cell 
of the present invention. 

[0019] FIG. 6 illustrates a test circuit comprising a base 
test cell With compare logic circuitry; 

[0020] FIG. 7 illustrates a test circuit comprising a base 
test cell With PRPG/PSA logic circuitry; 

[0021] FIG. 8 illustrates a test circuit comprising a base 
test cell With PRPG/PSA logic circuitry and programmable 
polynomial tap logic circuitry; 
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[0022] FIGS. 9a-b illustrate interconnections betWeen test 
circuits having programmable polynomial tap logic cir 
cuitry; 
[0023] FIG. 10 illustrates a bidirection test cell having 
PRPG/PSA test circuitry; 

[0024] FIG. 11 illustrates a bidirectional test cell having 
PRPG/PSA test circuitry and programmable polynomial tap 
circuitry; 
[0025] FIG. 12 illustrates a circuit using test devices to 
observe inputs and control outputs to and from standard 
combinational logic; 

[0026] FIG. 13 illustrates a circuit diagram of a preferred 
embodiment of a test device of FIG. 12; 

[0027] FIG. 14 illustrates a circuit diagram of a test device 
performing PSA operations; and 

[0028] FIG. 15 illustrates a circuit diagram of a test device 
performing simultaneous PSA and PRPG operations. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0029] The preferred embodiment of the present invention 
is best understood by referring to FIGS. 1-5 of the draWings, 
like numerals being used for like and corresponding parts of 
the various draWings. 

[0030] FIG. 1 illustrates a block diagram of an integrated 
circuit (IC) 10 having test cells 12a-h disposed about its 
boundary to control and observe data How through the 
application logic 14 of the IC 10. The integrated circuit 10 
comprises a plurality of pins 16 Which provide an electrical 
connection betWeen the integrated circuit 10 and other 
integrated circuits. For purposes of illustration, the inte 
grated circuit 10 is shoWn With four pins receiving input 
signals, IN1, IN2, IN3 and IN4, and four pins providing 
output signals, OUT1, OUT2, OUT3 and OUT4. Other 
signals to the chip include a serial data input (SDI), a control 
bus 17, and a serial data output (SDO). The input signals 
IN1-IN4 are connected to input buffers 18 Which output to 
respective test cells 12a-a'. Each test cell 12a-h has its oWn 
serial data input and serial data output, enumerated SDI 1-8 
and SDO 1-8. In the illustrated con?guration, the SDI input 
to the IC 10 is connected to SDI 1 of test cell 12a; the SDI 
inputs of subsequent cells 12b-h receive the SDO of the 
previous cell. Hence, SDO1 is connected to SDI2, SDO2 is 
connected to SDI3, and so on. SDO8 is connected to the 
SDO pin of the IC 10. The control bus 17 is connected in 
parallel to each of the test cells 12a-f. 

[0031] Each test cell includes a data input (DIN) and a data 
output (DOUT). For the input test cells 12a-a', DIN is 
connected to the output of respective buffers 18 and DOUT 
is connected to the inputs of the application logic 14. The 
inputs of the application logic 14 are enumerated IN1‘-IN4‘, 
corresponding to the inputs IN1-IN4. IN1‘-IN4‘ Would be the 
inputs to the chip Were not the test structure provided. 

[0032] The output from the application logic 14 are ref 
erenced as OUT1‘, OUT2‘, OUT3‘ and OUT4‘. The outputs 
of the application logic OUT1‘-OUT4‘ are connected to the 
data inputs (DINs) of the output test cells 12e-h. The data 
outputs (DOUTs) of the output test cells 12e-h are connected 
to output buffers 20 corresponding to OUT signals OUT1 
OUT4. 
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[0033] The test cells 12a-h provide the basis for a great 
deal of test functionality Within the integrated circuit 10. The 
SDI enters the IC 10 through test cell 12a and may propagate 
to each subsequent cell 12b-h, eventually being output from 
test cell 12h through SDO8. The serial data path is used to 
shift data into and out of each of the test cells 12a-h. 

[0034] The control bus provides signals for operating each 
of the test cells 12a-h during testing, and is described in 
more detail in connection With FIGS. 2-3. When placed in 
a test mode, the test cells 12a-h inhibit the normal How of 
data into and out of the IC 10. In the test mode, each test cell 
12a-h controls the logic node attached to its output and 
observes the logic node attached to its input. For example, 
in FIG. 1, the test cells 12a-d attached to the four inputs 
IN1-IN4, can observe the logic levels on the IN1-IN4 inputs 
and control the logic levels on the IN1‘-IN4‘ outputs. Simi 
larly, the test cells 12e-h, connected to the four outputs can 
observe the logic levels on the OUT1‘-OUT4‘ inputs and 
control the logic levels on the OUT1-OUT4 outputs. 

[0035] In FIG. 2, a detailed block diagram of an indi 
vidual test cell 12 is provided. The test cell 12 has three data 
inputs: data in (DIN), observability data in (ODI), and serial 
data in (SDI). TWo data outputs are provided: data out 
(DOUT) and serial data out (SDO). The control bus 17 
comprises ?ve signals, data input multiplexer selects, A and 
B, a register clock signal (CLK), a latch enable (HOLD), and 
a data output multiplexer select (DMX). 

[0036] A ?rst multiplexer 22 receives the ODI and SDI 
signals, along With the output of a D-type ?ip-?op 24 and the 
inverted output of a D-type latch 26. The output of the 
multiplexer 22 is connected to the input of the ?ip-?op 24. 
The CLK signal is connected to the ?ip-?op clock input. The 
output of the ?ip-?op 24 is connected to the input of the latch 
26 and also provides the SDO signal. The output of the latch 
26 is connected to the input of a second multiplexer 28 along 
With the DIN signal. The HOLD signal is connected to the 
latch enable. The output of the multiplexer 28 provides the 
DOUT signal. The multiplexer 28 is enabled by the DMX 
signal. 

[0037] In operation, the 4:1 multiplexer 22 alloWs the 
input to the ?ip-?op 24 to be selected from one of four 
possible sources: ODI, SDI, the output of the ?ip-?op 24 or 
the inverted output of the latch 26. The latch 26 can be 
controlled to propagate the output of the ?ip-?op 24 or to 
hold its present state, depending upon the logic level applied 
by the HOLD input. The 2:1 multiplexer 28 alloWs the 
DOUT output to be driven by either the DIN input or the 
output of the latch 26, depending upon the logic level 
applied by the DMX input. The combination of the 4:1 
multiplexer 22, ?ip-?op 24, latch 26 and 2:1 multiplexer 
alloWs the test cell 12 to operate in four synchronous modes: 
load, shift, toggle and idle. 

[0038] In load mode, the test cell 12 clocks the logic state 
of the ODI input into the D ?ip-?op 24 through the multi 
plexer 22. The ODI input is coupled to a signal that is to be 
observed during tests and, in most cases, the ODI input Will 
be attached to the same boundary signal that is connected to 
the test cell’s DIN input. HoWever, the ODI can be con 
nected to other signals as Well. To cause a load operation to 
occur, the A and B inputs are set to predetermined levels, 
alloWing the ODI input to be connected to the ?ip-?op 24 via 
the 4:1 multiplexer 22. Normally, the HOLD input to the 
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latch 26 is loW, forcing the latch output to remain in its 
present state during a load operation. 

[0039] In shift mode, the test cell clocks the logic state of 
the SDI input into the ?ip-?op 24 and outputs this logic state 
via the SDO output. The shift mode allows the test cells 12 
in the boundary scan path to be interconnected together so 
that serial data can be shifted into and out of the boundary 
scan path. In a boundary scan con?guration, the SDI input 
of the test cell is coupled to a preceding test cell’s SDO 
output, as shoWn in FIG. 1. To cause the shift operation to 
occur, the A and B inputs are set to predetermined levels, 
alloWing the SDI input to be connected to the ?ip-?op 24 via 
the 4:1 rnultipleXer. Normally, the HOLD input to the latch 
26 is kept loW, forcing the latch output to remain in its 
present state during the shift operation. 

[0040] In toggle mode, the output of the ?ip-?op 24 
toggles betWeen tWo logic states at the rate of the CLK input, 
regardless of the condition of the SDI or ODI inputs. In this 
con?guration, the HOLD input is set to a high logic level to 
enable the latch 26 and the A and B inputs are set such that 
the inverted output of the latch 26 is propagated to the 
?ip-?op 24. With the control input set in this manner, a 
feedback path is formed from the output of the ?ip-?op 24 
to the input of the latch 26 and from the inverted output of 
latch 26 to the input of the ?ip-?op 24. Because of the data 
inversion at the inverted output of the latch 26, the opposite 
logic state is clocked into the ?ip-?op 24 on each CLK input, 
creating the toggle effect. 

[0041] In idle mode, the test cell remains in present state 
While the CLK is active, regardless of the condition of the 
SDI or ODI inputs. In this con?guration, the output of the 
?ip-?op 24 is passed through the 4:1 multiplexer 22; hence, 
the input of the ?ip-?op 24 is connected to its output, 
alloWing the present state of the ?ip-?op 24 to be refreshed 
on every clock input. 

[0042] The test cell 12 can be in either “normal” mode or 
“testing” mode. In normal mode, the test cell 12 provides the 
data path through Which the inputs (IN1-IN4) and output 
(OUT1-OUT4) propagate freely. The normal mode is 
achieved by setting the DMX signal such that the DIN signal 
passes through the multiplexer 28 to DOUT. While in the 
normal mode, the test cell 12 can operate in any of the four 
synchronous rnodes (load, shift, idle or toggle) Without 
disturbing the normal operation of the IC 10. 

[0043] A control signal can be issued via the A and B 
inputs to cause the test cell 12 to eXecute a load operation. 
The load operation causes the test cell 12 to capture the logic 
level present on the ODI input. Once the data has been 
captured, it can be shifted out of the test cell 12 by 
performing a shift operation. The load operation occurs 
synchronous With the CLK input. FolloWing the shift opera 
tion, the test cell 12 typically returns to the idle mode. This 
capability alloWs the test cell 12 to sample an IC’s input 
and/or output boundary signals and shift the sample data out 
for inspection during normal operation of the IC. The ability 
to sample boundary data during normal operations alloWs 
the test cell 12 to verify the functional interactions of 
multiple ICs on a circuit board Without having to use 
expensive test equipment and eXternal test probes. 

[0044] Also While in normal mode, control can be issued 
via the DMX input to cause the test cell 12 to insert a 
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predeterrnined test data bit into the normal input/output 
boundary path of the IC. The test data bit to be inserted is 
shifted into the ?ip-?op 24 via a shift operation. The HOLD 
input to the latch 26 is set high to alloW the test data in the 
?ip-?op to pass through the latch and input to the 2:1 
multiplexer 28. To insert the test data, the DMX input is set 
to a level causing the multiplexer to propagate the test data 
from the output of the latch 26 to the DOUT output. After the 
test data has been inserted, the DMX input is sWitched to 
cause the 2:1 multiplexer 28 to propagate norrnal data from 
DIN to DOUT. 

[0045] The ability to insert test data during normal opera 
tions alloWs the test cells to modify the normal behavior of 
one or more ICs in a circuit. One particular usage of the 
insert capability is to propagate a fault into the input and/or 
output boundary of one or more ICs of a circuit board to see 
if the fault can be detected and corrected. In order to perform 
the sample and insert test functions during normal operation, 
the test cell 12 must receive control via the control bus 17 
at a quali?ed point in time. 

[0046] The test cell 12 can also perform a self-test While 
in the normal mode Without disturbing the normal operation 
of the IC 10. Ashift operation may be performed to initialiZe 
the ?ip-?op 24 to a knoWn state. FolloWing the shift opera 
tion, control is issued to cause the test cell 12 to enter the 
toggle mode for one CLK transition. During this transition, 
the ?ip-?op is loaded With the inverse of its state. FolloWing 
this inversion of data, another shift operation is performed to 
retrieve the contents of the ?ip-?op 24 and verify the 
inversion operation. This test veri?es the combined opera 
tion of each of the test cell’s ?ip-?op 24, 4: 1 multiplexer 22, 
and latch 26, along With the integrity of the overall boundary 
scan path. 

[0047] In the test mode, the test cell 12 inhibits the normal 
How of data from the DIN input to the DOUT output. The 
test mode is entered by setting the DMX input to a level such 
that the output of the latch 26 is connected to the DOUT 
output. Norrnally, prior to entering the test mode, the test cell 
12 Will have been prepared to output an initial test pattern, 
via a shift pattern. Also, the test cell 12 Will usually be in an 
idle state and the HOLD input to the D latch Will be set loW, 
such that its present output is maintained. 

[0048] While in the test mode, a load operation may be 
eXecuted, causing the test cell 12 to capture the logic level 
present on the ODI input. The load operation occurs syn 
chronous With the CLK input. During a load operation, the 
HOLD input is set loW, such that the D latch remains in its 
present state. LikeWise, the DOUT output remains in its 
present state, since it is driven by the latch output. 

[0049] FolloWing the load operation, a shift operation is 
performed, causing the test cell 12 to shift data through the 
?ip-?op 24 from the SDI input to the SDO output. The shift 
operation alloWs the test cell to shift out the data captured 
during a previous load operation and shift in the neXt output 
test data to apply to the DOUT output. The shift operation 
occurs synchronous With the CLK input. During a shift 
operation, the HOLD input is held loW, such that the output 
of the latch 26 remains in its present state. LikeWise, the 
DOUT output remains in its present state, since it is driven 
by the latch output. 

[0050] FolloWing the load and shift operation sequence, 
the test cell 12 returns to the idle mode and the HOLD input 
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Will be set high, such that the latch 26 is updated With the 
neW output test data residing in the ?ip-?op 24. When the 
latch 26 is updated, the neW output test data is applied to the 
DOUT output. Following the update operation, the HOLD 
input is set loW such that the latch 26 remains in its present 
state during subsequent load and shift operations. 

[0051] The HOLD, load, shift, and update/apply sequence 
is repeated during boundary scan testing of the internal and 
external logic elements attached to the ICs test circuitry. By 
providing separate memory elements for output test control 
(i.e., latch 26) and input test observation and shifting (i.e., 
?ip-?op 24), the test cell 12 can test the internal logic of an 
IC 10 and the external logic and/or Wiring interconnects 
attached to the IC’s boundary simultaneously. This feature 
reduces test time signi?cantly. 

[0052] While in the test mode, the test cell 12 can perform 
a toggle operation. Since the output of the latch 26 is coupled 
to the DOUT output during test mode, the DOUT output can 
be made to toggle at the rate of the CLK input When the 
toggle operation is performed. The advantage of using a D 
latch instead of a second D ?ip-?op is that the D latch can 
be made to propagate the Q output of the D ?ip-?op by 
setting the HOLD input high. The toggle mode can be used 
as a simple test pattern generator or for measuring param 
eters of the output buffers 20 of the IC 10. 

[0053] FIG. 3 illustrates a simpli?ed vieW of an IC design 
having one input (IN), one output (OUT), an application 
logic section 14, and a boundary scan path consisting of tWo 
test cells 12i and 12j. The input to the application logic 14 
is connected to the output of the 2:1 multiplexer 28 of test 
cell 12i, and is denoted as IN‘. The output of the application 
logic is denoted as OUT‘ and is connected to the DIN and 
ODI signals of the test cell 12j. 

[0054] The IN input enters the DIN input of the input test 
cell 12i, passes through the 2: 1 multiplexer 28, and is output 
to the application logic 14 from the input test cells DOUT 
output, via IN‘. LikeWise, the application logic output, OUT‘, 
enters the DIN input of the output test cell 12j, passes 
through its 2:1 multiplexer 28, and is output from the IC 
from the output test cell DOUT output, via OUT. The ODI 
input of the input test cell 12i is attached to the ICs input 
(IN) and the ODI input of the output test cell 12j is attached 
to the application logic output (OUT‘). The SDI input of the 
IC is coupled to the input test cell’s SDI input and the IC 
serial data output (SDO) is coupled to the output test cell 
SDO output. A serial data path exists betWeen the SDO of 
the input test cell 12i output and the SDI input of the output 
test cell 12 j, creating an internal connection betWeen the test 
cells for shifting data. The control bus signals (A, B, CLK, 
HOLD, and DMX) are connected to both test cells 121 and 
12j, alloWing both to operate together in a synchronous 
manner. 

[0055] In the normal mode, data flows into the application 
logic 14 from the IN to the IN‘ via the test cell 12i, and flows 
from the application logic from OUT‘ to OUT via the output 
test cell 12j. The folloWing examples describe the sequence 
of control signals issued via the control bus 17 to cause the 
test cells 12i and 12j to perform a sample and an insert test 
operation at the boundary of the IC in FIG. 3 during normal 
operation. 
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Sample Operations Sequence 
[0056] 1) Initially both test cells are in Normal Mode 

and Idle Mode 

[0057] Control Bus: DMX=0, BA=11, HOLD=0, 
CLK=Active 

[0058] (Where BA equals the select control signals 
issued to the 4:1 multiplexor 22) 

[0059] Application Logic’s IN‘ input is driven by 
the IC’s IN input 

[0060] IC’s OUT output is driven by the Applica 
tion Logic’s OUT‘ output 

[0061] Both test cells’ D latches remain in their 
present state 

[0062] Both test cells’ D ?ip-?ops remain in their 
present state 

[0063] 2) Enter Load Mode for one CLK to capture 
input and output boundary data 

[0064] Control Bus: DMX=0, BA=01, HOLD=0, 
CLK=Active 

[0065] Application Logic’s IN‘ input is driven by 
the IC’s IN input 

[0066] IC’s OUT output is driven by the Applica 
tion Logic’s OUT‘ output 

[0067] Both test cells’ D latches remains in their 
present state 

[0068] Both test cells’ D ?ip-?ops clock in the 
logic level on their ODI input 

[0069] 3) Enter Shift Mode for tWo CLKs to shift out 
captured data 

[0070] Control Bus: DMX=0, BA=00, HOLD=0, 
CLK=Active 

[0071] Application Logic’s IN‘ input is driven by 
the IC’s IN input 

[0072] IC’s OUT output is driven by the Applica 
tion Logic’s OUT‘ output 

[0073] Both test cells’ D latches remains in their 
present state 

[0074] Both test cells’ D ?ip-?ops clock in the 
logic level on their SDI input 

[0075] 4) Enter Idle mode, test complete 

[0076] Control Bus: DMX=0, BA=11, HOLD=0, 
CLK=Active 

[0077] Application Logic’s IN‘ input is driven by 
the IC’s IN input 

[0078] IC’s OUT output is driven by the Applica 
tion Logic’s OUT‘ output 

[0079] Both test cells’ D latches remains in their 
present state 

[0080] Both test cells’ D ?ip-?ops remain in their 
present state 
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Test Data Insert Operation Sequence 

[0081] 1) Initially both test cells are in Normal Mode 
and Idle Mode 

[0082] Control Bus: DMX=0, BA=11, HOLD=0, 
CLK=Active 

[0083] Application Logic’s IN‘ input is driven by 
the IC’s IN input 

[0084] IC’s OUT output is driven by the Applica 
tion Logic’s OUT‘ output 

[0085] Both test cells’ D latches remain in their 
present state 

[0086] Both test cells’ D ?ip-?ops remain in their 
present state 

[0087] 2) Enter Shift Mode for tWo CLKs to load test 
data to insert 

[0088] Control Bus: DMX=0, BA=00, HOLD=0, 
CLK=Active 

[0089] Application Logic’s IN‘ input is driven by 
the IC’s IN inout 

[0090] IC’s OUT output is driven by the Applica 
tion Logic’s OUT‘ output 

[0091] Both test cells’ D latches remains in their 
present state 

[0092] Both test cells’ D ?ip-?ops clock in the 
logic level on their SDI input 

[0093] 3) Enter Idle Mode and update both test cells’ 
D latches With test data to insert 

[0094] Control Bus: DMX=0, BA=11, HOLD=“0, 
1,0”, CLK=Active 

[0095] Application Logic’s IN‘ input is driven by 
the IC’s IN input 

[0096] IC’s OUT output is driven by the Applica 
tion Logic’s OUT‘ output 

[0097] Both test cells’ D latches update to the logic 
level in the D ?ip-?ops 

[0098] Both test cells’ D ?ip-?ops remain in their 
present state 

[0099] 4) Remain in Idle Mode, set DMX high to 
insert test data 

[0100] Control Bus: DMX=1, BA=11, HOLD=0, 
CLK=Active 

[0101] Application Logic’s IN‘ input is driven by 
input test cells’ D latch 

[0102] IC’s OUT output is driven by output test 
cells’ D latch 

[0103] Both test cells’ D latches remain in their 
present state 

[0104] Both test cells’ D ?ip-?ops remain in their 
present state 

[0105] 5) Remain in Idle Mode, set DMX loW to 
remove test data, test cornplete 

Oct. 7, 2004 

[0106] Control Bus: DMX=0, BA=11, HOLD=0, 
CLK=Active 

[0107] Application Logic’s IN‘ input is driven by 
the IC’s IN input 

[0108] IC’s OUT output is driven by the Applica 
tion Logic’s OUT‘ output 

[0109] Both test cells’ D latches remain in their 
present state 

[0110] Both test cells’ D ?ip-?ops remain in their 
present state 

[0111] During test mode, the normal flow of input and 
output data through the test cells 12i and 12j is inhibited. In 
the test mode, the input test cell 12i controls the IN‘ input to 
the application logic and observes the IN input to the IC. 
Likewise, the output test cell 12j controls the OUT output 
from the IC 10 and observes the OUT‘ output from the 
application logic. The following examples describe the 
sequence of control issued via the control bus to cause the 
test cells 12i and 12j to perform a boundary scan test and 
output buffer toggle operation. 

Boundary Scan Test Operation Sequence 

[0112] 1) Initially both test cells are in Normal Mode 
and Idle Mode 

[0113] Control Bus: DMX=0, BA=11, HOLD=0, 
CLK=Active 

[0114] Application Logic’s IN‘ input is driven by 
the IC’s IN input 

[0115] IC’s OUT output is driven by the Applica 
tion Logic’s OUT‘ output 

[0116] Both test cells’ D latches remain in their 
present state 

[0117] Both test cells’ D ?ip-?ops remain in their 
present state 

[0118] 2) Enter Shift Mode for tWo CLKs to shift in 
the ?rst output test pattern 

[0119] Control Bus: DMX=0, BA=00, HOLD=0, 
CLK=Active 

[0120] Application Logic’s IN‘ input is driven by 
the 7° C.’s IN input 

[0121] IC’s OUT output is driven by the Applica 
tion Logic’s OUT‘ output 

[0122] Both test cells’ D latches remains in their 
present state 

[0123] Both test cells’ D ?ip-?ops clock in the 
logic level on their SDI input 

[0124] 3) Enter Idle Mode, update D latches With ?rst 
output test pattern 

[0125] Control Bus: DMX=0, BA=11, HOLD=“0, 
1,0”, CLK=Active 

[0126] Application Logic’s IN‘ input is driven by 
the IC’s IN input 

[0127] IC’s OUT output is driven by the Applica 
tion Logic’s OUT‘ output 
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[0128] Both test cells’ D latches update to the logic 
level in the D ?ip-?ops 

[0129] Both test cells’ D ?ip-?ops remain in their 
present state 

[0130] 4) Remain in Idle Mode, enter Test Mode, 
apply ?rst output test pattern 

[0131] Control Bus: DMX=L, BA=11, HOLD=0, 
CLK=Active 

[0132] Application Logic’s IN‘ input is driven by 
input test cells’ D latch 

[0133] IC’s OUT output is driven by output test 
cells’ D latch 

[0134] Both test cells’ D latches remains in their 
present state 

[0135] Both test cells’ D ?ip-?ops remain in their 
present state 

[0136] 5) Enter Load Mode for one CLK to capture 
input and output boundary data 

[0137] Control Bus: DMX=L, BA=Ol, HOLD=0, 
CLK=Active 

[0138] Application Logic’s IN‘ input is driven by 
input test cells’ D latch 

[0139] IC’s OUT output is driven by output test 
cells’ D latch 

[0140] Both test cells’ D latches remains in their 
present state 

[0141] Both test cells’ D ?ip-?ops clock in the 
logic level on their ODI input 

[0142] 6) Enter Shift Mode for tWo CLKs to shift out 
captured data and shift in neXt output test pattern 

[0143] Control Bus: DMX=!, BA=00, HOLD=0, 
CLK=Active 

[0144] Application Logic’s IN‘ input is driven by 
input test cells’ D latch 

[0145] IC’s OUT output is driven by output test 
cells’ D latch 

[0146] Both test cells’ D latches remains in its 
present state 

[0147] Both test cells’ D ?ip-?ops clock in the 
logic level on their SDI input 

[0148] 7) Enter Idle Mode, update D latches to apply 
neXt output test pattern 

[0149] Control Bus: DMX=1, BA=11, HOLD=“0, 
1,0”, CLK=Active 

[0150] Application Logic’s IN‘ input is driven by 
input test cells’ D latch 

[0151] IC’s OUT output is driven by output test 
cells’ D latch 

[0152] Both test cells’ D latches update to logic 
level to the D ?ip-?ops 

[0153] Both test cells’ D ?ip-?ops remain in their 
present state 
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[0154] 8) Repeat steps 5 through 7 until boundary test 
is complete, then issue control to return to Normal 
mode and Idle rnode (Step 1) 

Output Buffer Toggle Operation Sequence 

[0155] 1) Initially both test cells are in Normal Mode 
and Idle Mode 

[0156] Control Bus: DMX=0, BA=11, HOLD=0, 
CLK=Active 

[0157] Application Logic’s IN‘ input is driven by 
the IC’s IN input 

[0158] IC’s OUT output is driven by the Applica 
tion Logic’s OUT‘ output 

[0159] Both test cells’ D latches remain in their 
present state 

[0160] Both test cells’ D ?ip-?ops remain in their 
present state 

[0161] 2) Enter Shift Mode for tWo CLKs to shift in 
the output buffer toggle pattern 

[0162] Control Bus: DMX=0, BA=00, HOLD=0, 
CLK=Active 

[0163] Application Logic’s IN‘ input is driven by 
the IC’s IN input 

[0164] IC’s OUT output is driven by the Applica 
tion Logic’s OUT‘ output 

[0165] Both test cells’ D latches remains in their 
present state 

[0166] Both test cells’ D ?ip-?ops clock in the 
logic level on their SDI input 

[0167] 3) Enter Idle Mode, update D latches With 
output test pattern 

[0168] Control Bus: DMX=0, BA=11, HOLD=“0, 
1,0”, CLK=Active 

[0169] Application Logic’s IN‘ input is driven by 
the IC’s IN input 

[0170] IC’s OUT output is driven by the Applica 
tion Logic’s OUT‘ output 

[0171] Both test cells’ D latches update to the logic 
level in the D ?ip-?ops 

[0172] Both test cells’ D ?ip-?ops remain in their 
present state 

[0173] 4) Remain in Idle Mode, enter Test Mode, 
apply output test pattern 

[0174] Control Bus: DMX=1, BA=11, HOLD=0, 
CLK=Active 

[0175] Application Logic’s IN‘ input is driven by 
input test cells’ D latch 

[0176] IC’s OUT output is driven by output test 
cells’ D latch 

[0177] Both test cells’ D latches remains in their 
present state 
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[0178] Both test cells’ D ?ip-?ops remain in their 
present state 

[0179] 5) Enter Toggle Mode, Set HOLD input high, 
Toggle test begins (for “N” clock inputs) 

[0180] Control Bus: DMX=1, BA=10, HOLD=1, 
CLI=Active 

[0181] Application Logic’s IN‘ input is driven by 
input test cells’ D latch 

[0182] IC’s OUT output is driven by output test 
cells’ D latch 

[0183] Both test cells’ D latches pass data from D 
?ip-?op to DOUT output 

[0184] Both test cells’ D ?ip-?ops clock in the 
0-D latch output 

[0185] 6) Enter Idle Mode, Set HOLD and DMX 
input loW, Toggle test complete 

[0186] Control Bus: DMX=0, BA=11, HOLD=0, 
CLK=Active 

[0187] Application Logic’s IN‘ input is driven by 
the IC’s IN input 

[0188] IC’s OUT output is driven by the Applica 
tion Logic’s OUT‘ output 

[0189] Both test cells’ D latches remain in their 
present state 

[0190] Both test cells’ D ?ip-?ops remain in their 
present state 

[0191] NOTE: In FIG. 3, if it is desired not to toggle the 
input test cell during the Toggle test, a separate HOLD input 
can be used to force the output of the input test cell to be 
static While the output test cell toggles. LikeWise separate 
control (A and B) can cause the input test cell into an Idle 
mode while the output test cell is toggling. 

[0192] Referring noW to FIG. 4a, a block diagram of a 
preferred implementation of a bidirectional test cell 30 is 
illustrated. The bidirectional test cell 30 may be used in 
connection With an input/output pin, through Which signals 
may How in both directions. The bidirectional cell 30 uses 
the test cell 12 illustrated in FIG. 2 as a base cell, adding 
additional circuitry to provide bidirectional operation. Spe 
ci?cally, the bidirectional cell 30 provides three additional 
rnultipleXers 32, 34 and 36. The ?rst multiplexer 32 has tWo 
inputs SYSG (the system tristate enable) and TSTG (the test 
tristate enable). The rnultipleXer is controlled by a SELG 
(select enable) signal, Which selects one of the tWo inputs. 
The output of the ?rst multiplexer 32 is the OBG (output 
buffer tristate enable). The OBG signal controls the output 
state of the IC’s tristate output buffer. 

[0193] The second multiplexer 34 receives tWo inputs, a 
DINA signal and a DINB signal. The multiplexer 34 is 
controlled by the output of the multiplexer 32, the OBG 
signal. The DINA input is an output from the IC’s applica 
tion logic 14 and the DINB input is the eXternal input from 
the I/O buffer. The OBG signal output from the multiplexer 
32 is used to select betWeen inouts’ of the multiplexer 34. 

[0194] The third multiplexer 36 has tWo inputs, DINA and 
the non-inverted output (LO) from the latch 26 of the base 
test cell 12. This third multiplexer 36 is controlled by the 
DMX signal. 
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[0195] The output of the second multiplexer 34 is con 
nected to the ODI input of the base test cell 12. The output 
of the third multiplexer 36 is denoted as DOUTA and the 
DOUT signal from the base test-cell 12 is denoted as 
DOUTB. 

[0196] In operation, the OBG output is driven by the 
SYSG input (normal mode tristate control input) When the 
SELG input is loW. When the SELG input is high, the OBG 
output of the ?rst multiplexer 32 is driven by the TSTG input 
(test mode tristate control input). In FIG. 4a, it is assumed 
that a loW output on the OBG signal Will cause an output 
buffer to be active and high output on the OBG signal Will 
cause an output buffer to be tristate. 

[0197] The second multiplexer 34 is controlled by the 
OBG output from the ?rst multiplexer 32. The purpose of the 
second rnultipleXer is to couple one of the tWo data inputs, 
DINA or DINB, to the ODI input of the base test cell, to 
alloW the appropriate signal to be sampled during a load 
operation. The DINA input to the second multiplexer 34 is 
an output from the application logic. When the second 
rnultipleXer’s select input OBG is set loW, indicating an 
output operation from the application logic, the DINA signal 
is coupled to the ODI input of the base test cell 12 and can 
be sampled during a load operation. When the second 
rnultipleXer’s select input OBG is set high, indicating an 
input operation to the application logic, the DINB signal is 
coupled to the ODI input of the test cell 12 and can be 
sampled during a load operation. The third multiplexer 36 is 
controlled by the DMX signal, also sent to the test cell 12. 
The LQ output of the test cell 12 is the output of the D latch 
26 inside the test cell 12. The LQ output alloWs holding the 
DOUTA output signal constant in test mode during load and 
shift operations. When the DMX input to the test cell 12 and 
third multiplexer 36 is set loW, the bidirectional cell 30 is in 
normal mode. In the normal mode, the DINA output passes 
through the third multiplexer 36 and is output from the cell 
via the DOUTA output, establishing the normal data output 
path from the application logic 14 to the output buffer 
section of an I/O buffer. LikeWise, in the normal mode, the 
DINB input passes through the 2: 1 multiplexer 28 Within the 
test cell 12 and is output from the cell via the DOUTB 
output, establishing the normal data input path from the 
input buffer section of an I/O buffer to the application logic 
14. 

[0198] When the DMX input to the test cell 12 and third 
multiplexer 36 is set high, the bidirectional test cell 30 is 
placed in the test mode. In the test mode, the test cell LQ test 
data output passes through the third multiplexer 36 is output 
from the scope cell via the DOUTA output, establishing the 
test data output path from the test cell 12 to the output buffer 
section of an I/O buffer. LikeWise, in the test mode, the 
internal test cells LQ test data output passes through the test 
cell’s internal 2:1 multiplexer 28 and is output from the test 
cell 12 via the DOUTB output, establishing the test data 
output path from the test cell to the application logic 14. 

[0199] In FIG. 4b, a block representation of bidirectional 
test cell 30 is shoWn connected betWeen a bidirectional 
buffer and application logic 14. When a data output opera 
tion is performed, the output buffer 38 is enabled by OBG. 
In the normal mode, the data from the application logic 14 
enters the bidirectional test cell 30 via the DINA input, 
passes through the bidirectional test cell 30 and is coupled 



US 2004/0199839 A1 

to the output buffer 38 via the DOUTA output. The DOUTA 
output passes through the output buffer 38 and is applied to 
the I/O pin 40. In test mode, the test data stored in the 
bidirectional test cell 30 is supplied to the output buffer via 
the DOUTA output, passes through the output buffer 38 and 
is applied to I/O pin 40. 

[0200] When a data input operation is performed, the 
output buffer is placed in a high impedance state by the OBG 
signal. In normal mode, the data from the I/O pin 40 enters 
the bidirectional test cell 30 via the input buffer 41 and the 
DINB input, passes through the test cell 30, and is applied 
to the application logic via the DOUTB output. In test mode, 
the test data stored in the test cell 30 is applied to the 
application logic by the DOUTB output. 

[0201] Referring noW to FIG. 5, there is shoWn a sche 
rnatic diagram representing a particular implementation of 
the test cell 12. The implementation cornprises rnultipleXers 
22 and 28, D ?ip-?op 24 and latch 26. 

[0202] The ?rst multiplexer 22 has siX independent input 
signals. The SDI signal is input to tWo cascaded inverters 
108 and 110. The resulting output from inverter 110 is then 
input to a transmission gate 112. A transmission gate is 
formed by tying both the sources and drains of a P channel 
transistor to an N channel transistor. The output of trans 
mission gate 112 is tied to the output of transmission gate 
114 and to the input to transmission gate 116. The output of 
transmission gate 116 is likeWise tied to the output of 
transmission gate 122 and to the input to a pair of cascaded 
inverters 118 and 120. This output at inverter 120 represents 
the ?nal output from multiplexer 22. 

[0203] The ODI input to multiplexer 22 is connected to 
transmission gate 114. The output of transmission gate 114 
is tied to the output of transmission gate 112 and to the input 
to transmission gate 116. 

[0204] A third input to multiplexer 22 is the inverted 
output of latch 26. This signal is input into transrnission gate 
124. The output of transmission gate 124 is tied to the output 
of transmission gate 126 and to the input to transmission 
gate 122. 

[0205] A fourth input to multiplexer 22 is the output of the 
D ?ip-?op 24. This signal is input to transmission gate 126. 
The output of transmission gate 126 is then tied to the output 
of transmission gate 124 and to the input to transmission 
gate 122. The resultant output from transmission gate 122 is 
then tied to the output transrnission gate 116. 

[0206] The two remaining inputs of multiplexer 22 act as 
select signals for the various transrnission gates Within the 
multiplexer 22. Input signal A is ?rst connected to inverter 
128. The output of inverter 128 is then connected to the input 
of inverter 130. Additionally, the output of inverter 128 is 
further connected to the P channel gate of transmission gates 
114 and 126. The same output is connected to the N channel 
gate of transmission gates 112 and 124. The output of 
inverter 130 is connected to the P channel gate of transmis 
sion gates 112 and 124 and the N channel gate of transmis 
sion gates 114 and 126. 

[0207] The B input to multiplexer 22 is also used as a 
select signal. The B input is connected to inverter 132. The 
output of inverter 132 is connected to inverter 134. Addi 
tionally, the output of inverter 132 is connected to the P 
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channel gate of transmission gate 122 and the N channel gate 
of transmission gate 116. The output of inverter 134 is 
connected to the N channel gate of transmission gate 122 
and the P channel gate of transmission gate 116. 

[0208] The D ?ip-?op 24 is connected to both a clock 
input CLK and the output of multiplexer 22. Within the D 
?ip-?op 24, the clock signal is input to inverter 140, Whose 
output is used to control the gate of N channel transistor 142. 
The clock signal is also used to control the gate of N channel 
transistor 14A. The D input of D ?ip-?op 24 is connected to 
the ?rst source/drain of N channel transistor 142. The second 
source/drain of transistor 142 is connected to the input of 
inverter 146. The output of inverter 146 is connected to the 
?rst source/drain of N channel transistor 144 and also to the 
input of inverter 148. The output of inverter 148 is connected 
to the input of inverter 146. The second source/drain of 
transistor 144 is connected to the input of inverter 150. The 
output of inverter 150 is connected both to the input of 
inverter 152 and the input of inverter 154. The output of 
inverter 154 is connected to the input of inverter 150. The 
output of inverter 150 is also connected to the input of the 
transmission gate 126. The output of inverter 152 is the 
inverted output of the D ?ip-?op 24. The inverted output of 
D ?ip-?op 24 is then input to inverter 156. The output of 
inverter 156 is the SDO output of the test cell. 

[0209] The output of D ?ip-?op 24 (output of inverter 
150) is connected to the D input of latch 26. This input is 
connected to the ?rst source/drain of N channel transistor 
160. The second source/drain of N channel transistor 160 is 
connected to the input of inverter 162. Within latch 26, the 
output of inverter 162 is connected to the input of inverter 
166 and inverter 164. The output of inverter 166 is con 
nected to the input of inverter 162. The output of inverter 
162 also represents the inverted output of latch 26. As 
mentioned above, this inverted output is connected to rnul 
tipleXer 22 through transmission gate 124. The output of 
inverter 164 represents the non-inverted output of the latch 
26, Which is connected to multiplexer 28. The latch 26 is 
also controlled by a hold voltage input to the base of N 
channel transistor 160. 

[0210] The second multiplexer 28 Within the test cell has 
three separate inputs, DIN, the output of inverter 164, and 
DMX. The DIN signal is connected to the one gates of P 
channel transistor 170 and N channel transistor 172. The 
output of inverter 164 is connected to the gate of P channel 
transistor 182 and N channel transistor 184. The DMX input 
is connected to the gates of N channel transistor 174, 176 
and 178, and also to the gate of P channel transistor 180. The 
?rst source/drain of N channel transistor 178 is connected to 
Vcc While the second source/drain is connected to node 196. 
Similarly, the ?rst source/drain of N channel transistor 176 
is connected to ground While the second source/drain is 
connected to node 196. Node 196 is further connected to the 
gate of P channel transistor 188 and the gate of N channel 
transistor 186. The ?rst source/drain of P channel transistors 
188 and 180 are tied and connected to Vcc. The second 
source/drain of P channel transistors 188 and 180 are con 
nected to the ?rst source/drain of P channel transistors 182 
and 170, respectively. The second source/drain of P channel 
transistors 182 and 170 are tied and connected to node 194. 
The ?rst source/drain of N channel transistors 184 and 172 
are tied and are further connected to node 194. The second 
source/drain of N channel transistors 184 and 172 are 
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connected to the ?rst source/drain of N channel transistors 
174 and 186, respectively. The second source/drain of N 
channel transistors 174 and 186 are connected to ground. 
Node 196 is also connected to the gates of N channel 
transistors 192 and 190. The ?rst source/drain of N channel 
transistor 192 is connected to Vcc. The second source/drain 
of N channel transistor 192 is connected to the ?rst source/ 
drain of N channel transistor 190 and this combined signal 
represents the DOUT signal of the test cell. The second 
source/drain of N channel transistor 190 is connected to 
ground. 

[0211] The present invention retains high speed perfor 
mance on the observability data input (ODI), maintains a 
Zero hold time on the shift data input (SDI), increases the 
setup time on SDI and increases the propagation delay from 
the clock transition to the SDO output. AZero hold time on 
SDI eliminates any abnormal data propagation problem in a 
cascaded con?guration. A large setup time on SDI and a 
slight increase on the clock-to-O delay enhances the clock 
skeW margin to eliminate propagation errors due to skeW 
betWeen the various components of the test cell. 

[0212] TWo Weak inverters 108 and 110 are used in the 
?rst multiplexer 22 in order to sloW the serial data input and 
therefore increase the setup time. Since these inverters apply 
only to the SDI input, no performance degradation to the 
ODI input is introduced by this method. Another tWo invert 
ers 150 and 152 are inserted in the output path of SDO to 
slightly increase the clock-to-O propagation delay. ASPICE 
characteriZation shoWs that the invention has min/max SDI 
setup of 2/14 nanoseconds, a Zero SDI hold time and 
mm/max clock-to-O delay of 096/596 nanoseconds. This 
data leads to a min/max clock skeW margin of 296/1996 
nanoseconds. 

[0213] The test cells of the present invention provide 
signi?cant advantages over the prior art. First, the test cell of 
the present invention may be used to perform internal and 
external boundary testing simultaneously in order to reduce 
overall test time. Second, the test cells are capable of 
sampling or inserting data at the boundary during normal 
operation of the host integrated circuit. Third, the test cell is 
synchronous in operation With a free running test clock. 
Fourth, the present invention provides a method of toggling 
an IC’s output buffers, independent of the IC’s application 
logic, in order to achieve parametric measures and to facili 
tate boundary tests. Fifth, the test cell provides self-testing 
capability. 

[0214] The functionality of the test cell 12 of the present 
invention may be enhanced through the use of cell libraries, 
in Which additional circuitry may be provided on one or 
more of the test cells 12 used in IC 10 to provide an 
enhanced test circuit. A library of such circuits may be 
provided to enable a circuit designer to customiZe a particu 
lar IC 10. 

[0215] Referring to FIG. 6, a maskable comparator logic 
section 200 is shoWn in connection With the test cell 12 of 
the present invention. The maskable comparator logic sec 
tion 200 adds comparability test features for effectuating a 
test in response to a condition. 

[0216] The maskable comparator logic section 200 com 
prises XOR gate 202 and a NAND 204. The XOR gate 202 
has tWo inputs: a ?rst input connected to the DIN and ODT 
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inputs to the test cell 12 and a second input connected to an 
expected data (EXPD) signal. The NAND 204 also has tWo 
inputs: one input connected to the output of the XOR gate 
202 and a second input connected to a compare mask 
(CMPMSK) signal. The output of the NAND gate 204 
provides a compare output (CMPOUT) signal. 
[0217] The maskable comparator logic 200 provides a 
means to compare logic level appearing at the DIN input of 
the test cell 12 against a predetermined logic level appearing 
at the EXPD input. If the logic level on the DIN input and 
the EXPD input match., the output of the exclusive OR gate 
Will driven loW. If the logic level on the DIN input and the 
EXPD input do not match, the output of the exclusive OR 
gate Will be driven high. A loW level output (match condi 
tion) from the exclusive OR gate Will cause the NAND gate 
to output a high level via the CMPOUT output. The high 
level output (no match) from the exclusive OR gate 202 Will 
cause the NAND gate 204 to output a loW logic level via the 
CMPOUT output, unless the CMPMSK input to the NAND 
gate 204 is at a loW level. 

[0218] A high logic level on the CMPOUT output of the 
comparator logic section 200 indicates that the input or 
output boundary signal passing through this particular test 
cell is equal to an expected condition. By having similar test 
cells at every input and output signal of an integrated circuit, 
along With logic to detect the condition Where all the 
CMPOUT signals from the various test cells are high, it is 
possible to detect the occurrence of an expected boundary 
condition over the entire range of an integrated circuit’s 
inputs and outputs. 
[0219] In some boundary compare applications, the con 
dition of one or more of the integrated circuits inputs and/or 
outputs may be irrelevant. In these circumstances, the com 
parator logic 200 may be forced to mask off the compare 
operation and output a high level on the CMPOUT output 
regardless of the result of the compare operation. This 
capability alloWs for “Don’t Care” comparison conditions to 
be set around the boundary of an integrated circuit design. 
The Don’t Care condition is achieved by setting the 
CMPMSK of a particular test cell to a loW logic level. All 
test cells having a loW level applied to their CMPMSK input 
Will output a high logic level from their CMPOUT output. 
By forcing the CMPOUT output high, the test cells With 
Don’t Care conditions do not in?uence the overall result of 
a comparison taking place in other test cells at the boundary 
of an integrated circuit. 

[0220] In some applications, the test cells may be required 
to provide Pseudo-Random Pattern Generation (PRPG) and/ 
or Parallel Signature Analysis (PSA) capabilities at the 
boundary of an integrated circuit to facilitate testing. In the 
PRPG mode, a series of serially interconnected test cells can 
be made to generate a pseudo-random output pattern 
sequence from the DOUT outputs. In the PSA mode, a series 
of serially interconnected test cells can be made to compress 
the data appearing at the DIN input into a “signature” for 
testing purposes. 
[0221] A preferred implementation of a library cell 
capable of implementing PSA test logic is shoWn in FIG. 7. 
The inputs and output of the base test cell 12 comprises the 
signals described in connection With FIG. 2. Additionally, 
the PSA logic section 206 receives tWo input signals, Data 
Mask (DATMSK) and PSA Enable (PSAENA). The DAT 
MSK and PSAENA inputs are extensions of the control bus. 












