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HIGH SPEED LATCH AND FLIP-FLOP 

BACKGROUND OF THE INVENTION 

0001. The present invention generally relates to elec 
tronic Storage devices, and more particularly, to latch and 
flip-flop circuits commonly used in digital electronic 
devices. 

0002 Advances in integrated circuit technology and 
design have led to a rapid increase in integrated circuit 
performance. A good example of this increase in perfor 
mance can be seen in microprocessors. Only a few years 
ago, State-of-the-art microprocessors shipped with personal 
computers had clock rates of around 60 MHz. Today, 
personal computers are commonly shipped with micropro 
cessors having clock rates of 600 MHz or more. 
0.003 FIG. 1 shows a typical delay path within a digital 
circuit. Such delay paths are commonly used in micropro 
ceSSors and other digital circuits. A typical delay path 
includes a first register 101, a second register 103 and a 
combinational logic block 102 located therebetween. In the 
diagram shown, both the first register 101 and the second 
register 103 are clocked by a common clock signal 105. For 
purposes of illustration, both the first register 101 and the 
Second register 103 are assumed to be positive edge trig 
gered master-Slave flip-flops. 
0004. In operation, and as shown in FIG. 2, the first 
register 101 releases data to the combinational logic 102 at 
a first positive edge of the clock signal 105. There is 
typically a delay 204, commonly referred to as a clock-to-q 
delay, before the data actually emerges from the first register 
101. The data emerging from the first register 101 is shown 
at 209. The clock-to-q delay 204 typically corresponds to the 
time required to propagate the data Signal through the Slave 
of the master-slave flip-flop, as further described below. 
Once the data emerges from the first register 101, the data 
must propagate through the combinational logic block 102, 
and arrive at the data input of the second register 103 at least 
one setup time 206 before the next positive edge of the clock 
signal 105. The arrival of the data at the data input of the 
second register is shown at 211. The setup time 206 typically 
corresponds to the time required to Set the State of the master 
of the master-slave flip-flop, as further described below. 
0005 To maximize the performance of the delay path, it 
is desirable to minimize the clock-to-q delay 204 and the 
setup time 206. This leaves the maximum amount of propa 
gation time 205 for the data to travel through the combina 
tional logic block 102. By reducing the clock-to-q delay 204 
and/or the Setup time 206, the clock rate of the clock signal 
105 can be increased, thereby increasing the performance of 
the corresponding digital circuit. Alternatively, a longer 
delay path can be provided in the combinational logic block 
102, which may help reduce the number of pipeline Stages 
often required in many of today's microprocessors. 

0006 FIG. 3 is a schematic diagram of a typical positive 
edge triggered master-Slave flip-flop in accordance with the 
prior art. The flip-flop includes a master latch 301 and a 
slave latch 302, with the output of the master latch 301 
coupled to the input of the slave latch 302. Because the 
illustrative master-Slave flip-flop is positive edge triggered, 
the master latch 301 is transparent and the slave latch 302 is 
latched when the clock signal 315 is low, and the master 
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latch 301 is latched and the slave latch 302 is transparent 
when the clock signal 315 is high. 

0007. The master latch 301 includes a pair of cross 
coupled inverters 305 and 306. One side of the cross 
coupled inverters is coupled to a data output terminal 307, 
and the other Side of the cross-coupled inverters is coupled 
to the data input terminal 303 of the master-slave flip-flop 
through a transmission gate 304. The transmission gate 304 
connects the data input terminal 303 of the master-slave 
flip-flop to the input of the first inverter 305 and the output 
of the second inverter 306 when the clock signal 315 is low 
(and thus the complement clock signal 316 is high). In this 
State, the master latch 301 is transparent, allowing the data 
input signal 303 to set the state of the cross-coupled inverters 
305 and 306. 

0008. The transmission gate 304 disconnects the data 
input terminal 303 from the input of the first inverter 305 and 
the output of the second inverter 306 when the clock signal 
315 is high (and thus the complement clock signal 316 is 
low). In this state, the master latch 301 is latched, allowing 
the cross-coupled inverters 305 and 306 to store the state 
previously set by the data input signal 303. 

0009. Like the master latch 301, the slave latch 302 also 
includes a pair of cross-coupled inverters 309 and 310. One 
side of the cross-coupled inverters 309 and 310 is coupled to 
a data output terminal 311, and the other side of the 
cross-coupled inverters is coupled to the output terminal 307 
of the master latch 301 through a transmission gate 308. The 
transmission gate 308 connects the output terminal 307 of 
the master latch 301 to the input of the first inverter 309 and 
the output of the second inverter 310 when the clock signal 
315 is high (and thus the complement clock signal 316 is 
low). In this state, the slave latch 302 is transparent, allow 
ing the data output signal 307 of the master latch 301 to set 
the state of the cross-coupled inverters 309 and 310. 
0010. The transmission gate 308 disconnects the output 
terminal 307 of the master latch 301 from the input of the 
first inverter 309 and the output of the second inverter 310 
when the clock signal 315 is low (and thus the complement 
clock signal 316 is high). In this state, the slave latch 302 is 
latched, allowing the cross-coupled inverters 309 and 310 to 
store the previously state set by the data output signal 307. 
0011. During operation, the clock signal 315 may initially 
be low and the complement clock signal 316 may be high. 
At this time, the master latch 301 is transparent, allowing the 
data input signal 303 to enter the master latch 301 and set the 
state of the cross-coupled inverters 305 and 306. The slave 
latch 302 is in a latched State, preventing the output Signal 
307 of the master latch 301 from reaching the cross-coupled 
inverters 309 and 310 of the slave latch 302. 

0012. The data input signal 303 must be stable for a 
Sufficient period to Set the State of the cross-coupled invert 
ers 305 and 306 to a desired state before the clock signal 315 
rises. AS indicated above, this is referred to as the Setup time 
of the master-slave flip-flop. For the master-slave flip-flop 
shown, the Setup time corresponds to about two gate delayS, 
including the delay through the transmission gate 304 and 
the first inverter 205. When the clock signal 315 rises (and 
thus the complement clock signal 316 falls), the transmis 
sion gate 304 disconnects the data input signal 303 from the 
pair of cross-coupled inverters 305 and 306. The pair of 
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cross-coupled inverters 305 and 306 then maintain or store 
the data State Set during the Setup period. 

0013 As the clock signal 315 rises, the transmission gate 
308 of the slave latch 302 goes transparent, passing the data 
state stored in the master latch 301 to the output 311 of the 
master-slave flip-flop. That is, the rising edge of the clock 
signal 315 opens the transmission gate 308 of the slave latch 
302, which then allows the data state on the output terminal 
307 of the master latch 301 to propagate to the output 
terminal 311 of the slave latch 302. For the master-slave 
flip-flop shown, this delay corresponds to the clock-to-q 
delay. The clock-to q delay is about two gate delayS, 
including the delay through the transmission gate 308 and 
the first inverter 309. If a complement output signal 320 is 
desired, the clock-to-q delay is increased to about three gate 
delays with the addition of inverter 314. 

SUMMARY OF THE INVENTION 

0.014. The present invention overcomes many disadvan 
tages of the prior art by providing a latch and flip-flop that 
have a reduced clock-to-q delay and/or a reduced Setup time. 
The latch and flip-flop preferably have both a data input 
Signal and a complement data input signal. The data input 
Signal and the complement data input signal are Selectively 
connected to opposite sides of a pair of cross-coupled gates 
of the latch or flip-flop, preferably via a Switch or the like. 
The Switch is preferably controlled by an enable Signal, Such 
as a clock. When the Switch is enabled, the data input signal 
is passed directly to a data output terminal, and the comple 
ment data input signal is passed directly to a complement 
data output Signal. Because the data input signal is passed 
directly to the data output terminal, and the complement data 
input signal is passed directly to the complement data output 
Signal, the clock-to-q time may be reduced relative to the 
prior art. In addition, because the data input signal and the 
complement data input signal drive opposite Sides of the pair 
of cross-coupled gates, the State of the pair of cross-coupled 
gates can be more quickly Set to a desired State. This helps 
to reduce the clock-to-q time, as well as the Setup time. 

0.015. In a first illustrative latch embodiment, the data 
input Signal and the complement data input signal are 
provided to a first Switch and a Second Switch, respectively, 
of the latch circuit. Each of the first and second Switches is 
preferably an inverter type gate having a tri-Stateable output. 
The State of the output of each of the inverter type gates may 
be controlled by an enable signal Such as a clock signal. 
When the first Switch and the second Switch are enabled, the 
first Switch passes the data input signal to a first Side of a pair 
of cross-coupled inverters and the Second Switch passes the 
complement data input signal to a Second opposite Side of 
the cross-coupled inverters. The latch preferably has a data 
complement output terminal that corresponds to the first side 
of the cross-coupled inverters and a data output terminal that 
corresponds to the Second Side of the cross-coupled invert 
CS. 

0016. An illustrative flip-flop of the present invention 
combines two of the latch circuits discussed above. In this 
embodiment, the data output terminal of the master latch is 
connected to a data input terminal of the Slave latch, and the 
complement data output terminal of the master latch is 
connected to the complement data input terminal of the Slave 
latch. For a positive edge triggered flip-flop, the first and 
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Second Switch elements of the master latch are enabled when 
the clock signal is low, and the first and Second Switch 
elements of the slave latch are enabled when the clock signal 
is high. 

0017. It is contemplated that each of the first and second 
Switch elements of the master latch and Slave latch may be 
implemented in any number of ways. For example, each of 
the first and second switch elements may be formed from a 
Single transistor, with the gate of the Single transistor 
coupled to the clock signal. Alternatively, each of the first 
and Second Switch elements may be formed from a trans 
mission gate. The transmission gate may have an n-channel 
transistor and a p-channel transistor, with the gate of the 
n-channel transistor coupled to a clock signal and the gate of 
the p-channel transistor coupled to a complement clock 
Signal, or Visa Versa. Further Still, and in a preferred embodi 
ment, the first and Second Switch elements may be formed 
from an inverter type gate having a tri-Stateable output, with 
the State of the output controlled by a clock and/or comple 
ment clock signal. In this latter case, the Switching function 
of the first and second Switch elements may be combined 
into a single circuit, which as described below, may reduce 
the number of transistorS required to form the Switching 
element circuits. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018 FIG. 1 is a schematic diagram of a delay path of a 
typical digital circuit; 

0019) 
FIG. 1; 
0020 FIG. 3 is a schematic diagram of a typical prior art 
flip-flop circuit; 

0021 FIG. 4 is a schematic diagram of an illustrative 
latch in accordance with the present invention; 

FIG. 2 is a timing diagram for the delay path of 

0022 FIG. 5 is a schematic diagram of an illustrative 
master-Slave flip-flop in accordance with the present inven 
tion; 

0023 FIG. 6 is a schematic diagram of an illustrative 
inverter type gate having a tri-Stateable output; 
0024 FIG. 7 is a schematic diagram of another illustra 
tive inverter type gate having a tri-Stateable output; and 
0025 FIG. 8 is a schematic diagram of a Switch imple 
mented using a transmission gate. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0026 FIG. 4 is a schematic diagram of an illustrative 
latch in accordance with the present invention. The latch 
includes a pair of inverters 409 and 410 coupled together in 
a cross-coupled configuration. While cross-coupled invert 
ers are shown in FIG. 4, it is contemplated that other types 
of gates may be used, Such as AND gates, OR gates, XOR 
gates, etc. These alternative gates may be desirable when 
forming, for example, RS flip-flops, JK-flip-flops, etc. 

0027 A first side 415 of the pair cross-coupled inverters 
409 and 410 is preferably coupled to the data input terminal 
401 of the latch through a first Switch element 403. Simi 
larly, a Second Side 417 of the pair of cross-coupled inverters 
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409 and 410 is preferably coupled to the complement data 
input terminal 402 of the latch through a second Switch 
element 404. 

0028. Each of the first and second Switch elements 403 
and 404 are shown as inverting type gates having a tri 
Stateable output. AS indicated above, however, it is contem 
plated that the first and second Switch elements 403 and 404 
may be implemented using, for example, a Single transistor, 
a transmission gate, etc. The first and Second Switch ele 
ments 403 and 404 are preferably controlled by a clock 
signal 406 and a complement clock signal 408, as shown. In 
this configuration, when the clock Signal is high, and the 
complement clock signal is low, the first Switch element 403 
connects the data input signal 401 of the latch to the first side 
415 of the pair of cross-coupled inverters 409 and 410. 
Likewise, the second Switch element 404 connects the 
complement data input signal 402 of the latch to the Second 
side 417 of the pair of cross-coupled inverters 409 and 410. 
0029 When the clock signal is low, and the complement 
clock signal is high, the first Switch element 403 disconnects 
the data input signal 401 of the latch from the first side 415 
of the pair of cross-coupled inverters 409 and 410. Likewise, 
the second switch element 404 disconnects the complement 
data input signal 402 of the latch from the second side 417 
of the pair of cross-coupled inverters 409 and 410. 
0030 AS can readily be seen, when the first and second 
Switch elements 403 and 404 are enabled, the data input 
signal 401 of the latch is passed directly to the complement 
data output terminal 412 after being inverted by the first 
Switch element 403. Likewise, the complement data input 
signal 402 of the latch is passed directly to the data output 
signal 411 after being inverted by the second Switch element 
404. Because the data input signal 401 is passed directly to 
the complement data output terminal 412 by the first Switch 
element 403, and the complement data input signal 402 is 
passed directly to the data output Signal 411 by the Second 
Switch element 404, the clock-to-q time of the latch may be 
reduced relative to the prior art. In addition, because the data 
input Signal 401 and the complement data input signal 402 
drive both sides of the cross-coupled pair of gates 409 and 
410, but in opposite directions, the State of the cross-coupled 
pair of gates 409 and 410 can be more quickly set. This may 
also help reduce the clock-to-q time, as well as reduce the 
Setup time. 
0.031 FIG. 5 is a schematic diagram of an illustrative 
master-slave flip-flop in accordance with the present inven 
tion. AS can be seen, this embodiment combines two of the 
latch circuits of FIG. 4 to form the master-slave flip-flop of 
FIG. 5. In this embodiment, the data output terminal 530 of 
the master latch 501 is connected to the data input terminal 
of the slave latch 502, and the complement data output 
terminal 532 of the master latch 501 is connected to the 
complement data input terminal of the slave latch 502. 
0032) The first and second switch elements 503 and 504 
of the master latch 501 are preferably enabled when the 
clock signal 513 is high, and the first and Second Switch 
elements of the slave latch 502 are preferably enabled when 
the clock Signal is low. This provides a positive edge 
triggered master-slave flip-flop. The polarities of the clock 
and complement clock signal may be reversed to provide a 
negative edge triggered flip-flop. 
0033. During operation, the clock signal 513 may ini 
tially be low and the complement clock signal 515 may be 
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high. At this time, the master latch 501 is transparent, 
allowing the data input Signal 511 and the complement data 
input signal 512 to enter the master latch 501 and set the 
state of the cross-coupled inverters 505 and 506. In contrast, 
the slave latch 502 is in a latched state, preventing the output 
signals 530 and 532 of the master latch 501 from reaching 
the cross-coupled inverters 509 and 510 of the slave latch 
502. 

0034. As with prior art flip-flops, the data input signal 511 
and the complement data input Signal 512 must be stable for 
a sufficient period to set the cross-coupled inverters 505 and 
506 to the desired state before the clock signal 513 rises. 
This is referred to as the setup time of the master-slave 
flip-flop. For the master-slave flip-flop shown in FIG. 5, the 
Setup time corresponds to about one gate delay, or the gate 
delay through the first and/or second Switch elements 503 
and 504. This is substantially less than the setup time of the 
prior art flip-flop of FIG. 3, which as described above, is 
about two gate delayS. 
0035 Upon the rising edge of the clock signal 513 (and 
thus the falling edge of the complement clock signal 515), 
the Switch elements 503 and 504 disconnect the data input 
signal 511 and the complement data input signal 512 from 
the pair of cross-coupled inverters 505 and 506. The pair of 
cross-coupled inverters 503 and 505 then maintains or stores 
the State Set during the Setup period. 
0036. At the same time, when the clock signal 513 rises, 
the switch elements 507 and 508 of the slave latch 502 go 
transparent, passing the data State Stored in the master latch 
501 to the data output 521 and the complement data output 
522 of the master-slave flip-flop. The rising edge of the clock 
signal 513 opens switch elements 507 and 508 of the slave 
latch 502, which then allows the data state on the output 
terminals 530 and 532 of the master latch 501 to propagate 
to the output terminals 521 and 522 of the slave latch 502. 
Accordingly, the clock-to-q delay of the master-Slave flip 
flop of FIG. 5 is about one gate delay, or the gate delay 
through the first and/or second Switch elements 507 and/or 
508 of the slave latch 502. This is substantially less than the 
clock-to-q time of the prior art flip-flop of FIG. 3, which as 
described above, is about two gate delays to produce a data 
output Signal and about three gate delays to produce a 
complement data output signal. 

0037. In the embodiment shown, the first and second 
Switch elements 503, 504, 507 and 508 of the master latch 
501 and the slave latch 502 are implemented using inverter 
type gates having a tri-Stateable output. The State of the 
output is preferably controlled by the clock signal 513 and 
the complement clock signal 515. Various other embodi 
ments for the first and second switch elements 503, 504,507 
and 508 are shown and described with respect to FIGS. 6-8 
below. 

0038 FIG. 6 is a schematic diagram of an illustrative 
inverter type gate having a tri-Stateable output. The inverter 
type gate of FIG. 6 is preferably equivalent to the inverter 
type gates 503, 504, 507 and 508 of FIG. 5. The inverter 
type gate of FIG. 6 includes a first p-channel transistor 606, 
a Second p-channel transistor 607, a first n-channel transistor 
609 and a second n-channel transistor 611. The first p-chan 
nel transistor 606 has a Source coupled to a reference Voltage 
605, a gate coupled to a data input signal 604, and a drain. 
The second p-channel transistor 607 has a source coupled to 



US 2001/0050583 A1 

the drain of the first p-channel transistor 606, a gate coupled 
to the complement clock Signal 608, and a drain coupled to 
an output terminal 612. 

0039. The first n-channel transistor 609 has a drain 
coupled to the output terminal 612, a gate coupled to the 
clock signal 610, and a Source. The Second n-channel 
transistor 611 has a drain coupled to the source of the first 
n-channel transistor 609, a gate coupled to the data input 
Signal 604, and a Source coupled to ground. 

0040. When the clock signal 610 is high and the comple 
ment clock signal 608 is low, both the second p-channel 
transistor 607 and the first n-channel transistor 610 are on. 
Thus, when the data input signal 604 is high, the second 
n-channel transistor 611 pulls the data output terminal 612 
low. Likewise, when the data input signal 604 is low, the first 
p-channel transistor 606 pulls the data output terminal 612 
high. When the clock signal 610 is low and the complement 
clock signal 608 is high, both the second p-channel transistor 
607 and the first n-channel transistor 610 are off, thereby 
effectively disconnecting the data input signal 604 from the 
data output terminal 612. 
0041 FIG. 7 is a schematic diagram of another illustra 
tive inverter type gate having a tri-Stateable output. In this 
embodiment, two transistors are eliminated relative to the 
embodiment of FIG. 6 by combining the Switching function 
of two Switch elements, such as Switch elements 503 and 
504 of FIG. 5. In this embodiment, a first p-channel tran 
sistor 704 and a first n-channel transistor 710 are used to 
enable and disable the inverter type gate. These transistors 
are shared by the data input signal and complement data 
input Signal Switching functions, as further described below. 
The first p-channel transistor 704 has a source coupled to a 
reference Voltage 719, a gate coupled to a complement clock 
signal 705, and a drain. The first n-channel transistor 710 has 
a Source coupled ground 712, a gate coupled to a clock 
Signal 711, and a drain. 
0042. To provide the Switching function for the data input 
signal 707, a second p-channel transistor 706 and a second 
n-channel transistor 708 are provided. The second p-channel 
transistor 706 has a source coupled to the drain of the first 
p-channel transistor 704, a gate coupled to the data input 
signal 707, and a drain coupled to a data output terminal 709. 
The second n-channel transistor 708 has a drain coupled to 
the data output terminal 709, a gate coupled to the data input 
Signal 707, and a Source coupled to the data output terminal 
709. 

0043. To provide the Switching function for the comple 
ment data input signal 717, a third p-channel transistor 715 
and a third n-channel transistor 716 are provided. The third 
p-channel transistor 715 has a source coupled to the drain of 
the first p-channel transistor 704, a gate coupled to the 
complement data input Signal 717, and a drain coupled to a 
complement data output terminal 720. The third n-channel 
transistor 716 has a drain coupled to the complement data 
output terminal 720, a gate coupled to the complement data 
input signal 717, and a source coupled to the drain of the first 
n-channel transistor 710. 

0044) When the clock signal 711 is high and the comple 
ment clock signal 705 is low, both the first p-channel 
transistor 704 and the first n-channel transistor 710 are on. 
Thus, when the data input signal 807 is high, the second 
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n-channel transistor 710 pulls the data output terminal 709 
low. The second p-channel transistor 706 is off. When the 
data input signal 707 is low, the Second p-channel transistor 
706 pulls the data output terminal 709 high. The second 
n-channel transistor is off. 

0045 Likewise, when the complement data input signal 
717 is high, the third n-channel transistor 716 pulls the 
complement data output terminal 720 low. The third p-chan 
nel transistor 715 is off. Finally, when the complement data 
input signal 717 is low, the third p-channel transistor 715 
pulls the complement data output terminal 720 high. The 
third n-channel transistor 716 is off. 

0046 FIG. 8 is a schematic diagram of a Switch imple 
mented as a transmission gate. Rather than providing a 
inverter type gate having a tri-Stateable output as shown and 
described with reference to FIGS. 6-7, it is contemplated 
that each of the first and Second Switch elements may be 
formed from a transmission gate or the like. The transmis 
Sion gate may have an n-channel transistor 802 and a 
p-channel transistor 804, with the gate of the n-channel 
transistor 802 coupled to a clock signal 806 and the gate of 
the p-channel transistor 804 coupled to a complement clock 
signal 808, or visa versa. Alternatively, it is contemplated 
that each of the first and Second Switch elements may be 
formed from a single transistor, with the gate of the Single 
transistor coupled to a clock signal. Numerous other con 
figurations are also contemplated. 

0047 Finally, a method for writing a desired data state to 
a pair of croSS-coupled logic gates is contemplated. AS 
indicated above, a pair of croSS coupled logic gates may 
have a first terminal that is connected to the output of a first 
one of the cross-coupled logic gates and to the input of the 
Second one of the cross-coupled logic gates. A pair of logic 
gates may further have a Second terminal that is connected 
to the input of the first one of the cross-coupled logic gates 
and to the output of the Second one of the cross-coupled 
logic gates. 

0048. An input data signal and a complement input data 
Signal are provided. The input data Signal and a complement 
input data Signal preferably correspond to a desired data 
State. A clock Signal is also preferably provided, wherein the 
clock signal can have a first logic State and a Second logic 
State. 

0049. To write the pair of cross-coupled logic gates, the 
input data Signal is driven to the first terminal of the 
cross-coupled logic gates and the complement input data 
Signal is driven to the Second terminal of the cross-coupled 
logic gates. This is performed when the clock signal is in the 
first logic State. Then, when the clock signal is in the Second 
logic State, the input data Signal is disconnected from the 
first terminal of the cross-coupled logic gates and the 
complement input data Signal is disconnected from the 
Second terminal of the cross-coupled logic gates. 
0050. It is contemplated that a data output signal may be 
provided from the first output terminal and a complement 
data output signal may be provided from the Second output 
terminal. The data output Signal may be driven to the first 
terminal of a slave pair of cross-coupled logic gates, and the 
complement data output Signal may be driven to the Second 
terminal of the Slave pair of cross-coupled logic gates. This 
is preferably done when the clock Signal is in the Second 
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logic State. Finally, when the clock signal is in the first logic 
State, the data output Signal may be disconnected from the 
first terminal of the Slave pair of cross-coupled logic gates 
and the complement data output signal may be disconnected 
from the Second terminal of the slave pair of cross-coupled 
logic gates. 

0051 Having thus described the preferred embodiments 
of the present invention, those of skill in the art will readily 
appreciate that the teachings found herein may be applied to 
yet other embodiments within the scope of the claims hereto 
attached. 

What is claimed is: 
1. A latch comprising: 
a data input terminal for carrying a data input signal; 
a complement data input terminal for carrying a comple 
ment data input Signal; 

a clock input terminal for carrying a clock signal; 
latching means for Selectively Storing a data State, Said 

latching means having a data input terminal for carry 
ing a data input Signal, and a complement data input 
terminal for carrying a complement data input Signal; 
and 

Switching means for connecting the data input terminal of 
the latch to the data input terminal of the latching 
means and for connecting the complement data input 
terminal of the latch to the complement data input 
terminal of the latching means when the clock signal is 
in a first State, and for disconnecting the data input 
terminal of the latch from the data input terminal of the 
latching means and for disconnecting the complement 
data input terminal of the latch from the complement 
data input terminal of the latching means when the 
clock signal is in a Second State. 

2. A latch according to claim 1, wherein Said Switching 
means comprises a first Switch element having an input 
terminal, an output terminal, and an enable terminal, the 
input terminal of the first Switch element is coupled to the 
data input terminal of the latch, the output terminal of the 
first Switch element is coupled to the data input terminal of 
the latching means, the enable terminal of the first Switch 
element is coupled to the clock input terminal, the first 
Switch element connecting the data input terminal of the 
latch to the data input terminal of the latching means when 
the clock signal is enabled and disconnecting the data input 
terminal of the latch from the data input terminal of the 
latching means when the clock signal is disabled; and 

a Second Switch element having an input terminal, an 
output terminal, and an enable terminal, the input 
terminal of the Second Switch element is coupled to the 
complement data input terminal of the latch, the output 
terminal of the Second Switch element is coupled to the 
complement data input of the latching means, the 
enable terminal of the Second Switch element is coupled 
to the clock input terminal, the Second Switch element 
connecting the complement data input terminal of the 
latch to the complement data input terminal of the 
latching means when the clock signal is enabled and 
disconnecting the complement data input terminal of 
the latch from the complement data input terminal of 
the latching means when the clock signal is disabled. 
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3. A latch according to claim 2, wherein the first Switch 
element comprises at least one transistor. 

4. A latch according to claim 3, wherein the first Switch 
element comprises a logic gate having a tri-Stateable output. 

5. A latch according to claim 3, wherein the first Switch 
element has S a complement enable terminal. 

6. A latch according to claim 5, further comprising a 
complement clock input terminal for carrying a complement 
clock input signal, wherein the complement enable terminal 
of the first Switch element is coupled to the complement 
clock input terminal. 

7. A latch according to claim 6, wherein the first Switch 
element comprises a transmission gate. 

8. A latch according to claim 6, wherein the Second Switch 
element has a complement enable terminal. 

9. A latch according to claim 8, further comprising a 
complement clock input terminal for carrying a complement 
clock input signal, wherein the complement enable terminal 
of the Second Switch element is coupled to the complement 
clock input terminal. 

10. A latch according to claim 9, wherein the first Switch 
element comprises: 

a first p-moS transistor having a gate, a Source, and a 
drain; 

the Source of the first p-moS transistor is coupled to a 
reference Voltage terminal, the gate of the first p-mos 
transistor is coupled to the data input terminal; 

a Second p-moS transistor having a gate, a Source, and a 
drain, the gate of the Second p-mos transistor is coupled 
to the complement enable terminal, the Source of the 
Second p-moS transistor is coupled to the drain of the 
first p-moS transistor, 

a first n-moS transistor having a gate, a Source, and a drain, 
the gate of the first n-moS transistor is coupled to the 
enable terminal, the drain of the first n-moS transistor is 
coupled to the drain of the Second p-moS transistor to 
form a junction; 

a Second n-moS transistor having a gate, a Source, and a 
drain, the gate of the Second n-moS transistor is coupled 
to the data input terminal, the drain of the Second n-mos 
transistor is coupled to the Source of the first n-mos 
transistor, the Source of the Second n-mos transistor is 
coupled to a ground terminal; and 

the output terminal of the first Switch is coupled to the 
junction between the drain of the Second p-moS tran 
Sistor and the drain of the first n-moS transistor. 

11. A latch according to claim 10, wherein the Second 
Switch element comprises: 

a first p-moS transistor having a gate, a Source, and a 
drain; 

the Source of the first p-moS transistor is coupled to a 
reference Voltage terminal, the gate of the first p-mos 
transistor is coupled to the complement data input 
terminal; 

a Second p-moS transistor having a gate, a Source, and a 
drain, the gate of the Second p-moS transistor is coupled 
to the complement enable terminal, the Source of the 
Second p-moS transistor is coupled to the drain of the 
first p-moS transistor, 
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a first n-moS transistor having a gate, a Source, and a drain, 
the gate of the first n-moS transistor is coupled to the 
enable terminal, the drain of the first n-moS transistor is 
coupled to the drain of the Second p-moS transistor to 
form a junction; 

a Second n-moS transistor having a gate, a Source, and a 
drain, the gate of the Second n-moS transistor is coupled 
to the complement data input terminal, the drain of the 
Second n-moS transistor is coupled to the Source of the 
first n-moS transistor, the Source of the Second n-mos 
transistor is coupled to a ground terminal; and 

the output terminal of the Second Switch is coupled to the 
junction between the drain of the Second p-moS tran 
Sistor and the drain of the first n-moS transistor. 

12. A latch according to claim 1, wherein the Switching 
means farther comprises a complement enable terminal, and 
Said latch includes a complement clock input terminal for 
carrying a complement clock input Signal, wherein the 
complement enable terminal of the Switch means is coupled 
to the complement clock input terminal. 

13. A latch according to claim 12, wherein the Switching 
means further comprises: 

a first p-moS transistor having a gate, a Source, and a 
drain; 

the Source of the first p-moS transistor is coupled to a 
reference Voltage terminal, the gate of the first p-mos 
transistor is coupled to the complement enable terminal 
of the Switching means, 

a Second p-moS transistor having a gate, a Source, and a 
drain, the gate of the Second p-moS transistor is coupled 
to the data input terminal of the latch, the Source of the 
Second p-moS transistor is coupled to the drain of the 
first p-moS transistor to form a first junction; 

a first n-moS transistor having a gate, a Source, and a drain, 
the gate of the first n-moS transistor is coupled to the 
data input terminal of the latch, the drain of the first 
n-moS transistor is coupled to the drain of the Second 
p-moS transistor and is further coupled to the data input 
terminal of the latching means, 

a Second n-moS transistor having a gate, a Source, and a 
drain, the gate of the Second n-moS transistor is coupled 
to the enable terminal of the Switching means, the drain 
of the Second n-moS transistor is coupled to the Source 
of the first n-moS transistor to form a Second junction, 
the Source of the Second n-moS transistor is coupled to 
a ground terminal; 

a third p-moS transistor having a gate, a Source, and a 
drain, the Source of the third p-moS transistor is coupled 
to the first junction between the drain of the first p-mos 
transistor and the Source of the Second p-moS transistor, 
the gate of the third p-moS transistor is coupled to the 
complement data input terminal of the latch; and 

a third n-moS transistor having a gate, a Source, and a 
drain, the gate of the third n-moS transistor is coupled 
to the complement data input terminal of the latch, the 
Source of the third n-moS transistor is coupled to the 
Second junction between the Source of the first n-mos 
transistor and the drain of the Second n-mos transistor; 
the drain of the third n-moS transistor is coupled to the 
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drain of the third p-mos transistor and is further 
coupled to the complement data input terminal of the 
latching means. 

14. A latch according to claim 1, wherein Said latching 
means comprises a first inverter and a Second inverter, 
wherein the first inverter and the Second inverter are croSS 
coupled. 

15. A latch according to claim 14, further comprising a 
data output terminal for carrying a data output signal. 

16. A latch according to claim 15, wherein the data output 
terminal is coupled to an output terminal of the first inverter. 

17. A latch according to claim 16, further comprising a 
complement data output terminal for carrying a complement 
data output Signal. 

18. A latch according to claim 17, wherein the comple 
ment data output terminal is coupled to an output terminal of 
the Second inverter. 

19. A master-Slave flip-flop comprising: 
a data input terminal for carrying a data input signal; 
a complement data input terminal for carrying a comple 

ment data input Signal; 
a clock input terminal for carrying a clock signal; 
a master latching element for Selectively storing a data 

State, Said master latching element having a data input 
terminal for carrying a data input signal, a complement 
data input terminal for carrying a complement data 
Signal, a data output terminal for carrying a data output 
Signal and a complement data Output terminal for 
carrying a complement data output Signal; 

first Switching means for connecting the data input signal 
of the master-Slave flip-flop to the data input terminal 
of the master latching element, and for connecting the 
complement data input Signal of the master-Slave flip 
flop to the complement data output terminal of the 
master latching element when the clock signal is in a 
first State, and for disconnecting the data input Signal of 
the master-Slave flip-flop from the data input terminal 
of the master latching element, and for disconnecting 
the complement data input Signal of the master-Slave 
flip-flop from the complement data output terminal of 
the master latching element when the clock signal is in 
a Second State; 

a slave latching element for Selectively Storing a data 
State, Said slave latching element having a data input 
terminal for carrying a data input Signal, and a comple 
ment data input terminal for carrying a complement 
data Signal; and 

Second Switching means for connecting the data output 
terminal of the master latching element to the data input 
terminal of the slave latching element, and for connect 
ing the complement data output terminal of the master 
latching element to the complement data input of the 
slave latching element when the clock signal is in the 
Second State, and for disconnecting the data output 
terminal of the master latching element from the data 
input terminal of the Slave latching element, and for 
disconnecting the complement data output terminal of 
the master latching element from the complement data 
input of the Slave latching element when the clock 
Signal is in the first State. 
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20. A master-slave flip-flop according to claim 19, 
wherein the Slave latching element has an output terminal 
for carrying a data output signal. 

21. A master-Slave flip flop according to claim 20, wherein 
the Slave latching element has a complement data output 
terminal for carrying a complement data output signal. 

22. A master-slave flip-flop according to claim 19, 
wherein Said master latching element comprises a pair of 
cross-coupled inverters. 

23. A master-slave flip-flop according to claim 19, 
wherein Said slave latching element comprises a pair of 
cross-coupled inverters. 

24. A method for writing a desired data State to a pair of 
cross-coupled logic gates, the pair of croSS coupled logic 
gates having a first terminal that is connected to the output 
of a first one of the cross-coupled logic gates and to the input 
of the Second one of the cross-coupled logic gates, and a 
Second terminal that is connected to the input of the first one 
of the cross-coupled logic gates and to the output of the 
Second one of the cross-coupled logic gates, the method 
comprising the Steps of: 

providing an input data Signal and a complement input 
data Signal that correspond to the desired data State; 

providing a clock signal that can have a first logic State 
and a Second logic State; 

driving the input data Signal to the first terminal of the 
cross-coupled logic gates and the complement input 
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data Signal to the Second terminal of the cross-coupled 
logic gates when the clock signal is in the first logic 
State, and 

disconnecting the input data Signal from the first terminal 
of the cross-coupled logic gates and the complement 
input data Signal from the Second terminal of the 
cross-coupled logic gates when the clock signal is in 
the Second logic State. 

25. A method according to claim 24, further comprising 
the step of: 

providing a data output Signal from the first output 
terminal and a complement data output signal from the 
Second output terminal. 

26. A method according to claim 25, further comprising 
the step of: 

driving the data output Signal to the first terminal of a 
slave pair of cross-coupled logic gates and driving the 
complement data output signal to the Second terminal 
of the slave pair of cross-coupled logic gates when the 
clock signal is in the Second logic State; and 

disconnecting the data output Signal from the first termi 
nal of the slave pair of cross-coupled logic gates and 
disconnecting the complement data output signal from 
the Second terminal of the Slave pair of cross-coupled 
logic gates when the clock signal is in the first logic 
State. 


