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Homework Assignment No. 14 - Solutions

Problem 1 - (10 points)

If the comparator used in Fig. 8.4-1 has a dominant pole at 104 radians/sec and a gain of
103, how long does it take C4 to charge to 99% of its final value, V,g? What is the final

value that the capacitor, C4,, will charge to if left in the configuration of Fig. 8.4-1(b) for
a long time?

Solution

The output voltage for the circuit shown can be expressed as,

A,(0)
Voul(s) = ('VOS = Vour(s)) ( S ]
I+ Il

This can be solved for the transfer V,,

(5)/V g as follows,

A(0)
S
V() o A(0) A 0)lp,!
Vos®) = A0) = =5 +(1+ A,(0)) Ipy]
05($) N v(s) 1+Av(0)+|;T s +H(1+ A(0)) Ip;
1+W

Assuming V(s) is a step function then,

Vos ( A, (0)lp4l ) A, (0)Vos [1 1
Voul$) = - "5 \s+(1+ A (0)) Ip{l) =~ T+A,(0) |s ~ s+(1+A (0)Ip{N)

Taking the inverse Laplace transform gives,

A (0)Vpg
Vourlt) = - Tv(()) [T- e‘[1+Av(0)]|p1|t]

Letv,, (1) =-0.99V ¢ and solve for the time 7.

1000V g .
Voud®) =-0.99V s =-T000+1 [l - e-1001-104T

1001 99
1- 7000100 = 0-0090 = ¢ 10011047 — 110.99 = £1001-104T

T =0.9990x10-7 In(110.99) = 0.47us

1000V g
AS t— OO, vout(t) - - 1000+1 =

]

999V 5




ECE 6412 - Spring 2005 Page 2

Problem 2 — (10 points)

What is the gain and -3dB
bandwidth (in Hz) of Fig. P8.6-3

?
if C; = 1pF? Ignore reverse bias M7L:] M5 L:] [:J M6 [:JMS
voltage effects on the pn junctions M3 @‘ }—I—L
CL
| {

3V

and assume the bulk-source and
bulk-drain areas are given by W

I A

xSum. The W/L ratios for M1 and Vout
M2 are 10um/lym and for the 20MA <¢> +o Ml M2 }—‘ <¢> 20pA
- O

remaining PMOS transistors the vin
W/L ratios are all 2ym/1pm.

50uA
Solution L 1 L
A small-signal model which can Fig. P8.6-3
be used to solve this problem is shown.
The voltage gain and the —3dB Vout
bandwidth can be N I ( +
expressed as, - J_ Cr J_ .
gmv
vOl/ll‘ gm2 " CO RO RO CO m2 m
=k T T
Vin om0 $8.6-3
1

and w34 =(C,;+0.5C,)2R,
The various values in the above relationships are:

Sm =2 KN(W{/LDIp; =V2-110-10-25 uS = 234.5uS

1
R, =g S Wrgalrggllrass, 83 =\2Kp(W\/L)Ip3 =2:50-2:5 uS = 31.62uS

Tgsl = m =1MQ, r 3= w =4MQ and r ;5 = m =0.8MQ
- R, =31.623kQIIIMQII4MQII0.8MQ= 29.31kQ
Co = Cos3+Cpa1+Cpaz+Chys Cys3 = CGSO-W5+0.67-C,»Ws'Ls
= 220x10-12F/m-2x10-m+0.67-24.7x10-4F/m2-2x10-12m?2 = 3.73fF
Cpq1 = CJ-AS+CISW-PS =770x10-F/m2-50x10-12m?2 + 380x10-12F/m-30x10-°m

= 38.5fF + 11.4(F = 49.9fF
Cpg3 =Cpgs = 560x10-0F/m2-10x10-12m2 + 350x10-12F/m-14x106m = 10.5fF

1
C,=74.6fF — ®_3dB=(1.073pF)58.62kQ =16.445x10%rads/sec
Finally, f3gp = 2.62MHz and A, =6.873V/V
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Problem 3 — (10 points)

Assume that a comparator consists of an amplifier cascaded with a latch. Assume the
amplifier has a gain of 5V/V and a -3dB bandwidth of 1/7;, where 7; is the latch time

constant and is equal to 10ns. Find the propagation time delay for the overall
configuration if the applied input voltage is 0.05(Vpy-V ;) and the voltage applied to the

latch from the amplifier is (a) AV; = 0.05(Voy-Vor), (b) AV; =0.1(Voy-Vor), (¢) AV; =
0.15(Vog-Vor) and (d) AV; =0.2(Vpog=-Vor). Assume that the latch is enabled as soon as
the output of the amplifier is equal to 0.05(Vyy-Vr). From your results, what value of
AV; would give minimum propagation time delay?

Solution
. e A0
The transfer function of the amplifier is As) = ST+
The output voltage of the amplifier is v, (1) = A (0)[1-eTL]AV;

Let AV; =x(Voy-VoLr), therefore the delay of the amplifier can be found as
X(VOH-VOL) = AV(O)[1-€_t1/TL]O.05(V0H-V0L) = 5[l—e‘tl/TL]O.OS(VOH—VOL)
or

)
x=0.25[1-e/L] — H=T1 ln<1_—4x

The delay of the latch can be found as
( VouVoL ) <i>
by =1 I\ (Vo - Vor )) = T In\2x

The propagation time delay of the comparator can be expressed in terms of x as,

=1+ =7 ln<1+4x> + 7 l”<21_x> =7 ln(ﬁ)

Thus,
x=0.05=1/20 = T, =1 + 1) =2.23ns+2.30ns = 25.26ns
x=0.1=1/10 = T, =11 + 1 =5.11ns+16.09ns = 21.20ns
x=0.15 = T, =1t + 1) = 9.16ns+12.04ns = 21.20ns
x=02=1/5 = T, =11 + 1, = 16.09ns+9.16ns = 25.26ns

Note that differentiating 7, with respect to x and setting to zero gives

Xpin = 1/8 =0.125

min —

Therefore, minimum delay of 20.08ns is achieved when x = 1/8.
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Problem 4 - (10 points) (Not assigned)

A comparator consists of an amplifier cascaded with a latch as shown below. The
amplifier has a voltage gain of 10V/V and f 335 = 100MHz and the latch has a time

constant of 10ns. The maximum and minimum voltage swings of the amplifier and latch
are Voy and V;. When should the latch be enabled after the application of a step input

to the amplifier of 0.05(V -V ) to get minimum overall propagation time delay? What
is the value of the minimum propagation time delay? It may useful to recall that the

o . VouVor ,
propagation time delay of the latch is given ast, = 7; In T 2vy where v;; is the latch

input (AV; of the text).

Vin = 0.05\(V0H-V0L)5 Amplifier | )

1] o+ Ay (0)=10V/V F—0p 17=10ns ——o0
=0 | [[3aB=100MHz| ,;
S Comparator ___{______
Enable SO1E3P1
Solution ,
The solution is based on the figure shown. e .° ’,'L o
We note that, A Amplifier ol B
Vou(f) = 10[1-¢-®3dB10.05(V o -V ). Von
If we define the input voltage to the latch as,
vie=xVou-Yor) x(Vor-Vor)
then we can solve for ¢; and 1, as follows:
x(Vou-Vor) = 10[1-e-®-3dB11]0.05(Voy-Vor) VoL >
— x=0.5[1-¢-®-3dB1] n SO1E3S1

This gives,

wrsan (70
= W_34B In 1-2x
From the propagation time delay of the latch we get,

(VOH'VOL) <L>
h=1,In\" 2y, )=1In\2x
1

1 1 dry . 4
tp:t1+t2:mln<1_—2x>+qln<2—x> — ¢ =0 gives x=T777 =0.4313

10ns (1221)
t1 =27 In(142m) = 1.592ns-1.9856 = 3.16ns and t, = 10ns [n\"5,; ) = 1.477ns




