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The Questions

1. The photograph in Figure 1.1 is of a MMIC.

a) Draw the equivalent circuit model for the MMIC shown in Figure 1.1, and mark the
RF and DC bias ports with the corresponding probe pad numbers shown. Describe
the type of amplifier circuit. Hint: if you are uncertain about a component then state

any assumptions used.
[10]

b) Briefly describe the different range of component technologies used for the
transistors, inductors and capacitors, and also state the advantages and
disadvantages of these technologies. State what compromises have to be made with
the design of MMICs, when compared to HMICs.

[5]

c) Briefly comment as to why the complexity of the full equivalent circuit model is
much more than the circuit derived in 1(a) and explain why circuit modelling alone
is not sufficient if a significant reduction in the chip area is required.

[5]

Figure 1.1Photograph of a 3.5 x 1.5 mm’ LNA
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a) With the use of simple illustrations for the attenuation against frequency curves,
describe the differences between Butterworth, Chebyshev and Elliptical-function filters.
Also, comment on the group delay characteristics for these filters.

(5]

b) Given prototype low-pass filter attenuation curves and tables for the corresponding
normalised element values (see attached sheets), design an L-C lumped-element
band-pass filter that meets the following specifications:

Centre Frequency, fo 500 MHz
3 dB Bandwidth, B 50 MHz
Attenuation Bandwidth 100 MHz
Pass-Band Ripple (Peak-to-Peak) 0.1dB
Stop-Band Attenuation 45 dB
Input Impedance, Ry 100 Q
Output Impedance, Royr 50 Q.

[15]
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Filter tables
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Chebyshev Low-Pass Prototype Element Chebyshev Low-Pass Prototype Element Values for 1.0-d8 Ripple
Values for 1.0-d8 Ripple
Bs Ly Ly
CII G I Ry
n Ry/Ry, C; [ [N Ly Cs Ly C;
R ) 5 1008 L8407 " 1138 4.103 1128 2207
Re/R, L L Cs Ly 0.500 4414 0585 4653 1128 2307
3000 0572 a2 0393 6808 0378 1,128
4000 0385 4600 0.25% 829 0.282 7,758 1128 2307
8000 0157 9858 0125 17.857 0.141 13.961 1128 2907
= 1213 1100 - b2 1845 2081 1483 1103
1000 2816 1088 2218 8 2.000 0.679 3873 0T 4711 058 2408
0500 4431 0817 2218 4.000 0,481 5644 0.476 7,351 0,849 2582
0.333 6.847 0,724 2216 £.000 Q.227 12310 0.198 16.740 0.728 2800
g!lgg r?ﬁ g.eelm 2218 © 1378 2.067 1890 2074 1484 L1023
. . 612 2216 7 1,000 2.204 1131 a7 1104 2147 1131 2.904
= 1652 1460 1108 0.500 4408 0.568 6.293 0.8% 3,147 1231 2204
3000 06853 4411 0Bl4 2535 0313 6512 027 0.441 0.708 3147 1131 2.904
4000 0452 7083 0612 2648 0.£50 8815 0283 12588 0747 3147 1131 2204
5000 0808 17164 0428 328 - 0185 17631 D141 25.175 0.671 1147 1131 2904
= 13% 2010 1485  Llo@ = 1741 1677 2,158 1703 2070 1464 LI02
Ry/Rs Ly Cy Ly C, n Ru/By Ly Cy Ly Cy Ly Cy Ly
R b Ly Ry L Ly Ly Ly
A I c,I Ry C:I qI C‘I Ry
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Butterwarth Low-Pass Prototype Eloment Values

5 L Iy Ly
s é} G II = II =3 II C II &}
By/By C La Ca L Cy La Cs
A 0.900 0,442 1.027 1010 1758 1,380
2 0.800 0470 0808 2.061 L544 1738
0700 0517 0.731 1.333 2,108
0,800 0.588 0.800 2.600 1128 2.
0500 0.658 0.468 4051 3.133
0.400 0,838 0383 3.736 0.727 2.965
0.300 1094 0.285 4834 0.537 5.307
0.200 1608 0,188 7.185 0353 7.935
0.100 as1s 0.001 14,005 0173 15710
@ 1E45 1854 1383 0894 0.300
Lil 0.258 1.040 182 2054 1744 1335
2 1250 0245 1118 1128 2239 1550 1658
1420 0207 1235 0.657 2490 1.348 2.082
L8d7 0173 1407 0.801 L143 2.500
2.000 0141 1653 0.65¢ 360 0.942 4084
2500 0111 2.028 03514 4341 0.745 3531
2433 0.081 2,658 0.318 5. 0.552 5.280
5.000 0054 3817 0243 8.020 0.383 7802
10.000 0.028 7708 0152 15786 0.179 15.738
= 1533 L71% 1553 1302 0.758 0.25%
M 0.900 0209 0711 1404 1459 21958 1787 1208
0.300 0423 1517 1278 2334 1548 1652
0.700 0357 0515 1688 1091 2618 1.350 2028
0.000 0408 D432 1928 D617 3005 1150 2477
0.500 0480 2273 0.751 as53 0651 2,084
0400 0590 0.278 2765 0,502 4.380 0.754 2.604
0.300 0.775 0.208 3871 2437 5761 0.500 5958
0.200 1145 0.135 5ALT 0.247 f 0.388 7.808
0.100 2,257 0.087 10.700 0.142 16528 0.182 15718
= 1558 1.799 1.650 1.397 1.055 0.636 0.293
n Ru/Ry Ly Cy Ly Cy Ly Ce Ly
Chobyshev Low-Pass Eloment Valucs "
for 0.01-d8 Rippl Chebyshev Low-Pass Element Values for 0,01-dB Ripple
Ry Ly L
n » By/By C, Ly Cy Ly Cy L, Cy
3 5 1000 0.977 1,685 1685 0.977
0.500 0.850 1.458 2,174 1.641 1474
0,800 0.577 2579 1A% 1.007
0.700 0528 L040 2,658 1323 L§77
0800 1019 0.863 3.041 1135 2424
0.500 Lige 0.809 3584 0942 3.009
0.400 1.368 0544 4,400 0.740 3.845
0.300 1787 ; 0.557 5183
0.200 2,604 0.259 B5l4 0368 728
0,100 5041 0.187 16.748 0,182 15013
@ 1547 1765 1.845 1237 0.488
3 8 L1061 0.851 ‘1798 1841 2007 1.631 0837
LA 0.780 1782 1775 2084 1.638 1053
1 0.545 1854 1489 2408 1.507 1504
1429 0436 1.288 2735 1332 1699
1887 0.351 2298 1081 3.187 1145 2357
2000 0579 2678 0.857 2788 0.054 2.048
2500 0214 3281 0.682 4807 0.761 3.780
333 0,155 4945 0503 6163 5143
5,000 0.100 0.330 151 0.578 7.785
10.000 0.048 12171 0.182 18.105 0.157 15.505
‘ « 1.551 1847 1790 1508 1180 0,469
7 1,000 0813 1505 2.002 1870 2.002 1585 0013
0,800 0518 1362 2.069 1722 2202 1581 1208
0800 0811 L150 9,262 1.595 2405 1484 1.538
0700 0.857 0.587 2516 1323 2802 1307 1810
0,800 0.943 0.803 2872 L134 L131 2.359
0500 1.080 0.650 3382 3875 0,847 2845
0400 Leo7 0.507 1156 0.735 4812 0758 3780
0.300 1.889 0.372 5454 0.548 0.370 0.568 5148
0200 2.242 0.842 057 0.360 0.484 0378 7.808
0.100 470 .18 15872 0.178 18818 0.168 15,65
- - 1550 L8a7 1866 1765 156 1161 0450
i Ry/Ry Ly C; Ly Cy Ly Ce i
R 1, 1y L
‘:lI E‘I Ca I L
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Chebyshev Low-Pass Pr pe Element Chebyshev Low-Fass Prototype Elament Values for 0.1-dB Ripple
Values for 0.1<IB Ripple -

il By/By Gy Ly Cy L Cy La G
" L, 5 1.000 1301 1553 2941 1550 1.301
Py 1433 2.380 1488 1488
0.800 1.300 1288 2583 1382 1.738
0.700 1.358 LI 2.888 1244 2082
0.500 1470 0.047 3,260 1.085 D484
0.500 0778 3845 0.813 2.055
0.400 1.954 0.612 4720 3,880
0.300 0.451 6196 0550 5.237
0.500 a548 0.285 8127 0.368 7
0.100 8787 0115 17957 0.182 15745
® 1.561 1.307 1786 1417
3 § 1385 2.080 1650 2.247 1534 171
1428 0738 2240 LAs4 1405 lazg
1687 2.800 1183 3.084 L185 2174
2000 0414 3.068 0.958 AT 0878 L7904
2.500 0.310 3788 0.749 4851 0.778 3845
2233 0220 4927 0551 6105 0.550
5.000 0,139 7.250 0361 $.281 0.384 71.618
10.000 0.067 14230 0,178 18497 0,150 15350
w 1534 1534 1831 1748 0638
7 1.000 1282 1520 2.239 1.680 2239 1520 1.263
0.000 1242 - 1.385 2381 L1578 2307 1450 1.447
4 1341 0.800 1255 1245 2548 1443 2894 1.362 1807
1700 0.700 1310 1083 2819 1,983 2,543 1233 2021
2243 0,600 147 0817 3.205 1.209 2384 1081 2444
285 0500 1505 0.753 4784 0.528 4015 0814 3.018
3698 0400 1.885 0.583 4818 0.742 4970 0738 3855
0300 2382 D47 6.054 0558 6,569 0557 5217
7814 0.200 5428 0,256 8407 0.380 0770 () 7800
15250 0100 8570 0.141 17.603 0184 16370 0,188 15613
0673 @ LS5 1.858 1,831 1.887 1734 1376 0.81
n [ o Bu/Ry Ly Cy Ly C, Ly Cy Ly
Chebyshey Low-Puss Prototype Eloment Chebyshev Low-Pass Prototype Element Values for 0.5-dB Ripple
Values for 0.5-dB Rippls
Rs Ly Ly
n Ry/By, G Ly Cy Ly Cy Ly G
Ae/Ry Gy Ly Cy Ly 5 1.000 1.807 1303 130;1' 1.303 Le01
1 1.850 0.900 1554 1999 2, 1.238 157
;_’::‘10 S‘ﬁ 2108 0.800 1928 1.128 5.060 1187 9,185
0,700 2,085 1015 3.350 1058 2470
2500 0564 3185
0,600 0.860 4765 0842 2,861
3333 0475 4411 0500 2457 0784 0810 3414
500D 0828 63 0.400 2870 0.800 5250 0684 4,245
10000 ¢S 13322 0.300 3588 0459 B.871 0.508 5,825
s = = B oaE = g=
0.1 a 1
3 ;ﬁ Leed 1280 ;g = 1880 174D 1822 1514 0.503
L e 8 1959 0905 2577 1385 2713 1269 1196
0.800 1ga7 1120 2237
2.000 0830 2.704 1891 2,572 1237 L6386
0700 214 L1015 2517 2500 o. 3722 0880 4100 0,851 3103
0500 2557 0759 3458 333 0337 0632 5,609 0.835 4481
o400 2085 0.815 42412 5,000 0808 7.815 0.400 8732 0412 7031
0.300 3720 0.463 5578 10.000 0.008 15.184 0.107 17.081 i3 14433
0200 5254 0308 Back 7 1000 1760 1.366 2718 1385 2718 1206 1700
0100 9890 0153 16118 0500 1835 1215 2,865 1.308 2.88) 1234 1953
® 1572 1518 0832 0.800 1.805 Léé? 3.070 1815 s&ig } éssg i }gg
0700 2011 i 2384 1105
4 1S4 ol 2 L4 LA 0800 2374 a7 .97 3,552 4 2813
2000 0845 47RO 1238 Loes 0500 2.4%8 a4t 4,370 0,538 2,250 0814 3405
2500 0516 3766 0.868 3121 0400 2.835 0,604 5805 0.685 5.470 0.859 4.243
3333 0344 580 0681 4480 0300 3548 0455 5.867 0522 7134 0513 5.635
5.000 0.210 7.708 0.400 8937 0200 5.007 [ X 10.048 0,353 10458 0.548 B.404
10000 0008 15858 oas4 14300 0300 0456 0.151 19.840 0.178 20631 nrre 16,085
& 143 188 1531  0#l9 ® 1.848 L7 2.031 L7 1924 1503 0,505
" BRI [ [ ) n R/By Iy Cy Ly Cy Ly C, Ty
Ry b Ly [ Ly L3 L
y r::I c.I L% effv & Il < I c.I R,
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a) With the aid of a diagram, describe the S-parameter representation of a linear two-port
circuit, stating the precise definitions of all parameters and the main power
specifications.

(3]

b) State which RF components best described the following S-parameter matrices and
calculate any relevant power specifications:

; 0 e~J720
) Sl= ; @3.1)
5] [6-1720 5
) 0 0.07¢ /30
@y [s]=| © (3.2)
[ ] e—jﬁO U ]

-730 — 780
iy [S]: 0'19_ <0 0.3e o (3.3)
9.7¢/ 0.15¢/

[5]

¢) Derive an algebraic expression for the overall I3, of a linear two-port network that is
terminated at its output port with a one-port network represented by /7.

(6]

d) Referring to the result in 3(c), state the condition for stability for the overall one-port
network, for any value of generator source impedance. If the two-port network in
3(b)(ii) is terminated with a load impedance having I7 = 0.5, determine if the overall
one-port network is stable.

[4]
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An amplifier chain is illustrated in Figure 4.1. All sub-systems are assumed to be perfectly

impedance matched.
\\\\\\ \\\\\\ Filter |,

G=15dB G=8dB G=4dB G=-0.7dB
IP; =30 dBm IP;=40dBm IP;=50dBm
F=1dB F=2dB F=3dB

Figure 4.1 Amplifier Chain

For an overall input power of 3 dBm, calculate the following at the output of each sub-
system, while also stating the main equations used:-

@ C

[2]
(i) 1IPs

[6]
(iii) IMD;

[3]
@iv) L

[3]
(v) Overall F

[6]

All variables have their usual meaning.
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b)

d)

Explain why filters having sharp frequency roll-off characteristics require large
components to achieve low insertion losses.

[4]

Explain why impedance and admittance inverters are required for realising practical
narrow bandwidth filters. In addition, with the use of simple block diagrams,
explain how these inverters work.

[6]

Redesign the 1.8 GHz resonator topology shown in Figure 5.1, by employing all
capacitive admittance inverters, so that the series tuned circuit can be replaced with
a shunt parallel tuned circuit.

1Q 80 nH O.OS’IST pF
VA VA VA VAN
|
—  17.6pF 17.6 pF -
P e
Figure 5.1

(8]

What effect on the insertion phase does the all capacitance admittance inverter
have?
2]
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a) Draw the topology of a double-balanced amplifier. If 3 dB quadrature couplers are
used in conjunction with identical non-ideal single-ended amplifiers,
use S-parameter analysis to determine expressions for the overall insertion gain and
input return loss. Assume the couplers are perfectly matched to the reference

impedance, Zo, and the interconnections between the main components are ideal.
[10]

b) For the topology in 6(a), if the working single-ended amplifiers have a forward
voltage wave transmission coefficient of S;; = |10/£35°, determine the overall
insertion gain and input return loss if one of the amplifiers fails, such that S;; = 0.
Assume that there is no change in the input or output impedances of the failed
transistor. What is the main application of this topology and what are its advantages

and disadvantages when compared to a single-ended amplifier?
[10]

Radio Frequency Electronics page 10 of 10



