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Abstract 

This thesis presents two low voltage, high speed dynamic comparators. It 

improves the core circuit “latch architecture”, so the comparators can operate 

at low supply voltage. The comparators have the large enough overdrive 

voltage to keep the transconductance, so the comparators can maintain the 

high speed operation.And realizing comparators in 65nm CMOS. The first 

comparator operate at supply voltage is 0.6V, the operating speed is 1GHz, 

and the input referred offset(1 ) is 6mV, the input referred noise(1 ) is 

0.65mV, and the sensitivity is 3mV to achieve the BER is 10-9. And the power 

consumption is only 38 W. The second comparator operate at supply voltage 

is 0.6V, the operating speed is 1.3GHz, and the input referred offset(1 ) is 

7.5mV, the input referred noise(1 ) is 0.5mV, and the sensitivity is 4.2mV to 

achieve the BER is 10-9. And the power consumption is 64 W. 
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Ms1.Ms2 CLKB
DP.DN CLKB

 
OUTP.OUTN 3.23 M11

DP.DN M9.M10
M7.M8 P

N  
OUTP1.OUTN1 3.24 M7.M8

M3.M4
OUTP.OUTN  

M7.M8 DP.DN CLKB CLK
M11.M12

M9.M10 M7.M8 M11
3.3
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3.23 OUTP.OUTN -  

 

3.24 OUTP1.OUTN1 -  
  

   

( VOUT=300mV) 629ps 420ps 

 26 W 27 W 

3.3  
 

OUTP.OUTN OUTP1.OUTN1 3.25
DP.DN

OUTP.OOUTN M7_0.M8_0
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OUTP.OUTN OUTP1.OUTN1 M1.M2
M7_1.M8_1 OUTP1.OUTN1

 
  

 
3.25 OUTP.OUTN OUTP1.OUTN1 -  

 
     

( VOUT=300mV) 420s 576ps 

 27 W 32 W 

3.4  
 
 CLKB DP.DN

 
 

   

Vos(1 ) 14mV 12mV 

3.5  
 

 

M7.M8
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Ms3.Ms4
CLKd CLK 3.26(a)~(d)  
CLK CLKd

80ps 5%

DP.DN
(metastable)

40%

40ps~80ps
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(c)

(d)

 
3.26(a)~(d) CLK CLKd  

 
 60ps variation ±20 ps

variation variation
 

M7.M8
 

3.27 CLK CLKd
DP.DN

0.6 TT
GHz  
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3.27 (I) 

 

 
3.28  

 
 3.28 3.27  CLK 1GHz
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3.29 M_tail

M8 M9 INN.INP
13fF 5fF  
 

   
3.29  

 
 3.6 0.6

1.1GHz [3]
FoM FoM=[Speed × (Accuracy)2]/Power Accuracy 

(Vdd/ Vos) FoM
 

 
 Conventional comparator Proposed I Comparator 

CLK rate 0.5GHz 1.1GHz 

Accuracy (Vdd/ Vos)   600/8.5 600/10 

Power 17 W   34 W 

FoM 146.55 116.47 

3.6  
 

M1~M5
Mdn Mdp 3.20  

 

_ _ 1 _ 2

2 2 2
os total os st os stV V V

    

( 3.20) 
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 Conventional  

comparator 

Proposed I  

Comparator 

(w/ timing control) 

Proposed I  

Comparator 

(w/o timing control) 

Total input referred offset  

( Vos_total)   
8.5mV  10mV 14mV 

Input referred offset of  

1st stage ( Vos_1st)   
5.5mV 5.5mV 5.5mV 

Input referred offset of  

2nd stage ( Vos_2nd)   
5mV 8mV 11mV 

3.7  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

45 
 

3.4  

 

TSMC 65nm 1P9M 3.30
common centroid 

layout

 
 

 
3.30 (I)  
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1.2
0.6 (corner)

3.8 Ms3.Ms4
0.9 (corner) 3.9  

 

 

 Pre-simulation Post-simulation 

corner SS TT FF SS TT FF 

Vdd (V) 0.6 0.6 0.6 0.6 0.6 0.6 

CLK rate 

(GHz) 

0.6 1.1 1.7 0.4 0.8 1.1 

Vicm (V) 0.6 0.6 0.6 0.6 0.6 0.6 

Vos-1 (mV) 12 10 11 12 10 11 

Noise-1 (mV) 1.1 0.8 0.9 1 0.9 0.9 

Energy/decision 

(fJ)* 

30 34 44 35 42 55 

3.8 (I)  
 

 Pre-simulation Post-simulation 

corner SS TT FF SS TT FF 

Vdd (V) 0.9 0.9 0.9 0.9 0.9 0.9 

CLK rate 

(GHz) 

3.5 4 4.6 2.5 3 3.2 

Vicm (V) 0.9 0.9 0.9 0.9 0.9 0.9 

Vos-1 (mV) 12 10 10 12 10 10 

Noise-1 (mV) 1.1 0.8 0.9 1 1 1 

Energy/decision 

(fJ)* 

89 107 129 104 122 146 

3.9 (I)  
* 1mV  
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(II) 

 

4.1  

 

[1][2] 4.1 N P
[1][2]

N FBP.FGN
P

N P

 
 

 
4.1 [1][2]  
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4.2 (II)  

 

4.2.1  

 
[1][2] N N

( 4.1 ) P ( 4.1
) N P

 
 

4.2 (II) 
 

4.2 (II)

OUTP.OUTN
OUTP1.OUTN1 M5.M6

OUTP1.OUTN1 OUTP.OUTN M3.M4
N

 
? 4.3

OUTP M1.M2 N OUTN
M5.M6 OUTP.OUTN OUTP1

OUTN1 OUTP.OUTN M7.M8
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P OUTP1.OUTN1 OUTP1
OUTN1 OUTP.OUTP1 M2.M6

M4.M8 OUTP.OUTP1
OUTN.OUTN1

 ”Cross-Coupled Latches”  
 

4.3  
 

OUTP.OUTN OUTP1.OUTN1
|Vgs|

OUTP.OUTN OUTP1.OUTN1
 

 

4.2.2  

 
 (Mr1.Mr2)

MNSW.MPSW N-type ( M1.M2 N
N-type P-type) M1.M2 OUTP.OUTN

M3.M4 OUTP.OUTN
 P-type

OUTP1.OUTN1  
4.4 MNSW.MPSW

4.1~4.4 
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 N P Vgs Vds

N P
Vgs

 
 

 
4.4  

 

1 3GSN dd SWN SDPV V V V  ( 4.1) 

5 3GSN dd SDPV V V  ( 4.2) 

7 5SGP SWP DSNV V V  ( 4.3) 

3 5SGP dd DSNV V V  ( 4.4) 

 
MNSW.MPSW N P |Vgs|

MNSW.MPSW MNSW
2 M2 MPSW 2 M7 MNSW.MPSW
|Vds|  

4.5 N-type P-type M9~M13
M1.M2.M5.M6 10%  

4.6  (CLK=500MHz, Vdd=Vicm=0.6V,Vin=1mV)  
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4.5  
 

4.6  
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 4.6 OUTP.OUTN
OUTP1.OUTN1

 
 OUTP.OUTN

N OUTP1.OUTN1
P

 
 
 

4.2.3  

 

 
[6] (comparison phase)

4.7: 
 

 
4.7  
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 (Phase 1) :  
M1.M2.M7.M8 M3.M4.M5.M6

OUTP.OUTN OUTP1.OUTN1
 

4.8 4.9
(common mode) OUTP.OUTN

Vx OUTP1.OUTN1
Vy In Ip In1 Ip1 M3.M4.M5.M6

M1.M2.M7.M8
 

 

4.8 (Phase 1)  
 

0 _
_ _

OUT dd x
OUT

n ave p ave

C V V
t

I I  ( 4.5) 

1
0 _ 1

1 _ 1 _

OUT y
OUT

p ave n ave

C V
t

I I  ( 4.6) 

 
 In.  Ip.  In1.  Ip1 4.5

4.6 In_ave.  Ip_ave.  In1_ave.  Ip1_ave OUTP.OUTN Vx_mid=0.5×
(Vdd+Vx) OUTP1.OUTN1 Vy_mid=0.5×(Vy)

t0_OUT t0_OUT1 OUTP.OUTN OUTP1.OUTN1

4.9  
4.7

P N
P N
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4.9 N-type
P P-type P (1:X) N-type

N P-type N (1:X) 
 

 
4.9  

_

_ 1 1

stable X p n

stable Y p n

I I I

I I I
        ( 4.7) 

_ _

 , 
 , 

SWN dd SWP dd

dd x y

stable X stable Y

V V V V
V V V
I I

    ( 4.8) 

 
 4.8

4.9 X
M3.M5 X 4.10  

 

2 2
_ 3 1

2 2
_ 7 5

1 1

1 1

dd x x SWN
stable X P dd y thp N x SWN thn

AP AN

SWP y y
stable Y P SWP y thp N x thn

AP AN

V V V VI K V V V K V V V
V V

V V V
I K V V V K V V

V V

   ( 4.9) 
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2

2

1

1

dd x
x th

A

dd dd y
dd dd y th

A

V VV V
V

X
V V V

V V V V
V    

( 4.10) 

 10%
4.13(a) 0.6  (TT corner)
 (b) 0.6  

 

Vx model

Vy model

Vx simulation

Vy simulation

Vx.Vy FF cornerVx.Vy TT cornerVx.Vy SS corner

(a)

(b)

 
4.10(a)(b)  Vdd=0.6V, X Vx.Vy  
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Vx model

Vy model

Vx simulation

Vy simulation

Vx.Vy FF cornerVx.Vy TT cornerVx.Vy SS corner

(c)

(d)

 

4.10(c)(d)  Vdd=0.9V, X Vx.Vy  
 

X Vx.Vy

0.6 X 0.8~1.1
0.9 X 0.7~0.8

4.11 X
VX M1.M7 X 1.1

M3.M5 M1.M7 X M3.M5
M1.M7

X=1
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4.11 X  
 

 (Phase 2 ) :  
M1.M2.M7.M8 M3.M4.M5.M6

M1~M8
OUTP.OUTN

OUTP.OUTN OUTP1.OUTN1
M1.M2.M5.M6 M1.M2 |Vgs| M5.M6
M1.M2 |Vgs|  

4.12 4.11 4.12
 
gmp7.gmn1 M7.M8 M1.M2  
gmp3.gmn5 M3.M4 M5.M6  
gon.gon1 OUTP.OUTN OUTP1.OUTN1

(go=gop3+gon1 go1=gop7+gon5) 
cL.cL1 OUTP.OUTN OUTP1.OUTN1  
(cL=cgsn1+ cgsn5 cL1=cgsp3+ cgsp7)  
cgd P N cgd  
VOUT=VOUTP-VOUTN VOUT1=VOUTP1-VOUTN1 

 
i1 i2 i1= i2

gmp7=gmn1 gmp3=gmn5 gon=gon1 4.13 4.14 
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4.12  

1 1 1 3 1

1
3 5

1
1 7 5 1 7

3 5

1

1

1

4

  

  4

1
2

OUT OUT
g

OUTP
OUTN mn OUTN mp L gdn OUTP o

OUTN OUTP
gdp gdn

OUTN

dp gdn

OUTP mp OUTP mn L gdp OUTN o

d V V

dVi V g V g c c V g
dt

d V V
c c

dt
dVV g V g c c

d

c
t

V

d

g

c

t

  ( 4.11) 

1
3 5

2 1 1 3 1

1
3 5

1
1 7 5 1 7 1 1

4

  

  4

1
2

OUTN
OUTP mn OUTP mp L gdn OUTN o

OUTN OUTP
gdp gdn

OUTP
OUTN mp OUTN mn L gd

OUT OUT
gdp gd

p OUT

n

P o

dVi V g V g c c V g
dt

d V V
c c

dt
dVV g V g

d V V
c c

dt

c c V g
dt

  ( 4.12) 

1
1 1 3 3 5 1

1 1
1 1 3 3 5 1 7

4

4

OUT OUT OUT
OUT mn o OUT mp gdp gdn L gdn

OUT OUT OUT
OUT mn o OUT mp gdp gdn L gdp

d V V dVV g g V g c c c c
dt dt

d V V dVV g g V g c c c c
dt dt

 

( 4.13) 

1 1 3

1 1 7 3 5 1 3 54 2 2 4 2 2

OUT OUT mn mp o

OUT L gdp gdp gdn OUT L gdn gdp gdn

V V g g g

d V c c c c V c c c c

dt  
( 4.14) 

 
 2.3 4.14 VOUT

(gmn1+gmp3 -go) (cL+4 cgdn1l+ 2(cgdp3+cgdn5)) VOUT1

(gmn1+gmp3 -go) (cL1+4 cgdp7l+ 2(cgdp3+cgdn5))
VOUT VOUT1
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M1~M8 M3.M4.M5.M6

 
 

 (Phase 3 ) :  
M1~M8

 
 
 (Reset Phase) 
 P ( 4.13) N

OUTP.OUTN N
 

 

 

4.13 -P  
 

4.2.4 - Cross-Coupled Latches 

 

 
: 
1.  
2.  
3.  
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4.3 (II)  

 

 

 
 OUTP.OUTN
OUTP1.OUTN1 4.14 4.15 OUTP.OUTN

OUTP1.OUTN1

M9.M10 DP.DN CLKB CLK
M11.M12

M11.M12 M9.M10 M13  
4.1

(CLK=0.8GHz,Vdd=Vicm=0.6V,Vin=1mV) 
( VOUT=|VOUTP-VOUTN VOUT1=|VOUTP1-VOUTN1|) 
 

4.14 OUTP.OUTN -  
 



 

61 
 

 

4.15 OUTP1.OUTN1 -  
 

   

1( VOUT=300mV) 504ps 362ps 

2( VOUT1=300mV) 534ps 410ps 

 39 W 46 W 

4.1  
 

 
OUTP1.OUTN1 OUTP.OUTN

CLKB DP.DN
4.16  

 

4.16 -  
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1( VOUT=300mV) 362ps 322ps 

2( VOUT1=300mV) 410ps 361ps 

 46 W 47 W 

4.2  
 

 
4.3  

 
   

Vos(1 ) 22mV 10mV 

4.3  
 
 

40ps
 

4.17 4.18  CLK 1.3GHz

 
 

 
4.17 (II) 
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 M9.M10
M11.M12

M13  
 

 
4.18  

 

4.19
INN.INP 13fF 5fF  
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M_tail M8 M9 MPSW M8_1 M9_1 MNSW M6_0
M7_0 X=1  

 

 
4.19  

 
 4.4 0.6

1.6GHz  
 

 Conventional comparator Proposed I Comparator 

CLK rate 0.5GHz 1.6GHz 

Accuracy (Vdd/ Vos)   600/8 600/10 

Power 20 W   40 W 

FoM 140.63 144 

4.4  
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M1~M5
4.15  

 

_ _ 1 _ 2

2 2 2
os total os st os stV V V

    

( 4.15) 

 
 Conventional comparator Proposed II Comparator 

Total input referred offset  

( Vos_total)   
8.5mV  10mV 

Input referred offset of  

1st stage ( Vos_1st)   
5.5mV 5.5mV 

Input referred offset of  

2nd stage ( Vos_2nd)   
5mV 8mV 

4.5  
 
 

 
 
 

4.4  

 

P (Vdd-|Vth|) N
(|Vth|)  

4.20
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4.20  

 
 P N

N
P 4.21 MN.MP

N MCLK CLK MN.MP
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4.21  
 

 
N P

N P
 

 
N P

N P
 

 4.22
OUTP1 MP1 MN1

OUTPB OUTN1 MP2

MN2

 
 

4.23 (level 
shifter) SR (SR latch) 4.24 4.25

(output buffer) D (D-flip flop)
(Current Mode Logic, CML) 4.26 4.27 4.28  
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4.22  

 

4.23  
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4.24 (level shifter)  
 

 
4.25 SR (SR latch)  

 

 
4.26 (output buffer)  
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4.27 D (D-flip flop) 

 

 
4.28 (Current Mode Logic, CML)  
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4.5  

 

TSMC 65nm 1P9M 4.29
common centroid 

layout

 
 

 

4.29 (II)  
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1.2
0.6 (corner)

4.4 0.9 (corner)
4.5 

 
 

 Pre-simulation Post-simulation 

corner SS TT FF SS TT FF 

Vdd (V) 0.6 0.6 0.6 0.6 0.6 0.6 

CLK rate 

(GHz) 

0.8 1.6 2 0.4 1 1.5 

Vicm (V) 0.6 0.6 0.6 0.6 0.6 0.6 

Vos-1 (mV) 11 10 11 12 10 11 

Noise-1 (mV) 1 0.9 0.8 1 0.9 0.9 

Energy/decision 

(fJ)* 

35 40 53 42 49 60 

4.4 (II)  
 

 Pre-simulation Post-simulation 

corner SS TT FF SS TT FF 

Vdd (V) 0.9 0.9 0.9 0.9 0.9 0.9 

CLK rate 

(GHz) 

3.5 4 4.6 2.8 3.1 3.4 

Vicm (V) 0.9 0.9 0.9 0.9 0.9 0.9 

Vos-1 (mV) 11 10 10 11 10 10 

Noise-1 (mV) 1 0.9 0.8 1 1 0.9 

Energy/decision 

(fJ)* 

112 130 151 136 153 177 

4.5 (II)  
* 1mV  
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5.1  
 
   5.1

(I) (I)
(II)  

 

 
5.1  
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5.2  

 
 (Bit Error Rate, BER)

 
(Bit Error Rate, BER) 5.2  Agilent N4901B

(Serial BERT) (PRBS 27-1)

 
 

 
5.2 (Bit Error Rate, BER)  

 
5.3

Agilent 16902B (Logic analysis system)
Agilent 

E8257D( )
5.4

0 1 1
1 84% 16%
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5.3  

 

 
5.4  
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 5.4
5.5 |3 | 99.73002%

(1-99.73002%=2.6998×10-3) 2.7×10-3 |3 |

|1 |2 |2 |
4.55×10-2 |1

( )

|1

 
 

 
5.5  

 

:  
 (DC) (AC)

0
1

1
0

5.6  
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5.6  

 
:  

 5.4
50%

 
 

 
 

|1 1 |3 2.7×10-3

 
 

0.35V~0.45V
0.4V~0.5V

0.4V
0.4V  
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5.3 (I)  

 

5.3.1  

 
 5.7 5.8

 
 

 
5.7  

 

 
5.8 (I)  
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5.9 (I)  

 

 
5.10 (I)  
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5.11 (I)  

 

 
5.12 (I)  
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 5.9 5.10 5.11 5.12
PRBS 27-1 FF corner

FF corner 5.1 FF  
 
 

 Post-sim Measurement result 

CMOS Process 65nm 

Vdd  

(V) 

0.6 

CLK rate  

(GHz) 

1.1 1 

Vicm  

(V) 

0.6 0.4 0.6 

Offset Vos   
(mV) 

11 

(50 amples) 

6 

(20 amples) 

11 

(20 amples) 

Noise noise  

(mV) 

1 0.65 1.1 

Sensitivity (mV) 

@BER=10-9 

NA 3 4.5 

Energy/decision 

(fJ) 

44 

@vin=50mV 

55 

@vin=1mV 

35 

@vin=50mV 

38 

@BER=10-9 

38 

@vin=50mV 

40 

@BER=10-9 

Comparator area 
( m2) 

200 

5.1 (I)  
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5.3.2  

 

 
5.13 (I)  

 

 
5.14 (I)  
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5.15 (I)  

 

 

5.16 (I)  
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5.13 5.14 5.15 5.16
4 PRBS 27-1 FF corner

FF corner 5.2 FF  
 
 

 Post-sim Measurement result 

CMOS Process 65nm 

Vdd  

(V) 

0.9 

CLK rate  

(GHz) 

3.2 3.1 

Vicm  

(V) 

0.9 0.6 0.9 

Offset Vos   
(mV) 

10 

(50 amples) 

8.5 

(20 amples) 

8.5 

(20 amples) 

Noise noise  

(mV) 

1 0.45 0.65 

Sensitivity (mV) 

@BER=10-9 

NA 3.5 4.8 

Energy/decision 

(fJ) 

128 

@vin=50mV 

146 

@vin=1mV 

110 

@vin=50mV 

120 

@BER=10-9 

111 

@vin=50mV 

121 

@BER=10-9 

Comparator area 
( m2) 

200 

5.2 (I)  
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5.4 (II)  

 

5.4.1  

 
 5.17

  
 

 
5.17  
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5.18 (II)  

 

 
5.19 (II)  
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5.20 (II)  
 

 
5.21 (II)  
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5.18 5.19 5.20 5.21
PRBS 27-1 FF corner

FF corner 5.3 FF  
 
 

 Post-sim Measurement result 

CMOS Process 65nm 

Vdd  

(V) 

0.6 

CLK rate  

(GHz) 

1.5 1.3 

Vicm  

(V) 

0.6 0.4 0.6 

Offset Vos   
(mV) 

11 

(50 amples) 

8.5 

(20 amples) 

7.5 

(20 amples) 

Noise noise  

(mV) 

1 0.5 0.5 

Sensitivity (mV) 

@BER=10-9 

NA 6 4.2 

Energy/decision 

(fJ) 

55 

@vin=50mV 

60 

@vin=1mV 

45 

@vin=50mV 

49 

@BER=10-9 

45 

@vin=50mV 

49 

@BER=10-9 

Comparator area 
( m2) 

265 

5.3 (II)  
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5.4.2  

 

 
5.22 (II)  

 

 
5.23 (II)  
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5.24 (II)  

 

 

5.25 (II)  
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5.22 5.23 5.24 5.25
PRBS 27-1 FF corner

FF corner 5.4 FF  
 
 

 Post-sim Measurement result 

CMOS Process 65nm 

Vdd  

(V) 

0.9 

CLK rate  

(GHz) 

3.4 3.3 

Vicm  

(V) 

0.9 0.6 0.9 

Offset Vos   
(mV) 

10 

(50 amples) 

6 

(20 amples) 

6 

(20 amples) 

Noise noise  

(mV) 

0.9 0.3 0.45 

Sensitivity (mV) 

@BER=10-9 

NA 3.3 3.4 

Energy/decision 

(fJ) 

148 

@vin=50mV 

177 

@vin=1mV 

124 

@vin=50mV 

143 

@BER=10-9 

124 

@vin=50mV 

143 

@BER=10-9 

Comparator area 
( m2) 

265 

5.4 (II)  
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 5.5 30%
20%

20%
GHz

5.6~ 5.8  
 

 
5.5 (I) (II)  

 

 
5.6 (I)  
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5.7 (II)  

 

 
5.8 (II)  
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    65nm

0.6 GHz
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