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(57) ABSTRACT 

A slave latch circuit has a gate for being supplied With a 
signal Which is an inversion of a signal outputted from a ?rst 
output terminal and a control signal, generating a signal 
based on the supplied signals, and outputting the generated 
signal from a second output terminal. The gate controls the 
output signal outputted from the second output terminal. The 
gate may comprise a NAND gate for being supplied With a 
ground potential as the control signal in a normal mode of 
operation for thereby ?xing the output signal outputted from 
the second output terminal to a poWer supply potential. 
Alternatively, the gate may comprise a NOR gate for being 
supplied With the poWer supply potential as the control 
signal in the normal mode of operation for thereby ?xing the 
output signal outputted from the second output terminal to a 
ground potential. 
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SCAN FLIP-FLOP CIRCUIT HAVING SCAN LOGIC 
OUTPUT TERMINAL DEDICATED TO SCAN TEST 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention: 

[0002] The present invention relates to a scan ?ip-?op 
circuit for use in a scan test for detecting a fault in a 
semiconductor integrated circuit. 

[0003] 2. Description of the Related Art: 

[0004] Heretofore, scan tests for detecting faults in semi 
conductor integrated circuits such as LSI circuits or the like 
employ a scan ?ip-?op circuit as shoWn in FIG. 1 of the 
accompanying draWings, for example. 

[0005] As shoWn in FIG. 1, the conventional scan ?ip-?op 
circuit comprises selector circuit 1 having a normal logic 
input terminal and a scan logic input terminal, master latch 
circuit 2, slave latch circuit 9 having a logic output terminal 
and a scan logic output terminal, and clock circuit 4. 

[0006] The scan logic output terminal is an output terminal 
dedicated to scan tests, and does not operate in a normal 
mode of operation, but operates only in a scan test. 

[0007] Selector circuit 1 comprises transfer gates 11, 12. 

[0008] Transfer gate 11 selectively passes and blocks 
normal logic input signal D inputted from the normal logic 
input terminal. 

[0009] Transfer gate 12 selectively passes and blocks scan 
logic input signal SIN inputted from the scan logic input 
terminal. 

[0010] Master latch circuit 2 comprises transfer gates 21, 
24, 25 and inverters 22, 23. 

[0011] Transfer gate 21 selectively passes and blocks a 
signal outputted from selector circuit 1. 

[0012] Inverter 22 inverts a signal that has passed through 
transfer gate 21, and outputs the inverted signal. 

[0013] Transfer gate 25 selectively passes and blocks a 
signal outputted from inverter 22, and outputs the passed 
signal to slave latch circuit 9 in a subsequent stage. 

[0014] Inverter 23 inverts a signal outputted from inverter 
22, and outputs the inverted signal. 

[0015] Transfer gate 24 selectively passes and blocks a 
signal inputted from inverter 23 to inverter 22. 

[0016] Slave latch circuit 9 comprises inverters 91, 92, 95 
and transfer gates 93, 94. 

[0017] Inverter 91 inverts a signal outputted from master 
latch circuit 2, and outputs the inverted signal as logic output 
signal Q from the logic output terminal. 

[0018] Inverter 92 inverts a signal outputted from inverter 
91, and outputs the inverted signal. 

[0019] Transfer gate 93 selectively passes and blocks a 
signal inputted from inverter 92 to inverter 91. 

[0020] Transfer gate 94 selectively passes and blocks a 
signal outputted from inverter 92. 
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[0021] Inverter 95 inverts a signal that has passed through 
transfer gate 94, and outputs the inverted signal as scan logic 
output signal SOUT from the scan logic output terminal. 

[0022] Clock circuit 4 comprises inverters 41, 42, 43, 44. 

[0023] Inverter 41 inverts clock signal CLK and outputs 
the inverted clock signal as clock signal AB. 

[0024] Inverter 42 inverts a signal outputted from inverter 
41 and outputs the inverted signal as clock signal A. 

[0025] Inverter 43 inverts control signal SEL and outputs 
the inverted clock signal As control signal BB. 

[0026] Inverter 44 inverts a signal outputted from inverter 
43 and outputs the inverted signal as control signal B. 

[0027] Clock signals AB, A and control signals BB, B thus 
generated control the transfer gates in selector circuit 1, 
master latch circuit 2, and slave latch circuit 9. 

[0028] Operation of the scan ?ip-?op circuit constructed 
as described above Will be described beloW With reference to 
FIG. 2 of the accompanying draWings. 

[0029] First, a normal mode of operation of the scan 
?ip-?op circuit Will be described beloW. 

[0030] When control signal SEL applied to clock circuit 4 
goes loW at time t=t3, control signal BB goes high and 
control signal B goes loW. Therefore, in selector circuit 1, 
transfer gate 11 is rendered conductive, outputting normal 
logic input signal D. 

[0031] As clock signal CLK applied to clock circuit 4 is 
“Low”, clock signal AB is “High” and clock signal A is 
“Low”. Therefore, transfer gate 21 in master latch circuit 2 
is rendered conductive. Consequently, normal logic input 
signal D outputted from selector circuit 1 is supplied to 
master latch circuit 2 and inverted and outputted by inverter 
22. 

[0032] When clock signal CLK goes high at time t=t4, 
clock signal AB goes loW and clock signal A goes high. 
Therefore, transfer gate 21 is rendered nonconductive, and 
transfer gates 24, 25 are rendered conductive. The signal 
outputted from inverter 22 is latched and outputted to slave 
latch circuit 9. 

[0033] In slave latch circuit 9, the signal supplied from 
master latch circuit 2 is inverted by inverter 91, and the 
inverted signal is outputted as logic output signal Q from the 
logic output terminal. 

[0034] When clock signal CLK goes loW again at time 
t=t5, clock signalAB goes high and clock signal A goes loW. 
Consequently, transfer gate 93 is rendered conductive. Thus, 
logic output signal Q is latched and outputted. 

[0035] In the normal mode of operation (When control 
signal SEL is “LoW”), since control signal BB is “High” and 
control signal B is “LoW”, transfer gate 94 is nonconductive. 
Therefore, the scan logic output terminal does not operate. 

[0036] A scan test mode of operation of the scan ?ip-?op 
circuit Will be described beloW. 

[0037] In a scan test, When control signal SEL applied to 
clock circuit 4 goes high at time t=t0, control signal BB goes 
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loW and control signal B goes high. In selector circuit 1, 
transfer gate 12 is rendered conductive, outputting scan 
logic input signal SIN. 

[0038] As clock signal CLK applied to clock circuit 4 is 
“LoW”, clock signal AB is “High” and clock signal A is 
“LoW”. Therefore, transfer gate 21 in master latch circuit 2 
is rendered conductive. Consequently, scan logic input sig 
nal SIN outputted from selector circuit 1 is supplied to 
master latch circuit 2 and inverted and outputted by inverter 
22. 

[0039] When clock signal CLK goes high at time t=t1, 
clock signal AB goes loW and clock signal A goes high. 
Therefore, transfer gate 21 is rendered nonconductive, and 
transfer gates 24, 25 are rendered conductive. The signal 
outputted from inverter 22 is latched and outputted to slave 
latch circuit 9. 

[0040] In slave latch circuit 9, the signal supplied from 
master latch circuit 2 is inverted by inverter 91, and the 
inverted signal is outputted as logic output signal Q from the 
logic output terminal. 

[0041] When clock signal CLK goes loW again at time 
t=t2, clock signal AB goes high and clock signalA goes loW. 
Consequently, transfer gate 93 is rendered conductive. Thus, 
logic output signal Q is latched and outputted. 

[0042] In the scan test (When control signal SEL is 
“High”), since control signal BB is “LoW” and control signal 
B is “High”, transfer gate 94 is rendered conductive. There 
fore, the signal outputted from inverter 92 is inverted by 
inverter 95, and the inverted signal is outputted as scan logic 
output signal SOUT from the scan logic output terminal. 

[0043] The scan ?ip-?op circuit shoWn in FIG. 1 has its 
scan logic output terminal connected to the scan logic input 
terminal of a neXt scan ?ip-?op circuit. All the scan ?ip-?op 
circuits are connected in series by their scan logic output 
terminals and scan logic input terminals. In a scan test, all 
the scan ?ip-?op circuits shift signals through their scan 
logic output terminals and scan logic input terminals. 

[0044] In general scan ?ip-?op circuits, the scan logic 
output terminal operates in synchronism With the logic 
output terminal though the scan logic output terminal is not 
used in the normal mode of operation. Accordingly, the scan 
logic output terminal consumes electric poWer in the normal 
mode of operation. 

[0045] In the scan ?ip-?op circuit shoWn in FIG. 1, 
hoWever, transfer gate 94 is controlled by control signal SEL 
to stop operation of the scan logic output terminal in the 
normal mode of operation. As a result, the poWer consump 
tion by the scan logic output terminal is relatively loW. 

[0046] Actually, hoWever, When transfer gate 94 con 
nected to the scan logic output terminal is rendered noncon 
ductive, it outputs an intermediate potential that is applied to 
inverter 95. As shoWn in FIG. 2, the intermediate potential 
is outputted as the scan logic output signal SOUT, and the 
scan logic output terminal consumes a large amount of 
electric poWer. 

SUMMARY OF THE INVENTION 

[0047] It is an object of the present invention to provide a 
scan ?ip-?op circuit Which is capable of reducing poWer 
consumption by a scan logic output terminal in a normal 
mode of operation. 
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[0048] According to the present invention, a scan ?ip-?op 
circuit includes a slave latch circuit having a gate for being 
supplied With a signal Which is an inversion of a signal 
outputted from a ?rst output terminal and a control signal, 
generating a signal based on the supplied signals, and 
outputting the generated signal from a second output termi 
nal. The gate controls the output signal outputted from the 
second output terminal. 

[0049] The gate may comprise a NAND gate, for eXample, 
for being supplied With a ground potential, i.e., a “LoW” 
level signal, as the control signal in a normal mode of 
operation for thereby ?xing the output signal outputted from 
the second output terminal to a poWer supply potential, i.e., 
a “High” level signal. 

[0050] Alternatively, the gate may comprise a NOR gate, 
for eXample, for being supplied With the poWer supply 
potential, i.e., the “High” level signal, as the control signal 
in the normal mode of operation for thereby ?xing the output 
signal outputted from the second output terminal to the 
ground potential, i.e., the “LoW” level signal. 

[0051] In the normal mode of operation, since the output 
signal outputted from the second output terminal, Which 
serves as a scan logic output terminal, is ?Xed to the poWer 
supply potential or the ground potential, no operation What 
soever is performed by the scan logic output terminal. 
Consequently, the amount of electric poWer consumed by 
the scan logic output terminal can be reduced. 

[0052] The above and other objects, features, and advan 
tages of the present invention Will become apparent from the 
folloWing description With reference to the accompanying 
draWings Which illustrate eXamples of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0053] FIG. 1 is a block diagram of a conventional scan 
?ip-?op circuit; 

[0054] FIG. 2 is a timing chart illustrative of the manner 
in Which the conventional scan ?ip-?op circuit shoWn in 
FIG. 1 operates; 

[0055] FIG. 3 is a block diagram of a scan ?ip-?op circuit 
according to a ?rst embodiment of the present invention; 

[0056] FIG. 4 is a timing chart illustrative of the manner 
in Which the scan ?ip-?op circuit shoWn in FIG. 3 operates; 

[0057] FIG. 5 is a block diagram of a scan ?ip-?op circuit 
according to a second embodiment of the present invention; 
and 

[0058] FIG. 6 is a timing chart illustrative of the manner 
in Which the scan ?ip-?op circuit shoWn in FIG. 5 operates. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0059] 1st Embodiment: 

[0060] As shoWn in FIG. 3, a scan ?ip-?op circuit accord 
ing to a ?rst embodiment of the present invention comprises 
selector circuit 1 having a normal logic input terminal and a 
scan logic input terminal Which serve as ?rst and second 
input terminals, respectively, master latch circuit 2, slave 
latch circuit 3 having a logic output terminal and a scan logic 
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output terminal Which serve as ?rst and second output 
terminals, respectively, and clock circuit 4. 

[0061] The scan ?ip-?op circuit according to the ?rst 
embodiment differs from the conventional scan ?ip-?op 
circuit shoWn in FIG. 1 in that it has slave latch circuit 3 in 
place of slave latch circuit 9 shoWn in FIG. 1. Other details 
of the scan ?ip-?op circuit according to the ?rst embodiment 
are identical to those of the conventional scan ?ip-?op 
circuit shoWn in FIG. 1. Therefore, those parts of the scan 
?ip-?op circuit according to the ?rst embodiment Which are 
identical to those of the conventional scan ?ip-?op circuit 
shoWn in FIG. 1 are denoted by identical reference charac 
ters, and Will not be described in detail beloW. 

[0062] Slave latch circuit 3 comprises inverters 31, 32, 
transfer gate 33, and NAND gate 34. 

[0063] Inverter 31 inverts a signal outputted from master 
latch circuit 2, and outputs the inverted signal as logic output 
signal Q from the logic output terminal. 

[0064] Inverter 32 inverts a signal outputted from inverter 
31, and outputs the inverted signal. 

[0065] Transfer gate 33 selectively passes and blocks a 
signal inputted from inverter 32 to inverter 31. 

[0066] NAND gate 34 NANDs the signal outputted from 
inverter 32 and control signal B generated by clock circuit 
4, and outputs the NAN Ded result as scan logic output signal 
SOUT from the scan logic output terminal. 

[0067] Transfer gate 33 is rendered nonconductive When 
slave latch circuit 3 is supplied With the signal outputted 
from master latch circuit 2, and rendered conductive When 
slave latch circuit 3 latches the signal supplied from master 
latch circuit 2. 

[0068] Operation of the scan ?ip-?op circuit constructed 
as described above Will be described beloW With reference to 
FIG. 4. 

[0069] First, a normal mode of operation of the scan 
?ip-?op circuit Will be described beloW. 

[0070] When control signal SEL applied to clock circuit 4 
goes loW at time t=t3, control signal BB goes high and 
control signal B goes loW. Therefore, in selector circuit 1, 
transfer gate 11 is rendered conductive, outputting normal 
logic input signal D. 

[0071] As clock signal CLK applied to clock circuit 4 is 
“LoW”, clock signal AB is “High” and clock signal A is 
“LoW”. Therefore, transfer gate 21 in master latch circuit 2 
is rendered conductive. Consequently, normal logic input 
signal D outputted from selector circuit 1 is supplied to 
master latch circuit 2 and inverted and outputted by inverter 
22. 

[0072] When clock signal CLK goes high at time t=t4, 
clock signal AB goes loW and clock signal A goes high. 
Therefore, transfer gate 21 is rendered nonconductive, and 
transfer gates 24, 25 are rendered conductive. The signal 
outputted from inverter 22 is latched and outputted to slave 
latch circuit 3. 

[0073] In slave latch circuit 3, the signal supplied from 
master latch circuit 2 is inverted by inverter 31, and the 
inverted signal is outputted as logic output signal Q from the 
logic output terminal. 
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[0074] When clock signal CLK goes loW again at time 
t=t5, clock signalAB goes high and clock signal A goes loW. 
Consequently, transfer gate 33 is rendered conductive. Thus, 
logic output signal Q is latched and outputted. 

[0075] Since control signal B is “LoW”, the output signal 
from NAND gate 34 is ?Xed to a “High” level that is equal 
to a poWer supply potential irrespectively of Whether the 
signal outputted from inverter 32 is either “LoW” or “High”. 

[0076] A scan test mode of operation of the scan ?ip-?op 
circuit Will be described beloW. 

[0077] In a scan test, When control signal SEL applied to 
clock circuit 4 goes high at time t=t0, control signal BB goes 
loW and control signal B goes high. In selector circuit 1, 
transfer gate 12 is rendered conductive, outputting scan 
logic input signal SIN. 

[0078] As clock signal CLK applied to clock circuit 4 is 
“Low”, clock signal AB is “High”and clock signal A is 
“Low”. Therefore, transfer gate 21 in master latch circuit 2 
is rendered conductive. Consequently, scan logic input sig 
nal SIN outputted from selector circuit 1 is supplied to 
master latch circuit 2 and inverted and outputted by inverter 
22. 

[0079] When clock signal CLK goes high at time t=t1, 
clock signal AB goes loW and clock signal A goes high. 
Therefore, transfer gate 21 is rendered nonconductive, and 
transfer gates 24, 25 are rendered conductive. The signal 
outputted from inverter 22 is latched and outputted to slave 
latch circuit 3. 

[0080] In slave latch circuit 3, the signal supplied from 
master latch circuit 2 is inverted by inverter 31, and the 
inverted signal is outputted as logic output signal Q from the 
logic output terminal. 

[0081] When clock signal CLK goes loW again at time 
t=t2, clock signalAB goes high and clock signal A goes loW. 
Consequently, transfer gate 33 is rendered conductive. Thus, 
logic output signal Q is latched and outputted. 

[0082] Since control signal B is “High”, a signal outputted 
from NAND gate 34 by NANDing control signal B and the 
inverted signal outputted from inverter 32 is the same as 
logic output signal Q outputted from the logic output ter 
minal. Therefore, the signal that is the same as logic output 
signal Q is outputted as scan logic output signal SOUT from 
the scan logic output terminal. 

[0083] In the normal mode of operation, as described 
above, When control signal SEL goes loW, the output signal 
from NAND gate 34 in slave latch circuit 3, i.e., the output 
signal from the scan logic output terminal, is ?Xed to a 
“High” level that is equal to a poWer supply potential. 

[0084] Therefore, in the normal mode of operation, no 
leakage current ?oWs to the scan logic output terminal, and 
hence no operation Whatsoever is performed by the scan 
logic output terminal, so that the amount of electric poWer 
consumed by the scan logic output terminal can be reduced. 

[0085] In the scan test, When control signal SEL goes high, 
scan logic input signal SIN is supplied to master latch circuit 
2, and, at a positive-going edge of clock signal CLK, the 
signal supplied to master latch circuit 2 is latched and 
outputted to slave latch circuit 3. Subsequently, at a nega 
tive-going edge of clock signal CLK, the signal supplied to 
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slave latch circuit 3 is latched and outputted as scan logic 
output signal SOUT from the scan logic output terminal. 

[0086] In the scan test, therefore, scan logic input signal 
SIN can be transmitted from the scan logic input terminal to 
the scan logic output terminal in timed relation to the 
positive-and negative-going edges of clock signal CLK for 
thereby performing the scan test mode of operation. 

[0087] 2nd Embodiment: 

[0088] As shoWn in FIG. 5, a scan ?ip-?op circuit accord 
ing to a second embodiment of the present invention com 
prises master latch circuit 5 having a normal logic input 
terminal, master latch circuit 6 having a scan logic input 
terminal, slave latch circuit 7 having a logic output terminal 
and a scan logic output terminal Which serve as ?rst and 
second output terminals, respectively, and clock circuit 8. 

[0089] Master latch circuit 5 comprises transfer gates 51, 
54, 55 and inverters 52, 53. 

[0090] Transfer gate 51 selectively passes and blocks 
normal logic input signal D inputted from the normal logic 
input terminal. 

[0091] Inverter 52 inverts a signal that has passed through 
transfer gate 51, and outputs the inverted signal. 

[0092] Transfer gate 55 selectively passes and blocks a 
signal outputted from inverter 52, and outputs the passed 
signal to slave latch circuit 7 in a subsequent stage. 

[0093] Inverter 53 inverts a signal outputted from inverter 
52, and outputs the inverted signal. 

[0094] Transfer gate 54 selectively passes and blocks a 
signal inputted from inverter 53 to inverter 52. 

[0095] Master latch circuit 6 comprises transfer gates 61, 
64, 65 and inverters 62, 63. 

[0096] Transfer gate 61 selectively passes and blocks scan 
logic input signal SIN inputted from the scan logic input 
terminal. 

[0097] Inverter 62 inverts a signal that has passed through 
transfer gate 61, and outputs the inverted signal. 

[0098] Transfer gate 65 selectively passes and blocks a 
signal outputted from inverter 62, and outputs the passed 
signal to slave latch circuit 7 in a subsequent stage. 

[0099] Inverter 63 inverts a signal outputted from inverter 
62, and outputs the inverted signal. 

[0100] Transfer gate 64 selectively passes and blocks a 
signal inputted from inverter 63 to inverter 62. 

[0101] Slave latch circuit 7 comprises inverters 71, 72, 
transfer gates 73, 74, and NAND gate 75. 

[0102] Inverter 71 inverts a signal outputted from master 
latch circuit 5, and outputs the inverted signal as logic output 
signal Q from the logic output terminal. 

[0103] Inverter 72 inverts a signal outputted from inverter 
71, and outputs the inverted signal. 

[0104] Transfer gates 73, 74 selectively pass and block a 
signal inputted from inverter 72 to inverter 71. 
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[0105] NAND gate 75 NANDs the signal outputted from 
inverter 72 and control signal SMC, and outputs the 
NANDed result as scan logic output signal SOUT from the 
scan logic output terminal. 

[0106] Master latch circuit 5 has an output terminal con 
nected to an input terminal of inverter 71, and master latch 
circuit 6 has an output terminal connected to the junction 
betWeen transfer gates 73, 74. 

[0107] Transfer gate 73 is rendered conductive at all times 
in a normal mode of operation. Transfer gate 73 is rendered 
nonconductive When slave latch circuit 7 is supplied With the 
signal outputted from master latch circuit 6, and rendered 
conductive When slave latch circuit 7 latches the signal 
supplied from master latch circuit 6 in a scan test mode of 
operation. 
[0108] Transfer gate 74 is rendered conductive at all times 
in a scan test mode of operation. Transfer gate 74 is rendered 
nonconductive When slave latch circuit 7 is supplied With the 
signal outputted from master latch circuit 5, and rendered 
conductive When slave latch circuit 7 latches the signal 
supplied from master latch circuit 5 in a normal mode of 
operation. 
[0109] Clock circuit 8 comprises inverters 81, 82, 83, 84, 
85, 86. 

[0110] Inverter 81 inverts clock signal CLK and outputs 
the inverted clock signal as clock signal AB. 

[0111] Inverter 82 inverts a signal outputted from inverter 
81 and outputs the inverted signal as clock signal A. 

[0112] Inverter 83 inverts clock signal SC1 and outputs the 
inverted clock signal as clock signal S1B. 

[0113] Inverter 84 inverts a signal outputted from inverter 
83 and outputs the inverted signal as clock signal S1. 

[0114] Inverter 85 inverts clock signal SC2 and outputs the 
inverted clock signal as clock signal S2B. 

[0115] Inverter 86 inverts a signal outputted from inverter 
85 and outputs the inverted signal as clock signal S2. 

[0116] Clock signals AB, A, S1B, S1, S2B, S2 thus 
generated control the transfer gates in master latch circuits 
5, 6 and slave latch circuit 7. 

[0117] Clock signal CLK is a clock signal for a normal 
mode of operation, and is kept at a “LoW” level in a scan test. 
Clock signals SC1, SC2 are clock signals for a scan test, and 
is kept at a “LoW” level in a normal mode of operation. 

[0118] Operation of the scan ?ip-?op circuit constructed 
as described above Will be described beloW With reference to 
FIG. 6. 

[0119] First, a normal mode of operation of the scan 
?ip-?op circuit Will be described beloW. In the normal mode 
of operation, clock signals SC1, SC2 are kept at a “LoW” 
level, and only clock signal CLK changes in level. 

[0120] In the normal mode of operation, control signal 
SMC is “LoW” at time t=t5. 

[0121] At time t=t5, since control signal CLK is “Low”, 
clock signal AB is “High” and clock signal A is “Low”. 
Because transfer gate 51 in master latch circuit 5 is rendered 
conductive, master latch circuit 5 is supplied With normal 
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logic input signal D from the normal logic input terminal, 
and the supplied signal is inverted and outputted by inverter 
52. 

[0122] When clock signal CLK goes high at time t=t6, 
clock signal AB goes loW and clock signal A goes high. 
Therefore, transfer gate 51 is rendered nonconductive, and 
transfer gates 54, 55 are rendered conductive. The signal 
outputted frorn inverter 52 is latched and outputted to slave 
latch circuit 7. 

[0123] In slave latch circuit 7, the signal supplied from 
master latch circuit 5 is inverted by inverter 71, and the 
inverted signal is outputted as logic output signal Q from the 
logic output terminal. 

[0124] Inasmuch as clock signal SC2 is “LoW”, clock 
signal S2B is “High” and clock signal S2 is “LoW”. There 
fore, transfer gate 73 is rendered conductive. 

[0125] When clock signal CLK goes loW again at time 
t=t7, clock signal AB goes high and clock signalA goes loW. 
Consequently, transfer gate 74 is rendered conductive. Thus, 
logic output signal Q is latched and outputted. 

[0126] Since control signal SMC is “LoW”, the output 
signal from NAND gate 75 is ?xed to a “High” level that is 
equal to a poWer supply potential irrespectively of Whether 
the signal outputted frorn inverter 72 is either “LoW” or 
“High”. 

[0127] A scan test mode of operation of the scan ?ip-?op 
circuit Will be described beloW. In a scan test, clock signal 
CLK is kept at a “LoW” level, and only clock signals SC1, 
SC2 change in level. 

[0128] In the scan test, control signal SMC is “High” at 
time t=t0, and both clock signals SC1, SC2 are “LoW”. 

[0129] When clock signal SC1 goes high at time t=t1, 
clock signal S1B goes loW and clock signal S1 goes high. 
Therefore, transfer gate 61 in master latch circuit 6 is 
rendered conductive. Consequently, scan logic input signal 
SIN is supplied from the scan logic input terminal to master 
latch circuit 6 and inverted and outputted by inverter 62. 

[0130] At time t=t1, since clock signal SC2 is “LoW”, 
clock signal S2B is “High” and clock signal S2 is “LoW”. 
Thus, transfer gate 65 is nonconductive, preventing the 
signal outputted frorn inverter 62 from being supplied to 
slave latch circuit 7. 

[0131] At time t=t2, clock signal SC2 rernains “LoW” and 
clock signal SC1 goes loW. Since clock signal S1B goes high 
and clock signal S1 goes loW, transfer gate 61 is rendered 
nonconductive and transfer gate 64 is rendered conductive. 
Accordingly, the signal outputted frorn inverter 62 is 
latched. 

[0132] At time t=t3, clock signal SC1 rernains “LoW” and 
clock signal SC2 goes high. Since clock signal S2B goes loW 
and clock signal S2 goes high, transfer gate 65 is rendered 
conductive, latching and outputting the signal from inverter 
62 to slave latch circuit 7. 

[0133] At time t=t3, since clock signal CLK is “LoW”, 
clock signal AB is “High” and clock signal A is “LoW”. 
Thus, transfer gate 55 in master latch circuit 5 is noncon 
ductive. Transfer gate 74 in slave latch circuit 7 is conduc 
tive. Thus, the signal supplied from master latch circuit 6 to 
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slave latch circuit 7 passes through transfer gate 74 and then 
is inverted by inverter 71. The inverted signal from inverter 
71 is outputted as logic output signal Q from the logic output 
terminal. 

[0134] At time t=t4, clock signal SC1 rernains “LoW” and 
clock signal SC2 goes loW. Since clock signal S2B goes high 
and clock signal S2 goes loW, transfer gate 73 is rendered 
conductive. Because transfer gate 74 is conductive at this 
time, logic output signal Q is latched and outputted. 

[0135] Since control signal SMC is “High”, a signal 
outputted frorn NAND gate 75 by NANDing control signal 
SMC and the inverted signal outputted frorn inverter 72 is 
the same as logic output signal Q outputted from the logic 
output terminal. Therefore, the signal that is the same as 
logic output signal Q is outputted as scan logic output signal 
SOUT from the scan logic output terminal. 

[0136] In the normal mode of operation, as described 
above, When control signal SMC goes loW, the output signal 
from NAND gate 75 in slave latch circuit 7, i.e., the output 
signal from the scan logic output terminal, is ?xed to a 
“High” level that is equal to a poWer supply potential. 

[0137] Therefore, in the normal mode of operation, no 
leakage current ?oWs to the scan logic output terminal, and 
hence no operation Whatsoever is performed by the scan 
logic output terminal, so that the amount of electric poWer 
consumed by the scan logic output terminal can be reduced. 

[0138] In the scan test, at a positive-going edge of control 
signal SC1, scan logic input signal SIN is supplied from the 
scan logic input terminal to master latch circuit 6, and, at a 
negative-going edge of clock signal SC1, the signal supplied 
to master latch circuit 6 is latched and outputted to slave 
latch circuit 7. Subsequently, at a positive-going edge of 
clock signal SC2, the signal latched and outputted from 
master latch circuit 6 is supplied to slave latch circuit 7, and 
at a negative-going edge of clock circuit SC2, the signal 
supplied to slave latch circuit 7 is latched and outputted as 
scan logic output signal SOUT from the scan logic output 
terminal. 

[0139] In the scan test, therefore, scan logic input signal 
SIN can be transmitted from the scan logic input terminal to 
the scan logic output terminal in tirned relation to the 
positive- and negative-going edges of clock signals SC1, 
SC2 for thereby performing the scan test mode of operation. 

[0140] In the ?rst and second embodiments, the output 
signal from the scan logic output terminal is ?xed to the 
poWer supply potential in the normal mode operation. HoW 
ever, in the present invention, the output signal from the scan 
logic output terminal is ?xed to a ground potential in the 
normal mode operation. 

[0141] If the output signal from the scan logic output 
terminal is ?xed to the ground potential, then the scan 
?ip-?op circuit shoWn in FIG. 3 is rnodi?ed by replacing 
NAND gate 34 With a NOR gate, and a “High” level signal 
is applied to the NOR gate in the normal mode of operation 
and a “LoW” level signal is applied to the NOR gate in the 
scan test, and the scan ?ip-?op circuit shoWn in FIG. 5 is 
rnodi?ed by replacing NAN D gate 75 With a NOR gate, and 
a “High” level signal is applied to the NOR gate in the 
normal mode of operation and a “LoW” level signal is 
applied to the NOR gate in the scan test. 
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[0142] With such an arrangement, a signal Which is the 
same as logic output signal Q outputted from the logic 
output terminal is outputted from the scan logic output 
terminal in the scan test, and the scan logic output terminal 
is ?xed to the ground potential in the normal mode of 
operation. 
[0143] While preferred embodiments of the present inven 
tion have been described using speci?c terms, such descrip 
tion is for illustrative purposes only, and it is to be under 
stood that changes and variations may be made Without 
departing from the spirit or scope of the folloWing claims. 

What is claimed is: 
1. A scan ?ip-?op circuit comprising: 

a selector circuit having a ?rst input terminal for being 
supplied With a logic signal for a normal mode of 
operation and a second input terminal for being sup 
plied With a logic signal for a scan test, for outputting 
the logic signal for the normal mode of operation in the 
normal mode of operation and outputting the logic 
signal for the scan test in the scan test; 

a master latch circuit for latching and outputting a signal 
outputted from said selector circuit; and 

a slave latch circuit having ?rst and second output termi 
nals for latching and outputting a signal outputted from 
said master latch circuit, for latching the signal output 
ted from said master latch circuit and outputting the 
latched signal from said ?rst output terminal, and ?Xing 
an output signal outputted from second output terminal 
to a poWer supply potential in the normal mode of 
operation, and latching the signal outputted from said 
master latch circuit and outputting the latched signal 
from said ?rst and second output terminals in the scan 
test. 

2. A scan ?ip-?op circuit according to claim 1, Wherein 
said slave latch circuit outputs identical output signals from 
said ?rst and second output terminals in the scan test. 

3. A scan ?ip-?op circuit according to claim 2, Wherein 
said slave latch circuit has a gate for being supplied With a 
signal Which is an inversion of the signal outputted from said 
?rst output terminal and a control signal, generating a signal 
based on the supplied signals, and outputting the generated 
signal from said second output terminal. 

4. A scan ?ip-?op circuit according to claim 3, Wherein 
said gate comprises a NAND gate for being supplied With a 
ground potential as said control signal in the normal mode 
of operation and With the poWer supply potential as said 
control signal in the scan test. 

5. A scan ?ip-?op circuit comprising: 

a selector circuit having a ?rst input terminal for being 
supplied With a logic signal for a normal mode of 
operation and a second input terminal for being sup 
plied With a logic signal for a scan test, for outputting 
the logic signal for the normal mode of operation in the 
normal mode of operation and outputting the logic 
signal for the scan test in the scan test; 

a master latch circuit for latching and outputting a signal 
outputted from said selector circuit; and 

a slave latch circuit having ?rst and second output termi 
nals for latching and outputting a signal outputted from 
said master latch circuit, for latching the signal output 
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ted from said master latch circuit and outputting the 
latched signal from said ?rst output terminal, and ?xing 
an output signal outputted from second output terminal 
to a ground potential in the normal mode of operation, 
and latching the signal outputted from said master latch 
circuit and outputting the latched signal from said ?rst 
and second output terminals in the scan test. 

6. A scan ?ip-?op circuit according to claim 5, Wherein 
said slave latch circuit outputs identical output signals from 
said ?rst and second output terminals in the scan test. 

7. A scan ?ip-?op circuit according to claim 6, Wherein 
said slave latch circuit has a gate for being supplied With a 
signal Which is an inversion of the signal outputted from said 
?rst output terminal and a control signal, generating a signal 
based on the supplied signals, and outputting the generated 
signal from said second output terminal. 

8. A scan ?ip-?op circuit according to claim 7, Wherein 
said gate comprises a NOR gate for being supplied With a 
poWer supply potential as said control signal in the normal 
mode of operation and With the ground potential as said 
control signal in the scan test. 

9. A scan ?ip-?op circuit comprising: 

a ?rst master latch circuit having an input terminal for 
being supplied With a logic signal for a normal mode of 
operation, for latching and outputting the logic signal 
for the normal mode of operation in the normal mode 
of operation; 

a second master latch circuit having an input terminal for 
being supplied With a logic signal for a scan test, for 
latching and outputting the logic signal for the scan test 
in the scan test; and 

a slave latch circuit having ?rst and second output termi 
nals for latching and outputting signals outputted from 
said ?rst and second master latch circuits, for latching 
the signal outputted from said ?rst master latch circuit 
and outputting the latched signal from said ?rst output 
terminal, and ?Xing an output signal outputted from 
second output terminal to a poWer supply potential in 
the normal mode of operation, and latching the signal 
outputted from said second master latch circuit and 
outputting the latched signal from said ?rst and second 
output terminals in the scan test. 

10. A scan ?ip-?op circuit according to claim 9, Wherein 
said slave latch circuit outputs identical output signals from 
said ?rst and second output terminals in the scan test. 

11. A scan ?ip-?op circuit according to claim 10, Wherein 
said slave latch circuit has a gate for being supplied With a 
signal Which is an inversion of the signal outputted from said 
?rst output terminal and a control signal, generating a signal 
based on the supplied signals, and outputting the generated 
signal from said second output terminal. 

12. Ascan ?ip-?op circuit according to claim 11, Wherein 
said gate comprises a NAND gate for being supplied With a 
ground potential as said control signal in the normal mode 
of operation and With the poWer supply potential as said 
control signal in the scan test. 

13. A scan ?ip-?op circuit comprising: 

a ?rst master latch circuit having an input terminal for 
being supplied With a logic signal for a normal mode of 
operation, for latching and outputting the logic signal 
for the normal mode of operation in the normal mode 
of operation; 
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a second master latch circuit having an input terminal for 
being supplied With a logic signal for a scan test, for 
latching and outputting the logic signal for the scan test 
in the scan test; and 

a slave latch circuit having ?rst and second output terrni 
nals for latching and outputting signals outputted from 
said ?rst and second rnaster latch circuits, for latching 
the signal outputted from said ?rst rnaster latch circuit 
and outputting the latched signal from said ?rst output 
terminal, and ?xing an output signal outputted from 
second output terminal to a ground potential in the 
normal mode of operation, and latching the signal 
outputted from said second rnaster latch circuit and 
outputting the latched signal from said ?rst and second 
output terminals in the scan test. 
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14. Ascan ?ip-?op circuit according to claim 13, Wherein 
said slave latch circuit outputs identical output signals from 
said ?rst and second output terminals in the scan test. 

15. Ascan ?ip-?op circuit according to claim 14, Wherein 
said slave latch circuit has a gate for being supplied With a 
signal Which is an inversion of the signal outputted from said 
?rst output terminal and a control signal, generating a signal 
based on the supplied signals, and outputting the generated 
signal from said second output terminal. 

16. Ascan ?ip-?op circuit according to claim 15, Wherein 
said gate comprises a NOR gate for being supplied With a 
poWer supply potential as said control signal in the normal 
mode of operation and With the ground potential as said 
control signal in the scan test. 

* * * * * 


