ECE ECE145A (undergrad) and ECE218A (graduate)

Mid-Term Exam. October 30, 2018

Do not open exam until instructed to.
Open notes, open books, etc.
You have 1 hour and 15 minutes.

Use any and all reasonable approximations (5% accuracy is fine. ) , AF TER STATING
THEM. N

Problem Points Received Points Possible
1 15

2a 10

2b 7

2¢ 8

2d (218 only) 15 (218A only)
3a 7.5

3b 7.5

4 15

Sa 5

5b 5

5¢ 5

5d (218 only) 7.5 (218 A only)
total v 85 (145), 107.5 (218A)
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Problem 1, 15 points
The Smith Chart and Frequency-Dependent Impedances.

HINT: use the

scales on the figures to measure distances as needed.
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First match each Smith Chart with each circuit. Then determine as many component
values as is possible (RLC values, transmission line delays and characterfStic
impedances)...note that some values cannot be determined with the information given.
The charts all use 50 Ohm normalization:

CSmith chart (a). Circuit= A )
Component values: 4=, 74L . B9
{ Smith chart (b). Circuit=__ 4 .
Component values: 57 = 27
Smith chart (¢). Circuit=__ (/) .
Component values: 7 = S 0a2
~Smith chart (d). Circuit=__ &~ :
(, Component values: /7 ==
Smith chart (¢). Circuit=__ & /¢ 972
Component values:
Smith chart (f). Circuit=__ (> /

Component values: & = 5 pA4Z.

Smith chart (g). Circuit=_ /2 ) . L
E Component values: ¢ =/2. </~ | 727 5 s /4;‘

Smith chart (h). Circuit=__ “1 .
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Problem 2, 25 points (ece145A), 40 points (ece218A)
2-port parameters and Transistor models

Part a, 10 points

o,

For the network at the right, give numerical
values for the four S-parameters. Assume
that the reference Zo is 50 Ohms. The
signal frequency is 1GHz and the
inductance is 8.0nH.
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Part b, 7 points
Compute the Z parameters for this network
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Part ¢, 7 points

Compute the Y parameters for this network <z,
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Part d, FCE218A students only 15 points
For the network at the right, give an

algebraic expressions for ¥, and Y,,. R C V_ R
Please write as a Taylor series in jo , i gs gm GS “'DS 2
omitting terms of power (jw)’ and higher. '\/\, W
+
This is an exercise in device model L ~ Vgs -
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Problem 3, 15 points
Transmission lines in the time domain.

Part a, 7.5 points
Vgenis a1l V step-function.

Rgen is zero Ohms and RL is 50 Ohms.

tauis 1 ns.
Zline is 50 Ohms.

Plot below Vout(t) and Vin(t)

Re v, Z,
in line
o= T
V
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Part b, 7.5 points

Vgenis a1l V step-function. R, v 7
Rgen is 50 Ohms and RL is infinite. N in line
tauis 1 ns.

Zline is 50 Ohms. Sl

Plot below Vout(t) and Vin(t) ¥ oia

Please comment on the pulse response of this circuit and that of part a.
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Problem 4, 15 points
Impedance-matching exercise.

The (50 Ohm normalization) Smith chart gives the input impedance of a circuit at 1 GHz
signal frequency. Design a lumped-element matching network which converts this
impedance to **500hms*. Give all element values. Use the full impedance-admittance
chart which has been provided to you.

\ I 1 ST |= =
2:

\iuy,

= iHs ST
T o e el =
S e P l_i 1o |«
ESISTANCE COMPONENT (R/Zo), OR CONDUCTANCE COMPONENT (G/ Yo
T ] h27\0.2
3.
™ ' A

\ ’é. \
1

@

."";, &,
o\ -
3% i y &

‘% Y
0
2 o\
@ A \ Q

5 P St = 74’;25 o / /{ - /
5¢5" -z //4///1 / fg///h;/

HEE // 2,7 {4 th

19



NAME TITLE DWG. NC

5/ S/ Z/&l\ |DATE o

SMITH CHART FORM ZY-01-N Microwave Circuit Design - EE523 - Fall 2000

NORMALIZED IMPEDANCE AND ADMITTANCE COORDINATES 4
e

&, 37}/

7‘—‘-——5

|

o{\\AA‘/\ H |H-—4—+~J—;\F,

s
i
120

S

'ﬂw ﬂ

j=t

\rr @ =

s T2 y u:
co%/h OR CON :lDUCTANCE COMPONENT ((L/Ya

520
20

—=—+

3

i

:IHPD NO
0 44900 NOLLO:!

O]
i

%
g

Y
NLL
20

1
920

a
gy

a

SR(

£29
I~
g

7! "Egsg:;ﬂ

ol
Uy 8
iy

RADIALLY SCALED PARAMETERS

B, Y, : TOWARD LOAD —> <— TOWARD GENERATOR
& -1000 20 10 5 43 25 218 18 14 211115 w07 5 4 3 2 1
R f%‘ «d0 30 20 “q5—— 8 6 5 4 3 2 1 11 Ll 12 13 14 16 18 2 345 100 e \
PR PO N
Qe 0 1 2 7 8 910 12 1 0 300 01 02 04 06 08 1 15 2 34 58 wie FES
Ee® 1 09 08 07 08 2 o o om o0 w12 13 14 15 16 1718192 25 3 45 fow "JQ?" &
% 1 09 08 07 08 05 04 03 02 01 01 099 05 09 08 07 06 05 04 03 02 01 0 < vxc"o
G ; i B ‘ S
CENTER 635’
o1 02 03 04 05 08 07 08 09 1 Loz 18 14 a5 a6 17 18 19 2 &




~
LA

AT &

S @9@4/ Gt g

ﬁWJﬁjfljwM

e

S

e
o
o e -
ol B - <o 5

fr 4

% /
L CE IR e 7

Ao

~ ,‘.j; (Posms //I !




INAME [TITLE P) Towe. NO

SEccA & f&‘//ffg" ‘i

o pATE

SMITH CHART FORM ZY-01-N | Microwave Circuit Design - EE523 - Fall 2000

NORMALIZED IMPEDANCE AND ADMITTANCE COORDINATES
<

ol 4,0
- e
op At o oy
80

v L \

&

VAL

e
gEcLs
i 92\9

¥20

1z} \
gl -
[ | J solg 82 -
J 2 - ) @ & ® S =2 o% =+
G | rerirel 1s Al lall e ~ ywaal zlalels|
STt T == = 1IE T s oT8BTy
TS Lo Jel o |l | ~ g\ -
COMPONENT (R/Zo), OR CONDUCTANCE COMPONENT (G/Yo) 08 5_“‘ ot
AT T T QL
- AT A e T
‘ STERTs
ST
/ ! T
85 <
g T
&/"RLs/
17 "G_hi\,’“
i
e/ oL
< /e,\
A,"\,:?/
L&
P A
7~/
i)

RADIALLY SCALED PARAMETERS

4’% A d’% TOWARD LOAD —> <— TOWARD GENERATOR
R 0 2 10 5 4 8 25 2 18 16 14 1z 111 15 10 1 s 3 P 1
‘3%<(@‘P;%’ «0 30 20 15 10 8 6 5 4 3 2 1 11 Ll 12 13 14 16 18 2 '3 405 10020 =
C‘g&’g%’% o 1 2 3 4 5 6 1 8 910 12 1 2 30w0 ol 0z 04 06 081 15 2 34 5.6 1015
4® 1 09 08 07 06 05 o4 03 0z 01 005 000 00 11 12 13 14 15 16 1718192 25 3 45 10
R 09 08 07 08 05 04 03 0z 01 01 0% 095 09 08 07 06 05 04 03 02 01 0
. 98 ; ; ; ; )]
CENTER 6;"
0 01 02 03 04 05 06 07 08 09 1 11 12 13 14 1516 L7 18 19 2 &
L. e e 08 OF LTS N . ‘ . ‘ . A




po,f/ = ',-: =7 7{{; &Mwﬁ/;@&/,‘w/z‘w&/@{ce

%d s S = oz

F'\

Z

L‘? 7A-705/‘_\/a5'

= . ,
J%///f/fﬁ G“/ A; . —_Jé's‘ - ‘\/'Ol_?) _ -—-\/'6'2

24 - th/f?g/ﬂz%// ,}799/41%64 4/

e

AZ = —_J/Q.Z' Serz _J/o(z,

' 7 .

}/’, Sy =  BES 6’7744,4 AZ = — = —y lel(&

u— ~ ~C |
N - & = : A e

L /e 2/765%)
v [?&‘J//Z Gres A /7‘%”"//%/ 4%4%//;(5 e

y/f:/vé_//

,LE?CH/ ey /M/Mééé// df//h%/mx o

%“ AN

'7_/5 /ﬁ&///é’/”"/ % %”7/5 ?// ﬁ//“f;&pﬁﬂzf Ko
= /12’ é?ﬂ/;//ﬂ e/ 479\/(/_4//):_’\/'_/?

2 L ﬂaﬁ/ff.&@p// ﬂdjﬁﬁ[é&@ / gy = -

| el
\/C./
20 Sert
<

74,} ST TR "hﬂ&é"’/g/ a4y = L = —& ey
7

T <~ 77f/7)§/.

) 2/72"/(4{/’

con T -J’fzémfj

‘. € 7 . i & ‘
o £ ‘ e N Arne & ‘



Problem 5, 15 points (ece145A), 20 points (218A)
Transmission-line properties.

Part a. 5 points

Zln
In an undergraduate class, a 1 meter length of 50 Ohm cable connects a circuit under test
to an oscilloscope. The input impedance to the oscilloscope is extremely high. The

propagation velocity of the transmission line is 2-10° m/s. At a signal frequency of 1
MHz, what would the input impedance be, approximately ?
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Part b. 5 points

L. -5)

D

At 1 MHz, if we short-circuit the far end of the cable, what would be the approximate

input impedance ?
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Part c. 5 points

in

L. ) D

At what frequencies is the input impedance infinite ?
At what frequencies is the input impedance zero ?
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Part d. 7.5 points ECE 218 students only e —
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-We will make a 50 Ohm microstrip line on a circuit board of 1mm thickness having a
dielectric constant of 4. If we ignore fringing fields, how wide must the conductor be ?

-Using transmission-line relationships, and ignoring the fringing fields, derive
expressions for the inductance and capacitance of a conductor of length L and width W,
on a circuit board of thickness T, where the circuit board has a ground plane on the back
surface.
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