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EXAMINATION NO. 2 - SOLUTIONS
(Average Score = 77/100)
Problem 1 - (50 points)

The CMOS op amp shown uses a complementary differential input stages to achieve a
wider input voltage common mode range. Assume that all transistors are scaled from a X1
NMOS and PMOS that have been designed to have a small-signal transconductance of
100uS and a channel conductance of 1uS at 25puA of current. Use what you have learned
in class to give your best estimate of the slew rate (V/us), output resistance, R,,,;, small-

signal voltage gain (v,,,/v;;), and the gainbandwidth, GB, in MHz.
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Solution

The dc currents for v;; = 0 are shown above. One can show that the maximum amount of

current available to the output capacitor is twice the SOpA current sink/source or 100uA.
Therefore, the slew rate is SR = 100uA/5pF = 20V/us.

The small-signal voltage gain can be written by inspection as (note the M13-M14-M17-
M18 combination is used to recover the full differential output of both complementary input
stages),

Yout
Vid ~ (gml+gm2)R0ut where Eml = 8m2 = IOOHS

Rour = [(rasollrgsa)@m117as1 1(rgs188m147 as1a) [(ras3llras19)8m157 as15)
Scaling r, for the currents gives,

rgs9 = 1000kQ/6 = 166.7kQ2, r 511 = 1000k€2/5 = 200k€2,

Tas18 = T'ds14 = Tds19 = 1000kQ/3 = 33331(9, Tgs15 = 1000k€2/2 = 500k
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Problem 1 — Continued

Scaling g, for the currents gives,

gmi1 =5 100uS = 223.6uS, g,,14 = V3 100uS= 173uS, g,,15 = V2 100uS= 141pS
" R

=

out

[(167111000)(0.224)(200k ) ]II[(333)(0.173)(333.3k ) JII[(333111000)(0.173)(500k€2)]
R, = 6.390MQI119.18MQII17.62MQ = 3.768MQ

Now,

Vout
W = 200uS(3.768MQ) = 769 V/V

The gainbandwidth is,

8m1+t8m2  200uS 6
GB = Cr = 3pF =40x10" rads/sec or 6.28MHz
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Problem 2 - (25 points)

If a two-stage, Miller compensated CMOS op amp has a RHP zero at 5GB, a dominant
pole due to the Miller compensation, and a second pole at -p», find the value of the first
stage transconductance (g;,1), the second stage transconductance (g,11), and the value of
the Miller capacitor, C,, if GB = 10MHz, the load capacitor is 10pF, and the phase margin
is to be 50°. Assume that the unity gain magnitude frequency is GB.

Solution

1.) The phase margin gives p, which will give gyI1.

o ono . - l(GBY 1 o 1(GB o
180° - 90° - tan (|p2|)—tan (0.2)=50 — tan <|p2|):28.69
GB  20aMHz

| P2l =53547 = 0544 = 115.5x10° rads/sec.
We know that,

11
| pol = gCLL — gmi=1polCyp = (115.5x10° rads/sec.)(10pF) = 1.155mS
2.) The Miller capacitor is found from the RHP zero location.
&mll gmi 1.115mS  1.115mS
CC =2 - Cc_ 1~ 5-GB  ~ 10.7'[7(107 _w

3.) Finally, the input stage transconductance is given by,

1
GB :gcﬂ —  gmi=GB-C, =(2nx107)(3.55pF) = 223S

c
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Problem 3 - (25 points)

The CMOS equivalent of a 741 op amp input stage is shown. If the transistor model
parameters are Ky’ = 300puA/V2, Vo = 0.5V, Ay = 0.02V-! and Kp’ = T0uA/VZ, Vip =

—0.5V, Ap =0.04V-! find the numerical values of R;;, G,,|, and R, for this input stage if
all W/L’s of every transistor are 10.
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Solution

The small-signal model for this 1 Ml

problem is shown. First find the Yid
small-signal model parameters:

Ves3 T3 lid3

+

- M3 I__|_D 8&m1Vgsl
E8ml = 8m2 = V23001015 :300“5 Tid3l -
&m3 = &ma = V2-70-10-15 =145pS -

Yas1 = Tds2 = Vds5 = Tds6 = 50/15},[A =3.33MQ and Yas3 =TFds4 = 25/15pA =1.67MQ

Summing currents:

A% 1%
gs3 Vgs3
gmlngI+rdsl +rds3 +gm3vgs3 = 300vgs1+0.3vgs1+0.6vgs3+145vgs3 =0

SO5E2S3

300.3v451+145.6v3=0 — Ves1 = -0.485v,3
Voltage loop through M1 and M3:

0.58m1Vid = Vgs1 - Vgs3 = -1.485v,3  — Ves3 =-0.337vi4

Ig3 = -8m3Vgs3 = 0.337-145uSv;; = 48.82uS vy

Gp1Via = (g3t igg) = 97.65uS vy 5o G =97.65uS R =
Ouput resistance:

Ryt = rasehl(1/8,2)marasal = 3.33MQII0.807ME = 0.650MQ



