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FLIP-FLOP AND PIPELINED 
ANALOG-TO-DIGITAL CONVERTER 

UTILIZING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The invention relates to a ?ip-?op, and more par 
ticularly to a ?ip-?op applied in a pipelined analog-to-digital 
converter (ADC). 
[0003] 2. Description of the Related Art 
[0004] A ?ip-?op is capable of providing the functions of a 
frequency divide-by-2 divider. FIG. 1 is a schematic diagram 
of a conventional frequency divide-by-2 divider based on a D 
?ip-?op. When the conventional divider receives a clock sig 
nal CLK, it can generate an output signal CLK/2 having a half 
frequency of the clock signal CLK. The clock signal CLK/2 is 
required to have a precise 50% duty cycle for implementation. 
Please refer to FIG. 2, Which is an internal schematic diagram 
of the conventional divider, Where CLK_ represents an 
inverse signal of the clock signal CLK. Because the data 
transmitting path of the conventional divider includes tWo 
inverters and tWo sWitches and the conventional divider is not 
a differential circuit, the duty cycle of the output signal 
CLK/2 Will not be 50% and jitter Will be introduced into. 

BRIEF SUMMARY OF THE INVENTION 

[0005] Flip-?ops are provided. An exemplary embodiment 
of a ?ip-?op comprises a sense ampli?er stage and a latch 
stage. The sense ampli?er stage comprises a ?rst N type 
transistor, a second N type transistor, a third N type transistor, 
a fourth N type transistor, a ?fth N type transistor, a sixth N 
type transistor, a seventh N type transistor, a ?rst P type 
transistor, a second P type transistor, a third P type transistor, 
a fourth P type transistor, a ?fth P type transistor, a sixth P 
type transistor, and a seventh P type transistor. The ?rst N type 
transistor comprises a gate receiving a clock signal and a 
source receiving a grounding signal. The second N type tran 
sistor comprises a gate receiving a ?rst data signal and a 
source coupled to a drain of the ?rst N type transistor. The 
third N type transistor comprises a gate receiving a second 
data signal and a source coupled to the drain of the ?rst N type 
transistor. The fourth N type transistor comprises a gate 
receiving the grounding signal, a source receiving the ground 
ing signal, and a drain coupled to a ?rst node. The ?fth N type 
transistor comprises a source coupled to a drain of the second 
N type transistor and a drain coupled to the ?rst node. The 
sixth N type transistor comprises a gate receiving a reset 
signal, a source receiving the grounding signal, and a drain 
coupled to a second node. The seventh N type transistor 
comprises a source coupled to a drain of the third N type 
transistor and a drain coupled to the second node. The ?rst P 
type transistor comprises a gate receiving the clock signal, a 
?rst terminal coupled to a gate of the ?fth N type transistor, 
and a second terminal coupled to a gate of the seventh N type 
transistor. The second P type transistor comprises a gate 
receiving the clock signal and a drain coupled to the ?rst node. 
The third P type transistor comprises a gate coupled to the 
gate of the ?fth N type transistor and the second node, a drain 
coupled to the ?rst node, and a source coupled to a source of 
the second P type transistor. The fourth P type transistor 
comprises a gate receiving the clock signal and a drain 
coupled to the second node. The ?fth P type transistor com 
prises a gate coupled to the gate of the seventh N type tran 
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sistor and the ?rst node, a drain coupled to the second node, 
and a source coupled to a source of the fourth P type transistor. 
The sixth P type transistor comprises a gate receiving the 
grounding signal, a drain coupled to the source of the second 
P type transistor, and a source receiving a poWer signal. The 
seventh P type transistor comprises a gate receiving the reset 
signal, a drain coupled to the source of the fourth P type 
transistor, and a source receiving the poWer signal. 
[0006] The latch stage comprises an eighth N type transis 
tor, a ninth N type transistor, a tenth N type transistor, an 
eleventh N type transistor, a tWelfth N type transistor, a thir 
teenth N type transistor, an eighth P type transistor, a ninth P 
type transistor, and a latch unit. The eighth N type transistor 
comprises a gate receiving a ?rst sensed signal provided by 
the ?rst node and a source receiving the grounding signal. The 
ninth N type transistor comprises a gate receiving a second 
sensed signal provided by the second node and a source 
receiving the grounding signal. The tenth N type transistor 
comprises a gate receiving the second data signal and a source 
coupled to a drain of the eighthN type transistor. The eleventh 
N type transistor comprises a gate receiving the ?rst data 
signal and a source coupled to a drain of the ninth N type 
transistor. The tWelfth N type transistor comprises a gate 
receiving the clock signal, a source coupled to a drain of the 
tenth N type transistor, and a drain receiving a ?rst output 
signal provided by a third node. The thirteenth N type tran 
sistor comprises a gate receiving the clock signal, a source 
coupled to a drain of the eleventh N type transistor, and a drain 
receiving a second output signal provided by a fourth node. 
The eighth P type transistor comprises a gate receiving the 
?rst sensed signal, a source receiving the poWer signal, and a 
drain receiving the ?rst output signal. The ninth P type tran 
sistor comprises a gate receiving the second sensed signal, a 
source receiving the poWer signal, and a drain receiving the 
second output signal. The latch unit is coupled betWeen the 
third and the fourth nodes. 

[0007] Another exemplary embodiment of a ?ip-?op com 
prises a ?rst latch unit, a sWitching transistor, and a second 
latch unit. The ?rst latch unit receives an input data signal and 
generates a sensed signal and an inverse of the sensed signal 
according to a clock signal and the input data signal at a ?rst 
output node and a second output node of the ?rst latch circuit 
respectively. The sWitching transistor comprises a ?rst termi 
nal coupled to the ?rst output node of the ?rst latch unit, a 
second terminal coupled to the second output node of the ?rst 
latch unit, and a control terminal receiving the clock signal, 
for coupling the ?rst output node to the second output node 
according to the clock signal. The second latch unit generates 
an output signal and an inverse of the output signal according 
to the clock signal, the input data signal, the sensed signal and 
the inverse of the sensed signal. 
[0008] Pipelined analog to digital converters are also pro 
vided. An exemplary embodiment of a pipelined analog to 
digital converter comprises transformation stages connected 
in serial, the previous ?ip ?op, and a clock generator. The 
clock generator generates a ?rst phase signal and a second 
phase signal according to the ?rst output signal and the sec 
ond output signal provided by the third node and the fourth 
node of the ?ip-?op. Each transformation stage comprises a 
sub-ADC and a multiplying digital to analog converter 
(MDAC). The sub-ADC processes an input signal to generate 
a digital signal according to the ?rst and the second phase 
signals. The MDAC processes the input signal and the digital 
signal according to the ?rst and the second phase signals. 
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[0009] A detailed description is given in the following 
embodiments With reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The invention can be more fully understood by 
referring to the folloWing detailed description and examples 
With references made to the accompanying draWings, 
Wherein: 
[0011] FIG. 1 is a schematic diagram of a conventional 
frequency divide-by-2 divider based on a ?ip ?op; 
[0012] FIG. 2 is an internal schematic diagram of the con 
ventional frequency divide-by-2 divider; 
[0013] FIG. 3 is a schematic diagram of an exemplary 
embodiment of a ?ip ?op; 
[0014] FIG. 4A is a schematic diagram of an exemplary 
embodiment of the sense ampli?er stage; 
[0015] FIG. 4B is a schematic diagram of an exemplary 
embodiment of the latch stage; 
[0016] FIG. 5 is a schematic diagram of an exemplary 
embodiment of a pipelined analog to digital converter; and 
[0017] FIG. 6 is a schematic diagram of an exemplary 
embodiment of the transforming stage. 

DETAILED DESCRIPTION OF THE INVENTION 

[0018] The folloWing description is of the best-contem 
plated mode of carrying out the invention. This description is 
made for the purpose of illustrating the general principles of 
the invention and should not be taken in a limiting sense. The 
scope of the invention is best determined by reference to the 
appended claims. 
[0019] In order to overcome the problems of prior arts, a 
?ip-?op having differential circuit architecture is provided. A 
better performance (eg a precise 50% duty cycle output 
signal) can therefore be achieved When the ?ip-?op is utiliZed 
to form a frequency divider. 
[0020] FIG. 3 is a schematic diagram of an exemplary 
embodiment of a ?ip-?op. The ?ip-?op 300 comprises a 
sense ampli?er stage 310 and a latch stage 320. The sense 
ampli?er stage 310 generates a sensed signal d1 and an 
inverse sensed signal d1b according to a signal group SCG 
comprising a clock signal CLK. The latch stage 320 is capable 
of generating a clock signal CLK/2 according to the signal 
group SCG, and sensed signals d1 and d1b. In this embodi 
ment, the clock signal CLK/2 has a half frequency of the clock 
signal CLK. Additionally the signal group SCG maybe com 
prises a clock signal CLK, a reset signal RST, data signals d 
and db, a grounding signal GND, a poWer signal VDD, or any 
combinations of above-mentioned signals. 
[0021] FIG. 4A is a schematic diagram of an exemplary 
embodiment of the sense ampli?er stage. The sense ampli?er 
stage 310 comprises N type transistors N1~N7 and P type 
transistors P1~P7. The P type transistors P3 and P5 and the N 
type transistors N5 and N7 constitute a ?rst latch unit. Please 
note that the types of the transistors shoWn in FIG. 4A are 
examples rather than limitations of the present invention. The 
sense ampli?er stage 310 generates sensed signal d1 and 
inverse sensed signal d1b to nodes 411 and 412, respectively. 
When the sWitching transistor P1 is turned on by the clock 
signal CLK, the node 411 is connected to the node 412. FIG. 
4B is a schematic diagram of an exemplary embodiment of 
the latch stage. The latch stage 320 comprises N type transis 
tors N8~N15 and P type transistors P8~P11, Wherein the N 
type transistors N14 and N15 and P type transistors P10 and 
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P11 constitute a second latch unit. The latch stage 320 respec 
tively generates output signal q and inverse output signal qb to 
nodes 413 and 414 according to the sensed signal d1 and the 
inverse sensed signal d1b. Since the connected relationships 
betWeen transistors N1~N15 and P1~P11 are shoWn in FIGS. 
4A and 4B, the connected relationships are omitted here for 
brevity. The operating principles of the sense ampli?er stage 
310 and the latch stage 320 are described in the folloWing. 
[0022] Referring to FIG. 4A, the sense ampli?er stage 310 
can be reset according to a reset signal RST of the signal 
group SCG. When the reset signal RST is at a high level, the 
node 412 is at a loW level, turning on the P type sWitch P3. 
Since the P type transistors P3 and P6 are turned on, the node 
411 is at the high level. In this embodiment, the sensed signal 
d1 is provided by the node 411 and the inverse sensed signal 
d1b is provided by the node 412. 
[0023] When the clock signal CLK is at the high level, the 
N type transistor N1 is turned on. The ?rst latch unit consti 
tuted of tWo inverters formed by the transistors P3, P5, N5 and 
N7 senses the data signal d and db, and keeps the values of the 
data signals d and db at the node 412 and node 411, respec 
tively. In other Words, the value of sensed signal d1 is equal to 
the value of the inverse data signal db, and the value of the 
inverse sensed signal d1b is equal to the value of the data 
signal d at this time. When the clock signal CLK transits to the 
loW level, the P type transistor P1 is turned on and therefore 
the node 411 is coupled to the node 412. This helps the ?rst 
latch unit save time sensing the data signal d and the inverse 
data signal db When next pulse of the clock signal CLK 
arrives. 
[0024] Referring to FIG. 4B, the latch stage receives the 
data signal d, inverse data signal db, sensed signal d1 and 
inverse sensed signal d1b provided by the sense ampli?er 
stage, and generates an output signal q and an inverse output 
signal qb. For example, When the data signal d is high, the 
inverse data signal db is loW, the sensed signal d1 is loW, and 
the inverse sensed signal d1b is high, the transistors N8, N10 
and P9 are turned off, and the transistors P8, N11 and N9 are 
turned on. The node 413 is connected to the poWer signal 
VDD, and the node 414 is connected to the ground, therefore 
the output signal q is high and the inverse output signal qb is 
loW. The second latch unit constituted of the transistors P10, 
P11, N14 and N15 can keep the output signal q and the inverse 
output signal qb When the clock signal CLK is at the loW level. 
[0025] In this embodiment, When the clock signal CLK is at 
the high level, the level of the output signal q is same as the 
level of the data signal d. When the clock signal CLK is 
changed from the high level to the loW level, the level of the 
output signal q is maintained. For example, assuming the data 
signal d is at the high level When the clock signal is at the high 
level. When the clock signal CLK is changed from the high 
level to the loW level, the level of the output signal q is at the 
high level. 
[0026] FIG. 5 is a schematic diagram of an exemplary 
embodiment of a pipelined analog to digital converter (ADC). 
The pipelinedADC 500 comprises a frequency divider 610, a 
clock generator 620, and transforming stages T1~Tn. Trans 
forming stages T1~Tn transform an input signal IN into digital 
signals D l~Dn. Since a person having ordinary skill in the art 
can readily appreciate the operations of transforming stages 
T l~Tn after reading the description of transforming stage T1, 
the folloWing takes the transforming stage T l as an example. 
[0027] FIG. 6 is a schematic diagram of an exemplary 
embodiment of the transforming stage T1. The transforming 
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stage Tl comprises a multiplying digital to analog converter 
(MDAC) 630 and a sub-ADC 640. Please refer to FIG. 6 in 
conjunction With FIG. 5. The frequency divider 610 generates 
the clock signal CLK/2 and its inverse CLK/2_ according to 
the clock signal CLK. Because the ?ip-?op 300 has a differ 
ential circuit structure, each of the clock signal CLK/2 and the 
inverse clock signal CLK/2_ has a precise 50% duty cycle. 
The difference betWeen the falling edges of the clock signals 
CLK/2 and CLK/2_ is T/ 2, Wherein T is a period of the clock 
signal CLK/2. 
[0028] In this embodiment, the frequency divider 610 is 
constituted by the ?ip-?op 300. The ?ip-?op 300 is capable of 
providing the functions of the frequency divider 61 0 When the 
connected relationship of the ?ip-?op 300 is controlled. In 
one embodiment, When the gates of the N type transistors N2 
and N11 receive the inverse output signal qb, the inverse 
output signal qb serves as the clock signal CLK/2_. 
[0029] The clock generator 620 generates phase signals 
Ph1 and Ph2 according to the clock signals CLK/2 and CLK/ 
2_. The sub-ADC 640 processes the input signal IN to gen 
erate the digital signal D 1 according to phase signals Ph1 and 
Ph2. The MDAC processes the input signal IN and the digital 
signal Dl according to the phase signals Ph1 and Ph2. Since 
the clock signals CLK/2 and CLK/2_ are both 50% duty cycle 
clocks, the sampling edge of each transforming stage T1~Tn 
can be Well-determined, and thereby the performance of the 
pipelined ADC 500 can be improved. 
[0030] While the invention has been described by Way of 
example and in terms of the preferred embodiments, it is to be 
understood that the invention is not limited to the disclosed 
embodiments. To the contrary, it is intended to cover various 
modi?cations and similar arrangements (as Would be appar 
ent to those skilled in the art). Therefore, the scope of the 
appended claims should be accorded the broadest interpreta 
tion so as to encompass all such modi?cations and similar 
arrangements. 
What is claimed is: 
1. A ?ip ?op, comprising: 
a sense ampli?er stage comprising: 

a ?rst N type transistor comprising a gate receiving a 
clock signal and a source receiving a grounding sig 
nal; 

a second N type transistor comprising a gate receiving a 
?rst data signal and a source coupled to a drain of the 
?rst N type transistor; 

a third N type transistor comprising a gate receiving a 
second data signal and a source coupled to the drain of 
the ?rst N type transistor; 

a fourth N type transistor comprising a gate receiving the 
grounding signal, a source receiving the grounding 
signal, and a drain coupled to a ?rst node; 

a ?fth N type transistor comprising a source coupled to 
a drain of the second N type transistor and a drain 
coupled to the ?rst node; 

a sixth N type transistor comprising a gate receiving a 
reset signal, a source receiving the grounding signal, 
and a drain coupled to a second node; 

a seventh N type transistor comprising a source coupled 
to a drain of the third N type transistor and a drain 
coupled to the second node; 

a ?rst P type transistor comprising a gate receiving the 
clock signal, a ?rst terminal coupled to a gate of the 
?fth N type transistor, and a second terminal coupled 
to a gate of the seventh N type transistor; 
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a second P type transistor comprising a gate receiving 
the clock signal and a drain coupled to the ?rst node; 

a third P type transistor comprising a gate coupled to the 
gate of the ?fth N type transistor and the second node, 
a drain coupled to the ?rst node, and a source coupled 
to a source of the second P type transistor; 

a fourth P type transistor comprising a gate receiving the 
clock signal and a drain coupled to the second node; 

a ?fth P type transistor comprising a gate coupled to the 
gate of the seventh N type transistor and the ?rst node, 
a drain coupled to the second node, and a source 
coupled to a source of the fourth P type transistor; 

a sixth P type transistor comprising a gate receiving the 
grounding signal, a drain coupled to the source of the 
second P type transistor, and a source receiving a 
poWer signal; and 

a seventh P type transistor comprising a gate receiving 
the reset signal, a drain coupled to the source of the 
fourth P type transistor, and a source receiving the 
poWer signal; and 

a latch stage comprising: 
an eighth N type transistor comprising a gate coupled to 

the ?rst node and a source receiving the grounding 
signal; 

a ninth N type transistor comprising a gate coupled to the 
second node and a source receiving the grounding 
signal; 

a tenth N type transistor comprising a gate receiving the 
second data signal and a source coupled to a drain of 
the eighth N type transistor; 

an eleventh N type transistor comprising a gate receiving 
the ?rst data signal and a source coupled to a drain of 
the ninth N type transistor; 

a tWelfth N type transistor comprising a gate receiving 
the clock signal, a source coupled to a drain of the 
tenth N type transistor, and a drain coupled to a third 
node; 

a thirteenth N type transistor comprising a gate receiving 
the clock signal, a source coupled to a drain of the 
eleventh N type transistor, and a drain coupled to a 
fourth node; 

an eighth P type transistor comprising a gate coupled to 
the ?rst node, a source receiving the poWer signal, and 
a drain coupled to the third node; 

a ninth P type transistor comprising a gate coupled to the 
second node, a source receiving the poWer signal, and 
a drain coupled to the fourth node; and 

latch unit coupled betWeen the third and the fourth 
nodes. 

2. The ?ip ?op as claimed in claim 1, Wherein the ?rst and 
the second data signals are inverse, a ?rst sensed signal pro 
vided by the ?rst node and a second sensed signal provided by 
the second node are inverse, and a ?rst output signal provided 
by the third node and a second output signal provided by the 
fourth node are inverse. 

3. The ?ip ?op as claimed in claim 1, Wherein the latch unit 
comprises: 

a fourteenth N type transistor comprising a gate coupled to 
the fourth node, a source coupled to the source of the 
tenth N type transistor, and a drain coupled to the third 
node; 

a tenth P type transistor comprising a gate coupled to the 
gate of the fourteenth N type transistor, a source receiv 
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ing the power signal, and a drain coupled to the drain of 
the fourteenth N type transistor; 

a ?fteenth N type transistor comprising a gate coupled to 
the third node, a source coupled to the source of the ninth 
N type transistor, and a drain coupled to the fourth node; 
and 

a eleventh P type transistor comprising a gate coupled to 
the gate of the ?fteenth N type transistor, a source receiv 
ing the poWer signal, and a drain coupled to the drain of 
the ?fteenth N type transistor. 

4. A pipelined analog to digital converter comprising: 
a ?ip ?op as claimed in claim 1; 
a clock generator for generating a ?rst phase signal and a 

second phase signal according to a ?rst output signal and 
a second output signal provided by the third node and the 
fourth node of the ?ip-?op; and 

a plurality of transformation stages connected in serial, 
each comprising: 
a sub-ADC processing an input signal to generate a 

digital signal according to the ?rst and the second 
phase signals; and 

a multiplying digital to analog converter processing the 
input signal and the digital signal according to the ?rst 
and the second phase signals. 

5. The pipelined ADC as claimed in claim 4, Wherein the 
fourth node is coupled to the gate of the second N type 
transistor. 

6. The pipelined ADC as claimed in claim 5, Wherein the 
?rst and the second data signals are inverse, a ?rst sensed 
signal provided by the ?rst node and a second sensed signal 
provided by the second node are inverse, and a ?rst output 
signal provided by the third node and a second output signal 
provided by the fourth node are inverse. 

7. The pipelined ADC as claimed in claim 4, Wherein the 
latch unit comprises: 

a fourteenth N type transistor comprising a gate coupled to 
the fourth node, a source coupled to the source of the 
tenth N type transistor, and a drain coupled to the third 
node; 

a tenth P type transistor comprising a gate coupled to the 
gate of the fourteenth N type transistor, a source receiv 
ing the poWer signal, and a drain coupled to the drain of 
the fourteenth N type transistor; 
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a ?fteenth N type transistor comprising a gate coupled to 
the third node, a source coupled to the source of the ninth 
N type transistor, and a drain coupled to the fourth node; 
and 

a eleventh P type transistor comprising a gate coupled to 
the gate of the ?fteenth N type transistor, a source receiv 
ing the poWer signal, and a drain coupled to the drain of 
the ?fteenth N type transistor. 

8. A ?ip-?op, comprising: 
a ?rst latch unit, for receiving an input data signal and 

generating a sensed signal and an inverse of the sensed 
signal according to a clock signal and the input data 
signal at a ?rst output node and a second output node of 
the ?rst latch circuit respectively; 

a sWitching transistor, comprising a ?rst terminal coupled 
to the ?rst output node of the ?rst latch unit, a second 
terminal coupled to the second output node of the ?rst 
latch unit, and a control terminal receives the clock 
signal, for coupling the ?rst output node to the second 
output node according to the clock signal; and 

a second latch unit, for generating an output signal and an 
inverse of the output signal according to the clock signal, 
the input data signal, the sensed signal and the inverse of 
the sensed signal. 

9. The ?ip-?op as claimed in claim 8, Wherein the ?rst latch 
unit comprises: 

a ?rst N type transistor comprising a gate coupled to the 
second output node, and a drain coupled to the ?rst 
output node; 

a ?rst P type transistor comprising a gate coupled to the 
gate of the ?rst N type transistor, and a drain coupled to 
the drain of the ?rst N type transistor; 

a second N type transistor comprising a gate coupled to the 
?rst output node, and a drain coupled to the second 
output node; and 

a second P type transistor comprising a gate coupled to the 
gate of the second N type transistor, and a drain coupled 
to the drain of the second N type transistor, and Wherein 
the ?rst terminal of the sWitching transistor is directly 
connected to the ?rst output node, the second terminal of 
the sWitching transistor is directly connected to the sec 
ond output node, and the ?rst output node is coupled to 
the second output node When the sWitching transistor is 
turned on by the clock signal. 

* * * * * 


