
ECE-6412                            Homework Assignment No. 7 - Solutions                Spring 2004

Problem      6.4-04   

In Fig. P6.4-4, find vout/vground and identify the low-frequency gain and the roots.  This
represents the case where a noisy ac ground can influence the noise performance of the
two-stage op amp.
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Solution   
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  and, v5  be the small-signal ac voltage at the drain of M5.

Applying nodal analysis
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Now, 

g v v g v v g v g v v g v v sC v vm out ds dd m ds dd ds C out2 5 2 5 1 5 3 1 1 1 5 1−( ) + −( ) + + −( )( ) = −( ) + −( )( )
or, g sC v g g v g g sC vm C out ds ds dd ds ds C2 2 3 1 3 1+( ) + +( ) = + +( ) (2)

Also,
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Using  v vdd ss= − , we get
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Using Equations (2) and (3) gives the low frequency PSRR as
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The zero is
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The two poles are same as given by the zeros of Equation (6.4-14) in the text.
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Problem      6.5-01   
Assume that in Fig. 6.5-1(a) that the currents in M1 and M2 are 50µA and the W/L values
of the NMOS transistors are 10 and of the PMOS transistors are 5.  What is the value of
VBias that will cause the drain-source voltage of M1 and M2 to be equal to Vds(sat)?  Design
the value of R. to keep the source-drain voltage of M3 and M4 equal to Vsd(sat).  Find an
expression for the small-signal voltage gain of vo1/vin for Fig. 6.5-1(a).

Solution
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Ignoring bulk effects

VBIAS =    1.3V   
Now,
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And, 3,33, CdsatGCG VVVIR =−=
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 =   12.65k       Ω    

The output impedance is given by

[ ] [ ]22,2,44,4, || dsCdsCmdsCdsCmout rrgrrgR =

38.19=outR  ΩM

The small-signal voltage gain is given by

Av = -gm,C2Rout =   -6248      V/V  
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Problem      6.5-14   

Repeat Example 6.5-3 if the differential input pair are PMOS transistors (i.e. all NMOS
transistors become PMOS and all PMOS transistors become NMOS and the power supplies
are reversed).
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Solution

1003 =I  Aµ and, 12554 == II  Aµ

Given, 2(max) =outV  V → 25.0119 == dsatdsat VV  V

Considering worst-case peak sourcing current of 125 Aµ
80111098 ==== SSSS

Given, 2(min) −=outV  V → 25.057 == dsatdsat VV  V

Considering worst-case peak sinking current of 125 Aµ
1255 =I  Aµ  and 257 =I  Aµ

3.71376 === SSS

And, 4.361454 === SSS
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Problem      6.5-14     -      Continued

Considering 1(max) =inV  V

43.03 =dsatV  V → 6.213 =S

The minimum input common-mode voltage is

8.2(min)(min) 41 −=+−= dsatTSSin VVVV  V

Finally, 2725.1 312 == SS

The small-signal gain is

( )
( ) IImIv Rg

k

k
A

22

2

+
+=

( )
( )77

429

dsm

dsds

rg

ggR
k

+
=

where, 559 =R  ΩM

3.628=mIg  Sµ , 3477 =mg  Sµ , 37 =dsg  Sµ , 54 =dsg  Sµ , 5.22 =dsg  Sµ

So, 96.3=k

12=IIR  ΩM

or, 4364=vA  V/V








