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LECTURE 380 - TWO-STAGE OPEN-LOOP COMPARATORS - II
(READING: AH - 445-461)

Trip Point of an Inverter

. ) : . Vbp
In order to determine the propagation delay time, it is
necessary to know when the second stage of the two-stage o—[” M6
comparator begins to “turn on”. Vin li6
Second stage: i ~0 Vout
= 7
- M7
Trip point: VBias ;ﬁ
Assume that M6 and M7 are saturated. (We know that the 'l .
steepest slope occurs for this condition.) Vss™ Fig.8.2:4

Equate ig to i7 and solve for v;;, which becomes the trip point.

Kn(W7/L7)
Vin=VTRP = VDD - VTPl - "\| Kp(W¢/Lg) (VBias~ VSs -VIN)

Example:
If W4/L7 = Wg/Le, Vpp = 2.5V, Vgg=-2.5V, and Vp;,s = OV the trip point for the
circuit above is

Virp = 2.5 - 0.7 - \[T10/50 (0 +2.5 -0.7) = -0.870V
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Propagation Delay Time of a Slewing, Two-Stage, Open-Loop Comparator
Previously we calculated the propagation delay time for a nonslewing comparator.
If the comparator slews, then the propagation delay time is found from
dv; Av;
ij= Cid_tl' =(C; Al;

where
C; 1s the capacitance to ground at the output of the i-th stage
The propagation delay time of the i-th stage is,
AV;
1= Al = Cil_l'
The propagation delay time is found by summing the delays of each stage.
tp=t1+t2+t3+---
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Example 2-5 - Propagation Time Delay of a Two-Stage, Open-Loop Comparator

For the two-stage comparator shown
assume that C; = 0.2pF and Cj; = SpF.
Also, assume that v;1 = OV and that v
has the waveform shown. If the input
voltage is large enough to cause slew to *)
dominate, find the propagation time delay
of the rising and falling output of the
comparator and give the propagation time
delay of the comparator.

30uA

4.5um
Vﬁ2 lum
2.5V F-----
0V To 02 04 06 W
25V —d - ————————— Fig.82-5
Solution

1.) Total delay = sum of the first and second stage delays, 7] and #,
2.) First, consider the change of v from -2.5V to 2.5V at 0.2ps.
The last row of Table 8.2-1 gives v,; =+2.5V and v,,,;; =-2.5V

3.) tp, requires Cj, AV,1, and Is. C; = 0.2pF, Is = 30pA and AV can be calculated by
finding the trip point of the output stage/
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Example 2-5 - Continued

4.) The trip point of the output stage by setting the current of M6 when saturated equal
to 234pA.

Pe 2342
2 (VSG6'|VTPD2 =234pA — V56 =0.7 + 110-38 = 1.035V
Therefore, the trip point of the second stage is Vppy = 2.5 - 1.035 = 1.465V

Therefore, AV| = 2.5V - 1.465V = Vg56 = 1.035V. Thus the falling propagation time
delay of the first stage is

1.035V
tfo1 = 0.2pF (W] = 6.9ns

5.) The rising propagation time delay of the second stage requires Cy;, AV,,,;, and Ig. Cpy
is given as 5pF, AV,,; = 2.5V (assuming the trip point of the circuit connected to the
output of the comparator is OV), and /g can be found as follows:

Vie(guess) = 0.5[Vi6(1g=234uA) + Ve(min)]

) 2-15
Vge(min) = Vi1 - Vgs1Uss/2) + Vpsa = -Vgsi(Uss/2) = -0.7 - \|T10.3 = -1.00V
Vie(guess) = 0.5(1.465V-1.00V) = 0.232V

Pe 38-50
Therefore Vg =2.27V  and Ig= b3 (VSG6'|VTP|)2 =92 (2.27 - 0.7)2 =2,342uA
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Example 2-5 - Continued
6.) The rising propagation time delay for the output can expressed as
2.5V
trour = SPF (2 342uA-234pA | = 59308

Thus the total propagation time delay of the rising output of the comparator is
approximately 12.8ns and most of this delay is attributable to the first stage.

7.) Next consider the change of v from 2.5V to -2.5V which occurs at 0.4us. We shall
assume that v, has been at 2.5V long enough for the conditions of Table 8.2-1 to be
valid. Therefore, v,| = Vgg =-2.5V and v,,; = Vpp. The propagation time delays for the
first and second stages are calculated as

1.465V-(-1.13V) - Vout

fro1 = 0.29F| |=17.3 E N -

rol P 30MA e 2V ;7 N ‘{T,R,P,é, iljf‘fé 37V> ””,:'\ 7777777777777777 ]

v B " ]

2.5V : / \ ]

tour = SPF (234],[A) = 53.42ns ov ; ]

8.) The total propagation time delay of the |G Vol \ ]

falling output is 70.72ns.  Taking the “!V [ [y ]

average of the rising and falling propagation J‘ eallin ;m\ ]

time delays gives a propagation time delay [ Rising prop. delayltime | N 3

for this two-stage, open-loop comparator of sy E.delayeme) bl s
about 41.76ns. 200ns 300ns 400ns 500ns 600ns
Time Fig. 8.2-6
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Design of a Two-Stage, Open-Loop Comparator

Table 8.2-2 Design of the Two-Stage, Open-Loop Comparator of Fig. 8.2-3 for a Linear
Response.

Specifications: ¢, Cyy,V;,(min), Vo, Vor. Vichr’ Viem™» and overdrive  Constraints: Technology, Vpp and Vgg

Step Design Relationships Comments
1 1 priCry Choose m = 1
= == —. ] = I =7,
lpf=1lpgl tp\/m_k’ and /7 = I AN+Ap
2 W 2:1g Wo 2-I7 Vspe(sat) = Vpp-Vou
To = kovereoan ML= o
Kp'(Vspe(sat) KN (Vps7(sat) Vps7(sa) = Vo, - Vss
3 2Cy A result of choosing m = 1.
Guess Cyas 0.1pF to 0.5pF ns=17 C_II Will check Cj later
W3y W 1
4 L_3 = L_4 = > VSG3 = VDD-VZCm++VTN
37 M Kp(Vsga-Vrph?
> AVO)8dsa*8dst)8ds6+sds) W1 W2 gm1? _ [PKp Wels _Yontvor
8ml = gmé6 L = Ly = K5 8m6 = Lg VW=V, (min)
6  Find Cyand check assumption If Cy is greater than the guess in step 3, then
Cr= Cadn+Coda+Cas6+Chan+Chds increase Cj and repeat steps 4 through 6
7 Ws 215 If Vpgs(sat) is less than 100mV, increase W{/L1.
VpssGat) = Vien,-Vos1-Vss T == 7. .
S5 icm "V GS17YSS Lg Ky (VDS5(Sat))2
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Example 2-6 - Two-Stage, Open-Loop Comparator Design for a Linear Response.

Assume the specifications of the
comparator shown are given below.

Ip= 50ns Vog=2V Vor=-2V igl
Vpop = 2.5V Veg= -2.5V CI] = 5pF
Viy(min) = 1mV V,., =2V V,.,-=-1.25V

Also assume that the overdrive will be a factor vg; o[ M1

Vbp

M2 I—-OVGQ

of 10. Use this architecture to achieve the T Cir
above specifications and assume that all | Vs ==
channel lengths are to be 1um. VBins 'I—T M5 IITTW
Solution i Vsg Fig. 8.2-3
Following the procedure outlined in Table

8.2-2, we choose m =1 to get

| I ﬂ 6.32x1006 rads/

p1|—p11|—50\/1—0— .32x106 rads/sec
This gives

6.32x100-5x10-12

le=17= 0.04+0.05 =351uyA— [ =17 =400pA
Therefore,

We 2-400 " Wy 2-400 5

Ls = (0.5)250 = and7. =10 52110 = 2°
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Example 2-6 - Continued
Next, we guess C; = 0.2pF. This gives Is = 32uA and we will increase it to 40pA
for a margin of safety. Step 4 gives Vgi3 as 1.2V which results in
W3 W4 40 W3 W4

Ly =Ly =50(12-072=°2 = I3 =Ly =4

The desired gain is found to be 4000 which gives an input transconductance of

4000-0.09-20
gml =" 4444 = 162uS

This gives the W/L ratios of M1 and M2 as

Wi Wy (162) W W
L =1, =11040=°9 — T, =T, =6

To check the guess for C; we need to calculate it which is done as
Cr= Cop+CoutCos6+Cpan+Cpas = 0.91F+1.3fF+119.5fF+20.4fF+36.8fF = 178 9fF

which is less than what was guessed so we will make no changes.
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Example 2-6 - Continued
Finally, the W/L value of M5 is found by finding V591 as 0.946V which gives
Vpss(sat) = 0.304V. This gives

Ws 240
Ls = (0.304)2-110

Obviously, M5 and M7 cannot be connected gate-gate and source-source. The value of /5
and 77 must be derived separately as illustrated below. The W values are summarized
below assuming that all channel lengths are 1um.

Wi =W, = 6um W3 =Wy = 4um Ws = 8um We = 64um W7 =29um

=7.87=8

VDD
v) 10ua 21—
M10 MI1
| 10ua baopa
M8| M9 M5 l 40uA Mi2 | M7 1400MA
| s [ 20

Vss Fig. 8.2-7
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Design of a Two-Stage Comparator for a Slewing Response
Table 8.2-3 Two-Stage, Open-Loop Comparator Design for a Slewing Response.

Specifications: t,,, Cyr,Vi,(min), Vor, Vor, Viem™ Viem™ Constraints: Technology, Vpp and Vgg
Step Design Relationships Comments
1 dvour CriVow-Vor) Assume the trip point of the output is (Vg
I7=16=Cr—gr = i Vor)/2.
2 Wg 2-1g W~ 2:17 Vspe(sat) = Vpp-Vou
L5~ Kp(Vspesa? " TT Ky Upgsan?®  Vpsysad =Vor - Vs
3 2Cy Typically 0.1pf<Cy<0.5pF
Guess Cyas 0.1pF to 0.5pF sl = I7C—H
4 dvo1  CriVow-Vor) Assume that v,| swings between Vg and
Is=Crgr = I Vor-
5 W3 Wy I5

2o VsG3 = VoD Viem +VIN
37 M4 Kp(Vsga-Vrph?

° AVO)8dsa*8dst)8ds6*8ds) W1 W2 g1’ _A [ Wels - YortYoL
8ml = gmé6 L1~ Ly = Kpls Em6 = Lg ViV T Vipy(min)

7 Find Cyand check assumption If Cyis greater than the guess in step 3, increase
Cr= ng2+ng4+Cgs6+de2+de4 the value of Cj and repeat steps 4 through 6

8 Ws 215 If Vpgs(sat) is less than 100mV, increase W1/L1.

VDss5(sa) = Viem™VGs1-VSS Ty = Ky (Vpss(sa0)?
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Example 2-7 - Two-Stage, Open-Loop Comparator Design for a Slewing Response
Assume the specifications of Fig. 8.2-3 are given below.

tp = 50ns Vo= 2V Vor = -2V Vpp= 2.5V Veg= -2.5V
Cy=5pF Vj(min)=1mV V., =2V V., =-1.25V
Design a two-stage, open-loop comparator using the circuit of Fig. 8.2-3 to the above
specifications and assume all channel lengths are to be 1um.

Solution
Following the procedure outlined in Table 8.2-3, we calculate I and 15 as
5x10-12.4
lIg=17= 30x109 = 400uA
Therefore,
We  2-400 W4 2-400

Ls = (05250~ %% a4 =(052010= %
Next, we guess C; = 0.2pF. This gives

0.2pF(4V)
Is=—sgps ~=16uA —  Is=20pA

Step 5 gives Vggz as 1.2V which results in
Wy Wy 20 Wi Wi
Ly =Ly =50(12-072=16 = TIy=I, =
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Example 2-7 - Continued
The desired gain is found to be 4000 which gives an input transconductance of

4000-0.09-10
gm1 =" 4444  =8lpS
This gives the W/L ratios of M1 and M2 as
L=To=Todo=149 ~ T =r=2
To check the guess for C; we need to calculate it which done as
Cr= CoptCoustCos+Cpan+Cpas = 0.91F+0.41F+119.5fF+20.4fF+15.3fF = 156.5F
which is less than what was guessed.

Finally, the W/L value of M5 is found by finding Vg1 as 1.00V which gives Vpgs(sat)
=0.25V. This gives

Ws 220
Ls = (0.25)2-110
As in the previous example, M5 and M7 cannot be connected gate-gate and source-

source and a scheme like that of Example 8.2-6 must be used. The W values are
summarized below assuming that all channel lengths are 1um.

Wi=W,=2um W;=W,;=4um W5 = 6um We = 64um W, = 29um
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SUMMARY
* The two-stage, open-loop comparator has two poles which should as large as possible

* The transient response of a two-stage, open-loop comparator will be limited by either
the bandwidth or the slew rate

* It is important to know the initial states of a two-stage, open-loop comparator when
finding the propagation delay time

e If the comparator is gainbandwidth limited then the poles should be as large as possible
for minimum propagation delay time

* If the comparator is slew rate limited, then the current sinking and sourcing ability
should be as large as possible
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