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Monolitic MIC (MMIC)
(Two stage amplifier)
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material

Alumina 99.5 %
Alumina 96 %
Alumina 85 %
Sapphire
Glass
Polyolefin
Duroid (Roger)
Quartz
Beryllium
GaAs (high-res)
Silicon (high-res)
Air (dry)

Substrates

surface finish 10%4tan §
(um) roughness (10 GHz)
2-8 1-2
20 6
50 15
1 1
1 20
1 1
1 5-60
1 1
2-50 1
1 6
1 10 -100
- ~0

tan d =g”/ ¢

€, Thermal cond.
(W/cm?/°C)
10 0.37
9 0.28
0.20
9.4 0.4
5 0.01
2.3 0.001
2-10 0.0026
3.8 0.01
6.6 25
13 0.3
12 0.9
1 0.00024

Transmission line model
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Secondary constants

Propagation
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Microstrip analysis equations
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Equivalent width
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Dispersion
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Higher order modes

YA yA

fc(TEm):C/\/g fo(TEy )=

2W o Wt

Synthesis Equations (MWO)

w1 -
F=4[EGXP(A)—GXP(—A)}

For W/h <2
A=r 2z, 11)-20 1 & =1 93, 011
120nt ¢, +1 &
W Sr_1{ln(B—1)+o.39—0'61}3[|3—1—|n(2B—1)]
h =g €, T
For W/h > 2




Maximum carried power

Although microstrips are mainly applied in low
power systems, they are able to carry average
power up to a few kiloWatts.

The upper limit to the average power is
essentially set by the thermal conductivity of
the substrate which determines how quickly
the generated heat can be removed.

The peak power is instead limited by the
dielectric strength whose value is about
3-10° V / m for the air while it grows in the
dielectrics (alumina: 4 -108 V / m).

Microstrip discontinuity

‘Passive linear circuit

*Uniform structures - waveguides
model -> transmission lines

*Non-uniform structures - discontinuities
model -> Lumped element circuit

discontinuities desired and unwanted




Qualitative analysis

1. In correspondence of the discontinuities, higher
order modes are excited as boundary conditions
different from those of the guiding structure must be
satisfied

2. The higher order modes do not propagate and are
therefore confined to a region around the discontinuity

3. Because these modes store electrical and
magnetic energy, their presence can be modeled
through a reactive network

4. If the higher order modes are TM, the electrical
energy storage is greater than the magnetic one and
therefore the equivalent circuit will consist of a
capacity. If the modes are TE, magnetic energy
storage prevails and the equivalent circuit will
consist of an inductance

nu=K/joe=a,/joe ne=jop/K, =jou/a,
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Comments

For discontinuities with reduced longitudinal
dimensions the equivalent circuit is generally
constituted by a single reactance.

When the longitudinal dimensions are not negligible,
a more complex network is required (T or )

When working with MMIC circuits, since it is
impossible to make adjustments, accurate models of
discontinuities are required.

Expressions for reactances in closed form are
particularly useful for automatic design software
(MWO).
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Short
(unwanted discontinuity)
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Technology MIC (IBRID)

1) Substrates

plastic materials
ceramic materials

2) Circuit realization techniques
plastic materials

pho‘roll‘rho raphic process
milling machine

ceramic materials

photo//thogmph/c process
thin film

thick film

Plastic Materials (laminates)

They are sold with copper covers (cladding) on one side
or on both sides

Typically, copper is deposited by electrolysis
(electrodeposition: ED) on both sides.

For special applications, rolled copper sheets are used
which are glued to the dielectric with special insulating
resins

Coverage is expressed in ounces per square fooft,
(0.5 0z = 0.007 inch = 17 um)

The dielectrics are available in various thicknesses
from 3 1o 250 mil
(1 mil = 25.4 u m) in steps of 5 or 10 mils
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RO 4003 DUROID

RO 4003 (Rogers)

Plastic resin mixed with ceramic
immersed in a glass-fabric structure

g, (dielectric constant at 10 GHz) = 3.38 £ 0.05

H (dielectric thickness) = 508 um = 0.020" = 20 mill

T (metalization thichness) = 35 um (1 0z on 2 sides)

Rho (copper/gold resistivity) = 0.7 (copper_res=1.78 uQ/cm)
Tand (loss tangent) = 0.0027

1Inch = 254 cm
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Ceramic materials (substrates)

Alumina, sapphire and quartz are normally
sold as small sheets with or without
metallic coating (metallization)

Typical thicknesses range from 10 to 50 mils

Realization of circuits starting
from PLASTIC materials

There are two main techniques for the
realization of microstrip circuits from plastic
Materials:

The technique of printed circuits with

photographic process

The technique of printed circuit boards
with milling machine
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Technique of printed circuit boards
with photographic process

+ developer liquid

ultraviolet light '+ ferric chlorid
+ Terri oride
158 448882 positive mask C5

L ‘

{—¢
%5250 255548 1
copper Dislectric Fotoresist ‘

x

+ solvent

Technique of printed circuit
boards with milling machine




Technique of printed circuit boards
with milling machine (ISOPRO)

Technique of printed circuit
boards with milling machine

Drill bit
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CIRQOID (Riga Lettonia)

Hybrid circuits on plastic materials
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Realization of circuits starting
from CERAMIC materials

There are two main techniques for the
realization of microstrip circuits starting
from ceramic materials:

The thin film technique

Thick film technique

NB: the photolithographic technique can be

used but not the milling machine

Thin film technique

* There are two main techniques for the realization of
microstrip circuits starting from ceramic materials:

+ Initially a thin layer of chromium (5-20 nm thickness)
is deposited on the surface of the dielectric
substrate by evaporation or sputtering, which has
good mechanical stability and adherence with the
substrate itself

+ A thin layer of a chrome-copper or chrome-gold
mixture is deposited with thicknesses of 5-20 nm

* Finally, the conductive layer Scopper‘ or gold) of the
desired final thickness is realized by evaporation or

sputtering or by electrolytic deposition.

+ With a similar approach, resistive or dielectric

materials can also be deposited for the realization of

resistors and capacitors

* The photographic process is used to define the
circuit
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Thick film technique

The film technique is often similar to that of screen

pri

nting.

A thin layer of photoresist is arranged above a rigid
frame consisting of a steel mesh with a density varying
from 100 to 500 lines per inch

+ The mask of the circuit is placed over the frame and

exposed to ultraviolet light. The photoresist is removed

+ The frame is placed above the substrate and a special

paste of gold containing spray is sprayed. The paste is
forced with a roller through the mesh so that it covers
the areas of the circuit to be made

* The substrate is then placed in an oven and the metal

present in the paste is welded to the surface of the
dielectric

Hybrid circuit on ceramic materials
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Resistance (SMD)

0805 (2x1.25 mm) 0603 (1.5x0.75 mm)
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Designers Kia o fo ach cantain

an assortment values along with delai n u C o r's
product specifications. Va even provida free refills for

parts you use most often,

Coiloraft Designer's Kits can save you hours of search-

Ing or winding your own. Theyll help you zero in on one O

of our off-the-shelf parts or give us a starting point for a

custom design

To order call 800-322-2645 or place your order on-line
a http:/farder.collcraft.com
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Welding techniques

FIGURE 3 TYPICAL IN PROFILE
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Alumina substrates \

Package

Wire bond

Figure 85 The package mounted to a copper carrier. Two alumina substrates hold input
and output microstrip lines.

[

Aluming
(‘ substrates
Package
18) - E
Microstrip
line

Copper

Bond wiras carrier

1

1b)

t Coaxial RF launchers -}

Figure 86 (a) Top and b} side views of the carrier assembly and coaxial RF launchers.
The package can be grounded by bonding to the center of the carrier.

Wire bond
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TRANSISTOR

Figure of merit

BJT
MESFET
HBT
HEMT

Heterojunctions

Vacuum
level A

A
q P4

o
g 4%
Ec

\ Er

AlLGa, As n* Ga As
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Figure of merit

2
C

X 27

P, = maximum power that can be supplied by the transistor
t; = 1/2nt = v, /2nL = cutoff frequency of the device
T = carrier transit time through the active region
L = active region length
v, = maximum carrier speed
E,, = maximum electric field applicable before
breakdown
Xc =1/2nf;C, reactance associated with the junction in which

breakdown occurs
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Typical values

Vi = 0.6x107 cm/s, germanium

Vim = 1.0x107 cm/s, silicon

2x107 cm/s, gallium arsenide

5.5x107 cm/s, 2-DEG of heterojunction

Vim
Vim

The breakdown electric field is related o the
Amplitude of the forbidden band

E; = 0.66 eV germanium

E; = 1.12 eV silicon

Es = 1.43 eV gallium arsenide

E; = 1.65 eV AlGaAs

EG = 2.86 eV 6H-SiC

E; = 3.40 eV GaN

Technology

alongside these general considerations

other aspects such as capacity must be taken

into account to dissipate material power and status
of technology.

With reference to the first point the salient
Parameter is the thermal conductivity with respect
to which the best material is silicon, while as far as
technology still regards the second point

the most advanced is that of silicon.
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Conclusions

The bipolar transistor (BJT) is the device
mostly used up to about 4 GHz

The MESFET dominates between 4 and 20 GHz

For higher frequency applications
are increasingly spreading the
heterostructure (HEMT).

TRANSISTOR MOS

Gate (G
Source (5 Drain (D

Oxide Layer i | ﬁ

p-type substrate

4

Body (B)

29



TRANS CHARACTERISTIC
MOS enrichment

Ingmay
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TRANS CHARACTERISTIC MESFET

I (A)
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30 40
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\
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\

Channel layer
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Drain Current (A}

TRANS CHARACTERISTIC HEMT

emptying

04

Vgs=+1V

Vgs=—2V

R e D i il

...................
e
+++++

10 15 20
Drain Voltage (V)

1 kW

100w

mow

LDMOS-28V

1w

0.1 GHz 2 GHz 5 GHz 10 GHz

33



TRANSFORMERS
and
MIXERS

HF transformers

DIFFER FROM THOSE AT 50 Hz because:
Ferrite is used as a magnetic material

The length of the wires must be a small fraction of the wavelength
(<10%)

They operate in the HF band over several decades
They are used as IMPEDANCE ADAPTERS and as BALUN

(balanced to unbalanced between antenna and TV cable from
unbalanced to balanced at the diode input of a mixer.
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HF Transformers
Bifilar windings

HIBKIE -1 Cove
Symibe
REDH 8 ©
o FRED GRAN |
@ifﬂ o o
LN }/
% /[ _RED
Efw GRN ¢ RED} GRN
b d
Bifilar Biffar
A ®
HF transformers
Bifilar windings
do do
V;=—N; 2= Vy=—N, 2=
i 17 2 2
v, N, 1 I
oML py = Pyr—— A= g
Vo N, v = Four 7,
o _ljFER_ | rLoso
V2 ==Rroap 1> S & S
S g B
yo V2 __Rioapl2 _Rioapl; s 7 V1 _Rioap
=== = 5 »IN= =
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HF transformers

25
18
3 2F
Start V ‘ 1 V
1 1 2
. g 3s
’ 1F
3F

2 3 Finish

Figure 4. Trifilar winding diagram

Figure 5. A trifilar wound RF Transformer

HF transformers

do do

V,=—N; &= V,=—2N; &=
1 1 2 1

Vi 1 1;
—> 4= — da Py =FPoyr— —=-2

v, 2 v = Four 1,
Vo==Rroap 1>
% V> _ RroapI> _Rpoap!; 7 Vi _Rioap
1=—== = > Ly ==

2 2 1 I 1

transformer 1:4 (balun) from antenna (300€2) to coax cable (75 Q)
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VHF-UHF
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—

Q E(_
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VHF-UHF transformers

Figure 8. TV Balun using Ferrite RF transformer and transmission line windings.

Mixer with Diplexer

(DC-15 MHz)

. DC-15 MHz IF Port
(105 MHz - project frequency) ( ) 2o

CAP
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P=2 _,._| >|—| =
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PStep=2 dB linl
o caP
1 ID=C8 = RF Port
33 4 C=113.2pF -
2 o
LoFert _T
B 1:n2

PORTF
2 =1
= 1 =50 Ohm
| ©u Freq=100 Mz
Pwr=5 dBm

IND

ID=L5

L=580.2 nH

Figure 8. Circuit diagram of a single diode mixer as a down-converter.
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Figure 7. Frequency response of diplexer after optimisation.
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Conversion Loss

11
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-13 T i : i
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135
0 2 4 [5) 8
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Figure 11. Conversion loss of a single diode mixer.
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Figure 19. Circuit diagram of a balanced mixer.
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Conversion Loss in dB

Conversion Loss

-5.5
— —
" .
T
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—— Balanced Diode Mixer |
-7 ]
0 2 4 6 8 10
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Figure 20. Conversion loss of a balanced diode mixer.
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Figure 26. Circuit diagram of a double balanced mixer.
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Conversion Loss
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Figure 28. Conversion loss of a double balanced diode mixer.
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