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Homework Assignment No. 7 -Solutions

Problem      1     -     (10      points)  

Find the low frequency PSRR
and all roots of the positive and
negative power supply rejection
ratio performance for the two-
stage op amp of Fig. P6.3-9.

Solution

Referring to the figure
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or, 608 =I  Aµ

Now,

    3.3631 =mg Sµ , 4.22 =dsg Sµ , 34 =dsg Sµ , 6.7746 =mg Sµ , 306 =dsg Sµ

and 247 =dsg  Sµ

∴ 3.671 =vA   and 3.142 =vA

For the positive PSRR, the low frequency  PSRR is
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p  KHz, 6.111 == GBz  MHz. and   2.622 == pz  MHz.

For the negative PSRR, the low frequency PSRR is given by

2171
)0(

7
==−

ds

IIv

g

GA
PSRR

and  the poles and zeros are
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p  KHz,  6.111 == GBz  MHz and  2.622 == pz  MHz.
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Figure P6.3-10
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Problem      2      –     (10      points)

A CMOS op amp that uses a 5V
power supply is shown.  All
transistor lengths are 1µm and
operate in the saturation region.
Design all of the W values of
every transistor of this op amp
to meet the following
specifications: Slew rate =
±10V/µs, Vout(max) = 4V,
Vout(min) = 1V, Vic(min) =
1.5V, Vic(max) = 4V and GB =
10MHz.

Your design should
meet or exceed these
specifications.  Ignore bulk
effects and summarize your W
values to the nearest micron, the
bias current, I5(µA),  the power
dissipation, the differential voltage gain, Avd,  and VBP and VBN in the table shown.
Solution   

1.)  I5 = CL·SR = 250µA

2.)  gm1 = GB·CL·= 20πx106·25pF = 1,570.8µS ⇒  
W1
L1

 = 
(1.570x10-3)2

2·110·125x10-6 = 90

3.) W3=W4=W6=W7=W8 = 
2ID

K’(VDS(sat))2  = 
2·250

50·0.25  = 40  (assumed ID of 250µA

worst case)

4.) W9=W10=W11 = 
2ID

K’(VDS(sat))2 = 
2·250

110·0.25  = 18 (assumed ID of 250µA worst case)

5.)  Vicm(min) = VDS5(sat) + VGS1 → VDS5(sat) = 1.5 - (0.159+0.7) = 0.6411V

∴ W5 = 
2ID

K’(VDS(sat))2  =  
2·250

110·0.64112 = 11

6.) Avd = gm1Rout gmN = 704µS,  rdsN = 0.2MΩ, gmP = 707µS,  rdsN = 0.16MΩ

Rout ≈ gmN· rdsN
2|| gmP· rdsP

2 = 28.14MΩ||18.1ΜΩ = 11ΜΩ

∴ Avd = 1.57mS·11MΩ = 17,329V/V

7.)  VBP = 5-VDSP(sat) + VGSP(sat) = 5-0.5+0.5+0.7 = 3.3V
       VBN = VDSP(sat) + VGSP(sat) = 0.5+0.5+0.7 = 1.7V

8.)  Pdiss = 5(250µA + 250µA) = 2.5mW

W1=W2 W3=W4=W6

=W7=W8

W9=W10

=W11

W5 I5(µA) Avd VBP VBN Pdiss

90µm 40µm 18µm 11µm 250µA 17,329 V/V 3.3V 1.7V 2.5mW
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Figure P6.5-13



ECE 6412 - Spring 2005 Page 3

Problem      3      –     (10      points)  
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Problem      3      –      Continued   



ECE 6412 - Spring 2005 Page 5

Problem      3      –      Continued   
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Problem      4      –     (10      points)  
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Problem      4      –      Continued   
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Problem      5      –     (10      points)  
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Problem      5      –      Continued   
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Problem      5      –      Continued   


