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A rnulti-threshold ?ip-?op circuit having an outside feed 
back is disclosed. The rnulti-threshold ?ip-?op circuit com 
prises a master latch and a slave latch. Coupled between an 
output of the slave latch and an input of the master latch, a 
switchable feedback path is utilized to retain logical values 
of the slave latch during a sleep mode of the ?ip-?op circuit. 
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MULTI-THRESHOLD FLIP-FLOP CIRCUIT 
HAVING AN OUTSIDE FEEDBACK 

BACKGROUND OF THE INVENTION 

[0001] 1. Technical Field 

[0002] The present invention relates to logic circuits in 
general, and in particular to ?ip-?op circuits. Still more 
particularly, the present invention relates to a multi-thresh 
old ?ip-?op circuit having an outside feedback. 

[0003] 2. Description of the Prior Art 

[0004] In order to maintain high performances in elec 
tronic devices having a scaled-doWn poWer supply voltage, 
threshold voltages for transistors Within the electronic 
devices need to be scaled doWn also. HoWever, a loWer 
threshold voltage Will give rise to a higher subthreshold 
leakage current. Especially for battery-poWered electronic 
devices, the relative level of leakage currents increases even 
more during sleep mode. One solution for reducing the 
amount of current leakage in sleep mode is to use a circuit 
commonly knoWn as multi-threshold complementary-metal 
oXide semiconductor (MTCMOS) circuit. Generally speak 
ing, a MTCMOS circuit uses loW-threshold transistors dur 
ing active mode but cuts off supply voltage during sleep 
mode. Such sWitching scheme Works Well for combinational 
circuits but not for sequential circuits because a latch or 
?ip-?op circuit Will lose its logical state When the supply 
voltage is turned off. 

[0005] Several solutions have been utiliZed to tackle the 
problem of losing logical state in MTCMOS sequential 
circuits. Most of those solutions are generally based on 
duplicating the regular ?ip-?op circuit structure With some 
form of “shadoW” or “balloon” latch. A duplicate latch can 
be built With high-threshold transistors that Will keep the 
logical states of transistors during sleep mode. HoWever, all 
the prior art solutions typically result in circuits having 
signi?cant increased complexity With a large chip area 
overhead. In addition, most prior art solutions have non 
trivial issues related to saving and restoring state. Conse 
quently, it Would be desirable to provide an improved 
?ip-?op circuit With relatively loW subthreshold leakage 
currents. 

BRIEF SUMMARY OF THE INVENTION 

[0006] In accordance With a preferred embodiment of the 
present invention, a ?ip-?op circuit includes a master latch 
having a forWard MTCMOS inverter and a feedback stan 
dard inverter, and a slave latch having a forWard MTCMOS 
inverter and a feedback standard inverter. A ?rst sWitch is 
connect to an input of the master latch. A second sWitch is 
connected betWeen an output of the master latch and an input 
of the slave latch. A third sWitch is connected betWeen an 
output of the slave latch and the input of the master latch. 

[0007] All objects, features, and advantages of the present 
invention Will become apparent in the folloWing detailed 
Written description. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0008] The invention itself, as Well as a preferred mode of 
use, further objects, and advantages thereof, Will best be 
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understood by reference to the folloWing detailed descrip 
tion of an illustrative embodiment When read in conjunction 
With the accompanying draWings, Wherein: 

[0009] FIG. 1 is a circuit diagram of a typical master-slave 
?ip-?op circuit, according to the prior art; 

[0010] FIG. 2 is a circuit diagram of a master-slave 
?ip-?op circuit, in accordance With a preferred embodiment 
of the present invention; 

[0011] FIG. 3 is a circuit diagram of a MTCMOS inverter 
Within the ?ip-?op circuit from FIG. 2, in accordance With 
a preferred embodiment of the present invention; and 

[0012] FIG. 4 is a circuit diagram of a standard inverter 
Within the ?ip-?op circuit from FIG. 2, in accordance With 
a preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0013] Detailed Description of a Preferred Embodiment 

[0014] Referring noW to the draWings and in particular to 
FIG. 1, there is depicted a circuit diagram of a typical 
master-slave ?ip-?op circuit, according to the prior art. As 
shoWn, a ?ip-?op circuit 10 includes a master latch 11 and 
a slave latch 12._lFlip-?op circuit 10 has tWo clock phases, 
namely, 1 T1 and 1 1'2. SWitches S1 and S2, Which can be pass 
gates’ or pass transistors, are activated by clock phasesa 1 T1 
and 1 12, respectively. By convention, a sWitch is closed 
When the clock is at a logical high (i.e., a logical one), and 
the sWitch is opened When the clock is at a logical loW (i.e., 
a logical Zero). For ?ip-?op circuit 10 to function correctly, 
clock phases 1 T1 and 1 12 need to be non-overlapping (i.e., 
off-phase With each other). When clock phasel T1 is high, 
master latch 11 is transparent and slave latch 12 is in store 
mode during Which a data value from a previous clock cycle 
is being stored. When clock phase 1 12 becomes high, master 
latch 11 is in store mode and slave latch 12 is transparent. 
Inverters 13-16 used in ?ip-?op circuit 10 typically have 
different siZes. For eXample, the siZes of inverters 13 and 14 
are usually larger than the siZes of inverters 15 and 16. The 
reason that the siZes of inverters 13 and 14 being relatively 
larger is because the forWard path of ?ip-?op circuit 10 is 
critical for performance While the feedback path of ?ip-?op 
circuit 10 is necessary only for preserving its logical state. 

[0015] With reference noW to FIG. 2, there is depicted a 
circuit diagram of a master-slave ?ip-?op circuit, in accor 
dance With a preferred embodiment of the present invention. 
As shoWn, ?ip-?op circuit 20 includes a master latch 51 and 
a slave latch 52. The input of master latch 51 is connected 
to the input of ?ip-?op circuit 20 via a ?rst sWitch S1. The 
input of slave latch 52 is connected to the output of master 
latch 51 via a second sWitch S2. The output of slave latch 52 
is connected to the input of master latch 51 via a third sWitch 
S3. The output of slave latch 52 is also the output of ?ip-?op 
circuit 20. Flip-?op circuit 20 has tWo clock phasesa€‘l']‘1 
and 1 12. First sWitch S1 and second sWitch S2, Which can 
be pass gates or pass transistors, are activated by clock 
phases 1 T1 and 1 12, respectively. Clock phases 1 T1 and 1 T2 
are non-overlapping. Third sWitch S3 is activated by a 
SLEEP signal. A sWitch is closed When a controlling signal, 
such as a clock phase or SLEEP signal, is at a logical high 
(i.e., a logical one), and the sWitch is opened When the 
controlling signal is at a logical loW (i.e., a logical Zero). 
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[0016] Master latch 51 is comprised of a multi-threshold 
complementary-metal-oXide semiconductor (MTCMOS) 
inverter 21 coupled to a standard inverter 22. Similarly, slave 
latch 52 is comprised of a MTCMOS inverter 23 coupled to 
a standard inverter 24. Thus, inverters 21 and 22 forms a ?rst 
feedback loop, and inverters 23 and 24 forms a second 
feedback loop. Since MTCMOS inverters 21 and 23 are 
identical With each other, only MTCMOS inverter 21 Will be 
eXplained in further details. Referring noW to FIG. 3, there 
is depicted a circuit diagram of MTCMOS inverter 21, in 
accordance With a preferred embodiment of the present 
invention. As shoWn, MTCMOS inverter 21 includes tWo 
p-channel transistors 31, 33 connected to tWo n-channel 
transistors 32, 34 in series. Transistors 31 and 32 are 
loW-threshold transistors intended for high-speed operations 
during active mode. Transistors 33 and 34 are high-threshold 
transistors intended to be utiliZed as gating transistors for 
cutting off poWer supply to transistors 31 and 32 during 
sleep mode. When the SLEEP signal is asserted, transistors 
33 and 34 are turned off such that transistors 31 and 32 are 
isolated from the poWer supply. 

[0017] Because standard inverters 22 and 24 are also 
identical With each other, only standard inverter 22 Will be 
further explained. With reference noW to FIG. 4, there is 
depicted a circuit diagram of standard inverter 22, in accor 
dance With a preferred embodiment of the present invention. 
As shoWn, standard inverter 22 includes a p-channel tran 
sistor 41 connected to an n-channel transistor 42 in series. 
The operation of standard inverter 22 is Well-knoWn to those 
skilled in the art. 

[0018] Flip-?op circuit 20 in FIG. 2 functions as folloWs. 
During active mode of operation, the SLEEP signal is 
de-asserted, Which means third sWitch S3 is open and all 
gating transistors G1, G2, G3, and G4 are turned on, ?ip-?op 
circuit 20 behaves like a regular master-slave ?ip-?op, 
similar to ?ip-?op 10 in FIG. 1. When clock phasel T1 is 
high during active mode, master latch 51 is transparent and 
slave latch 52 is in store mode. When clock phase 1 T2 is high 
during active mode, master latch 51 is in store mode and 
slave latch 52 is transparent. 

[0019] Flip-?op circuit 20 should enter and exit“ sleep 
mode When clock phase 1 T1 is loW and clock phase 1 T2 is 
high. Clock phase 1 12 also needs to remain high during the 
entire sleep mode. Sleep mode can be entered simply by 
asserting theUSLEEP signal When clock phase 1 T1 is loW and 
clock phase 1 T2 is high. The assertion of the SLEEP signal 
closes third sWitch S3 and turns off all gating transistors G1, 
G2, G3, and G4, Which effectively shuts off the poWer 
supply to MTCMOS inverters 21 and 23. Since MTCMOS 
inverters 21 and 23 are disconnected from the poWer supply, 
the state of ?ip-?op circuit 20 is noW preserved by the loop 
formed by standard inverter 24, second sWitch S2, standard 
inverter 22, and third sWitch S3. At this point, there is not 
going to be any major current leakage from any transistors 
Within ?ip-?op circuit 20 because transistors Within standard 
inverters 22 and 24 are high-threshold transistors, and all 
loW-threshold transistors utiliZed in MTCMOS inverters 21 
and 23 are disconnected from the poWer supply through 
high-threshold gating transistors. 

[0020] Returning to active mode from sleep mode can 
simply be done by de-asserting the SLEEP signal. The 
de-asserting of the SLEEP signal Will open third sWitch S3 
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and turns on all gating transistors, and the logical state of 
?ip-?op circuit 20 Will be restored to the logical state before 
entering sleep mode. It is important to note that closing and 
opening third sWitch S3 Will not lead to any race condition 
since the output and the input of master latch 51 are identical 
(either both highor both loW) When clock phase 1 T1 is loW 
and clock phase 1 T2 is high as required When entering and 
eXiting sleep mode. 

[0021] There are several salient features to ?ip-?op circuit 
20. First, only the inverters on the forWard path (i.e., inverter 
21 and inverter 23) need to be fast and hence be imple 
mented With MTCMOS inverters. Standard inverters 22, 24 
and third sWitch S3 are not in the critical path of ?ip-?op 
circuit 20; thus, standard inverters 22, 24 and third sWitch S3 
can be realiZed With high-threshold transistors for reduced 
leakage. Second, third sWitch S3 connects the output to the 
input of master latch 51, forming an outside feedback. The 
outside feedback path formed With third sWitch S3 and the 
regular high-threshold feedback inverters 22, 24 keeps the 
logical state of ?ip-?op circuit 20 during sleep mode. First 
sWitch S1 is closed When clock phasel :[1 is active, second 
sWitch S2 is closed When clock phase 1 T2 is active, third 
sWitch S3 is closed When SLEEP signal is asserted. Third, 
both sWitches S1 and S2 are implemented With loW-thresh 
old transistors for high speed. 

[0022] As has been described, the present invention pro 
vides a multi-threshold ?ip-?op circuit having an outside 
feedback. The ?ip-?op circuit of the present invention keeps 
its logical state by using an outside feedback from the output 
of a slave latch to the input of a master latch. Compared to 
the prior art ?ip-?op circuits, the present invention uses a 
minimal area overhead and has no negative impact on 
performance. 
[0023] Although the description of the present invention is 
related to a master-slave ?ip-?op structure, it should be 
understood by those skilled in the art that the concept of the 
present invention can be applicable to other ?ip-?op circuits. 
For example, there may be eXtra sWitches on the internal 
feedbacks for the master and slave latches, or the feedback 
may have another topology. The outside feedback idea can 
be applicable to all those cases but a more compleX control 
may be needed to fully close the outside feedback loop. 
Also, the present invention can also be easily adapted to 
level sensitive scan design (LSSD) style ?ip-?op circuits. 

[0024] While the invention has been particularly shoWn 
and described With reference to a preferred embodiment, it 
Will be understood by those skilled in the art that various 
changes in form and detail may be made therein Without 
departing from the spirit and scope of the invention. 

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

a master latch; 

a slave latch; and 

a sWitchable feedback path, coupled betWeen an output of 
said slave latch and an input of said master latch, for 
retaining logical values of said slave latch during a 
sleep mode of said ?ip-?op circuit. 

2. The ?ip-?op circuit of claim 1, Wherein said ?ip-?op 
circuit further includes a ?rst sWitch betWeen an input of said 
?ip-?op circuit and said input of said master latch. 
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3. The ?ip-?op circuit of claim 2, wherein said ?ip-?op 
circuit further includes a second sWitch betWeen and an 
output of said master latch and an input of said slave latch. 

4. The ?ip-?op circuit of claim 1, Wherein said sWitchable 
feedback path further includes a third sWitch. 

5. The ?ip-?op circuit of claim 4, Wherein said third 
sWitch is closed during said sleep mode. 

6. The ?ip-?op circuit of claim 1, Wherein said master 
latch further includes a MTCMOS inverter coupled to a 
standard inverter. 

7. The ?ip-?op circuit of claim 6, Wherein said MTCMOS 
inverter further includes a plurality of high-threshold active 
transistors and a plurality of loW-threshold gating transis 
tors. 

8. The ?ip-?op circuit of claim 1, Wherein said slave latch 
further includes a MTCMOS inverter coupled to a standard 
inverter. 

9. The ?ip-?op circuit of claim 8, Wherein said MTCMOS 
inverter further includes a plurality of high-threshold active 
transistors and a plurality of loW-threshold gating transis 
tors. 

10. A ?ip-?op circuit comprising: 

a ?rst sWitch connected to an input of said ?ip-?op circuit; 

a master latch having a forWard MTCMOS inverter and a 
feedback standard inverter; 

a slave latch having a forWard MTCMOS inverter and a 
feedback standard inverter; 
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a second sWitch connected betWeen an output of said 
master latch and an input of said slave latch; and 

a third sWitch connected betWeen an output of said slave 
latch and said input of said master latch. 

11. The ?ip-?op circuit of claim 10, Wherein said MTC 
MOS inverter in said master latch further includes loW 
threshold active transistors and high-threshold gating tran 
sistors. 

12. The ?ip-?op circuit of claim 10, Wherein said MTC 
MOS inverter in said slave latch further includes loW 
threshold active transistors and high-threshold gating tran 
sistors. 

13. The ?ip-?op circuit of claim 10, Wherein said feed 
back standard inverter in said master latch further include 
high-threshold transistors. 

14. The ?ip-?op circuit of claim 10, Wherein said feed 
back standard inverter in said slave latch further include 
high-threshold transistors. 

15. The ?ip-?op circuit of claim 10, Wherein said ?rst 
sWitch is a loW-threshold transistor. 

16. The ?ip-?op circuit of claim 10, Wherein said second 
sWitch is a loW-threshold transistor. 

17. The ?ip-?op circuit of claim 10, Wherein said third 
sWitch is a high-threshold transistor. 


