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VIlI.1 - CHARACTERIZATION OF
COMPARATORS

What is a Comparator?

A comparator is a circuit which compares two analog signals and
outputs a binary signal based on the comparsion. (It can be an op amp
without frequency compensation.)

Characterization of Comparators

We shall characterize the comparator by the following aspects:
* Resolving capability
» Speed or propagation time delay

Maximum signal swing limits

Input offset voltage

Other Considerations
Noise
Power
Etc.
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VOLTAGE COMPARATORS

Definition of a Comparator

Vour
Ve
Noninverting
Vour
Von
MoH whenVa =2Vp
Vourt = E > Va- Ve
DVOL when Va < VB
VoL
Inverting
Vour
EVOL when Va =2 Vg VoH
VouTt =
D\/OH when Vp <£VB > \/a- Vg

VoL
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COMPARATOR PERFORMANCE

1. Speed or propagation time delay.
The amount of time between the time when Va - Vg =0 and the

output is 50% between initial and final value.

2. Resolving capability.
The input change necessary to cause the output to make a transition
between its two stable states.

3. Input common mode range.

The input voltage range over which the comparator can detect
Va=Vg.

4. Output voltage swing (typically binary).

5. Input offset voltage.
The value of Vour reflected back to the input when V a is physically

connected to V.
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APPROACHES TO THE DESIGN OF VOLTAGE
COMPARATORS

Open Loop

Use of a high-gain differential amplifier.
VoH - VoL
resolution of the comparator

Gan =

Regenerative

Use of positive feedback to detect small differences between two
voltages, Va and VB. |.e., sense amplifiersin digital memories.

Open Loop - Regenerative

Use of low gain, high speed comparator cascaded with a latch.
Results in comparators with very low propagation time delay.

Charge Balancing

Differential charging of a capacitor. Compatible with switched
capacitor circuit techniques.

Type Offset Voltage Resolution Speed (8 bit)
(Power supply)
Open-loop 1-10 mV 300uV (£5V) 10 MHz
Regenerative 0.1 mV 50uV (£5V) 50 MHz
Charge

Balancing 01mv smV (5V) 30 MHz
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COMPARATOR MODELS - OPEN LOOP

Zero Order Model

Mode

£{Vp- V) Ve

EVQH for (Vp-VN) 2 0

fo(Vp-VN)=D
oL for(Vp-VnN) <O
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COMPARATOR MODELS - CONT'D

First Order Modd

Transfer Curve

Vour
A
Von
V
:IL t > \Vp-Vp
Vi
VoL
Model
Vp .
+ +
f](VP - VN) Vo
VN -

VoH for (Vp-VN)2VH
fy (Ve - VN)= E\V(VP- VN) for ViL £ (Vp-VN) £ VIH

VoL for(Vp-VN)<SVL
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COMPARATOR MODELS - CONT'D

First Order Model with Offset

Transfer Curve

VoH

—f— > Vp-V
/" B
VoL ——

First Order Model with Offset

TV oS

f{Vp- Vi Vo

Time Response of Noninverting, first order model

VoH -
Vout _ : - Vout+ Voo
| 2
VoL :
|
ViH :
|
Vp-Vy . tp ) v=ViHt Vi
. : 2
Vi
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VIl.2 - DEVELOPMENT OF A CMOS
COMPARATOR

SIMPLE INVERTING COMPARATOR

<|
@A I

Fig. 7.2-1 Simple inverting comparator

Vop T [e— AVIN—>]

Vo

|
Virp

VN

Fig. 7.2-2 DC transfer curve of a simple comparator

Low gain [0 Poor resolution
VTrp = fHV DD H+ process parameters
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CALCULATION OF THE TRIP POINT, VTRP

Vo
A & - Vo=Vin+ Vg

1 9"
Voo Vbp Q. Y

VIN°—|li M2

VB|Ago—|l: M1 Veias- V11 -

1 Vss
Vss VSS
Operating Regions-
VDS1 2VGSs1 - VT " VO-Vss2Vplas-Vss-VT1
Vo 2 VBIAS- VT1
vsp2 >VsG2- [VT2|  © VDD -vo=VDD-VIN-|VT2|

VO S VIN + |VT2|

Trip Point-

Assume both M1 and M2 are saturated, solve and equate drain
currents for VTrp. Assume A = 0.

. KN W1 2
iD1=> T, VBIAS-Vss- V11
. KpW?2 2
iD2= % T, /DD - VIN - V12|~

KNn(W1/L1) !\

ip1=ip2* | VIN = VTRP=VDD-[VT2| - \/KP(WZ/LZ) (VBIAS - Vss - VT

Wip W2
l.e. Vpp =-Vss =5V, Veias = -2V and KN%_—lg = KPEIL—ZD

[l
VTRP = 5-1-(-2+5-1) = 4-2 = 2V
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COMPARATOR USING A DIFFERENTIAL AMPLIFIER

Vbp

t
M3” | M4

— —o Vo
—M1 M2 4
Vp 0—”1_— —_HII—OVN
VBIAS°_||: M5
Vo
A
VoH=Vpp| - oo
Vou| =~~~ .
i M1& M2in
| saturation
|
|
|
|
I
|
I Vp - VN
7T ’( Ay )

Gain is still low for a comparator
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DERIVATION OF OUTPUT SWING LIMITS

Voo VP > VN
M3|| [ ma
1. Current in M1 increases and
— | —o Vo current in M2 decreases.
:i M1 M2£|2 2. Mirroring of M3-M4 will
vpo—|1|<_— —_H'qVN cause vo to approach Vpp .
L 3.VoH = VDD - VDs4(sat)

! lss T , |4
l —TL VoH =VDD - Ba
Veias—|| . M5 4

. 15
VOH' = VDD - A [
Vss OH DD Kp(W4/L4)
VP < VN Vou' = VDD - A o

Assume vy isafixed DC voltage
4. Finaly, vo * Vpp causing the
1. vo starts to decrease, M3-M4 mirror mirror M3-M4 to no longer be
isvaidsothat 11 =12 =1sg/2.
2.VoL =VN-VGs2 + VDps2
when M2 becomes non-sat. we have (I2=14=0,13=11=15)
Vps2(sat) = Vgsz - VT so that

vaidand VoH = VDD.

VoL =VN - VT2

3. For further decrease in vo, M2 is non-

. g
and therefore the Vgs» can increase 11 still equals 12 due to mirror

allowing the sources of M1 and M2 to D
fal(asvp fals).
4. Eventually M5 becomes non-sat and |5

starts to decrease to zero. M2 becomes a
switch and vo tracks Vsp(Vpss) dl the

way to Vss.
0 VoL =Vss.
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TWO-STAGE COMPARATOR
Combine the differential amplifier stage with the inverter stage.

» Sufficient gain.
» Good signal swing.

Vbp
e

« II:M6
— M1 M2l

V QPO
e A — v Vo
M5
M8:]} lt |[:|v|7
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VIlI.3 - DESIGN OF A TWO-STAGE CMOS
COMPARATOR

DC BALANCE CONDITIONS FOR TWO-STAGE
COMPARATOR

* Try to keep all devices in saturation - more gain and wider signal
swings.

» Based on gate-source and DC current relationship. 1.e. if M1 and M2
are two matched devices and if Vgs1 = Vas, then Ip1 = 1p2 or vice

versa

W1
Let S = L_l :
M1 and M2 matched gives S; = Sp.
M3 and M4 matched gives S3 = $4.
aso, 1 =12 = 0.5Is.

From gate-source matching, we have

Vess =Ves7 I7:|5%§ and lg =14 %@ ~ Assume

Vess =VGss
For balance conditions, 1g must be equal to |7, thus
Is 57 _S6
la S5~ <4

I
Since ﬁ = 2, then DC balance is achieved under the following:

§-2-Si “V =0"*' M4 is saturated
S~ S DG4 = .
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SYSTEMATIC OFFSET ERROR
Vpp =10V
+ +
KN = 24.75 pA/V?2 20 | | 20 5y
Kp = 10.125 HA/V2 10 —I ME 1077 M6 o
VTN =-VTp=1V " 20"—”:10
AN = 0.015V-1 —10 oL sy
Ap = 0.020V-1 IIE VeI Ve Vo =5
M1 M2 iy
20w,
| =10 3V I—10
M ] M5 |\/|7'[:10
Vss=0V

Find Vos to makeig =17

(1) Find the mismatch betweenig and iy

17l +ANVDS7TOONTIL7O

1 + (0.015)(5)

i5 ~ El + )\NVDSSEHNS/LSD
ie [+ ApvDsegWelleO

=1+ (0.015)(3)
1 + (0.02)(5)

ia ~ El + ?\PVDS4DEW4/L45
i5=2i4

1+

(0.02)(2)

[ 17 =(2.029)(2)i4 = 2.057i4 and ig = 2.115i4

(2) Find how much vess must be reduced to makeig =i7
AVGse = VGSe(2-115i4) - vGse(2.057i4)

2Le

Avess ="\ | We ig #/2.115 - 4/2.057H = 14.11 mV

(3) Reflecting Avgss into the input

2 KN(W2/L2)

Ay(diff) = 5\ - )\4D

I5

Avgss  14.1 mV

U Vos=Z2(dif) = 89.9

=0

157 mV

(1) =1.029

(2) =2.115
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DESIGNING FOR COMMON MODE INPUT RANGE

VDD -
+
L
VSG3_“_. S |
_['M3 vg1(min) = Vss + Vpss + VGs1
l5/2 _ I5
Voo t vgi(min) = Vss + Vpss + VTi(max) + \/2—[31
Vor—_
oy M1 Vost vgi(max) = Vpp - VsG3 - Vpei(sat)
Vaest o+ I5 .
v's vgi(max) = Vpp - 23 |VT3(maX)| +VT11(min)
v L
BIAS ™ Voss where Vpga(sat) = -VT1
M5 -
Veg—| __~
Example

Design M1 through M4 for a CM input range 1.5 to 9 Volts when Vpp =
10V, Iss = 40pA, and Vss = OV. Table 3.1-2 parameters with VTN P| =
0.4 to 1.0 Valts,

|
vGi(min) = Vss + Vpss + \/é + Vr1(max)

15=0+01+ %‘i—A +1 (assumed Vpss = 0.1V- it probably more

reasonable to assume 31 is already defined and find (35)

KNW1 W1 W»
= = 2 —_ = =
BL=—p, - =250 JAN H D =T, =470 H

I
vgi(max) = Vpp - \/% - [V13(max)| + VT1(min)

KpW3 W3 Wy
= = 2 —_ = =
Ba=—, =250 HAIV H s 31.25 H

L4
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GAIN OF THE TWO-STAGE COMPARATOR

+o

+
Om1Vid rdQ% rds4%vl OmeV1 rdsG% Fds7§ Vout

Vid = VP - VN

0 9mi ED
E@dsz + 9ds4DE@d36 + Jds7

KK Y
NP 1 mlen

- (A2 + Aay(Ae + )\7)\/I1I6

Av

Av

. W1 We L .
USln@JL—1 =5, Te = 5 AN = 0.015V-1, Ap=0.02V-
and Table 3.1-2 values;

2 NAD(@B)(B)(5B) 106 = 95199.10-6

(0.015+0.02)2'\/I1I6 '\/Illa

AV=

Assume 11 = 10 gA and g = 100 HA

Ay = 3010

VoH - VoL
Ay

then VoH - VoL = ﬁ - 3000 = 15 Volts

= Resolution = 5 mV (assume)



Allen and Holberg - CMOS Analog Circuit Design

Page V1.3-5

PROPAGATION DELAY OF THE TWO-STAGE

COMPARATOR
Vbp
signal swing
less than the
|\/|3:l| . |I:M4 output +
: Vess
« —| M6
V°N_|I— M1 M2—||_‘\{P L ‘iﬁkey node
— — CL1 ° Vo
= Wi
::CL2
M5
Vaias _Il_ Il:M?
—_ Vss -
Vess = Vpp-p + Vpe2oH
iC:CgT\t/ , At =
Av
av V -V
C5 Aty = CLp 2 TRP3 - Vss
LRPW6 oD - vp - Vb2 - V162 - |
) 02 Lg (VDD -VP-VDG2- [VTe)? - 17
At
—
V1RrP3
-V
Vep Aty- = o, Y22~ VTRP[]
Vv DEWUL 50, []
SRR Oi70Wsa'® O
At
i .
Slew rate = source/sink

CLi

[]
[]
[
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CALCULATION OF COMPARATOR PROPAGATION DELAY

Find the total propagation delay of +5V
the comparator shown when the input 10
vp goes from -1 to +1 in 2ns. Assume M3j|—10'—||:'\/|4 ig
1
the trip point of the output(next stage) Ve CL1=0-3pF
—_T__| M6
IS zero. Po Ij |
VN (M1 M2E"_° T * 6 y
= £|E 2 Vp C|_2: ©
Total delay = 1st stage + 2nd stage = 10 10pF
del del
¥ ¥ I5:20uA® I7=40qu> I
At = Aty + Aty =
(VDo(to) - VTRP2)
1= Is CL1,
vpo(to) = 5 because vp = -1V
2l7
VTRP2 = VDD - VGS6, VGSs = V16| + 1\ /m
Vgegsg =1+ /28% =258V ‘VTrRp2 =5-258=242V
B [0.3pF0
0 Aty = (5 - 242) 50 A0= 38.7ns
A2 =|v (t)-o|DCL2 H-sH 2 A
2= |YOU0 A6 - 170~ °He - 170
Kps OWe] .
l6=—5 G/ pD - Vpo(min) - |Vre|?

[VDo(min) is an optimistic assumption based on vpsp = 0]

. I5
Vpo(min) = vps2(=0) - vGs1 + VN =-VT1 - Kz - L7
10-6
lg = % (45 - (-1.77) -1) 2 = 533 pA
_ 10 pF _

At = Atg + Atp = 139 ns

Second order consideration: Charging of Csp of M1 and M2
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SIMULATION OF THE PROPAGATION DELAY

Sv T T T
\
"\ 10
\ 10
i \
\
\ VN
\ r}?
v \ L
\
24 -~ - - - -
\
i \
1lv

-1.54vf - - - -

Sv

COMPARATOR PROPAGATION DELAY
VDD 100 DC 5V

VSS110DC -5V

VN 10DCOV

VP20 PULSE(-1 1 ON IN IN 500N 1U)
M13155MNMOSW=20U L=10U

M2 6255 MNMOS W=20U L=10U

M3 3310 10 MPMOS W=10U L=10U
M4 6 3 10 10 MPMOS W=10U L=10U
M558 11 11 MNMOS W=10U L=10U
M6 96 10 10 MPMOS W=40U L=10U
M7 9811 11 MNMOS W=20U L=10U
M8 8811 11 MNMOS W=10U L=10U
CL1600.3PF

CL290 10PF

1S08DC 20UA

'MODEL MNMOSNMOSVTO=1KP=17U
+LAMBDA=0.015 GAMMA=0.8 PHI=0.6
'MODEL MPMOS PMOS VTO=-1 KP=8U
+L AMBDA=0.02 GAMMA=0.4 PHI=0.6
TRAN 2N 300N

PRINT TRAN V(6) V(9) V(2)

PROBE

END

Ons 50ns

100ns

200ns 250ns

300ns
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SMALL SIGNAL PERFORMANCE
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R1% Ci= Rz% Co=—

+o

Vout

L
Vout(S) A oWp1Wp2
Vin(8) (S + Wp1)(S+ Wp2)
1
Wpl = RiCy
__1
Wp2 = RoC,
Ao = gm1gm2R1R2
Example - (Fig 7.3-4)
] — 1 — 1 —
I5= 20pA " Ry = g—=——— = 1577 = 3.33MQ
= L = 1M
Wpl = (0.3pF)(3.33MQ) ~ ~VITPS
|7 = 40pA ‘ Ry = 1 Sp— = 833KQ
7= MA T R2 75066 + gds7  40pA(.03)
_ 1 _
Wp2 = (T0pF)(833K Q) ~ 120KPS

Om1 = 26Us, gm2 = 50.6us‘ Ao = 1099
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TWO-STAGE, CMOS COMPARATOR

General Schematic

Vb
b
. II:M6
R T
M8_] IJMS [om7
L>|
Y

Key Relationships for Design:

iD = %(VGS -VT)2| O ip(sat) =% [vDs(sat)]2
or

vps(sat) = ‘\/Zi Déﬂ)
Also,

dm = V2BID
where

="
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COMPARATOR DESIGN PROCEDURE

1. Set the output current to meet the slew rate requirements.

N\
"=~
2. Determine the minimum sizes for M6 and M7 for the proper ouput
voltage swing.
2lp
vps(sa) =\ 5~

3. Knowing the second stage current and minimum device size for M6,

calculate the second stage gain.

Ay = -Om6

Jds6 + Jds7
4. Calculate the required first stage gain from A2 and gain specifications.

5. Determine the current in the first stage based upon proper mirroring
and minimum values for M6 and M7. Verify that Pgiss IS met.

6. Calculate the device size of M1 from A1 and Ips;.

Ax = -Om1 d _ /2K'W/L
"~ Odsl * Ods3 9m1 = IDs1

1

7. Design minimum device size for M5 based on negative CMR require-
ment using the following (Ips1 = 0.51pss):

/l
vgi(min) = Vss+ Vpss + E—? + VT1(Max)

2lpss
where Vpss = Bs - V pss(sat)

8. Increase either M5 or M7 for proper mirroring.

9. Design M4 for proper positive CMR using:

IDs5
vei(max) = Vbp -\ [ g5 - |VTos|(max) +VT1

10. Increase M3 or M6 for proper mirroring.

11. Simulate circuit.
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DESIGN OF A TWO-STAGE COMPARATOR

Specifications:
Avo > 66 dB Lambda = 0.05V-1 (L =5 um)
Pdiss < 10 mW Vpp=10V
CL=2pF Vss=0V
tprop < 1 ps Recall that 3 = —KLW
CMR=4-6V

Output swing isVpp - 2V and Vss + 2V

1). For tprop << 1 ps choose slew rate at 100 V/us

dv
0 I7=CLl—g— = (2101 (100-10°6) = 200 pA

2). Size M6 and M7 to get proper output swing,

M.
_ 27 2(200pA) Wy
2V > vpsy(sat) = \/; - \/17.OuA/V2(W7/L7) - 77 >.88
2(lout+l?). OUT+I 7) 2(400pA) We
2V > vpse(sat) = ’\/8 OHA/VZ(WG/L@ ~ Te >12.5

_ Ome O -1 [, /ZKP'We N
3)- A2= Ods6 + Ods7 _ CAN + APH loLe 10

4). Ayvo =A1A2=66dB =2000 -~ A1 =200
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COMPARATOR DESIGN - CONT'D

5). Assuming VGs4 = VGss, then 4 = % l6
choose Sg4 =1 which gives g = % (200pA) = 16.0 pA
AssumeS5=1WhichgivesI5=2—§ I7:%};3—A =34 pA
andl4=% s = 17 pA

Choose 14 =17 pA to keep Vrv ratios greater than 1.

W4  We 017 0
Ls ~ Le 2000

Pdiss = 10(17 + I5) =2.34 mW < 10 mW

1 ‘ /ZKN'Wl W1 14
= = 2_ =
6). A1 A1+ A Is2L7 — L1 [(AL+Ag)Aq 2KN' 200

W1 .
O I 200 (Good for noise)

0 15=34 uA =1.06=10

7). Vbss = vai(min) - Vss- \/;5:51 - VT1(max)

_ (34) _
Vpss=4-0- \/2(17_0)(200) -1=290V

_A [25 _ . [2(34y) W5
VDSS‘\/; “Namwss ~ Ts 7%

_ls o _34 _
8). S5= 1 S7=15qG (5:88) =10 -

5
L_5_ 1.0
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COMPARATOR DESIGN - CONT'D

|
9). Vgi(max) = Vpp - \/% - |VT03|(maX) +VT1(min)

Is
B3= N
VoD - Vei(max) - |VTo3|(max) + Vra(min)2
B 34 pA B 6
“(10-6-1+0.52 = 27610
W3 (2.76)(2) W3 Wy
B 8

L3 =0.69 T3 - 1La > 0.69

O

w
(Previously showed L—:’ > 1.06 so no modification is necessary)

10). Summary
W
Wrawn = H—@L _16)
Design Ratios Actual Vaueswith 5um Proper Mirroring
minimum geometry and Lp =0.8um
Wi _W2 W1 _W2 1000 680
L1 Lo — L1 Lo~ 5 5
Wa _Wa _ Ws W4 _5 34 .5
3 g 10 (s L4 °5 5 5
Ws _ Ws _ 34.5
We We  62.5 60
L_6 =125 L_6 =75 5
W7 Wz 30 30
L_7 = 5.88 L_7 =5 5

I
N
PIL

(Need to adjust for proper mirroring) [
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VIl.4 - OTHER TYPES OF COMPARATORS
FOLDED CASCODE CMOS COMPARATOR

Circuit Diagram

Vbp
MP3|.J MP4 1]
MP8 |} 1‘=|_ I_|
el
MP12 MP13
—o Vout
MN1 MN2 |
fI:MNZS MN10 MN11
. vp 06— F—ov1 > Be
MN24;li—! MN7 _.lMNQ ;MN5
Vss

Small Signal M odel

1 1] 3
Om12 Til Om13 J I2
i i ot Vout
Om1V2 Om2V1 2 1 )
where

Rout = (rds59m11rds11)||((rds4llrds2)9ma13rds13) =

_ 1
" Ods50ds11  (Qds2+9ds4)9ds13
gmil Om13

The small signal voltage gainis

] Im1tgm2 v
[Qds50ds1l  (Jdso*+Qdsa)dsta[] "
T gmiz Om13 L]

Vout = Fout(i2-11) = (m2+9Im1)RoutVin =

where Vvin = v1 - V2.
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FOLDED CASCODE CMOS COMPARATOR - CONTINUED
Frequency Response

Small signal model-

|
C 2
= = r Vout
out
Om1V2 9m12 Om2V1 )
0

C1=Cgs12 +Cps12 + Cpc3 + CeD3

+0

where

C2=Cgs13+CBs13+ Cpc4 + CeD4
and C3=Cpaci11 +CsbD11 + Cb:13 + CBD13 + CLoad

AvDow3
AVD(S) -~ s + w3
where

1
routCs3

w3 =

Typical performance-

Ip1= 1p2= 50pA and Ipa= 1p4 = 100A, ~ot = 12 = Wi W13
D1-1D2— |~'l D3—=1D4 — p- ) I—l_l—Z_I—ll_l—l3

=1, assume C3 = 0.5pF, and using the values of Table 3.1-2 gives:

Om1=0m2 =09mi11=41.2uS  gm13 = 28.3uS
Ods5 = Jds11 = 0.5US  gdsa = gds13 = 0.25uS

Therefore, royt = 121MQ, w3 = 16.553krps, and Aypo = 4,978
resulting in a gain-bandwidth of 13.11MHz.

_ _C3AV _ 05pFx10V _
Delay = AT = 1—— =359, ~ =50nS
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OPEN LOOP COMPARATOR - MC 14575

A A
BIAS——s—{| M1 —| M6

-o—|E> M2 M3<—jf—o+
— Il:M7 1

M4_|——{[ M5

1

Performance (Iset = 50 pA)

Rise time :
Ealltime - 100 ns into 50 pF

Propagation delay = 1 s
Slew rate = 2.7 Volts/us
Loop Gain = 32,000

Comments

The inverter pair of M8-M9 and M10-M11 are for the purpose of
providing an output drive capability and minimizing the propagation delay.
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CLAMPED CMOS VOLTAGE COMPARATOR

\bp \bp
A A

MS:II II:MG

Drain of M2 and M3 clamped to the gate voltages of M4 and M5.

M6 and M7 provide a current, push-pull output drive capability
similiar to the current , push-pull CMOS OP amp.

Comparator is really a voltage comparator with a current output.
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VIl.5 - COMPARATORS WITH HYSTERESIS
HYSTERESIS

Why Hysteresis?

Eliminates "chattering” when the input is noisy.

Comparator with no Hysteresis

V.
Comparator "
threshold J A
A// 4 A/\/
/v 14 Y _>
Time
Comparator
output

N\

| |

Comparator with Hysteresis

V
out /_,f '/ A

Vree y  Vigp, COMparator

L | » output \

j -
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VOLTAGE COMPARATORS USING EXTERNAL FEEDBACK

Inverting
VouT
A
VOH: >
Vvgo———- :
L —o VouT ' VRerR2
Va - A |?+R2V
W\' : >\/g
R, — VorRy |
Rl% bRy
+ :
TV e A —
= —p] -
R1+R>
Noninverting
VouT
A
R2
R /\/V\' VoHT - < <
1 |
VlNo_l\/\/\’ va + : A VRE Ri*R;
Vg - :
.‘/ > VN
+ |
-=-_VREF Y '(Rl)VoEL
ANav)
VOLIF —p
- Rl) 40
(Rz Vo
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COMPARATORS WITH INTERNAL FEEDBACK

Cross-Coupled Bistable

R
P

\ 4

BlAs—||:M5

Vss

(1). Positive feedback gives hysteresis.

(2). Also speeds up the propagation delay time.
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AUTO ZEROING OF VOLTAGE COMPARATORS

Model of the Comparator Including Offset




Allen and Holberg - CMOS Analog Circuit Design Page VI11.6-6

GENERALIZED AUTO ZERO CONFIGURATION

i
VINT o rl—
(P1°—|l:T Vos VouTt
VIN- © l *l-
iTL Caz
)

Good for inverting or noninverting when the other terminal is not
on ground.
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Noninverting Auto-Zeroed Comparator

Ll

1
=
- ﬁ (P1°—|l:1 +\ Vout

VINo© j_l_ CE\Z *
v2 :I|—°‘P1

Inverting Auto-Zeroed Comparator

gl
[
}f [+
o3 L -

VouT

|
o |:_ J‘—

Use nonoverlapping, two-phase clock.
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VIl.6 - HIGH SPEED COMPARATORS
Concept

Question: For a given input change, what combination of first-order open-
loop comparators and a latch gives minimum propagation delay?

+ o— ] _°Q

VIN Cy G, G Ch Latch

—\—
n first-order, open-loop comparators

with identical gains, A

Concept:
voltkage
High (
Output L
Level | A =input voltage ,
change Latch—./, .-~ )
1.7 n-
vou=e"T A —»f 1" vou= ATL- (1+ e a
A 7 : 5
AN~ ; 4
AN -2 l 3
Oy B sl vou= AL-(L+Dey A
l : : — ot
AAL - - / | , vout=A(1-e“")A n=1
Propagation delay time = t3 + t|. for n=3
Answer:

tp(min) occurs when n=6 and A=2.72=e

I mplementation:

n=3 and A=6 gave nearly the same result with less area.
[Ref: Doernberg et al., “A 10-bit 5 MSPS CMOS Two-Step FLASH ADC”JSSC April 1989 pp 241-
249
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HIGH SPEED COMPARATORS-CONT'D

Conceptual |mplementation-

/ / 4 / N\
tod——+ =+ I+ = — Q
\_/IN | ] Jk—|' ] i>|k“ ] i>|k LatCh -

I /""2 I / 1 / Q
N\ \ \_ N\
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VIl.7 - COMPARATOR SUMMARY

» Key performance parameters:
Propagation time delay
Resolving capability
Input common mode swing
Input offset voltage

* Types of comparators:
Open loop
Regenerative
Open loop and regenerative
Charge balancing

* Open loop comparator needs differential input and second stage

» Systemative offset error is offset (using perfectly matched transistors)
that is due to current mirror errors.

» For fast comparators, keep all node swings at a minimum except for the
output (current comparators?).

» Key design equations:

2KW|D
D=5 2|_ (VGS'VT) Vps(sat) = K(W/L) and gm =

» Positive feedback is used for regenerative comparators.

» Use autozeroing to remove offset voltages (charge injection is limit).

» Fastest comparators using low-gain, fast open loop amplifiers cascaded
with alatch.



