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FIGURE 4.19  Graphical solution of the transcendental equation for the cutoff frequency of a
TM surface wave mode of the grounded dielectric slab.
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FIGURE 4.20  Graphical solution of the transcendental equation for the cutoff frequency of a
TE surface wave mode. Figure depicts a mode below cutoff.
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FIGURE 4.21  Surface wave propagation constants for a grounded dielectric slab with e, =
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Figure D.9 Configurations of (a) coupled microstrip limes; (b) couwpled slotlimes; and
(¢) coupled coplanar waveguides.
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D.4 MONOLITHIC ELEMENTS ?ov Mmm (¢
Interdigital Capacitor

Fingers

Terminal strip_ \ /"_— [ ——sy/

//, /3

w

. ¥ |
| . / 7_ _l N = number of fingers = 7
. . 7— x )

Substrate
Ground plane (optional)

Terminal strip

44

{a)
Figure D.22 (a) Configuration of an imterdigital capacitor.

0.05 pF £ C £ 0.5 oF

Ly Ly
o Y Y e VY Y e o
L R c

o Y\ ANV 11(_._.’._0 .
T Cy o= C2 3= Cy c == C

(o, - ~0 L

)]

(5 )

{c)
Figure D.22 (b) Equivalent circuit for series mounting; (c) Equivalent circuit for shunt
mounting.

Methods: The capacitance between two sets of digits in interdigital structure is
found by using the capacitance formula for the odd mode in coupled microstrip
lines, with the ground plane spacing tending to an infinitely large value.

- Schottky Junciion Gapotitors

0.5pF = O £ l0opF  Vollage dependm:
-Metal - \nSulator - Metal MM capaliiors
Ol &£ 7 £ 15 pL

] l 2
o~ T



Interdigital Rectangular and Spiral Inductor

e |
p -1 .
/ l o AVAVAV NN -0
"/\ o o0~ C 0= C>
do / o T

» Q
\ / (@) (b)

Figure D.23 (a) Configuration of a spiral inductor; (b) Equivalent circuit for a spiral

inductor.
|
|

Figure D.24 Interdigital rectangular inductor layout and the equivalent circuit. |

Interdigital transformer

RP, |-<——xl—->-{ Section 1
O F

E_WA @

Section 4

Section 2

W——)-' e ﬁ @
S —> l-(——— Section 3 | RP4

Figure D.25 Geometry parameters for the module PLTRAN describing the general
transformer geometry.
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Figure 2.23 Planar resistors. (a) Thin-film. (b) Mesa. (c) Implanted.
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Q"" Re w
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. I |
= p. ——— 2.37b
oY R Ps T | ( )

Here R, is the surface resistance (f)/square) and p, is the specific resistivity
(Q2*m) of the resistor film. The thickness d, width W, and length [ of the

film are measured in meters. The capacitance can be determined from the
microstrip-line considerations. When film- thickness d = 1 pum, the formula
containing R, should be used. However, for very thin films, d < | pum, the
formula with p, should be used. Desirable characteristics of film resistors

are :

* good stable-resistance value, which should not change with time,

e low temperature coefficient of resistance (TCR),

e adequate dissipation capability,

o sheet resistivities in the range of 10 to 1000 Q/square, so that parasitics
can be minimized,

¢ maximum resistor length less than 0.1A if transmission line effects are
to be ignored.
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MICs and MMICs Cou pleys

Coupiler (Lange, Rat-Race, Branch-Line)

Input & o° [ Soluted
| e | Lande - divectiona
Coqpfer‘
i o
RETHA\
Wive bo\n(‘ing A Hs \
> Hs
wr°
wd -_,z,
- L';V > J,ﬁ_
: }q_wz-;,l ~ 4{ F—wz-»’ ) th
Coupled | o q0° | Divect -oudpe
2 .
S | )
- N\ N4 / 3 | | -——-:l L(_)‘M_..TL—__ '
Zo ' ' .
v 9 I ZO_}J,I e
0o 4 3
IN / V4 ? ; ——_i_ % ‘
A A ',l - ,l
v, e) ,<1\,’_/4>‘\ * h) 3
Rot -Race |  Branch- Line
uybn.d CO(APpeY‘ Figure D.14 Couplers. Bybvid Cou P-(pr

e

Description: There are two kinds of couplers. Directional couplers and hybrid
couplers (such as rat-race and branch-line)



ACTIVE DEVICES — Mics
323 MODFETHEMT  Modulelisn Dopad Fe'r/ﬁrgh Efectyon

. . ; &4
By using heterojunction semiconductor material, AlGaAs interfacing with GaAs, Mob " Y
a new field-effect microwave semiconductor device can be manufactured wih  Trand ;§ fei

| AuGeNiAu
HE M T =Source —=_ ‘—[ l ‘Drain::_-

' TiiPtiAu  /~ 200A n* GaAs AlCaAS
O pexatioq @___ 200 A n* AlGaAS ""'*el'faf(
e’ﬂ’ (enly ﬂ@ G& A S 250-500 A Ba Ag
up ‘o 100 AJ 20-60 A Undoped AiGaAs U,

' o —E;ct;n:as_ o VQ Ty h fg [1
60 6#? #1 wm - Undoped GaAs ,
Gads ’Mobi&‘l-y
Semi-insulatin e‘(ec+l'a¢ >
100 pm éaAs substrate8 )
12 GH2

f'-":—\—
Figure 3.23 MODFET/HEMT structure. (From Refs. 3.1 and 3.58.) rm im=0-S a6
1/4 G- Preq. = 30muz
smperior microwave performance. This device is the MODFET (modulation-doped
ficeld-effect transistor), which is also called a HEMT (high electron mobility
tramsistor), a SDHT (selectively doped heterostructure tramsist

istor), or a TEGFET
(two-dimensional electron gas FET); the cross section of this transistor is given in
Fig. 3.23 [3.58, 3.1].
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Figure 3.11 GaAs MESFET cross section.
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344 Heterojamction Bipelar Transir W B T
Because of the superior material pmpextncs afgmgp BI-V compounds such as
- Gaks, a bipolar transistor using this material has been a goal since 1957 [3.22].
The use of the heterojunction emitter-base has made the heterojunction bipolar

transistor (HBT) a reality. Three primary advantages result from this structure
(Fig. 3.8) [3.23]:

I. The forward-bias emitter injection efficiency is very high since the wider-
- bandgap A1 GaAs emitter injects electrons into the GaAs base at a lower

Ope‘ﬂah‘ng upto 60 GH2

Base Emitter Base
(/e [[ 722227777773 [[77717 777
L] NGaAs [/ /7] 0.2 um A Sinale
GaAs ‘ GaAs & 3¢
Pr GaAs P 0.1 um ot Ch;); Stri
* 0
—_— . .
Implantation GaAs n” I 1.5 um H byid
damage 100 gm 1Y
asea \_. ' Ml
GaAs nt H BT
Collector ‘
R AN AN A A AN O Ay Sy S sy 4 /r"d/f/lIII/l//////////I//17
E’""bg"' MiGahs (= 0.25 ym)
BasSe 7277777

| e NS
tlector LY v / "
| Co Z‘ ov 2 x 109 ¢m-3" p = 0.06 xm
Wm \ 5 x 1016 ecm=3 - =0.7um

Semi-insulating
’ GaAs substrate

(b)

~ Figure 3.8 Heterojunction bipolar transistor structure (HBT): (a) single-chip structure;
(b) HBT structure for GaAs monolithic circuits. [(b) from Ref. 3.23.] © 1987 IEEE.
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MESFE'! versus Si-@37
- NOISE  PERFORAWCE

Nose Power
-130}
N
T AT 22000
E 10V, 10m
T Bipolar {3.21]
] s
& N
3 | | AT 10600
3 | | 3V, 40 mA
| | MESFET (3.21]
|
I A N O NN RO O DU N I SO N |
1 kHz 2 5 10 20 500 100 200 500'1 MHz;2 5 10 MHz
| ' I
20 kHz .+ 2 MHz
Frequency

Figure 3.21 1 /f noise for microwave transistors. (From Refs. 3.21 and 3.55.)

transistors has been plotted im Fig. 3.22 for room temperature. The GaAs
MESFETs will dominate the microwave region, but silicon bipolars will continx

to fimd applications, especially for low-noise oscillators.

Minimum | 20 dB/decade |
. = 2 10 dB/decade
Vovse 10 dB/decade =
x 1/f
F\S uré | . 10 dB/decade } |
| o 1/f 1 |
i | |
< | P!
& I P!
) ' ' |
. N
| I | '
| | |
1 | | | S bipolar i
| | |
[ ' GaAs MESF.ET
1 ! ll/r [ N ekt |
1 kHz 1 MHz 1 GHz2 1 THz
' : Frequency

Figure 3.22 F,, versus frequency for low-noise silicon bipolar transistor and for
_noise gallium arsenide FET.
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Layout Examples :

User Manual

-2

| | P
I —
’___-1 -y — f__"]
—~
S2
o
L L L L L]
o Y — — - - n
st L N
- 1
oS e
Nbd =6
Wu =40 um
Wg=20um T
Pg=05
Wd =20um
Pd=0
Wsl =20 um Nbd =2 S =
Psi =-1 Wu =30 um ] ] ]
Ws2 =20 um Wg =20 um
Ps2 =1 Pg = »
Wd =20 um -
Pd=0
Wsi =20 um
Ps1 =0
Ws2 =20 um — S - 52
Ps2 =1 = =:
kF <
| G
Philips GaAs Foundry - EDO2AH Process-HP-MDS Library V.1.0 51



User Manual

EDDIBE _
L
.. : . BE 3Jum
Description : Large signal model of BE diode. l 2
i {>+mé
VARACTOR

Arguments :

Name Default Description

Nbd 4 Number of gate fingers.

Wu 15 um Width of an individual gate finger.

Wa 10 um Anode access line width.

Pa 0 Lateral position of the anode access line (-1 < Pa < 1).

Wk [0 um Cathode access line width.

Pk 0 Lateral position of the cathode access line (-1 < Pk < 1).

Layout Example : Nbd =4, Wu = {5 um:

42

il

il

Philips GaAs Foundry - EDO2AH Process-HP-MDS Library
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Fig. 3.4 Circuit parameters Z; and €,y of microstrip on various tech-
nologically important substrates: PTFE (e, = 2.1), polyolefin
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ferrite (e, = 16), with ¢t = 0 for w/h < 1.8 by the method of lines.
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Fig. 9.4 Effective even and odd mode permittivities €, eff,even aNd €, eff, 0dd
of coupled microstrip lines on Al,O; substrate (¢, = 9.6) from
static analysis with the Green’s functions method [2.77, 2.80].
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Table 9.2 Even and odd mode effective permittivities €, c(.cven, a0d € cqr.0ad {Or coupled microstrip lines on
Al;O; ceramic substrates (e, = 9.8) for a conductor thickness ¢+ = 0 from the variational method [2.46, 3.32] for

A Pf' os Pudl > the quasistatic case h/kg = 107°.

wih Even-Mode Effective Permittivity €, cif cven for sth =
0.05 0.1 02 04 006 08 |1 12 14 16 18 2 25 3 4

0.4 6.491 6.516 6.558 6.620 6.656 6.672 6.673 6.662 6.644 6.621 6.594 6.567 6.501 6.444 6.361
0.6 6.705 6.726 6.764 6.818 6.849 6.860 6.856 6.841 6.819 6.793 6.763 6.733 6.661 6.599 6.509
0.8 6.891 6.910 6.943 6.989 7.014 7.020 7.012 6.994 6.969 6.939 6.908 6.876 6.800 6.735 6.640

1 7.054 7.071 7.100 7.140 7.159 7.161 7.149 7.128 7.101 7.069 7.036 7.003 6.924 6.857 6.760
12 7.199 7214 7239 7.273 7.288 7.286 7.271 7.248 7.219 7.186 7.152 7.118 7.037 6.969 6.870
1.4 7328 7.342 7.364 7.393 7.403 7.398 7.382 7.357 7.327 7.293 7.258 7.223 7.142 7.073 6.973
1.6 7444 7.456 7.476 7.500 7.507 7.500 7.482 7.456 7.425 7.391 7.356 7.320 7.238 7.169 7.069
I8 7.549 7.560 7.577 7.598 7.602 7.593 7.574 7.547 7.516 7.481 7.446 7.410 7.328 7.259 7.159
2 7643 7.653 7.669 7.687 7.689 7.679 7.658 7.631 7.599 7.565 7.529 7.494 7.412 7.344 7.244
25 7.844 7.853 7.865 7.877 7.876 7.863 7.842 7.814 7.782 7.748 7.714 7.679 7.600 7.533 7.435
3 8.007 8014 8024 8.033 8029 8.016 7.994 7.967 7.936 7.903 7.870 7.837 7.760 7.695 7.600
3.5 8142 8.148 8.156 8.163 8.158 8.144 8.122 8.09 8.067 8.035 8.003 7.972 7.898 7.836 7.741
[ ]
(\Gparto's Puolos Tabie 9.2 (cont’d)

wih Odd-Mode Effective Permittivity €, cif.00a for sth =
005 0.1 0.2 04 06 08 1 1.2 14 16 18 2 25 3 4

0.4 5428 5.439 5.457 5.495 5.535 5.577 5.620 5.661 5.702 5.740 5.777 5.810 5.883 5.941 6.022
0.6 5458 5.474 5.501 5.552 5.603 5.653 5.702 5.750 5.795 5.838 5.877 5.914 5.992 6.054 6.139
0.8 5.496 5.519 5.554 5.617 5.676 5.733 5.788 5.840 5.889 5.934 5.976 6.014 6.095 6.159 6.247
1 5.542 5571 5.615 5.687 5.754 5.817 5.875 5.931 5982 6.029 6.072 6.111 6.194 6.259 6.348
5.594 5.630 5.681 5.762 5.834 5.901 5.963 6.020 6.073 6.121 6.165 6.205 6.289 6.354 6.444
1 5.650 5.693 5.750 5.839 5.916 5.986 6.050 6.109 6.163 6.212 6.256 6.296 6.380 6.445 6.535
| 5.708 5.758 5.822 5.916 5.997 6.069 6.135 6.195 6.249 6.299 6.344 6.384 6.468 6.532 6.622
1 5.768 5.825 5.894 5.994 6.077 6.151 6.218 6.279 6.334 6.383 6.428 6.468 6.552 6.616 6.704
2 5.829 5.893 5.967 6.071 6.156 6.231 6.299 6.360 6.415 6.464 6.509 6.549 6.632 6.695 6.783
2.5 5980 6.060 6.146 6.257 6.345 6.42]1 6.489 6.550 6.604 6.653 6.697 6.736 6.816 6.878 6.964
3

3

6.125 6.219 6.314 6.430 6.519 6.594 6.662 6.722 6.775 6.823 6.866 6.904 6.982 7.041 7.125
3.5 6.260 6.368 6.471 6.589 6.677 6.752 6.818 6.877 6.929 6.976 7.017 7.054 7.130 7.187 7.269
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Table 9. l' Even and odd mode characteristic impedances Z; cvea and Z; o4q Of coupled microstrip lines on Al;O;
ceramic substrate (¢, = 9.8) for conductor thickness 1 = 0 from the variational method [2.46, 3.32] for the

'APGoS Pvdlsy

quasistatic case A/kg = 1077,

wih

Even-Mode Characteristic Impedance Zy, even in §) for sth = =

‘L 0.05 0.1 02 04 06 08 1 12 14 16 18 2 25 3 4
0.4 106.75 104.22 99.89 93.41 88.81 85.44 82.92 81.02 79.58 78.48 77.63 76.98 75.92 75.33 74.75
0.6 88.09 86.40 83.43 78.77 75.32 72.74 70.78 69.28 68.14 67.27 66.60 66.08 65.24 64.78 64.32
0.8 75.44 7422 72.03 68.50 65.83 63.79 62.22 61.02 60.10 59.39 58.84 S8.43 57.75 57.38 57.02
1 66.17 65.23 63.54 60.77 S8.64 56.99 55.71 54.73 53.97 53.39 52.94 52.60 53.05 51.75 51.47
1.2 59.03 58.29 56.94 54.71 52.96 S1.60 50.54 49.72 49.09 48.60 48.23 47.95 47.50 47.26 47.03
1.4 53.34 52,74 51.64 49.80 48.34 47.20 46.31 45.61 45.08 44.67 44.35 44.12 43.75 43.55 43.37
1.6 48.69 48.19 47.27 45.73 44.50 43.53 42.76 42.17 41.71 41.36 41.09 40.90 40.59 40.43 40.28
1.8 44.81 4439 43.62 42.30 41.24 40.40 39.73 39.23 38.83 38.53 38.31 38.14 37.88 37.75 37.63
2 41.52 41.16 40.50 39.36 38.44 37.71 37.14 36.69 36.35 36.09 35.89 35.75 35.53 35.43 35.33
2.5 35.13 34.88 34.40 33.58 32.91 32.37 31.95 31.62 31.37 31.i18 31.04 30.94 30.81 30.75 30.69
3 30.48 30.29 29.93 29.31 28.80 28.38 28.06 27.81 27.62 27.48 27.38 27.31 27.22 27.19 27.14
3.5 26.93 26.79 26.51 26.02 25.61 25.29 25.03 24.83 24.68 24.58 24.50 24.45 24.39 24.37 24.55
r\Qp 1) PUDLOJ Table 9.1 (cont’d)

wih Odd-Mode Characteristic Impedance Z; oqa in §} for sth =

0.05 0.1 0.2 04 06 08 1 12 14 16 18 2 25 3 4

0.4 2993 35.12 41.72 49.87 55.12 58.85 61.61 63.72 65.37 66.67 67.72 68.57 70.10 71.09 72.21
0.6 26.88 31.22 36.66 43.34 47.63 50.69 52.9% 54.71 56.07 57.16 58.05 58.77 60.11 60.98 62.00
0.8 24.86 28.66 33.32 38.98 42.59 45.15 47.0% 48.53 49.69 50.62 51.38 52.01 53.18 53.96 54.89
1 23.35 26.74 30.83 35.71 38.80 40.99 42.63 43.88 44.88 45.68 46.35 46.90 47.94 48.65 49.50
1.2 22.14 25.19 28.82 33.10 35.79 37.69 39.10 40.19 41.06 41.77 42.35 42.84 43.77 44.42 45.20
1.4 21.11 23.89 27.15 30.94 33.30 34.96 36.20 37.16 37.93 38.55 39.07 39.51 40.36 40.95 41.67
1.6 20.22 22.76 25.71 29.10 31.19 32.66 33.76 34.61 35.29 35.85 36.15 36.71 37.48 38.02 38.70
1.8 19.42 21.75 24.44 27.49 29.37 30.68 31.66 32.42 33.04 33.53 33.96 34.32 35.02 3552 36.15
2 18.70 20.86 23.32 26.08 27.77 28.95 29.85 38.51 31.07 31.52 31.91 32.24 32.89 33.36 33.94
2.5 17.15 18.96 20.97 23.18 24.51 25.44 26.13 26.67 27.11 27.48 27.79 28.06 28.60 29.00 29.49
3 15.87 17.41 19.10 20.92 21.99 22.74 23.30 23.74 24.10 24.41 24.67 24.90 25.35 25.69 26.09
35 1479 16.12 17.56 19.08 19.97 20.59 21.05 21.42 21.72 21.Y8 22.20 22.40 22.78 23.07 23.39




g2x

. ..... d1x

gix

Figure | 1. Suspenced substrate coupled lines.
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Figure |3. Even- and odd-mode impedances of suspended substrate coupled lines (substrate, RT 5880).
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Figure 15. Even- and odd-mode impedances of suspended substrate coupled lines (substrate, RT 6010).
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Fig. 1.32 Schematic of a housing for a microstrip circuit with two coaxial
connectors: (a) without lid; (b) cross section.
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Fig. 1.33 Action of a bend in the substrate and a split in the ground for
Wpt'ae - a real coaxial-microstrip transition.
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Soider or Conductive Housing intermediate Piate
Oue (Aluminium, (invar, Kovar) -
Fig. 1.34 Possible methods of mounting substrate in housing: (a) clamping;
(b) clamping with spring plate; (c) soldering or gluing with con-
ductive paste; (d) soldering onto an intermediate invar plate.

(typ. 0.4 x 0.6
mm?)

Fig. 1.35 Possibilities for inner-conductor connectors: (a) g.luing with
spring; (f < 18 GHz); (b) as in (a), but with plastic pressure
- stub; (c) as in (a), but with spring-loaded finger; (d) soldered
inner conductor (f <1 GHz); (e) welded strip (f < 0.5 GHz);

(f) welded wire (f < 0.2 GHz).
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Fig. 1.37 Transition from SMA-coaxial line to microstrip line, electrical
properties: (a) cross section; (b) electrical field pattern of mi-
crostrip line; (c) field pattern of coaxial line; (d) general scat-
tering coefficients S;; of a transition; () equivalent circuit of a
compensated transition as shown in (a).
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Fig. 1.38 Other types of low-reflection transitions from 3/7 coaxial line
(din = 3mm, dyy, =7 mm) or SMA coaxial line (din = 1.3 mm,
dow = 4.2 mm) to microstrip lime on ceramic substrate, S (thick-
ness 25 mil = 0.635 mm, ¢, = 9.8); SC = inner conductor spring.
contact; B = housing base plate: (a) with intermediate air con.
ductor; (b) with stepped cross-section matching sections; (c) with
continuous cross-section matching; (d) muitistepped; (e) eccen-

tric coaxial transition (after [1.319]); (f) hermetically sealed
(n diclectio)
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Fig. 1.40 Transitions from rectangular waveguide to stripline conductors:
(a) E-ficld probe coupling via suspended-substrate line (after
(1.347]); (b) step-transformer transition to microstrip line (after
[1.30]): (¢) transition to microstrip line (after [1.329.1.330]).
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Fig. 1.41 Transitions from coaxial to slotline and coplanar line: (a) slotline
transition at substrate edge [1.349, 1.350]: (b) slotline transition

with open circuit [1.351]; (c) coplanar line transition (SC =
spring contacts for inner conductor and grounds).
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