ECE 580
HOMEWORK 3

Due Nowv. 11, 2015

1. a. Find the scattering matrix of the circuit shown. Assume that all

resistors (including the gyration resistance R) equal 50 Q.
b. What can you state about the physical properties of the two-

?
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2. Find the sensitivities of the output voltage of the amplifier shown

to variations of all circuit parameters (including B).

1 %
;O / /z”\_ _
&
. = ,:f "\ —
< A e
AN T NS f/{,\. =
O AL = £
A 1§ “- P i ‘—\
/ A e . X [ Jrseeisay finn =
i f’ >\ Vo i )
g : ' by //;"~ [H—" \
e —_ Pl AN —
T el =4 ~ \)// =AY
3 { / o e " :,J . o '\ .
i St ' ! e
h1% | —~
s = . o, :i- T
AW - p - - -
i Q«) / A > /‘ L/ -
[ = =
ai Z.
w2
—p ’ . )



Problem 3: ( 10 points ) For the two-port of Problem 2, assume r =R =1 Q. Choose as
its terminations Rl = R2 = 1€). Find the scattering matrix, and comment on the
" transmission properties of the circuit. T ‘

T reR=10 =8 =8

In our case, Z parameter is
" [different by 50 times but S
parameter is the same
since they are normalized
by termination impedance
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In our case, Z parameter is different by 50 times but S parameter is the same since they are normalized by termination impedance


3. Analyze the sensitivities of the small-signal output v, to variations of Ry, Ry, R3,
r and f using the given transistor model. What is the possible range of vy if all

tolerances are 5 percent?

{a} ()
Figars 3-19 (a) Transistar circuit; (5) wransistor model,
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Figure 9-19¢ Physical network with small-signal model

From the physical network
I =10pd = j, + ],

J=1i =],

h=J,+ = 5B +1)

j1 :jz —/Bjr



*R+J,*R,—j *r—j;*R;=0 (loop through all resistors)
(jz ~B )R+ ¥Ry~ j,Fr=j(B+1)* R =0
t-g, - )R+ =) Ry = j, *r =, (B+1)* R =0
(=5 (B+0)*R + ([, = . )* Ry= j,*r = j,(B+1)* R, =0
(10224 — j.(50+1))* (5AQ) + (104 — j,)"' (200£Q2) - . *(500Q)— j (50 +1)* (2k2) =0
0.050 — 7 (255kQ2)+ 2V — j, (200k02)— j, * (5002) ~ j, * (102k2) =0
7.(557.5k02)=2.05V
j =3.6771ud
j, =1, — 7, =10ud —3.6771 4 = 6.3228 A
j.o= i {8+1)=3.6771ud*51=187.534 14
Jo=jy - B, = 6322814 —50%3.6771ud =—177.5344
Jo= . =3.6771ud

Figure 9-19d

From the adjoint network

I,=14=J,-},

=+l

J=J, ==,

Ji*R 4], 5 Ry = J r+ o~ Ry =0 (loop 1)



o LR <G, R e B v S5 Ry =0
JAR + R+ R+ F)+ B, =1, *R, (1
LR -V, + %R =0

(}z +jz)*R1 —V+ jz Ry =0

j 2 (‘Rl - R3) —V, = —1;2 R ,

j ] (_RL + R“) - ,594 =-] 2 ¥ R, 2)
Adding (1) and (2) we get

LRRB+)+ R +R(B+ D)+ ==L, *R(B+1)

7,(557.5k02) = 255k

"

J, =0.457404
Ji=Jy+1, =0.457404 14 = -0.542604
Js=Js =], =-0457404

Py = 5(R +Ry)+1,* R = (045740 AYSkQ + 2kQ2) + (- 1AYSkQY) = —1.7982kV

The sensitivities due to each element are

2;; = —Jij = =(- 0.54260)(~177.534 %107 )= -96.330u7" / Q

;«’ =}/, = —(0.45740)(6.3229 %107 ) = 2.892147 /O
2

Do o5 ) = (045740187534 %107 )= 85778, / O

oR,

Do o5 . =—(~0.45740)3.6771*10° )= 1.6819,47'/

or
ov, . . s -6
e (~1789.2)3.6771%10°° )= 6. 6122m¥

The maximum deviation of the resistances and P are

JAR| =0.05%R =0.05%5kQ=2500

JAR,| _ =0.05*R, =0.05* 200kQ =10k

max

IAR,| =0.05%R, =0.05*2kQ2=100Q

max



!A’Lm = 0.05* r =0,05 *¥5000Q = 2503

|AB|  =0.05%5=0.05*50=2.5

max

The maximum deviation of the output voltage is

v, =|Zear]  +|Pedar) 4 Pelar) +%JN| RN
max aRI u max aRz max aR3 ‘max ar max aﬁ max
|Av,|  =(96.3307/Q)*(250Q)+ (2.8921uF / ) * (10kQ2) + (85.778 47 / ©2) * (100Q) +

(1.6819V /) *(25Q) + (6 612mV / Q)*(2.5)
=24.083mV +28.921mV +8.578mV +0.042mV +16.530mV =78.154mV’

v, = j, *R, =(=177.53 pA)5kQ) = —0.88767V
= —0.88767 + 78.154mA = —0.80952V

']o,max

=-0.88767-78.154mV =—-0.56582)

]a,min

The range of the output voltage v, due to sensitivity 1s

-0.96582V <v, <-0.80952)






