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Homework Assignment No. 8 - Solutions

Problem      1     -     (10      points)  

This problem deals
with the op amp
shown in Fig.
P6.5-15.  All
device lengths are
1µm, the slew rate
is ±10V/µs, the GB
is 10MHz, the
maximum output
voltage is +2V, the
minimum output
voltage is -2V, and
the input common
mode range is from
-1V to +2V.
Design all W values
of all transistors in
this op amp.  Your
design must meet or
exceed the specifications.  When calculating the maximum or minimum output voltages,
divide the voltage drop across series transistors equally.  Ignore bulk effects in this
problem.  When you have completed your design, find the value of the small signal
differential voltage gain, Avd = vout/vid, where vid = v1-v2 and the small signal output
resistance, Rout.

Solution

1.)  The slew rate will specify I.  ∴ I = C·SR = 10-11·107 = 10-4 = 100µA.

2.)  Use GB to define W1 and W2.

GB = 
gm1
C  → gm1 = GB·C = 2πx107·10-11 = 628µS

∴ W1 = 
gm1

2

2KN(0.5I)  = 
(628)2

2·110·50  = 35.85 ⇒     W     1    =    W     2   = 36µm    

3.)  Design W15 to give VT+2VON bias for M6 and M7. VON = 0.5V will meet the desired
maximum output voltage specification.  Therefore,

VSG15 = VON15 + |VT| = 2(0.5V) + |VT| → VON15 = 1V = 
2I

KPW15
 

∴ W15 = 
2I

KPVON15
2  = 

2·100

50·12  = 4µm ⇒     W     15   = 4µm    

4.)  Design W3, W4, W6 and W7  to have a saturation voltage of 0.5V with 1.5I current.

     W3 =W4 =W6 =W7 = 
2(1.5I)

KPVON
2  = 

2·150

50·0.52  = 24µm    ⇒     W     3      =      W     4   =      W     6      =      W     7     = 24µm   
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Figure P6.5-15
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Problem 6.5-15 – Continued   

5.)  Next design W8, W9, W10 and W11  to meet the minimum output voltage specification.
Note that we have not taken advantage of smallest minimum output voltage because a
normal cascode current mirror is used which has a minimum voltage across it of VT +
2VON. Therefore, setting VT + 2VON  = 1V gives VON  = 0.15V.  Using worst case
current, we choose 1.5I.  Therefore,

W8 =W9 =W10 =W11 = 
2(1.5I)

KNVON
2  = 

2·150

110·0.152  = 121µm  ⇒    W     8      =       W     9    =      W     10   =      W     11     =

121µm    

6.)  Check the maximum ICM voltage.

Vic(max) = VDD + VSD3(sat) + VTN = 3V – 0.5 + 0.7 = 3.2V  which exceeds spec.

7.)  Use the minimum ICM voltage to design W5.

Vic(min) = VSS + VDS5(sat) + VGS1 = -3 + VDS5(sat) + 



2·50

110·36+0.7   = -1V

∴  VDS5(sat) = 1.141  → W5 = 
2I

KN VDS5(sat)2  = 1.39µm = 1.4µm

Also, let W12 =W13 =W5 ⇒     W     12      =       W      13      =      W     5      = 1.4µm   

8.) W14 is designed as

W14 = W3 

I14
I3

  = 24µm 
I

1.5I  = 16µm ⇒     W     14   = 16µm    

Now, calculate the op amp small-signal performance.
Rout ≈ rds11gm9rds9||gm7rds7(rds2||rds4)

gm9 = 2KN·I·W9  = 1632µS,  rds9 = rds11 = 
25V

100µA  = 0.25MΩ, 

gm7 = 2KP·I·W7  = 490µS,  rds7 = 
20V

100µA  = 0.2MΩ,  rd2 = 
25V
50µA  = 0.5MΩ

rds4 = 
20V

150µA  = 0.1333MΩ ∴    R    out          ≈ 102ΜΩ||10.31ΜΩ = 9.3682ΜΩ    

      Avd = 



2+k

2+2k  gm1Rout,   k = 
102MΩ

(rds2||rds4)gm7rds7
 = 9.888,    gm1 = KN·I·W1  = 629µS

∴  Avd = (0.5459)(629µS)(9.3682MΩ) = 3,217V/V ⇒    A    vd     = 3,217V/V  
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Problem      5      –     (10      points)  

A two-stage, BiCMOS op amp is shown.
For the PMOS transistors, the model
parameters are KP’=50µA/V2, VTP = -0.7V

and λP = 0.05V-1.   For the NPN BJTs, the

model parameters are βF = 100, VCE(sat) =
0.2V, VA = 25V, Vt = 26mV, Is = 10fA and
n=1.     (a.)  Identify which input is positive
and which input is negative.  (b.)  Find the
numerical values of differential voltage gain
magnitude, |Av(0)|, GB (in Hertz), the slew
rate, SR , and the location of the RHP zero.
(c.)  Find the numerical value of the
maximum and minimum input common
mode voltages.  

Solution   

(a.)  The plus and minus signs on the schematic show which input is positive and negative.

(b.)  The differential voltage gain, Av(0), is given as

    Av(0) = 
gm1

gds2+go4+gπ6
 ·

gm6
gds7+go6

 gm1 = gm2 = 2·50·25·10  = 158.1µS

 rds2 = 
1

λPID
 = 

20
25µA = 0.8MΩ, ro4 = 

VA
IC

 = 
25V
25µA  = 1MΩ, gm6 = 

IC
Vt

 = 
100µA
26mV   = 3846µS

rπ6 = 
βF
gm6

  = 26kΩ, rds7 = 
1

λPID
 = 

20
100µA = 0.2MΩ and ro6 = 

VA
IC

 = 
25V

100µA  = 0.25MΩ

∴  |Av(0)| = [158.1(0.8||1||0.026)][3846(0.2||0.25)]= 3.888·427.36 =    1,659.6V/V

GB = 
gm1
Cc

  = 
158.1µS

 5pF   = 31.62x106 rads/sec  →     GB      = 5.0325MHz  

SR  = 
50µA
5pF   =    10V/µs  

RHP zero = 
gm6
Cc

  = 
3.846mS

5pF   =    769.24x10   6  rads/sec . (122MHz)

(c.)  The maximum input common mode voltage is given as

vicm+ = VCC-VDS5(sat) - VSG1 = 1.5 - 
2·50
50·10  - 0.7 -

2·25
50·10  = 0.8 - 0.447-0.316 =

∴ vicm+ =    0.0367V

vicm- = -1.5 + VBE3 - VT1 = -1.5 + Vt ln



25µA

10fA  - 0.7 = -2.2 + 0.5626 =   -1.6374V
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