ECE 4220 Class Project
Solution




Differential Amplifier Design (1)- Q-1,3

— i fM3/D; de () [ 3.48k0hm [ 200uA

r (kOhm)

Q-3) Answer: PMOS enters
from saturation region to
triode region or cut-off due
SetVp =2.44 1, B, For this reason,
node-A, B can be sensitive
to VB.

Saturation region




Differential Amplifier Design (1)- Q-2
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Differential Amplifier Design (2)- Q-4,5

> Simulation result
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» Small signal parameters in Step-(1)
Im = 11.2m

Top = 1/9p,as = 541K

Ton = 1/gn,ds = 18K

Av = gn - (ron I rop)

= 11.2m-(1.8K || 5.41K)
= 11.2m- 1.35K= 15.12

= 23.59dB

- Same as simulation result



Differential Amplifier Design (2)- Q-6
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1= TSdB of— 115MHZ

TSdB = wp/Zn'

=1/2-w-{1.35K-(10p + 92f + 16f + 112f}

= 11.5MHz > Same as simulation result
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> Simulation result



Differential Amplifier Design (3)- Q-7

> Simulation result

Due to current mirror, the gain of single-ended
output is about the same as one of Q-4.



Differential Amplifier Design (3)- Q-8
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1
st RL(CL +Cpsn+Copoa +CDB,p)
o B 1
,2nd T
o RL,an (CDB,n+CGD,n+CDB,p+2CGS,p)

a)z = 2a)p,an

0

Fpist = wp/2m
=1/2-m-{1.236K - (10p + 92f + 16f + 112f)}
= 12.6MHz

?p,an = wp,an/ZT[
=1/2-w-{123-(92f + 16f + 120f + 150f)}
= 342GHz

Fp =2 wprng = 6.84GHz

CDB,n = 921? CGD,TI. = ]6f; CDB,p = 1]21? CGS,p =
75f C,=10p, Ry ynq = gi = 123 Ohm



Differential Amplifier Design (3)- Q-8

> Simulation result
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- 25,0 > Calculation
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S—?fgtnsl?: I == 6._78[1 GH Z . .
- Same as simulation result
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Differential Amplifier Design (4)- Q-9

VDD=3V

> Simulation result
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Differential Amplifier Design (4)- Q-10
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Av = gmq - (ron I rop)
= 10.4m - (14.5K || 113.6K)
=10.4m-12.858K= 133.7=42.52dB

> It is the same as the simulation result.
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Differential Amplifier Design (5)- Q-11,12
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» IfR1=R2, the Av is 6dB.
> Set R1=R2=1M ohm.

> Simulation result

— v fnet031; ac dB20(V) [ 1.3963MHz 5.013dB
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» Due to small loop gain, the simulation
gain is less than the expected 6dB.

/

%* Using the calculated gain in Q-13,
Av=(1+ﬁ)-(i)=2-o.88=

R, T+1
1.76 = 4.91dB - Same as the

simulation result



Differential Amplifier Design (6)- Q-13

> Simulation result
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= 0.5-11.9m- (357K || 1.89K || 2M)
= 0.5-11.9m- 1.234K= 7.34
= 17.31dB

- Same as simulation result




