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INSTRUCTION TO CANDIDATE:

Please ensure that this examination paper contains THIRTEEN (13) printed pages

including Appendices (9 pages) and SIX (6) questions before answering.

This question paper has three sections, Section A, Section B and Section C.

Answer ONE (1) questions in Section A, Section B and Section C.

ONE (1) question from any Section. Answer FOUR (4) questions.
Use three answer booklets which is provided where the answer for questions in Section
A, B and C are in difference answer booklets.

Distribution of marks for each question is given accordingly.

All questions must be answered in English.
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Section A: Answer ONE (1) question.

1. (a) Derive the [Z] matrix for the following two port network in Figure 1.
Zp
Port 1 Za Za Port 2
Figure 1.
(15%)
(b) Consider a lossless two-port network.
(i) If the network is reciprocal, show that [Sy[* = 1 - |Sq1]2
(i) If the network is nonreciprocal, show that it is impossible to have
unidirectional transmission where Sy, = 0and Sy # 0.
(10%)
2. Design a Butterworth lowpass filter with a cutoff frequency of 1 GHz at 3dB and

attenuation level greater than 20 dB at 2.5 GHz. The filter is design on the
printed circuit board with a dielectric constant, ¢, =2.5 and impedance Z, =50Q2.
(25%)
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Section B: Answer ONE (1) question.

3. (a) Design a matching sections using a quarter-wave transformer to match a
load of Z,= 100 + j50 ohm to a 50 ohm line at frequency of 1 GHz.
(10 marks)

(b) If the same load is to be matched with 50 ohm line using a three-sections
maximally flat quarter — wave transformer, calculate all the characteristic
impedance of the three sections.

(15 marks)

4. Design a 15dB broadband 3 sections maximally flat coupled line coupler using a
substrate of =4.5 and thickness of 1.5 mm with center frequency of
2 GHz. The input of all ports are to be 50 ohm . Given that the voltage

expression at port 3 in terms of port 1 is

Vs = 2jVysin@ e 1N?[Cycos(N —1)0 + C, cos(N —3)0 +...2C, |

Vs

where N=number of section , M=(N+1)/2, C, =3

O=rl2
Assume that the coupler is symmetrical such that C; = Cy, C,= Cy.1 etc

Using the following formula

Zoe :ZO £
1-C
1-C

fo = %o\1ic

%(Zoe - Zoo)= ‘]Zo

and the graph in Appendix 2 calculate the microstripline dimension , s and w of
the above coupler.
(25 marks)
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Section C: Answer ONE (1) question.

5. Referring to the ATF 36077 datasheet as in Appendix 3, using the S parameter at

7 GHz. The source impedance is Zs = 40Q and the load impedance is Z, = 60Q.

Calculate:

(i) Power Gain. (5 Marks)

(i) Available Gain. (5 Marks)

(iii) Transducer power gain. (5 Marks)

(iv) Determine the transistor stability. (10 Marks)
6 (a) Referring to Figure 2, explain the operation of the circuit.

(10 Marks)

Using the S parameter as in Question 5, design a Low Noise Amplifier
operating at 4 GHz having a noise figure of 4 dB. Use single stub
matching for the input and quarter wave transformer matching at the
output. Use C; as your I's. Microwave laminate is Ultralam 2000 having a

dielectric constant of 2.45, a thickness of 0.5 mm and copper thickness of

35 um.
(15 Marks)
S
XL
1_‘L 1—‘in
R, (Z,) (Z)
Figure 2
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LNA DESIGN

|

N = [(Fr - I:min )‘l+ 1_‘opt
' ar

n

FL _ (322 n 812821rinj
1- Sllrin

Important Formulas:

Network parameters

S=parameter

V V, V,
Sy = i Sip = —2 Sy = v 22 = Viep
Vil V2 =0 ViZ V=0 Vil Vi1=0 Vi2 Vi1 =0
ABCD parameter
Vv, 1,=0 -1 V,=0 V2 1,=0 -l V,=0
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Conversion
Sy S| 1 Z,A+B-22C-2,D 2Z,(AD-BC)
1Sn S| Z,A+B+ZC+Z,D 22, ~-Z,A+B-22C+Z,D

TA B} 1 L+ Sy M=550)+ 81250 Zo((L+ Sy ML+ S50)—S12501)

= —_— 1
IC D] 25, Z_((l_ S1Ml=S22)=S12821)  (L=SyfL+S5)+ 5125
o

Butterworth lowpass filter

gk = 2sin(2k —1)21 where k=1,.......... N
n

9 =0Opy1=1

. log, (10" -1)

2loglo(a)/a)c)

C, = 9
2,0

I—k — Zogk
2

Bandpass filter
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Amplifier design

Unilateral
T, = Zs=Zo T, = L —Zo
Z,+ 27, Z +Z,
S,,S,, I
[, =[S, +22+ T, =S, +M
1-S,,I 1-S§, I
Stability:
K :1_|811|2 -[sz|” +[Df

2|812821|
D= Snszz - S12521

Power gain:

.. ( S @-I0[) J
(1_‘rin‘2)‘l_ Szer‘Z

Available Power gain:

[ Bal e[
GA - 2 2
‘1_ S111—15 ‘ (1 - ‘Fout‘ )

Transducer Power Gain:
G. = ‘821‘2(1_‘FS‘2)(1_‘FL‘2
;=
1T, - S,.I [
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Bilateral

A=311522 — 512521
_ 1—|511|2 —|522|2 +|A|

K
2512821
By +B2 —4icy|? )
1
B2 i\/m )
FL = 22C | | Bz :1+|822|2 _|Sl]_|2 —|A|2 C2 _ 522 _Asll
2
g = S1250L o S125211's
fn=fs =Sy S22l'L fout =1L =522+ S11T's
S — Asfl $12591
CL= R =|—212°21 _
|822|2 _|A|2 |322|2 —|A|2
S11 - AS2 $12521
CS - RS =5 &=
|811|2 _|A|2 |311|2 —|A|2
1 2 1-|r|
T max = 2|
~|r| [1- Sl |
Microstrip:
377
Z
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Trigonometric Function

sinasin g = %cos(a —ﬁ)—%cos(a + 1)
1 1
COS ¢ COS B = Ecos(a —ﬂ)+ECOS(Ol + )
) 1. 1.
sinacos g = Esm(a + ,B)+Esm(a -p)

cosasin 4 = %sin(a + ﬂ)—%sin((x -p)

2tan o
1+tan’ a

sin2a = 2sinacosa =
cos2a = cos? a —sin® @ =2co0s® ¢ —1=1-2sin’ o
sin3a =3sina —4sin® «

cos3a = 4co0s® o —3cosa

sinda = 4sinacosa —8sin® a cosa

cosda =8c0s* o —8cos? o =1

sin5a = 5sina — 20sin® a +16sin° o

cos5a =16¢0s° a — 20¢0s® a +5¢0s



Cont’ Appendix 1

Multisection transformer

Binomial matching transformer

r. =AcN = Zn+1_Zn :iln Zn+l
" " Zn+1+Zn _2 Zn
a=2 VLo L gl

Z +Z, o
on__ N
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