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The circuit shown below is a differential amplifier. The transistors Q1, Q2, Q6, Q7, and Q8 are
NMOS. Q3, Q4, and Q5 are PMOS. All transistors have their bodies connected to their sources, as
shown in the figure. The non-inverting input is located at the gate of Q1, inverting input is located at
the gate of Q2, and the output is located at the connected drains of Q5 and Q6.

The parameters have the following values (see the attached tables 5.1, 5.2, and 7.2):
V= Vip/=0.5V, k,'=2k,'=40p A/V?, [VA[=10V.

W/L ratios:

Ql Q2 Q3 Q4 Q5
20/1 20/1 40/1 80/1 40/1
Q6 Q7 Q8

20/1 40/1 20/1

Finally Vpp=-Vss=5V and the resistor R1 has been selected to make the drain current of Q6 equal to
9uA. VBIAS is adjusted to allow for maximum output range.
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a) Determine the overall differential voltage gain of this amplifier. ~ (2 points)

b) What value of VBIAS gives the maximum output range? What is that range? (1 point)

¢) The voltage gain of this amplifier can be boosted significantly if Q8 is modified by adding an
identical transistor in a cascode connection to Q8 (call it Q8A). If this is done what will the gain
increase? (1 point)
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Table 5.1 Regions of Operation of the Enhancement NMOS Transistor
in A ] .
Triode | Saturation
- + Ups<Vov | Ups > Vpy
YGp i , '
il SR obrf e . v
+ — Ups :
|: | Ugs = Vin + Yov
Ugs :
B B Cutoff
—— U,
— — = Slope = —| ! G5 < Vin
o S
8ps = s 0 L >
= k,',("_z’) Vov Yoy Ups

B y;¢ <V, :no channel; transistor in cutoff; iy, = 0

B vy, = V,, +y,y: achannel is induced; transistor operates in the triode region or the saturation region depend-
ing on whether the channel is continuous or pinched off at the drain end;

[ | 1

Triode Region
Continuous channel, obtained by:
YGp > Vm
or equivalently:
Ups < Vov

Then,
3 w 1.2
ip =k (Z)[(”os" Vm)"Ds“i”DsJ

or equivalently,

. (W 1
ip =k, T J\Yov—3%ps|Vps

Saturation Region

Pinched-off channel, obtained by:
Vp < Vi
or equivalently:

2

Ups = Yov

Then
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Table 5.2 Regions of Operation of the Enhancement PMOS Transistor

_ &

<— Triode —sl<— Saturation —>

+

Usg Usp < |'U0V| : Usp 2 |U0V|
— 1 WiNgi2:, fensmnemia o s

- -_L|| 711 Usp Ek;;(f)vov A

i
1
- ¢ ip B Vs = |Vl + [vov]
+ . Cutoff
1
1
1
1

UsG < |th|
Slope = —
=10 >
8D = iy lvovl Usp
,

= k(%) ooy |
B 5 <|V,|: no channel; transistor in cutoff; i, = 0
B v = |V,p| + |voy] : a channel is induced; transistor operates in the triode region or in the saturation region

depending on whether the channel is continuous or pinched off at the drain end;

Triode Region Saturation Region
Continuous channel, obtained by: Pinched-off channel, obtained by:
Upc > |V!p| UpG = |V!p|
or equivalently or equivalently
Usp < [Uoy] vsp 2 |0y
Then Then
: (W 12 ; 1,,(W 2
io = K so= Viboso=3%) in = 345 () (osa= Vil
or equivalently or equivalently
: 4 1 ; 1,,(W\ 2
in = k(1) ([0l = 305050 in = 3k(7 )vov
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Table 7.2 Small-Signal Models of the MOSFET

Small-Signal Parameters
NMOS transistors

B Transconductance:

- Wy _ | w, _ 2

8m = .uncax 1 V()V = znunC{)XL ID = V()V
B Output resistance:
r,= /I, = 1AL,

PMOS transistors

Same formulas as for NMOS except using IV, 1, |V, |, 1Al and replacing u,, with U,

Small-Signal, Equivalent-Circuit Models

D D
o
O X
gm.({gs
G D G < G <
o—o0 o) o S O— S
+ A < <
8m ygs > > >
S 1 S 1
e — e
% 3" 23> V3%,
o
l o o
S S S
Hybrid-7 model T models
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