CMOS COMPARATOR

1. Comparator Design Specifications
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Figure 1. Comparator Transfer Characteristics.

A comparator is a circuit that has binary output. Ideally its output shown in Figure 1(a) is defined
as follows:



o

Vou if V,, =V, >0
|V, ifV,, -V, <0

1

This is not realizable because its gain is infinity. Figure 1(b) shows a realizable first order transfer
characteristic of a comparator. Its output is defined as follows:

Vou if (Vi,, - Vi) >V
Vo = Av (Vin+ - Vin-) if VIL < (Vin+ - Vin-) < VIH
VOL if (Vin+ - Vin-) < VIL

Another nonideal characteristic of practical comparator is the present of input offset. That is the output does
not change until the input difference reached the input offset Vos. Figure 1(c) shows this transfer
characteristic. Its output is defined as follows:

Vou if (Vi,, - Vi) >V
Vo = Av (Vin+ - Vin-) - AVVOS if VIL < (Vin+ - Vin-) < VIH
VOL if (Vin+ - Vin-) < VIL

The input offset can be minimized or ignored by proper layout.

If the input step is sufficiently small the output should not slew and the transient response will be a
linear response. The settling time is the time needed for the output to reach a final value within a
predetermined tolerance, when excited by a small signal. Small-signal settling time is determined by the
gain bandwidth product of the amplifier, this will be shown in the opamp circuit section later. If the input
step magnitude is sufficiently large, the comparator will slew by virtue of not having enough current to
charge or discharge the compensating and/or load capacitances. The slew rate is determined from the slope
of the output waveform during the rise or fall of the output. Slew rate is limited by the current-
sourcing/sinking capability in charging the output capacitor.

Settling time is important in analog signal processing. It is necessary to wait until the amplifier has
settled to within a few tenths of a percent of its final value in order to avoid errors in the accuracy of
processing analog signals. A longer settling time implies that the rate of processing analog signals must be
reduced.

In the following design, a 10mV signal must be resolved using the comparator in Figure 2 and 3.
The power supply rails are VDD=5V and VSS=-5V. That is, the output will swing by 10V ( from -5V to
5V) when the input signal swing by 10mV( from —5mV to SmV). The comparator gain must be at least
10,000 (=10V/10mV). The following specifications will be used in designing the comparator in Pwell and
Nwell processes.

VDD=5V, VSS=-5V, AV>10000 , -3<CMR<3, -4.5<Vo0<4.5, SR=10V/us.

2. Designing the Comparator with NMOS Input Drivers
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Figure 2. The CMOS Comparator Implementation with NMOS input drivers.

Figure 2 shows the comparator schematic diagram implemented with NMOS input drivers.

1.

dv

I, = CL(EJ = C, (SR) = (2E -12)(10E6) = 20uA

2.

VDS7(SAT) = VO(min) - Vss

= —4.5-(=5)=0.5=V, - Vy, = AV

\V4 — 211)57 — 2IDS7
R IV § SNUOF
(W/L), = 21, _ 2(20E-6)
' KN (VDS7(SAT) )2 (40E - 6)(0-5)2
Similarly,

Determine the size of M6 and M7 to satisfy the output-voltage swing requirement.

Determine the current drive requirement of M7 to satisfy the SR specification, if C, = 2pF



VSD()(SAT) = Vpp - VO(max) =5-(4.5)=05
ZISD() _ 2(20E -6)

= =10.666
Ky (Vspgsan)®  (15E-6)(0.5)°

(W/L), =

3. Calculate the gain of the second stage.

A _[ Z g jz 2K, L (WIL), _ |[2(15E - 6)(20E - 6)(10.666) _

Bass + Basy Lope (p +Ay) (20E - 6)(0.02 +0.02)

4. Calculate the gain of the first stage to satisfy the overall gain.

Ay =AyA,, >10000
Ay, 210000/ A, =100

5. Determine the first stage biasing current using the minimum allowable size of (W/L)=1, and minimum
output offset.

(a) Consider M4 and M6.

Using the minimum size for M4, determine the current Isp4 that mirror with M6. That is,

(W/L), 1

= 20uA) =1.875uA
SD4 (W/L), SD6 10.666 —( )

(b) Consider M5 and M7.

Using the minimum size for M5, determine the current Ipgs that mirror with M7. That is,

_ (WL, |

DS35 (W/L)7
T, =Tos/2 =2.50A = I,
g, =l =1,0/2=2.50A

(20uA) SuA

(c) Select the larger of the two Isps and adjust the size of M4

I, 2.5E-6

W/L), =24 (W/L), = 10.666) =1.333
(W/L), (WL) == e ( )

SD6



6. Determine the size of M1 to satisfy the gain requirement.

Av1 _ gl _ \/2KNIDS1(W/L)1
i T 8aua Lnsi (Ax +4p)
Ayl (Ay +2,)1°  [(100)(2.5E - 6)(0.02+0.02)]*
2K (I, - 2(40E - 6)(2.5E - 6) -

(W/L), = [ 0.5

Let (W/L), be the minimum size of 1. Then re-calculate the gain of the first stage.

u 2Kyl (W), 2(40E-6)(2.5E-6)(1) _
i T 8w Lpgi (An +45) (2.5E-6)(0.02+0.02)
Ay = Ay Ay, = (141.42)(100) = 14142

Ay, = 141.42

7. The minimum size of M5 (=1) in step 5(b) can be adjusted to satisfy the negative input CMR of -3 V.

/ 21
VGl(min) = Vss + VDSS(SAT) + ﬁ + VT1
N 1
/ 21
VDSS(SAT) = VGl(min) - Vss - KT\I(—\;;;L)I - VTI

2(2.5E-6)

_3.(:5)- | 2E2E0) 65
(40E -6)(1)
V — 2IDSS
DS5(SAT)
VKL (WD),
21 s B 2(5E-6)

(W/L), = ~ = - =0.
KN (VDSS(SAT)) (4OE - 6)(0-65)

Select the larger of the two, (W/L)s=1. No adjustment needed, since this is the value used earlier in the
calculation.

8. The minimum size of M3(=1) in step 5(a) can be adjusted to meet the positive input CMR of 3V.

/ 21
VGl(max) = Vpp - ﬁ' | Vi | +Vn

(W/L), = 25, 2(2.5E - 6) 1

K (Vpp 'VGl(max)'|VT3 |+VT1)2 (ISE‘6)(5'3'|‘1|+1)2 12




Select the larger of the two, (W/L);=1. No further adjustment needed.

9. Determine the size of M8 to provide as the main current mirror for the comparator.

For Vpgs=0.5V and Vpg7=0.5V, this voltage corresponds to the value of Vgs=-3.5V or Vggg=1.5V. Let
ISDgZZOuA.

2 gy _ 2(0E-6)
KN(VGSS 'VTN)2 (40E '6)(1-5'1)2

(W/L)g =

The external resistor Rb connected between Vg and ground must be chosen to provide the required current
for M8 of 20uA.

_0-Ve _0-(39) _ o
Iogs 20E -6

R,

10. Select the width of each transistor.

PAR Ml M2 M3 M4 M5 M6 M7 M8
I(uA) 2.5 2.5 2.5 2.5 5 20 20 20
T N N P P N P N N
W/L 1 1 1.333 1.333 1 10.666 4 4
W(u) 5.6 5.6 7.46 7.46 5.6 59.73 224 224
L(u) 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6
Leff(u) 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6
Finding the W, L to the nearest multiple of 1=0.6.

PAR Ml M2 M3 M4 M5 M6 M7 M8
I(uA) 2.5 2.5 2.5 2.5 5 20 20 20
T N N P P N P N N
W/L 1 1 1.333 1.333 1 10.666 4 4
W(u) 5.4 5.4 7.2 7.2% 5.4* 59.4* 22.2%* 22.2
L(u) 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6
Leff(u) 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6

* Adjusted to satisfy the balance condition to minimize the input offset voltage, Vos:

(WL), _, (WL),
(WIL), ~(WIL),
594 _,22.2

72 T 54
8.25~8.722



3. Designing the Comparator with PMOS Input Drivers

() Vbp
M8 T
w=60u
1=6.6u
-
vV
M5 SD5 M7
w=30u w=60u
1=6.6u 1=6.6u
L
V+
M2 (2)
w=15u
[=6.6u (8)
(6) +
— cL
- | | | 20F T~ vo
- | (5) | — | —
M3 /v( M4 Mﬁz . -
w=5.4u GS3 w=5.4u :’zg o u
1-6.6u 1-6.6u =o.ou
(4) Vss

Figure 3. CMOS Comparator Implementation with PMOS input drivers.

Figure 3 shows the comparator schematic diagram implemented with PMOS input dricers.

1. Determine the current drive requirement of M7 to satisfy the SR specification, if C; = 2pF

I, = c{%} = C, (SR) = (2E -12)(10E6) = 20uA

2. Determine the size of M6 and M7 to satisfy the output-voltage swing requirement.

VSD7(SAT) = Vpp - VO(max) =5-45=05

V — 21SD7 — 2ISD7
TN B VKWL,

21 -
(W/L), = DT = 2(20E-6) - =10.666
KP (VDS7(SAT)) (1 5E - 6)(0-5)

Similarly,



VDS6(SAT) = VO(min) - Vg = -45-(-5=05
2l g6 _ 2(20E -6) _
Ky (VD86(SAT) )2 (40E - 6)(0~5)2

(W/L), =

3. Calculate the gain of the second stage.

A, = _[ g j __A2KyIog (WL), _ y2(40E-6)(20E-6)4) _ o

gds6 + gds7

Lo (Ay +4p) (20E - 6)(0.02 +0.02)

4. Calculate the gain of the first stage to satisfy the overall gain.

Ay =AyAy, >10000
Ay, 210000/ A, =100

5. Determine the first stage biasing current using the minimum allowable size of 1, and minimum output
offset.

(a) Consider M4 and M6.

Using the minimum size for M4, determine the current Ispy that mirror with M6. That is,

(WL), 1
= I« =—(20uA)=>5uA
DS4 (W/L)6 DS6 4 ( )

Igps = 21g, = 2(5uA) = 10uA

(b) Consider M5 and M7.

Using the minimum size for M5, determine the current Ipgs that mirror with M7. That is,

L
=V L houa)y=1.875uA
(W/L), 10.666
I =Tge/2=1.875/2 = 0.937uA = T,

= 1,./2 =1.875/2 = 0.937uA

Lipy = Igp,
(c) Select the larger of the two Isps and adjust the size of M4 if necessary.

The larger Igps = SuA from 5(a). No adjustment needed, since this is the value use in calculation.

6. Determine the size of M1 to satisfy the gain requirement.



AVI _ g _ \/2KPISD1(W/L)1
a2 T 8usa Lipi (Ay +4p)
[Ay Lgp (Ay + 4, ) _ [(A00)(SE -6)(0.02 + 0.02)]?
2K, I, - 2(15E - 6)(5E - 6)

(W/L), = = 2.666

7. The minimum size of M5 (=1) in step 5(b) can be adjusted to satisfy the positive input CMR of 3V.

VGl(max) = VDD - VSDS(SAT) - VSGI

/ 21

VGl(max) = VDD - VSDS(SAT) - m_ | VTl |
/ 21

VSDS(SAT) = VDD - VGI(max) - ﬁ_ | VTl |

=5-3-\/ 2(5E-6) 1=0.5

(15E-6)(2.666)
V _ 2ISDS
SD5(SAT) —
K, (W/L),
Ags,  2(10E-6)
K, (Vpsssan)”  (15E-6)(0.5)*

(W/L)4 =

Select the larger of the two, (W/L)s=5.333 and adjust the size of M7 for proper mirroring with M5.

I
(W/L), = I—7(W/L)5 = %(5.333) =10.666
5

8. The minimum size of M3 or M4(=1) in step 5(a) can be adjusted to meet the negative input CMR of -
3V.

/ 21,
VGl(min) = Vg + I<N(—\];]/L)3 + V- | \ |

(WIL). = 20, B 2(5E - 6) 1
Y Ky (Vermm - Vss - Vs 1 Vi D2 (40E-6)[-3-(-5)-1+ | -1[]* 16

Select the larger of the two, (W/L);=1. No further adjustment needed.



9. Determine the size of M8 to provide as the main current mirror for the comparator.

For Vgps=0.5V and Vsp;=0.5V, this voltage corresponds to the value of V5s=3.5V or Vggs=1.5V. Let

ISD8:20uA.

20 e 3 2(20E - 6)

(W/L), = 7= 2
KP(VSGS 'VTP) (ISE'6)(5‘3~5'1)

=10.666

The external resistor Rb connected between Vggand ground must be chosen to provide the required current

for M8 of 20uA.

Vg =0 _35-0
I, 20E-6

R, = =175K

10. Select the width of each transistor.

PAR Ml M2 M3 M4 M5 M6 M7 M8
I(uA) 5 5 5 5 10 20 20 20

T P P N N P N P P

W/L 2.666 2.666 1 1 5.333 4 10.666 10.666
W(u) 14.93 14.93 5.6 5.6 29.86 224 59.73 59.73
L(u) 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6
Leff(u) 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6
Finding the W, L to the nearest multiple of 2=0.6.

PAR Ml M2 M3 M4 M5 M6 M7 M8
I(uA) 5 5 5 5 10 20 20 20

T P P N N P N P P

W/L 2.666 2.666 1 1 5.333 4 10.666 10.666
W(u) 15 15 5.4 5.4 30 21.6 60 60
L(u) 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6
Leff(u) 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6

* Adjusted to satisfy the balance condition to minimize the input offset voltage, Vos:

(WL), _ , (WIL),
(W), (W/L),
We _, Wz

w, W,

216 _, 60

54 730

4=4

10




4. Comparator Simulation

4.1. CMOS Comparator Implementation with NMOS Input Drivers
The PSpice netlist is given below:

Fil ename="diffcnp.cir"
* MOS Diff Amp with NMOS Input Drivers and Current Mrror Load

* | nput Signals
VIN 2 0 DC 0V
VOGS 1 0 DC oV

* Power Supplies

* Netlist for CMOS COVPARATOR in Pwel |
ML 5 174 NMOS1 W5, 4U  L=6.6U
M 6 274 NMOS1  W5.4U  L=6.6U
M8 5 533 PMOS1 W7.2U  L=6.6U
M 6 533 PMOS1 W7.2U  L=6.6U
M 7 944 NMOS1  We5.4U  L=6.6U
M 8 6 33 PMOS1 W59.4U L=6.6U
M 8 944 NMOS1 W22, 2U  L=6.6U
M 9 944 NMOS1 W22, 2U  L=6. 6U
* External Conponents

CL 8 0 2pF

RB 9 0 175K

* SP| CE Paraneters

. MODEL NMOS1 NMOS VTO=1 KP=40U

+ GAMVA=1. 0 LAMBDA=0.02 PH =0.6

+ TOX=0. 05U LD=0.5U CJ=5E-4 CIJSW10E- 10

+ U0O=550 MJ=0.5 MISWE0.5 CGSO=0. 4E-9 CGEDO=0. 4E-9
. MODEL PMOS1 PMOS VTO=-1 KP=15U

+ GAMVA=0. 6 LAMBDA=0.02 PHI =0. 6

+ TOX=0. 05U LD=0.5U CJ=5E-4 CIJSW-10E- 10

+ U0=200 MJ=0.5 MISWE0.5 CGSO=0.4E-9 CGEDO=0. 4E-9

* Anal ysis
.DC VIN -1mv 1nV 1uV
.TF V(8) VIN

. PROBE

. END

11



/

I,.r"I nput Offset Determination

e —

S R = o A e |
-1._6nU -@.5mu 8.5mU 1.6nU
o U(8) + B

To eliminate the input offset voltage, the negative of Vos is applied at the negative input of the comparator.
That is, the PSpice entry for VOS is modified as follow:

VOS 1 0 DC 39. 825uv

wdksxk SMALL-SIGNAL CHARACTERISTICS

V(8)/VIN = 1.728E+04

12



INPUT RESISTANCE AT VIN = 1.000E+20

OUTPUT RESISTANCE AT V(8) = 1.269E+06
4.1.2 Comparator Transient Response Slew Rate Measurement

Fil ename="di ffcnpl.cir"
* MOS Diff Anrp with NMOS I nput and Current Mrror Load

* | nput Signal
VIN 2 0 PW.(O, -5V 10us, -5V 10. 0lus, 5V 30us, 5V 30.01us, -5V 1s,
VOS 1 0 DC -88.501uV

*Power Supplies
VDD 3 0 DC 5VOLT
VSS 4 0 DC -5VOLT

* Netlist for Slew Rate Measurenent

* Netlist for CMOS COVPARATOR in Pwel |
ML 5 174 NMOS1  Ws5.4U  L=6.6U
M 6 274 NMOS1  W=5.4U  L=6.6U
M8 5 533 PMOS1 W-7.2U  L=6.6U
M 6 533 PMOS1 W7.2U  L=6.6U
M 7 944 NMOS1  W5.4U  L=6.6U
M 8 6 33 PMOS1 W-59.4U L=6.6U
M 8 944 NMOS1 W22, 2U  L=6. 6U
M 9 944 NMOS1  W=22.2U L=6.6U
* Ext ernal Components

CL 8 O 2pF

RB 9 O 175K

* SP|I CE Par aneters

. MODEL NMOS1 NMOS VTO=1 KP=40U

+ GAMVA=1. 0 LAMBDA=0.02 PHI =0.6

+ TOX=0. 05U LD=0.5U CJ=5E-4 CIJSW-10E- 10

+ U0O=550 MJ=0.5 MISWE0.5 CGSO=0.4E-9 CGEDO=0. 4E-9
. MODEL PMOS1 PMOS VTO=-1 KP=15U

+ GAMVA=0. 6 LAMBDA=0.02 PHI =0.6

+ TOX=0. 05U LD=0.5U CJ=5E-4 CJSW10E- 10

+ U0=200 MJ=0.5 MISWE0.5 CGSO=0. 4E-9 CGEDO=0. 4E-9

*Anal ysi s

. TRAN . 1ns 40us
. PROBE

. END

13
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4.1.3 Comparator Transient Response Settling Time Measurement

Fi l ename="di ffcnp2.cir"
* MOS Diff Arp with NMOS I nput and Current Mrror Load

* | nput Signha

VIN 2 0 PW(O, -5mV 10us, - 5nV 10. Olus, 5nV 30us, 5nmVv 30.01us, -5nV 1s, -
5nV)

VOS 1 0 DC oV

*Power Supplies
VDD 3 0 DC 5VOLT
VSS 4 0 DC -5VOLT

* Netlist for CMOS COVPARATOR in Pwel
ML 5 174 NMOS1I W5.4U  L=6.6U
M 6 274 NMOS1  Ws5.4U  L=6.6U
M8 5 533 PMOS1T W7.2U L=6.6U
M 6 533 PMOS1T W7.2U L=6.6U
Mo 7 944 NMOS1  Ws5.4U  L=6.6U
M 8 6 33 PMOS1T W59.4U L=6.6U
M 8 9 44 NMOS1 We22.2U L=6.6U
M 9 944 NMOS1  We22.2U L=6.6U
* External Conponents

CcL 8 O 2pF

RB 9 0 175K

* SPI CE Paraneters

. MODEL NMOS1 NMOS VTO=1 KP=40U

+ GAMVA=1. 0 LAMBDA=0.02 PHI =0.6

+ TOX=0. 05U LD=0. 5U CJ=5E-4 CISW10E-10

+ U0=550 MJ=0.5 MISWEQ.5 CGSO=0.4E-9 CAEO=0.4E-9
. MODEL PMOS1 PMOS VTO=-1 KP=15U

14



+ GAMVA=0. 6 LAMBDA=0.02 PHI =0. 6
+ TOX=0. 05U LD=0. 5U CI=5E-4 CISW10E-10
+ U0=200 MJ=0.5 MISWEO. 5 CGSO=0.4E-9 CGEDO=0.4E-9

*Anal ysi s

. TRAN . 1ns 40us
. PROBE

. END

36.522u, 252.263m

Upper output voltage for 5% settling time, 0.95(Vo(max))=0.95(4.85)=4.6
Lower output voltage for 5% settling time, 0.95(Vo(min))=0.95(-5)=4.75

4.1.4 Comparator Open-loop Transfer Function

* Filename="diffcnp4.cir"
* MOS Diff Anp with NMOS Input and Current Mrror Load

* | nput Signal
VIN 2 0 AC 1V

*Power Supplies

* Netlist for CMOS COVPARATOR in Pwel |
ML 5 077 NMOS1T Ws5.4U  L=6.6U
M 6 277 NMOS1  Ws5.4U  L=6.6U
M8 5 533 PMOS1 We7.2U  L=6.6U
M 6 533 PMOS1T W-7.2U L=6.6U
M 7 944 NMOS1  Ws5.4U  L=6.6U
M 8 6 3 3 PMOS1 W59.4U L=6.6U
M 8 9 44 NMOS1  W=22.2U L=6.6U

15



M 9 944 NMOS1  We22.2U L=6. 6U

*

Ext ernal Conponents
CL 8 0 2pF
RB 9 0 175K

* SPI CE Paraneters

. MODEL NMOS1 NMOS VTO=1 KP=40U

+ GAMVA=1. 0 LAMBDA=0.02 PHI =0.6

+ TOX=0. 05U LD=0. 5U CJ=5E-4 CISW10E-10

+ U0=550 MJ=0.5 MISWE0.5 CGSO=0.4E-9 CGDO=0.4E-9
. MODEL PMOS1 PMOS VTO=-1 KP=15U

+ GAMVA=0. 6 LAMBDA=0.02 PHI =0.6

+ TOX=0. 05U LD=0. 5U CJ=5E-4 CISW10E-10

+ U0=200 MJ=0.5 MISWE0.5 CGSO=0.4E-9 CGADO=0.4E-9

*Anal ysi s
. AC DEC 10 0. 1HZ 100MegHz

1
1 —— T e e frmm y
188nHz ) 188KHz 16HHz 1.8GHz
o vdb(8) + B - 81.422

Frequency

4.2. CMOS Comparator Implementation with PMOS Input Drivers

* Filename="diffcnpp.cir"
* CMOS Conparator with PMOS | nput Drivers

* Input Signals
VIN 2 0 DC 0V
VOS 1 0 DC oV

* Power Supplies
VDD 3 0 DC 5VOLT
VSS 4 0 DC -5VOLT

* Netlist for CMOS Conparator in Nwell
M. 5 177 PMOS1  W15U L=6. 6U

16



M 6 277 PMOS1  W-15U L=6. 6U
M3 5 544 NMOS1  Ws5.4U  L=6.6U
M 6 544 NMOS1T Ws5.4U  L=6.6U
M 7 933 PMOS1  W-30U L=6. 6U
M 8 6 44 NMOS1  Ws21.6U L=6.6U
M 8 933 PMOS1  W-60U L=6. 6U
M 9 933 PMOS1  W-60U L=6. 6U

* External Conponents
CL 8 0 2pF
RB 9 0 175K

* SP|I CE Par aneters

. MODEL NMOS1 NMOS VTO=1 KP=40U

+ GAMVA=1. 0 LAMBDA=0.02 PHI =0. 6

+ TOX=0. 05U LD=0.5U CJ=5E-4 CIJSW10E- 10

+ U0O=550 MJ=0.5 MISWF0.5 CGSO=0.4E-9 CGEDO=0. 4E-9
. MODEL PMOS1 PMOS VTO=-1 KP=15U

+ GAMVA=0. 6 LAMBDA=0.02 PHI =0. 6

+ TOX=0. 05U LD=0.5U CJ=5E-4 CJSW-10E- 10

+ U0=200 MJ=0.5 MISWE0.5 CGSO=0. 4E-9 CGEDO=0. 4E-9

* Anal ysi s
.DC VIN -1nv 1nV 1uV
.TF V(8) VIN

a8
-1.800808m, -4.6733
1.0885m, 4.6733

To eliminate the input offset voltage the negative of Vos is applied V- input.

VOS 1 0DC-88.501uV

17



*x%% SMALL-SIGNAL CHARACTERISTICS

V(8)/VIN = 1.196E+04

INPUT RESISTANCE AT VIN = 1.000E+20

OUTPUT RESISTANCE AT V(8) = 1.284E+06

4.2.1 Comparator Transient Response for Slew Rate Measuremnt

* Fil ename="di ffcnppl.cir”

* MOS Diff Amp with PMOS I nput and Current

* | nput Signal

VIN 2 0 PW.(O, -5V 10us, -5V 10. 01us, 5V 30us,

VOS 1 0 DC 0V

*Power Supplies
VDD 3 0 DC 5VOLT
VSS 4 0 DC -5VOLT

PMOS1
PMOS1
NMOS1
NMOS1
PMOS1
NMOS1
PMOS1
PMOS1

SEEEEERE N
[(oNeoNeo B NNe)Né) NorNé)
COOOOUOIUINE
WWhwWwhphN
WWhwWwhphN

Y

© oo
D
=
=k

O3>

Conponent s
2pF
175K

&8e

Netlist for CMOS Conparator

W=15U
W£15U
WES. 4U
WS, 4U
W£30U
We21. 6U
W=60U
W£60U

in Nwell

rrrrrrrr-

DPOPDOPDO

6U
6U
6U
6U
6U
6U
6U

. 6U
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* SP|I CE Paraneters

. MODEL NMOS1 NMOS VTO=1 KP=40U

+ GAMVA=1.0 LAMBDA=0.02 PHI =0.6

+ TOX=0. 05U LD=0.5U CJ=5E-4 CIJSW-10E- 10

+ U0O=550 MJ=0.5 MISWF0.5 CGSO=0. 4E-9 CGEDO=0. 4E-9
. MODEL PMOS1 PMOS VTO=-1 KP=15U

+ GAMVA=0. 6 LAMBDA=0.02 PHI =0.6

+ TOX=0. 05U LD=0.5U CJ=5E-4 CJSW-10E- 10

+ U0=200 MJ=0.5 MISWE0.5 CGSO=0.4E-9 CGEDO=0. 4E-9

*Anal ysi s

. TRAN . 1ns 40us
. PROBE

. END

10U - —--om oo oo
(11.15u,4.

4.2.2 Comparator Transient Response for Settling Time Measurement

Fi | ename="di f f cnpp2.cir™
* MOS Diff Amp with PMOS I nput and Current Mrror Load

* I nput Signa

VIN 2 0 PW(O, -5nV 10us, - 5nV 10. Olus, 5nV 30us, 5nV 30.01us, -5nV 1s, -
5mv)

VOs 1 0 DC oV

*Power Supplies

* Netlist for Sl ew Rate Measurenent

* Netlist for CMOS Conparator in Nwell
ML 5 177 PMOS1 We15U L=6. 6U
M 6 277 PMOS1T W15U L=6. 6U
M3 5 544 NMOS1 WS, 4U L=6. 6U
M 6 544 NMOS1 WS, 4U L=6. 6U
M 7 933 PMOS1T W30U L=6. 6U
M6 8 6 4 4 NMOS1T We21.6U L=6.6U
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M 8 933 PMOS1  W60U L=6. 6U
M 9 933 PMOS1  Ws60U L=6.6U
* External Conponents

CL 8 0 2pF

RB 9 0 175K

* SPI CE Paraneters

. MODEL NMOS1 NMOS VTO=1 KP=40U

+ GAMVA=1. 0 LAMBDA=0.02 PHI =0.6

+ TOX=0. 05U LD=0. 5U CJ=5E-4 CISW10E-10

+ U0=550 MJ=0.5 MISWE0.5 CGSO=0.4E-9 CGDO=0.4E-9
. MODEL PMOS1 PMOS VTO=-1 KP=15U

+ GAMVA=0. 6 LAMBDA=0.02 PHI =0.6

+ TOX=0. 05U LD=0. 5U CJ=5E-4 CISW10E-10

+ U0=200 MJ=0.5 MISWE0.5 CGSO=0.4E-9 CGADO=0.4E-9

*Anal ysi s

. TRAN . 1ns 40us
. PROBE

. END

4.2.3 Comparator Open-loop Transfer Function

Fi | ename="di ffcnpp3.cir"”
* CMOS Conparator with PMOS | nput Drivers

* | nput Signals
VIN 2 0 AC 1V
VoS 1 0 DC -88.501uV

* Power Supplies

20



VDD 3 0 DC 5VOLT

VSS 4 0 DC -5VOLT

* Netlist for CMOS Conparator in Nwell
ML 5 177 PMOS1  W15U L=6. 6U
M 6 277 PMOS1 W15U L=6. 6U
M8 5 544 NMOS1  W5.4U  L=6.6U
M 6 544 NMOS1  W5.4U  L=6.6U
M 7 933 PMOS1  W30U L=6. 6U
M 8 644 NMOS1  W21.6U L=6.6U
M 8 933 PMOS1  W60U L=6. 6U
M 9 933 PMOS1  W60U L=6. 6U
* Ext ernal Components

CL 8 O 2pF

RB 9 0 175K

* SP| CE Par aneters

. MODEL NMOS1 NMOS VTO=1 KP=40U

+ GAMVA=1. 0 LAMBDA=0.02 PH =0.6

+ TOX=0. 05U LD=0.5U CJ=5E-4 CIJSW10E- 10

+ U0O=550 MJ=0.5 MISWE0.5 CGSO=0.4E-9 CGEO=0. 4E-9
. MODEL PMOS1 PMOS VTO=-1 KP=15U

+ GAMVA=0. 6 LAMBDA=0.02 PHI =0. 6

+ TOX=0. 05U LD=0.5U CJ=5E-4 CIJSW-10E- 10

+ U0=200 MJ=0.5 MISWF0.5 CGSO=0.4E-9 CGEDO=0. 4E-9

* Anal ysis

. AC DEC 10 0.1HZ 100MegHZ
. PROBE

. END

188KHz 18MHz 1.8GHz

Frequency

4.2.4 Comparator Adjusted for 0-5V Operation
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* Filename="diffcp5.cir"
* CMOS Conparator with PMOS I nput Drivers

* Input Signals
VIN 2 0 DC 0V
VOS 1 0 DC 2.5V

* Power Supplies

* Netlist for CMOS Conmparator in Nwell
M 5 177 PMOS1T W15U L=6. 6U
M 6 277 PMOS1  We15U L=6.6U
MB 5 544 NMOS1  W5.4U  L=6.6U
M 6 544 NMOS1  We5.4U  L=6.6U
M 7 933 PMOS1  We30U L=6.6U
M 8 6 44 NMOS1 W21, 6U L=6.6U
M 8 933 PMOS1  W60U L=6. 6U
M 9 933 PMOS1  We60U L=6. 6U
* External Conponents

CL 8 0 2pF

RB 9 0 175K

* SP|I CE Paraneters

. MODEL NMOS1 NMOS VTO=1 KP=40U

+ GAMVA=1. 0 LAMBDA=0.02 PHI =0.6

+ TOX=0. 05U LD=0. 5U CJ=5E-4 CISW10E-10

+ U0=550 MJ=0.5 MISWE0.5 CGSO=0.4E-9 CAO=0.4E-9
. MODEL PMOS1 PMOS VTO=-1 KP=15U

+ GAMVA=0. 6 LAMBDA=0.02 PHI =0.6

+ TOX=0. 05U LD=0. 5U CJ=5E-4 CISW10E-10

+ U0=200 MJ=0.5 MISWE0.5 CGSO=0.4E-9 CGADO=0.4E-9

* Anal ysi s

.DC VIN 2.49V 2.51V 1uVv
. PROBE

. END
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21.111m
2._.4889

4.2.5 Comparator Transient Response for 0-5V Operation

Fil ename="di ffcpbt.cir"
* MOS Diff Anmp with PMOS I nput and Current Mrror Load

* | nput Signal

VIN 2 0 PW(O0, 2. 495V 10us, 2. 495V 10. Olus, 2. 505V 30us, 2.505V
30. 01us, 2. 495V 1s, 2.495V)

VOS 1 0 DC 2.5V

*Power Supplies

* Netlist for CMOS Conparator in Nwell
ML 5 177 PMOS1  W15U L=6. 6U
M 6 277 PMOS1  We15U L=6. 6U
M8 5 544 NMOS1  W5.4U  L=6.6U
M 6 544 NMOS1  We5.4U  L=6.6U
M 7 933 PMOS1  We30U L=6. 6U
M 8 6 44 NMOS1  We21.6U L=6.6U
W 8 933 PMOS1  W60U L=6. 6U
M 9 933 PMOS1  W60U L=6. 6U
* External Conponents

CL 8 0 2pF

RB 9 0 175K

* SPI CE Paraneters

. MODEL NMOS1 NMOS VTO=1 KP=40U

+ GAMVA=1.0 LAMBDA=0.02 PHI =0.6

+ TOX=0. 05U LD=0. 5U CJ=5E-4 CISW10E-10

+ U0=550 MJ=0.5 MISWEQ.5 CGSO=0.4E-9 CAEO=0. 4E-9
. MODEL PMOS1 PMOS VTO=-1 KP=15U

+ GAMVA=0. 6 LAMBDA=0.02 PHI =0.6

+ TOX=0. 05U LD=0. 5U CJ=5E-4 CISW10E-10

+ U0=200 MJ=0.5 MISWE0.5 CGSO=0.4E-9 CGEO=0.4E-9

*Anal ysi s
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. TRAN . 1ns 40us
. PROBE
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