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% Create variables which will occur in the math

syms Vout VO gml gm2 9m3 9m4 gol 902 903 904; 
syms sCL V3; 

% Create the first equation, equivalent to (l) from 
% the previous part 
eqnl = Vout * (go2 + go4 + sCL) - gm2 * VD/2 + gm4 * V3 == 0; 

% Create the second equation, equivalent to (2) from 
% the previous part 
eqn2 = V3 * (gol + 903 + gm3) + 9ml * V0/2 == 0; 

% To solve, convert both equations into a matrix.

IA, Bl = equationsToMatrix ( leqnl eqn2], IVout V3]); 

% Solve the matrix 
results = tinsolve(A, 8) 

Formatted, the result is as follows: 

V 
_ Vo(9m19m4 + 9mz9m3 + 9mz901 + 9mz9o3)

OUT - 2(9m3 + 901 + 903)(902 + 9o4 + sCi) 
Equivalently: 

Part D 

Vour = Av = (Bm1Bm1 + 9m29m3 + Bm2Bo1 + Bm29o3) 
Vo 2(9m3 + 901 + 903)(902 + 904 + sCi) 

A ~ (9,ni9m4 + 9m29mJ)
v~ 2(9m3)(902 + 9o4 + sCi) 

Because (M1, M2) and (M3, M4) are matched, we can make the statement that 9 111 1 = 
9mz, 901 = 9oz, 9m3 = 9m4• and 9o3 = 904. This allows us to simplify further:

Av "' 2Bm19m3 = 9ml 
29m3<Bo1 + 9o3 + SCi) 901 + 9o3 + SCi 

Problem 3 
Recall that a trans-resistance amplifier is an amplifier whose output voltage is equal to the 
applied input current multiplied by some gain, Rr. We can start by finding the input current,
which is simple to do since an ideal trans-resistance amplifier has zero input impedance: 

VIN Vour
1/N=-+--

Ri R2 
We know that the output voltage of the amplifier is given as follows: 

Vour = RrlJN 
We can adjust the two equations slightly to give us one equation in terms of Vour and Vm: 

Vour = VrN + Vour 
➔ Vour (2. _ 2.) = VrN 

➔ Vour (
Rz - Rr

) = VrN
Rr R1 Rz Rr Rz R1 RzRr R1 

Vour _ _ R2Rr 
-- - Av - -----
Vm R,(R2 -Rr) 

The voltage gain is thus (
112 11T ). As RT approaches infinity, this simply becomes -R2/R1 .

R1 R2-R; 
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Problem 4 

Note: Solution written for ON 0.Su process as this is the process that students used for this HW. 

In this process, µ.nCox "' 112.8µ and Vrn "' 0.79V. 

Part A and 8 

If VINQ 
= 0.5V, VourQ 

= 0.5V, V00 = lV, and Vss = -lV, then the transistor's quiescent Vos
and VGs voltages are both 1.5V. Recall that, for a transistor to be saturated, V05 must be

greater than or equal to VGs - Vr. If Vos and VG s are equal, this will be true so long as the

MOSFET is on WG s > V7 ). So, we can assume the transistor is saturated.

Now, recall the equation for a MOSFET placed in saturation. Note the inclusion of the 1 + ilVos
term. 

1 W 
2 lo = 

2 
µ.,.Cox,;(Vcs - Vr,.) (1 + ilVos)

What is ?t? Recall from EE 330 that ?t is highly dependent on device length, increasing 

dramatically with small lengths. It is also dependent on the current through the device; in EE 

330, it was observed that a higher current increased il. Using methods similar to the ones used 

in EE 330, an approximate value of ?t can be obtained. A reasonable value obtained for a 1.8µm 
length transistor is 0.02055V-1.

Substituting in known values, we can solve for W / L:

4mA = ½ (112.8µ) (:) (1.5 - 0.79)2(1 + 0.02055 * 1.5)
w 

T 
= 136.483 

This W /L ratio can be confirmed in Virtuoso by recreating the circuit and obtaining the circuit's

DC operating point. Doing this yields a Vour of approximately -0.1186V instead of 0.5V. This is

the result of error (see the image below, which illustrates how dramatically Vour changes with

the W /L ratio in this circuit).



EE 435 

Homework 2 
Solutions Spring 2024 

Adjusting our work slightly shows that a width-length ratio of 134.3 yields a quiescent output 
voltage of 507mV, which is well within 2.5% of the desired 0.5V point. 

Part C 
Voltage gain can be expressed as Av = :!!.!!l.. Bm and Bo can be calculated as follows: 

9o 
�------' 

Thus: 

Part D 

w 
Bm = 2µ 11Cox 

L 
foQ = ✓2 • 112.8µ • 134.3 • 4m"' llm

Bo "'AloQ = 0.02055 • 4m = 82.2µ

Av "' 133.9 

To confirm the amplifier's small-signal gain, apply a small-signal AC input and observe the 
amplifier's small-signal output. Dividing the input and output magnitude yields the small-signal 
gain. Doing so yields a gain of approximately 139.5. This is within 5% of the expected gain. 

Problem 5 and 6 
Recall the following equations for the design of a ST amplifier: 

1 1 
Ao=---

A1 + A3 Vesi 
p 1

Wcsw = VooCt 2Ves1 
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For the second amplifier: 
Write down what we know first: 

Part B 

AcL [1 + R2; Rt A(s)] = A(s)

GB 

R2GB 
s 

In the forms the solutions were left in in Part A, the 3dB bandwidth is simply the denominator 
of the s/x fraction. Thus, for both circuits, the 3dB bandwidth (in radians/second) is� GB.

R1+R2 



Problem 9     It was stated in class that all even-ordered distortion terms introduced by the 
amplifier vanish in symmetric fully differential amplifiers. Prove this fact. (Hint: assume that if an 
ideal differential sinusoidal signal is applied at the input, one of the single-input outputs is given by 
the expression 

( ) ( ) ( )OUT1 1 1 1 k 1 k

k 2

V t A t A k tsin sin


=

=  +  +  + 

where ω1 is the frequency of the sinusoidal input and the parameters A2,A3, … and θ2,θ3, … 
characterize the distortion introduced by the amplifier.) 

Solution:  The “Hint” may not be helpful.   Denote VO1 and VO2 as the two outputs of the symmetric 
fully differential amplifier.  If the input on one side is Vd/2 and on the other side it is -Vd/2, it follows 
from symmetry that 

( )

i

OUT1 i d

i 1

i

OUT2 i d

i 1

V A V

V A V



=



=

=

= −





Thus the differential output is given by 

( )( )ii

OUTDIFF OUT1 OUT2 i d d

i 1

V V V A V V


=

= − = − −

But 

( )( ) ( )( )i ii i i

i d d i d d

i 1 i 1

A V V A V 1 V
 

= =

− − = − − 

For i even, the terms in () vanish and for i odd, the terms in the () are of the same sign so 

i

OUTDIFF i d

i 1
i odd

V 2A V


=

= 

So now assume Vd=Vmsin(ωt).    Thus 

( )i

OUTDIFF i

i 1
i odd

V 2A tsin


=

= 

Observe that  VOUTDIFF is comprised only of odd powers of sin(ωt).   But from trig identities, odd 
powers of sin(ωt) include only odd harmonic terms and thus no even-ordered distortion terms are 
present. 




