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ABSTRACT

This thesis is an application of Low Power Transmittor (LPT)
in this thesis is going to talk about the Principle, how it works and
the way of the invention which the device is invented with Low cost
include the calibration in each part of the whole device Such as
oscillitor, Frequency Multiplier, Radio Frequency amplifier and FM
madutor part furthermore this thesis acts as the manual of' working it
indicates the troubling of the device while working with Remedy AND
Calibration. éesides this if you found the problem you can turn over
to The ANNEX PART. In this page you will see the details about Designing
of the RE Amplifier include the designing of differrent matching circuit

which is the BASE of the Development to the other system.
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MO TOROLA -
Séemiconductors

BOX 20912 . PHOENIX, ARIZONA 85036

2N3866

The RF Line

NPN SILICON HIGH EREQUENCY TRANSISTOR

- designed for amplifier dnd oscullator applications in military and
mdustrlal equipment. Suitable for use s output, driver or pre-driver
stages in VHF and UHF equipmeént.

® Specified 400 MHz, 28 Vdc Chardeteristics —
Output Power = 1.0 Watt
Minimum Gain = 10 dB
Efficiency = 45%

® Large Signal Series Etuivalent Impedances

® S-Parameter Chardcterization

1.0 W ~ 400 MHz
HIGH FREQUENCY
TRANSISTOR
NPN SILICON

*MAXIMUM RATINGS

= i
T — ‘[1

. N_F

SEATING
PLANE —5

/J. |

MILLIMETERS INCHES

. Rating . Symbol Value Unit
Collector-Emitter Voitage Veeo 30 Vdc
Collector-Base Voltage VcBo 55 Vdc
Emitter-Base Voltage VEBO 35 Vde
Collector Current — Continuous Ic 0.4 Adc
Tota! Device Dissipation @ T¢ = 250C Pp 5.0 Wetts

Derate Above 25°C . 28.6 mwW/oC
Storage Temnerature Range . Tsrg . ~65 to +200 °c

*Indicates JEDEC Registered Data

DIM| MIN [MAX | MIN | MAX
A .89 | %.40 .350 | 0.370
B .00 | 851 [ 0.315] 0335
L 10,1 6.60 .240 60
0 .406 | 0.533 | 0.016 0.021
229 3.18 008 | 0.126 -
463 [ 0.016] 0,
3 1533 190
H 1110864 | 0.028 4
37 1.02 -1 0.028
12.70 - L5007 —
L .35 - L250] =
M 459 NOM 45° NDM
- 1.2 - 10050
1] $0° NOM EL
R | 254 - lowel -]
AN JEDEC dimensians and notes apply.
STYLE Y
PIN 1..EMITTER
2. BASE

3.COLLECTOR

CASE 79.02
TO-39

oLk

ey D bt -

2
e

TR
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*ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted).

Characteristic 1 Symbol | Min

Max ] Unit |

OFF CHARACTERISTICS

Collector-Emitter Sustaining Volitage
{ic =5.0 mAdc, Ig = 0)

VCEO(sus)- 30

Coliector-Emitter Sustaining Voltage

VCER(sus) 55
{Ig = 5.0 mAdc, Rgg = 10 ) 5

Emitter-Base Breakdown Voltage
(Ig = 100 Adc, Ic = 0)

8Veso 3%

Collector Cutoff Current Iceo
(Vgg = 28 Vdc, 1g = 0)

0.02 mAdc

Emitter Cutoff Current " - 'ERO —
(Vgg =35 Vdc, ic =0

0.1 mAdc

Collector Cutoff Current ICEX
(VeE = 30 Vdc, Vgg = -1.5 Vde (Rev.), T¢ = 200°C) =

(Vg =55 Vde, VgEg = -1.5 Vde (Rev.) 3

mAdc
5.0 -
0.1

ON CHARACTERISTICS

DC Current Gain hFE 50
{ig = 360 mAdc, Vg = 5.0 Vde) 10
(ic = 50 mAdc, Ve = 5.0 Vde)

200

Collector-Emitter Saturation Voltage . VeE(sat)

Vdc
1.0

(i = 100 mAdc,Ig = 20 mAdc) ) €
- DYNAMIC CHARACTERISTICS '

Current-Gain — Bandwidth Product = 5 T 500
(Ig = 50 mAdc, Vg = 15 Vdc, f = 200 MHz)

- MH2z

Output Capacitance Cois
(Vg = 28 Vdc, |g = 0, f = 1.0 MHz2)

30 e 3

FUNCTIONAL TESTS

Common-Emitter Amplifier Power Gain Gpe i Wi,
(Veg = 28 Vdc, Poye = 1.0 W, f = 400 MH2)

Collector Efficiency
- (Vg = 28 Vdc, Poyy = 1.0 W, § =400 MHz)

n 45

*Indicates JEDEC Registered Data.

FIGURE 1 — 400 MHz TEST CIRCUIT SCHEMATIC

RF
Inputs

N

C1: 3.0-35 pF : -
€2,C5: 8.0-60 pF R1
C3: 12 pF 1
C4: 1000 pF
C6: 0.9-7.0 pF
L1: Twd turns #18 Wire,
1/4" 1D, 1/8" long :
L2: FERRITE RF Choke,
One Turn, z = 450 Ohms
L3,L4: RF Choke, 0.1 uH
L5: 2:3/4 Turns, #18 Wire,
1/4"° 1D, 3/16" long
R1: 5.6 Obhms

11,3

—————@ MOTOROLA Semiconductor Producis Inc. —

_<ns= (.

Outputs




 2N3866

FIGURE 2 — POWER OUTPUT versus .
FREQUENCY (Class C)
25
Veg =28V

z 20 ~]
L £ \ \
2 |.5\ '\‘ i
£ ‘\ TSN ~_ Pin = 200 MW
5 \ v\‘m mW \\
|~ 50 mW :
rE- 10 \ \ \
2 75 mW e
3 ~ N
< 08

07— - ~ -

06

100 200 300 400 500 600
I, FREQUENCY (MH2)
FIGURE 4 — COLLECTOR-BASE TIME CONSTANT

|
2
-
z
2 80
-4
o
(]

"% g0 . :
& : s
= 40
(=]

-
] g >
=)
3 20
‘f; Vee = 15 Vde
v f=31.8MH;,
2
0
0 [ 20 30 40 50
i€, COLLECTOR CURRENT (mA) -
FIGURE 6 — QUTPUT POWER versus INPUT POWER
(CLASS C)
25
A T2 T
@ f= 176 MHz
[ 2.0f— Emitter Grounded Directly to Chassis
£ |
-« VEE=28V "1
g 15
£ 2y
- I
2 / |1
510 ~| Tasv —
3 /] ] 35 | —
H —
< os /V//
// o
0
0 10 20 30 40 50 60 70 80 90 100
Pin, INPUT POWER (mW) -

11-4

FIGURE 3 - CURRENT-GAIN — BANDWID*H PRODUCT

1, CURRENT-GAIN BANOWIOTH PRODUCT (MHz)

Cot, OUTPUT CAPACITANGE (pF)

000
o /"' ‘i\
P ~
'
400
200
VCE = 15 Vde
0
0 0 a0 60 80 100 120 140 150
I¢. COLLECTOR CURRENT (mA)
- FIGURE § — OUTPUT CAPACITANCE
B0 % =S
Eu'k -
L
10 h \\ Font
3 e
20 =i
n

G BPIINA0. . (% 20.. 50 % "3 @
VR, COLLECTOR BASE.VOLTAGE (VOLTS)

FIGURIE 7 ~ SMALL-SIGNAL CURRENT GAIN

24
= AN !
fimas -
S BN N VEE = 15 Vde
W P i = B0 mAdc
= 15 l
prfy |
£ F o=
Ihielld
N S
5
=8
= ~
L N Imihie) P
A ~h
F>
2 N\
of Pt Refive L
-2 - o jL_._L..._
40 60 80 .100 200 400 600 800 1
f, FREQUENCY (MH2)

MOYOROLA Semiconductor Products Ine,
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- 2N3866
FIGURE 8 - LARGESIGNAL SERIES EQUIVALENT
. IMPEDANCES FIGURE 9 — S11 AND Szz versus FBEQUENCY
u;
T
i
1TVEE = 15 Vde
S o =50 mAde:
: .
B
1"
1
[ 1
]‘ 14
Bt
, 3
55 @ MOTOROLA Semiconductor Products Ine.
A 5 ' 1.8 ;
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MOTOROLA
Semiconductors

BOX 20912 . PHOENIX, ARIZONA B5036

MHW709

The RF Line

UHF POWER AMPLIFIER MODULE

. designed for 12.5 volt UHF power amplifier applications in
industrial and commercial FM equipment operating to 512 MHz.

® Specified 12.5 Volt, UHF Characteristics ~
Output Power = 7.5 Watts
Mintmum Gain = 18.8 dB
Harmonics = -40 dB

® Frequency Range — 400 to 512 MHz

® Gain Control Pin for Constant Otitput Power L evel

7.5W — 400-512 MHz

RF POWER
AMPLIFIER MODULE

ELECTRICAL CHARACTERISTICS (Vg and Vge set at 12 5 Vde uniese otherwise

noted.)
Characteristic Symbol Min Max Unit
Freauency Range (1) P 400 512 MH 2
Input Power Pin 3 100 - mw
Poyt = 7.5 W)
Power Gain Gy, 18.8 - dB
Elhciency ;1 35 - %
Poyr = 7.5 W)
Harmonics § A = -40 dB
(Pour = 7.5 W, Reference)
Innut Impedance Zin - 253 VSWR
(Pout = 7.5 W, 50 12 Reference) .
Power Degradation - | - 0.3 dB
(Poyt = 7.5 W, T = 25°C)
IT¢ -0°C 10 60°C)
Power Degradation - - 0.7 dB
Poyt = 7.5 W, T = 25°C)
(Tc = 0°C to 80°C)
Load Mismatch - No degradation in Py,
IVSWR = & V= 155 Vdc,
Pout = 10W)
Stability . All spurious outputs more than
(Pin = 30 10 150 mW, Load o 70 dB below desired sianal.
Mismatch 2:1,

50 12 reference, V= B0 1o 16 Vdc.
Vo adjusted for Po,y = 5.0 to 12 W),

(1) Frequency Range is covered in three bands:

MHW709.1 400-440 MH;
MHW700.2 440.470 MH; MHW7093 470512 MH7

MILLIMETERS INCH

DIM iy TMAX_ | wiN MAX |
A 6700 [67.56 [2640 |2.660 |
B [5787 |52.96 2040 [2.085 |

J60_|

loc 'IIRHI”AL
4 GROUND

5.0.C GAIN

6 GROUND

1. RF INPUT

CASE 70003

St 14-19
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MHW?709

APPLICATIONS INF

Nominal Operation

All electrical specifications are based on the nominal con-
ditions Pin 5 voltage (control pin — Vg¢) and Pin 3 voltage
(main supply — Vg) equal 12.5 Vdc and with output power
equaling 7.5 watts. With these conditions, maximum current
density on any device is 1.5 x 105 A/cm2 and maximum,
die temperature with 100° base plate temperature is-
165°. While the modules are designed 10 have excess gain
margin with ruggedness, operation of these units outside
the limits of published specifications is not recommended
unless prior communications regarding intended use has
been made with the factory representative. of

Gain Control

In general, the module output power should be limited 10
7.5 watts. The preferred method of power output control
is to fix both Vg and Vg at 12.5 Vdc and vary the input
RF drive level at Pin 7. The next method is to control
Ve through a stiff voltage source. :

A third method of power output control is to control
Vgc through a current source or voltage source with series
resistance. This mode of controlcreates a region of negative
slope on the power gain profile curve and aggravates
output power slump with temperature.

ORMATION .

Decoupling

The high gain of the three stages and the module size
limitation, external decoupling network requires careful
consideration. Both Pins 3 and 5 are internally bypassed
with a 0.018 mF chip capacitor effective for frequencies
from 5 through §12 MH2z. - For bypassing frequencies
below 5 MHz, networks equivalent to that shown in the
test” figure schematic is recommended. Inadequate de-

_coupling will result in spurious outputs at certain operating

frequencies and certain phase angles of input and output
VSWR less than 3:1,

Load Pull .

During final test, each module is *'load pull* tested in a
fixture having the identical decoupling network described
in Figure 1. Electrical conditions are Vg and Ve equal
15.5 V output, VSWR infinite, output power equal to
10 watts, :

FIGURE 1 — UHF POWER MODULE TEST SETUP

MHW 708 SCHEMATIC

PINS

Fin s

PIN

& Ll”CI ;[CZ“ L)l

ks

A1 1Gan Contrut +

W12 5 voe
MHW 09 TEST FIXT

125 vac

URE SCHEMATIC

]
1008 "'c,"“'::'“
21,22 50 11 Microswipline
Ly L2

Swnel
Tr..:m:., o ca
NOTE: No internal D.C. block ing on mnput pn.

AD 10N
Ferroncube VK200 20/48 Rl

10 uf Tentaum 26 v

€2 C3 01 uF Coramuc -

100 Ohm Pot, 2 W, Linsar Tape:

14-20

S SR @ MOTOROLA Semiconductor Products Inc.
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.
TYPICAL PERFORMANCE CURVES
(MHW709.2)
Floungz — INPUT POWER, EFFICIENCY, AND
VSWR versus FREQUENCY FIGURE 3 — OUTPUT POWER versus INPUT POWER
50
0 Pout * 7.5 Watts ? Vi \',“ 3 III.S v
L msp= Vet Vies 125y L - Inout VSWR < 2 1
S S S g
T oo s 0 © E g
By e
% B g £ 440 MK,
L E s ¥ s o=
2z = -1 -
L& y g 1 7/74/
-
i ; “\\ 7/ ;E.’ . // 470 MH;
S o A S L
| s 204 350
4 ' -
o A §
0 B 101 0
400 420 ) 60 480 500 ) 50 0 100 120 )
1, FREQUENCY (MH7) Pin. INPUT POWER (mW)
FIGURE 5 - OUTPUT POWER versus GAIN
FIGURE 4 — OUTPUT POWER versus VOLTAGE CONTROL VOLTAGE
- 440 10 470 MH; 2 Pin = 100 mW
Pinsettnr 75w Vge 125V
o e 28y 16!
a8 3
LoE z
| = 80 & a2
| ¢ =
| E / 3 \ MH/ (70:/
1 ) - 1
5 50 Y
= S
3 8 /
< 3 /
{ &40 a0 [//
20 0 -
10 " ” 13 14 15 0 30 60 90 w 15

4

V. VOLTAGE (V; » Vy)

Vse. GAIN CONTROL VOLTAGE (VOLTS)

FIGURE 6 ~ GAIN CONTROL CURRENT versus VOLTAGE

2
02 e e
Vi* 125V -
g =
Z 00 ]
>
4
g 440 MK, 70 MH2
Z o
8
% /
& A
E 010
=2
3
=
S oo
2
< }
0 30 50 90 12 [

Vse. GAIN CONTROL VOLTAGE (VOLTS) -

o @ MOTOROLA Semiconductor Products Inc.
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MHW709

FIGURE 7 — TEST CIRCUIT

FIGURE 8 — UHF POWER MODULE TEST FIXTURE
PRINTED CIRCUIT BOARD

BODY CLEARANCE

/ R \

L\

-

Tetlon Glass Board
t=0.062"

.

e @ MOTOROLA Semiconductor Products Inc.

w1
rih

PINS PIN3 PIN 1 !
NOTE:
Mount board and module on 1/2* thick aluminum
biock for heat sinking and siectrical ground. Pins 2, 4
and 6 are not directly connected to ground in this test
fixture. Ground is provided through module heat sink.

14-22
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MOTOROLA
Sem:conductors

BOX 20912+ PHOENIX, ARIZONA B5036

MHW 710

5

[ The RF Line

to 512 MHz.

Output Power = 13 Watts
Minimum Gain = 19.4 dB
Harmonics = 40 dB

® 50 0 Input/Output Impedance,
® Guaranteed Stability and Ruggedness

#nd Rrliability

® Specified 12.5 Volt, UHF Characteristics —

UHF POWER AMPLIFIER MODULE

. designed for 12.5 volt UHF power amplifier applvcatioﬁs in
industrial and commercial FM equipment operating from 400

® Gain Control Pin for Manual or Automatic Output Level Control
L]
® Thin Film Hybrid Construction Gives Consistent Performance

MAXIMUM RATINGS (Fiange Temperature = 259C)

Rating Symbo! Value Unit
DC Supply Voltages Ve Ver 155 Vdc
RF Input Power 4 P 250 mwW
RF Output Rower (@ V, = Ve = 125V) PﬂL 15 w
Operating Case Temperature Range Tc -30tp +100 o
Storage Temperature Range Tsro 6510 +125 o
ELECTRICAL CHARACTERISTICS
(Vg and Ve set 8t 125 Vde, Ta = 25°C, 50 0 system unless otherwise noted)
Charascteristic Symbol | Min Max Unit
Frequency Range (1) - 400 512 MH 2
Input Power (Pq,, = 13 W) Pin = 150 mW
-Power Gan Gp 194 - aB
Efficiericy (Pgyy = 13 W) n 35 - %
Harmonics (Pgyy = 13 W, Reference) - - =40 d8
Input Impedance (Poy = 13 W, 50 02 Reference) Zin - 21 VSWR
"Power Degradation (Poyt = 13W, Tg = 259C, Reference) - dB
{T¢ = 0°C 10 60°C) - 0.3
{T¢ = -30°C 10 B0°C) - 0.7
Load Mismatch - No degradation in P,
(VSWR = =, V, = 155 Vdc, Poyq = 165 W)
Stability - All spurious outputs
1. (Pin = 50 10 200 mW, Load Mismatch = 4:1, 50 02 more than 70 dB
- reference, Vi = Voo = B to 15.5 Vdc) below desired signal
2. (Vg= 125 Vdc, Ve adjusted for g, = 510 15 W,
Pin = 150 mW, Load Mismatch = 4:1, 50 n
reference, note V. < V)
(1) Frequency Ranae is covered in three bands: MHW710.1  400-440 MH2
MHW710.2 440-470 MH2
MHW710-3 470-512 MHz

13W . 400-512 MHz

RF POWER
AMPLIFIER MODULE

et ol - U"’

e
A '
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STYLE

NOTE PIN 1. RF OUTPUT
1. MOUNTING HOLESWITHIN 2 GROUND
0 13 mm (0 00%) DIA OF TRUE JDC TERMINAL
POSITION AT SEATING PLANE 4 GROUND
AT MAXIMUM MATERIAL 5 0C GAIN
CONDITION 6 GROUND
1. RF INPUT
™
sl
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- :_
€
3 -
G
=2
L
K
B
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)
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A
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MHW710 .

Nominal Operation

ditions of Vg (Pin 5) and Vg (Pin 3) equal 1o 12.5 Vdc
and with output power equaling 13 watts. With these
conditions, maximum current density on any device is
1.5 x 105 A/cm? and maximum die temperature with

are designed to have excess gain margin with ruggedness,
operation of these units outside the limits of published
specifications is not recommended unless prior commoni-
cations regarding intended use has been made with the
factory representative.

Gain Control

14 In general, the module output power should be limited 10
13 watts. The preferred method of power output conirol
15 1o fix both V¢e and Vs at:12.5 Vdc and vary the input
| RF drive level at Pin 7. The next method is to control
Vse through a stitf voltage source.

A third method of power output control is to control
Vgc through a current source or voltage source with series

H resistance. This mode of control creates a region of negative

slope on the power gain profile curve and aygravates

{ output power slump with temperature.

APPLICATIONS INFORMATION

Ali electrical specifications are based on the nominal con-

100° base plate temperature is 1659, While the modules.

Decoupling

Due to the high gain of the three stages and the module
size limitation, external decoupling network requires
careful consideration. Both Pins 3 and 5 are internally
bypassed with a 0.018 wF chip capacitor effective for
frequencies from 5 through 512 MHz, For bypassing
frequencies below § MMz, networks equivalent to that
shown in the test figure schematic are recommended.
Inadequate decoupling will result in spurious outputs
at certain operating frequencies and certain phase angles
of input and output VSWR less than 3:1.

Load Pull
During final test, each module is “load pull" tested in a
fixture having the 1dentical decoupling network described
in Figure 1. Electrical conditions are Vg and Vg equal
15.5 V output, VSWR infinite, output power equal to
16.5 watts.

FIGURE 1 — UHF POWER MODULE TEST SETUP

MHW710 BLOCK DIAGRAM

-

PN ﬂ’lﬂﬁ PING l’ma P

1

Binze
B ¢ s 2 ff c3 22
# u”mTIcz Lz” I I
L g Ca
1 A1 1Gain Conroll = = a[] 50 onm
L v - Low
Vi
Vic MHW710 TEST FIXTURE SCHEMATIC
W ol MIC;R.O"\ AB/
AD 10N 21,22 501 Microsuiphine €2, C3 01wk Ceramic
) L1 L2 Ferroacube VK200 20/48 A1 100 0nm Por, 2 W, Linear Taper
o Cl, C4  10uF Taitaum 25V

NOTE No internal D.C. blocking on nput pin.

_ @ MOTOROLA Semiconductor Products Inc.
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' MHW710

TYPICAL PERFORMANCE CURVES

@ MOTOROLA Semiconductor Products Inc.

V. VOLTAGE (Vs < Vgo)

Vsc GAIN CONTROL VOLTAGE (VOLTS)

FIGURE 6 = GAIN CONTROL CURRENT versus VOLTAGE
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FIGURE 2 - INPUT POWER, EFFICIENCY, AND
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~ MHW710 _

J'.
t > FIGURE 7 — TEST CIRCUIT
kil
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|
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.
i
i
i BODY CLEARANCE
i / FOR 4-40 SCHEW &
I I Teflon Glass Board
1= 0062"
1 R = 2.56
PIN 7 PIN 5 PIN 3 PIN 1
i NOTE
; » Mount boerd and moduie on 1/2" thick aluninum -~
| P : block for heat sinking and eiectrical giound. Pins 2, 4
and 6 are not directly connected to giound in this test
! fixture. Ground is provided through module heat sink.
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i
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MICROSTRIP DESIGN TECHNIQUES FOR
UHF AMPLIFIERS

Prepared by:
Glenn Young

INTRODUCTION

This note uses a 25 watt -UHF amplifier design as a
vehicle to discuss microstrip. design techniques. The design
concentrates on impedance matching and microstrip con-
struction considerations. A basic knowledge of Smith chart
techniques is helpful in understanding this note. |

The amplifier itself, as shown in Figure 1, provides 25
watts of output power in the 450 - 512 MHz UHF band.
It is designed for 12.5 volt operation which makes it use-
ful for mobile transmitting equipment. A variety of police,
taxi, trucking and utility, maintenance communication
systems operate in this band.

A summary of the performance of the completed ampli-
fier operating with a 12.5 volt supply at 512 MHz indi-
cates a power gain of 16 dB and a bandwidth (-1 dB) of
8 MHz. Overall efficiency is 48.5% and all harmonics are
a minimum of 20 dB below the fundamental output.

Sections on eonstruction and device handling consider-
ations are also presented.

MICROSTRIP DESIGN CONSIDERATIONS

Microstrip design was used for this amplifier due to its
inherent superiority over other methods at this frequency.
These techniques not only offer good compatibility with
the Motorola “stripline” package but they also offer very
good reproducibility. - Microstrip construction is more
efficient than lumped constant equivalents since micro-
strip lines are less lossy than lumped constant components,

Microstrip board with Teflon bonded fiberglass dielec-
tric rather than the higher dielectric constant ceramics was
chosen due to the ease of working with that type of materi-

al. A substrate thickness of 1/16-inch is convenient since -

a line of the same width as the transistor leads (0.225
inch) produces a reasonable characteristic impedance (Z,) of
40.65 ohms. The value of the characteristic impedance is

#1285 vdc .

L7
SN
cs 2%
o Cc1
e 2 g .
L
L
Microstrip
Microstri e Live
P
50 & c10 Line b=
2N5945
A T
_J! 7 c13
cun
7

L2

2N5946

Microstrip

- - Line c17 500
Microstrip

Cia Line

}__

!Cls
!C‘IS

Y|
N1

'
e -

/
Q

&)
#

All Microstrip lines 5.72 mm wide 2.5 cm long

€1,2,3, 470 pf feedthru
ca56 1.0 uf Tantalum
C7.89 0.1 uf Ceramic

C12,14 10 pf Microwave capacitor ATC type

100-8-10-M-MS or equiv.

€10,11,13,15,16,17 1.5-20 pf Compression Trimmer ARCO 420

Ferrite Bead:

L1, L2, L3 - 5 turns #20 Closewound 3/16" 1.D.

L4, LS, L6 — 0.15 uh molded choke
L7, L8 — Ferroxcube VK 200 20/4B or equiv.

Ferrite beads are Ferroxcube

56 590 65/3B or equiv

FIGURE 1 — Schematic Diagram of 25 W UHF Amplifier
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calculated from: 4
377h

= 1)
Jerx W |14+ 1.735 e,,“""(“ﬁ') =

ZO=

where € = dielectric constant

W = width of microstrip line

h = thickness of the dielectric

The h term is equal to the total thickness of the micro-
strip board minus the thickness of the copper on both
sides. In this design that term is equal to
h=62-(2x1.4)=59.2 mils @
1 oz. copper = 1.4 mils thick

The effective width should be used when the con-
ductor is of finite thickness.

R

" g, e b N RN R

t 2h
Weff=w+—(ln—t_—+l) Q)
T
where t = thickness of the conductor
i = 2x59.2 :
i Weff = 225 + (1.4/7) | In WY +1) =227.4 mils
: @

therefore:
), 377 x..0592 >
o 25 x 2274 _[1 +1.735x25 07

........................... D

)

THE AMPLIFIER DESIGN

The first decision in the design was determining the type
of matching networks to be used. The network shown in
Figure 3 was chosen because of its ability to “map” a
large area of complex impedances; this allows a good tuning
margin to compensate for normal variations in transistor
impedances and other peripheral effects. ‘A side benefit of
this network is that the series tuning element provides the
dc blocking function, eliminating the need for coupling
capacitors.

24 o s A PRI S

The synthesis of the matching networks utilizes the large
signal impedances of the transistors as specified on the data
sheets. These parameters should not be confused with
small signal 2-port parameters. A complete discussion of
large signal characterization is given in Motorola Appli-
cation note AN-282A. The impedance parameters used in
this note are taken from the respective data sheets and

2N5945
Zin 1.3+j1.5 ohms
Zoyr 46 -j5.4 ohms
2N5946
Zin 13412 ohms
Zoyr 4.2-j05 ohms
2N6136
Zin 13+j4.110hms

Zoyr 3.2+ 1.960hms

FIGURE 2 — Transistor Complex Input and
Output Impedance at 470 MHz (Series Form)
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were obtained in the manner described in AN282A.

Smith chart techniques are used to synthesize the match-
ing networks in the amplifier to be described. The complex
series equivalent input and output impedances as taken
from the data sheets are shown in Figure 2. There are an
infinite number of solutions to the required matching net-
works, however, once an initial choice of one of the com-
ponents is made, only one solution exists. It is obvious
that all components need to be kept within reasonable
limits, however it would seem that the most critical para-
meter is the length of the microstrip line. Using this
assumption, the length of the line is chosen as a starting
point. The input network, shown in Eigure 3 will be solved
to illustrate the technique.

Cs
5040 1.3+j15

L |

L4 = Microstrip Line’5.72 mm wide 2.5 cm long
Cg = 4.08 pF
Cp = 16.84 pf

re

FIGURE 3 — Equivalent Circuit of Input Network

Before proceeding to determine the component values,
the effective wavelength of the desired frequency in the
microstrip line must be known. This is accomplished by
first finding Ao, the wavelength in free space:

o = —c- = }_x_ |08
O freq 37 x 108
where ¢ = propagation constant, free space
The TEM mode wavelength is determined:

=0.638 meters

(6)

Arpm = Mof (€12 = 63.8cm/ (2.5)1/2 = 40.37em (7)

TEM

Now as the propagation in microstrip line is not pure
TEM mode, a correction factor must be applied to the last
calculation 4

1/2

: .
K £ w 1228

1+0.63 (e -1)(5)

: 25 1/2 ®

= T =1.086

1+0.63 (2.5-1) (227.4/59.2)

Then:™
X' = (Atem) (K) = (40.37) (1.086) = 43.85 cm )

This is the effective wavelength and will be used in all
further calculations. Equation 8 is valid for width to
height ratios of 0.6:1 or greater. For ratios less than
0.6:1 alter the (w/h) factor in the denominator to
(w/h)©3°7

The source and load impedances must now be normal-
ized to the 40.6552 characteristic impedance of the line and
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FIGURE 4 — Smith Chart Solution

plotted on the Smith chart. It should be noted that the
terms “‘source” and “‘load” are used here only in reference
to the Smith chart solution. ?
A source impedance of 50 + jO is normalized to 1.23

+jO and a load impedance of 1.3 + j1.5 is normalized to
0.032+j0.0369 . The load impedance is plotted at point A
in Figure 4 and the source impedance at point F. An arbi-
trary choice of 2.5 cm for the line length was made. This
is an electrical length of:

electrical length =line length/A’

=2.5 cm/43.85 cm = 0.057 A (10)
Point A is rotated on a constant VSWR circle 0.057 A
toward the generator to point B. Reactance must now be
added in parallel with the impedance presented at the end
of the line just plotted. As parallel additions are more
easily handled in admittance form, point B is converted to
an admittance by rotating it one-quarter wavelength on the
same constant VSWR circle. This results in point C in
Figure 4. The constant conductance circle that point C lies

12-58

onis noted to be 0.23. The problem now is to move along
this circle towards the generator until the reciprocal of the

constant resistance circle of the source impedance is inter- -

cepted. Thiscircle does not exist on a standard Smith chart
and must be constructed.

This is done by determining the radius of the constant
resistance circle representing the real part of the source
impedance and then constructing a circle of equal radius
with its center on the real axis and its circumference tangent
to the outer radius of the chart at zero resistance. When
this is done the intercept with the 0.23 constant real circle
isseen to lie at point D. The amount of parallel susceptance
needed to move from point C to point D is:

Bcp = (Bc - Bp) (Yo) =
4 - 0.38) (24.6) = 49.72 mmhos (1)

Thisis a p{uallel capacitance of:
Cp = BCp/2nf=49.72/(2m)(470 x 109) = 1684 pF  (12)




All that remains to finish the solution is to determine
the amount of reactance necessary to reach the source at
point F. To do this, it is first necessary to transpose point D,
which is an admittance, to an impedance. This is accom-
plished by rotating point D one-quarter wavelength on a
constant VSWR circle. This moves point D to point E
which is on the 2.04 reactance line thus representing a
series reactance of:

XcS = (XE) ® (Zp) = (2.04) »(40.65) = 82.9 ohms  (13)
A series capacitance with this reactance is:

1
§=— & T =4.08 pF (14)

2m) () (Xcs) (2m) (470 x-106) (82.9)
This completes the solution for the input network.

The interstage networks as well as the output network
are solved in similar fashion with the following differences.
In the case of the interstage networks when the imaginary
term of the source impedance is other than zero, point F
would be plotted at the complex conjugate of the source
impedance. In the output network solution the “source”
is the output load of the amplifier (50 +j0) and the “Joad”
is the collector impedance of the output device.

460 MHz 480 MHz 512 MHz
Power Gain 18 db 17.2db 16 db
Bandwidth (-1 db) 5§ MHz 6 MHz 8 MHz
Overall Efficiency 44.5% 46.5% 48.5%
Harmonics All Harmonics Better Than -20 db
Stability Amplifier Stable under all Conditions of
Drive down to Ve = 5.0 voits

Power Output 25w | 25w ] 25w
Burnout No D 9 anyT i with Load Open|

& Shortedwith 0to £180° Phasa Angle

Figure 5 gives details on the performance of the com-
pleted amplifier. The use of the porcelain dielectric chip
capacitors for the series elements in the interstage networks
was found to provide an additional 2.5 to 3.0 dB of gain
over that obtained with compression trimmers as well as
reducing the number of tuning adjustments necessary. »

CONSTRUCTION CONSIDERATIONS

As in all RF power applications, solid emitter grounds
are-imperative. . In microstrip amplifiers gain can be in-
creased more than 1 dB by grounding both of the emitter
leads to the bottom foil of the microstrip board by wrap-
ing strips of copper foil thru the transistor mounting hole
as shown in Figure 6.

Section A A

FIGURE 5 — Typical Performance Specifications

FIGURE 6 ~ Proper Emitter Grounding Method

2N5946

0.226" TYP

Board is 1/16"* Thick
Teflon Bonded Fiber-

glass Dielectric with 3
1 0z. Copper on both . /

sides.

0.290 dia

0.390 dia.

7.4 ]

FIGURE 7a — Microstrip Board Layout
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FIGURE 7b — Photograph of Amplifier

Stability under normal operating conditions is essential,
however, stability should be maintained over as wide a range
of supply voltage and drive levels as possible. If amplifier
stability is maintained at all RF drive levels with the supply
voltage reduced to between three and five volts, the designer
can be practically certain that the amplifier will remain
stable under all conditions of load. Maintaining stability
is a key factor in protecting these transistors from damage.
In a stable amplifier that has adequate heat sinking, these
transistors will withstand high VSWR loads including open
and shorted loads without damage. The major controlling
factors in obtaining wide range stability are: :

1) Mechanical layout: Good mechanical layout in-
cludes good emitter grounds (as previously described), com-
pact layout and short ground paths.

2) Biasing: The devices are all zero biased for Class “C”
operation. The use of relatively low Q base chokes with
ferrite beads on the ground side will maintain good base
circuit stability. In some applications, the use of a resistor
in series with the ground side of the base chokes on the out-
put and driver stages may enhance the stability. Approxi-
mate values of these resistors should be 10 ohms, 1/2 watt
for the driverand 1.0 ohms, 1/2 watt for the output device.
The addition of these series resistors will cause a slight loss
in gain; (about 0.1 to 0.2 dB overall),

3) Collector supply feed method:  The collector supply
feed system is designed to provide decoupling at or near the
operating frequency and a low collector load impedance at
frequencies much lower than the operating frequency.

4) Heat sinking: In order to protect against burnout
under all conditions of load, adequate heat-sinking must be

@ MOTOROLA Semiconductor FProducts Inc.
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provided. In heat sinking the device it is imperative to use
a good grade of thermal compound, such as Dow-Corning
340, on the interface between the device and its heat sink.

Figure 7a shows the microstrip board layout while
Figure 7b is a photo of the completed amplifier.

DEVICE HANDLING CONSIDERATIONS
Although the Motorola stripline package is a rugged

assembly, some care in its handling should be observed. The
most important mechanical parameter is stud-torque, speci-
fied on the data sheet at 6.5 inch-pounds maximum. This

data sheet specification is an absolute maimum and should

not be exceeded under any circumstances. A good limit to

use in production assembly is 6 inch-pounds and if for any

reason repeated assembly/dissassembly is required torque

should be limited to 5 inch-pounds.

Another major precaution to observe is to avoid upward

pressure on the leads near the case body. Stresses of this

type can crack or dislodge the cap. This type stress some-
times occurs due to adverse tolerance build-up in dimensions
when the device is mounted thru a microstrip board onto
a heat sink. Many times this type of stress is applied even
in the most carefully thought out designs due to solder
build-up on the copper foil when a device is replaced. In
device replacement care should be taken to flow all solder
away from the mounting area before the stud nut is torqued.,
Finally, one must be sure to torque the stud nut before
soldering the device leads. Refer to Motorola Application
Note AN-555 for. details on-mounting Motorola “strip-
line packaged transistors.
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RF SMALL SIGNAL DESIGN USING
TWO-PORT PARAMETERS

Prepared By:
Roy Hejhall

INTRODUCTION

Design of the solid-state, sinllsignal RF amplifier
using two-port paramelers is a systemdtic, mathematical
procedure, with an exact solution (free from approxima-
tion) dvailable for the completé design problem. The only
sources of error in the final design are parameter
variations resulting from transistor parameter distributions
and strays in the physical circuit. Parameter distributions
result fram limits in measurement and random variations
among identically designed transistoss.

The purpose of this_paper is to provide, in a single
working reference,the important relationships necessary
for the complete solution_of the RE small-signal” design
problem using two-port paranielers.

The major portion—of tlie- report  presents ~desigh
equations in terms of admittance parameters; A section on
design with scattering parameterts is also included.

This paper is based on work by Linvill I"Stern2, and
others. Those who may wish to consider the derivations of
some of the expressions should refer to the bibliography:

This report-assumes thal the rcadcr is familiar with the
two-port parameter-method of dcscnhmg a lineat active
network. Several references are available on this subject.
1,2,5,6.8,9.

It has also been assumed that a suitable transistoror
otheractive device for the task at hand has been selected,
and that _two-port parameters are  available for the
frequency and bias point which will be used. Device
selection will not be covered as a separate topic in this
report vrather, a thorough understanding of the material in
the report should proyide the designer with the tools he
needs to select! transistors fof a particular small-signal
application.

The equations given in tﬁc text of this report are
applicable o the common-eritier, common-base, or
commgbscollector configuration, if thé applicable set-of
parameters (common-emitter, common-base, or common-
collector parameters) is used. Equations for the conver-
sion of the admittance or hybrid parameters of any
confijguration to either of the otlier two configutations of
the same parametersel are.given in the appendix. *

While directed primarily {owatd circuit design with
conventional bipolar transistors, two:port-network theory
has the advantage of being applicable to any linear active
network (LAN). The same design approach and equations
may therefore be used with field effect transistors inte-
grated circuits7, or any other device which may be described

as a linear active two-port network.
Finally, various parameter interrelationships and other

_data ave given in the Appendix.

GENERAL DESIGN CONSIDERATIONS

Design of the RF small-signal tuned amplifier is usually
based on a requirement for a specified power gain at a
given frequency. Other design goals may include band-
width, stability, input-output isolation, and low noise
performance. After a basic circuit type is selected, the
applicable design equations can be solved.

Circuits may be categorized according to feedback
(neutralization, unilateralization, or no feedback), and
malching at transistor terminals (circuit admittances
eitlhier matched or mismatched to transistor input and
output admittances). Each of these circuit categories will
be discussed, including the applicable design equations
and “the considerations leading to the selection of a
particular configuration.

STABILITY

A major factor in the overall designis the potential
stability of the transistor. This may be determined by
computing the Linvill stability factor! C using the
following expression:t

|¥12 Y21
s m
2y Byp - Mo bryg¥yy)

o ]

When C is less than 1, the transistor is unconditionally
slable. When € is greater than 1, the transistor is
polentially unstable.

The C factor is atest for stability under a hypothetical
warst case condition; that is, with both input and output
{ransistor terminals open circuited. With no external
feedback. an unconditionally stable transistor will not
oseillate with any combination of source and load. If a
tiansistor is potentially unstable, certain soutce and load
combinations will produce oscillations.

Although the C factor may be used to determine the
potential stability of a transistor, the conditions of open
circuited source and load which are assumed in the C
factor fest are not applicable to a practical amplifier.

tRe (Y12Y2]) = Real part of (Y12Y2])
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Consequently it is also desirable to compute the relative
stability of actual amplifier circuits, and Stern? has
defined a stability factor k for this purpose. The k factor
is similar to the C factor except that it also takes into
account finite source and load admittances connected to
the transistor. The expression for k is:

2 (Ryy * G By, +G)

; [y12v2] + Be @aa¥ay)

If k is greater than one, the circuit will be stable. If k is
less than one, the circuit will be potentially unstable and
will very likely oscillate at some frequency.

Note that the C: factor simply predicts potential
stability of a transistor with an open circuited source and
load, while the k factor provides a stability computation
for a specific circuit.

Stability considerations will be discussed further in the
descriptions of each basic circuit type to follow.

. GENERAL DESIGN EQUATIONS

There are a number of design equations which are
applicable to most types of amplifiers. Thesé equations
will be discussed first. Descriptions.of specific amplifier
types will then follow, and each will contain additional
design equations applicable to {hat particular amplifier

POWER GAIN

The géneral expression for power gain is:

_]_y,ll’ n.(\','i———_‘-_-- %

| 1 ¥z * Mot - Zi¥81) & -
ZTR

G

Equation 3 applics to circuits with no external feed-
back. 1t can-also be used with circuits which-have external
feedback if the composite y parameters of both the
transistor and_the feedback-network are" substituted for
the transistor y parameters in the equation. The com-

. posite_y' parameters are determined by considering the

ransistor and the feedback nefwork to be two “black
hoxes™ in parallel:

e 2] &

' ' New
' Foedback I *Black
| Network l Box™
NN ‘
I ' ey
| Transistor |
L o e i o e i !

For example, the above combination of transistor and

feedback network may be characterized as a single “black
box” by the following equations:f

Yire " Yt Vi
Yize " iz i
)

Y21c * Yan * Yant

Yaze * Yo * Vau

Where: I
Yile ¥Y12¢: ¥21cy ¥22c are the composite y parametérs
of the parallel combination of transistor and feedback
network.
yiit Y12t Y21t Y22t are the y parameters of the
transistor.
y11f, Y126 Y21f, y22r are the y paraieters of the
feedback network.

Note that, since this approach {reats the transistor and
feedback network combination as a single “black box”
with ¥{1c, Y12¢c, Y2ic, and y22¢c as its y parameters, the
composite y parameters may therefore be subsli‘tu(éd in
any of the design equations applicable to a linear, active
two-port analysis. !

The neutralized and unilateralized amplifiers ate special
cases. of this general concept, and equations associated
with those special cases will be given later.

Equation-3 provides a solution for power gain of the
linear active network (transistor) only. Input and output
networks are considered to be part of the source and load,
respectively. Two important points should therefore be
kept in mind:

(1) Power gain computed from equation 3 will not
{ake into account network losses. Inpul network
loss reduces power delivered to the transistor.
Power lost in the output network is computed as
useful power output, since the load admittance
Y1 is the combination of the output network
and its load.

(2) Power gainis independent of source admitance.
An input-mismatch results in less input power
being delivered to the transistor. Accordingly,
note that equation 3 does not contain the term
Ys.

The power gain of a transistor together with its
associated input and output networks may be computed
by measuring the input and output network losses, and
subtracting them from the power gain computed with
equation 3. ;

In some cases it may be desirable to include the effects
of input matching in power gain computations. A con-
venient term is transducer gain Gt, defined as output
power delivered to a load by the transistor, divided by the

{Refer to Seshu and Balabanian, “Linear Network
Analysis,” John Wiley and Sons, 1959, P321
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maximum input power available from the source.
The equation for transducer gain is:

ame ) Re (18 |rg|

{
By 2 )
Joran * Yo 022 LY 'n‘:ll

In this equation, YL is the composite transistor load
admittance-composed of both output network and ils
load, and Y is the composile transistor source admil-
tance-composed of both input network and its source.
Therefore, transducer gain includes the cffects of the
degree of admittance match at the transistor input
terminals but does not take into account input and output
network losses.

As in equation 3, the composite y parameters of a
transistor feedback network combination may be substi-
tuted for the transistor y parameters when such a
combination is used. :

The Maximum Available Gain MAG is an often used
transistor figurc-of-merit. The MAG. is_the (heoretical
power gain of a transistor with its  reverse transfer
admittance y 172 set equal to zero, and its source and load
admittances conjugately matched to.yj} and y77, respec-
tively.

If'yj2 = 0, the transistor exhibits an input admittance
equal to yjj and an output admitiance equal to y22.f
The equation for MAG is, therefore, obtained by solving
the general power gain expression, equation 3, with the
conditions

ylz =0
Y11
sk ’u.
where * denotes conjugate
which yields:
!
2
Jal
MAG & ———p————tpretie—iun, s)

L Re (7,) Ra ()

MAG is a figure of merit only, since it is physically
impossible to reduce y12 to zero without changing the
other parameters of the transistor. An external feedback
network may be used to achieve a composite y12 of zero,
but then the other composite parameters will also be
modified according to_the. relationships given in the

discussion of the composite. transistor — feedback net-

work “black box.”

Obtained by solving the equations for transistor Y N and
YoUT with y{2 equal to zero. These equations are given
Iater in the report.

D

CASCADED LAN'S

Design calculations for cascaded LAN's may be per-
formed by first computing composite iwo-port parameters
as was done in the case of the paralle] LAN’s.

For the following cascaded LAN’s

|' _____________ 1 New
Ye “Black
‘I | Box"
e T 8 St
| Ya Yb :
o————:—a T o)
| |
|
Vo o e A ;|

The composite y parameters are:
-

B Y12a Y212
Yite “Yi1a "5, s ¥qqr
22a 11b
Y1z 21

Yoz = Vaon -5
22 “ 20 "y T e

Juataw

S
e Y222 * Y1rn

JJaza¥1mn
Y222 * Y1t

Yy2e

where Yite, ¥22¢, Y2lc» Y12c are the composite s

" -parameters of the cascaded LAN’s.

TRANSISTOR INPUT AND OUTPUT ADMITTANCES

The expression for the input admittance of a (ransistor
is:

- ————— (L]

The expression for the output admittance of a tran-
sistor is:

@ —— ®

When the feedback parameter y|2 is not zero, YN is
dependent on load admittance and YQUT is dependent on
source admittance.

AMPLIFIER STABILITY

One of the major considerations in RF amplifier design
is stability. The stability of a final design can be assured
by including stability computations and considering stabil-
ity in all design decisions relating to feedback and
transistor source and load admittances.

The potential stability of the transistor should first be
computed using equation 1.
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The various alternatives concerning input — output
matching and neutralization - unilateralization will now
be discussed for both the unconditionally stable transistor
and the potentially unstable transistor.

THE UNCONDITIONALLY STABLE TRANSISTOR

When the Linvill stability factor of the transistor as
determined by equation 1 is less than one, the transistor is
unconditionally stable. Oscillations will not occur using
any combination of source and load admittances without
external feedback. Stability is therefore eliminated as a
factor in the remainder of the design, and complete
freedom is possible with regard to matching and neutrali-
zation to optimize the amplifier for other performance
requirements.

AMPLIFIERS WITHOUT FEEDBACK

The amplifier with no feedback is a logical choice for
the unconditionally stable transistor in many applications
since it may offer the advantagés of fewer components
and a simple tuning procedure.

Source and load admittances may be selected for
maximum gain and/or any niimbér of other requirements.
Power gain and transducer gain may be computed using
equations 3 and 5, respectively; input and output admit-
tances may be computed using equations 8 and 9,
respectively.

The amplifier stability factor may be computed using
equation 2, While amplifier stability was assured from the
_beginning by the use of an unconditionally stable tran-
sistor, the ‘designer may still wish to perform this
computation to provide some insight into danger of
instability under adverse environmental conditions, ource
and load variations, ete.

Gmax

Gmax, the highest transducer gain possible without
external feedback, forms a special case of the no feedback
amplifier.

The source and load admittances required to achieve
Gmax may be computed from the following:

1 A
f 2 2
% TGy “ 2 Relyyg) Re gl Re trygra] 2 - Jrigry| 1 10}
LTS v
BT iy, gty )
5 12 Relyy,)
oo, o) RN L
O " T ety [ T Ry - ReGaata | - v (12)
miya 1)

(13)

Bl - Thilygy) * —
L B Rl )

Therefore, if the maximum possible power gain with-
out feedback is desired for an amplifier, equations 10, 11
12, and 13 are used to compute Yg and Y{..
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The magnitude of Gpax may be computed from the
following expressions:
Cmax \
2
Iy"' LREL)]

2 1|’
2 Rely, ) Rely,5) - Rely vy« I[: Re(y, ) Relyq) - Refy vy 0] ? - |y"y“' ’

Equations 10, 11, 12, and 13 can be obtained by
differentiating equation 5 with respect to Gg, Bg, G, and
B, and setting the four derivatives equal to zero. The Gg,
Bs, G1, and By thus computed can then be substilited in
equation 5 to obtain the expression for Gmax, equation
14.

THE LINVILL METHOD

The amplifier without feedback design problem may
also be solved graphically using a technique developed by
J. G. Linvill.t Linvill’s technique is very useful for 4
certain class of problems. Since it is so fully discussed in
many good references, we will not go into it further here.

. An advantage of the Linvill technique is that it ptovides a

reasonably rapid graphic solution relating gain, band-
width, and stability. A disadvantage is its scope of

usefulness, since_the standard Linvill solution applies only

to an amplifier with no external feedback and the Ys
conjugately matched to the transistor input admittance,

YIN-
THE UNILATERALIZED AMPLIFIER

Unilateralization consists of employing an external
feedback network to achieve a composite y 7 of zero.

_ While unilateralization is perhaps most often used to
achieve stability with a potentially unstable transistor,
other circuit. considerations may also warrant the use of
unilateralization  with the unconditionally stable tran-
sistor. For example, the input-output isolation afforded
by unilateralization may be desirable in a particular

- design.

Design- equations for the unilateralized case are ob-
tained by first computing the composite y parameters of
the transistor — feedback network combination and then
substituting the ‘composite parameters in the géneral
equations. i

Referring to the discussion on composite y paranﬁetels
and setting up the basic condition that y{2¢ must equal
zero, the other composite y parameters can be computed.
Assuming that a passive feedback network is being uised,
then

Yyge " Yo ® Yo * Vo
and since yyo =0,y 0 4 ¥y "0

e Ven ~ o

A Yyae " Yyae " Yaae * Y2 T Vo

+ See reference 4 in the bibliography.
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Substituting the above results in equations 4 yields the

following:

Substituting these complete y parameters in -equations
8,9, 3,7, and 5 respectively, yields equations 15, 16, 17
18, and 19 respectively for the unilateralized case.

Yite " Yine
Y22¢ " Yau
Yize " Vi

Ya1c " Yane

i
Y

.y”!-O

“Nin

Unilateralized input admittance

Yin“ut e

Unilateralized output admittance

VOUT

Unilateralized power gain, general expression:

G

Unilateralized power .ga'in with. Y[ / conjugately
matched to YouT:

ks

*¥22* %5

A 2
]yn ."nl W, )

Py "
'VL e TR T

3
I'zl "ul

4 Rey,

oy i3 Relyyy +

Unilateralized transducer gain:

16
S0 8

Note that equations 15, 16, 17, 18 and 19, are given
entirely in terms of the transistor y parameters, not those
of the feedback network or the composite.

Another benefit of unilateralization is input — output
isolation. As can be seen in equations 15 and 16, YN is
completely independent of Yp, and YOUT is similarly
independent of Y. In a practical sense, this means that in
a single or multistage amplifier using unilateralized stages,
tuning of any one network will not affect tuning in other
parts of the circnit. Thus, the troublesome task of having
to re-peak an entire amplifier following a change in tuning

2
4 Re(Y) Re(Y, ) 'y" -yﬂl

? Rely,,)

|"u SR Ggale v WY,

at asingle point can be eliminated.

NEUTRALIZATION

Neutralization consists-of employing a feedback net-
~work to reduce yj2 to ‘some value other than zero.
Neutralization is generally used for the same purposes as
unilateralization, but provides something fess than the
ideal cancellation of the transistor feedback parameter
which unilateralization achieves. A typical example of
neutralization might be a feedback network which pro-
vides a composite bj2 of zero while having only a

negligible effect on the transistor g17.

66

The equations for a particular neutralized case would
be developed in the same manner as those for the
unilateralized case. Since there are an infinite number of
possibilities, no specific equations will be given here.

This completes the discussion of “design with the
unconditionally stable transistor. The potentially unstable
transistor will now be considered.

THE POTENTIALLY UNSTABLE TRANSISTOR

When the Linvill stability factor of the transistor as
determined by equation 1 is greater than one, the
transistor is potentially unstable. Certain combinations of
source and load admittances will cause oscillations if no
feedback is used. In designing with the potentially
unstable transistor, steps must be taken to insure that the
amplifier will be stable. i

Stability is usually achieved by one ot both of two
methods:

(1) Using a feedback network which reduces the

composite y|2 to a value which in'sures‘s(abili'ty.

(2) Choosing a source and load admittance combina-

tion which provides stability.

+A discussion of these basic methods is given below.

USING FEEDBACK TO ACHIEVE STABILITY

Either unilateralization or neutralization may be used
to achieve “stability. If unilateralization is used, the
transistor-feedback network combination will be uncon-
ditionally stable. This may be verified by computing the
Linvill stability factor of the combination. Since y12¢ =0,
the numerator in equation 1 would be zero.

With stability thus assured, the remainder of the design
may then be done to satisfy other requirements placed on
the amplifier. After unilateralization has converted the
potentially. unstable transistor to an unconditionally
stable combination, all other aspects of the design are
identical to the unilateralized case with the uncondition-
ally stable transistor. Power gains and input and output
admittances may be computed using equations 15 through
19. ;

If neutralization is used to achieve stability, the Linvill
stability factor can be used to compute the potential
stability of any transistor — neutralization network
combination. Since in this case yj2¢ # 0, C will have a
value other than zero.

After unconditional stability of the transistor-neutrali-
zation network combination has been achieved, the design
may then be completed by treating the combination as an
unconditionally stable transistor, and proceeding with the
case of the unconditionally stable transistor in an
amplifier without feedback. Power gains, input and
output admittances, and the circuit stability factor may
be computed by using the composite parameters of the
combination in equations 2,3, 5, 8, and 9.

STABILITY WITHOUT FEEDBACK

A stable design with the potentially unstable transistor
is possible without external feedback by proper choice of
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souce and load admittances. This ¢an be seen by inspec-
tion of equation 2; Gg andfor G, can behmade large
enough (o yield a stable circuit regardless of the defree of
potential instability of the transistor.

This suggests a relatively simple way to achieve a stable
design with a potentially unstable transistor. A circuit
stability factor k is selected, and equation 2 is used to
arrive at values of Gg and Gy which will provide the
desired k. In achieving a particular éircuit stability factor,
the designer may choose any of the following eerbina-
tions of matching or mismatching of Gg and G} lo the
transistor input and output conductances, respectively:

(1) Gg matched and G1_ misntalchéd

(2) Gt matched and Gg mismaiched

(3) Both G and G, mismatched 7

Often a decision on which combination to use will be
dictated by other performance reduitements or practical
considerations.

Once Gg and G have been chosen, the remainder of
the .design may be completed usin§ the relationships
which apply to the amplifier without feedback. Power
gain and input and output admittancés may be computed
using equations 3, 5, 8, and 9.

Although the above procedure may be hdequate in
many cases, a more systematic method of source and load
admittance determination is desirable for designs which
demand maximum power gain per degree of circuit
stability. Stern has analyzed this problem and developed

equations for computing the conductdnce and susceptance.
. of both Yg and Y| for maximum power gain for a

particular circuit stability factor.2,4 These equations are
given here:

Gy \J"[l’lz’zll A '“"’12’11’].\’7_'_“__ %y (20)
2 €22

Oy " \J"”'xz’n' 8 “"’n’n’].\j £ 6y (an

2 11

©, + &) 2o

Bt F‘“n:’nl g Re(n:’zl)] Y 3
(G, + gy)) Z0
" ‘J g “’ll’!l‘ 5 _R'(’li'z!’] )% <
threz, ) B, + 5, )G, » Byg) » By ¢ byo) KL SMY/2(G, + £y} n
\r K (L« M) .
L I"u'zll %)
M = Re(y"y“) (26)

Defining D as the demoninator in eqiation 5 yields:

z4

{xw - o+ ] 2?
Dam— s o

2

R T P TR S )
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L+ M) r
where, Ae—m—op— - M, (10)

' N imlyyy)), b
and,.

Zo = that real value of Z which results in the smaflest
minimum of D, found by setting,

a3 -
2 o[k(LuM)AZMIZ-m\’k(LnM) (30}

equal to zero. \
Computation of Yg and Y{_ usinf equations 3b thedugh
30 is a bit tedious to be ddne very fréquesitly, and this
may have discouraged wide usage of the complete Stern
solution. However, éxdmination of Stérn's work suggests
some interesting shorteuts: Y
(A) COMPUTATION OF Gg AND Gi ONLY, USING
EQUATIONS 20 AND 21. If 4 valué equdl to
-by7 is then chosen for §L, the resulting Yy, will
be very close to the frue Y{, for maximum ain.
The transistor YN can then be compuled from
YL using equation 8, and By can be $ét edual to
Am(YIN). . .
Comptitation of Bg and Bf, compriée by fat
the more éomplex portfon}of the Sterfi solution.
This alternate method therefore permits the
designer to closely approximale the exac{ Stern
solution for Yg and Y[ while avoiding that
portion of the computations which are the fost
complex and time consuming. urthér, the cir-
cuit can be designed with tuning adjustmenté for
varying Bg and BY, thereby creating thé possi-
bility of experimentally achieving the trué B and
B, Tor maximlim gain as accurately a8 {f alf the
Stern equations had beep solvéd.
(B) MISMATCHING G¢ TO 1] AND Gt, TO g2
BY AN EQUAL RATIO YIELDS A TR
STERN SOLUTION FOR Gg AND Gt. This can
be derived from equations 20 and 21, which lead
to the following result:

b AT on
f22 "y
If a mismatch ratio, R, is defined as follows,
GL o. N
Re — o — 0
L7P0

then R may be computed for any particular
circuit stability factor using the equation:

+ R 1)
ot EM] i
LTI

Equation 33 was derived from equatioh 4 and
32. Having thus determined K, Gg and 61 én be
quickly found using equation 32.

By and B can then be détermihéd in the




e A

manner described above in alternate method (A).

This alternate méthod may be advantageous if
source and load admittances and power gains for
several different valiies 6f k are desired. Once the
R for a particular k has been determined, the R
for any other k may be quickly found from the
equation N

a.anpt o

1 (34

2
sk,

where R{ and Ry dre valueé of R éofresponding
tokj and ko, respcétivély.

(C), COMPUTER DESIGN. The complete Stern
design problem may be prograﬁmcd into a
computer. Power gain, circuit stability factor, Ys
and Yy can be obtained from tlie con’1puier for
any value of k. MAG, Gy, and the Linvill
stability factor of thé transistor may also be
included in the program.

After employing either the complete Stern solution or

an alternate method to obtiin Yg and YL for the

_poténtially unstable transistor in an amplifier without

feedback, power gains and input and output admittances
may be obtained using equations 3, 5, 8,and 9.

SENSITIVITY

{n all but the unilateralized amplificr, Y{fy is a function
of foad-admittance. Thus Y[{ changes with-ouiput circuit
tuning, and this can be trodblesomé. Consequently, it i$
sometimes desirable to computt the extent of variation of
YIN with changes in Y[. A term, scnsitivity §, has been
defined to provide a measure cif this characteristic, and is
equal to per cent change in YN divided by per cent
change in YL. The equation for sensitivity is:

Y

L En K.

.
Tzt Yyt o oue us
f22

n
whére, Y21 Y13
K=
811 a3

0= arg Lyppryy) *

i v oo
Yaa * Y| | Tm

Kk .k (cos@s | sin0}

A more complete discussion of sénsitivity is given in
reference 5.

DESIGN WITH SCATTERING PARAMETERS

Scattering, or s parameters have greatly intreased in
popularity since the late 1960’4, largely due to the
appearance of sophisticated ndw cquipment for perform-
ing s parameter measurements.

A summary of 5 parametét de§l§n eqliations is given
below.

Power gain:

isu - ’Lli’.
a-Joy o Je P isl - 1ogP - 2me iy

Ge (36
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38 =880 - 810

N =SZZ-DS'“

-

Transducer gain:

[ A b

G - - — (an
R TR R AL PA TR
Input reflection coefficient:
.
3,,8,.F
L e (3
. SafL
Output reflection coefficient:
8,5, T,
. 1221 s
S5 %8y, s . (9
27522 -5, Ty
Linvill stability factor:
c-x!
2 2 2
U asf? s 218
K= T , o
12521

AS+5.5 - 518 :

Equation 40 which gives K, the reciprocal of C, is
presented in this form because it is the s pal“ame(cr
stability expression most often scen in the Ii(eratull‘é. Kin
cquation 40 must not be confused with Stern stability
factor k given in equation 2.

Maximum unneutralized transducer gain, uncondition-
ally stable LAN:

s
21 4T
Gm“,}?’;m. (3 -nl 4n

k=c!
C = Linvill Stabillty Factor
Source and load reflection coefficients for a conjugate

match of the unconditionally stable LAN in an amplifier
without feedback:

]

2
s Y Bl - 4iM; (
S 2
s 2IM

B, s vB? - aln)*
4

2N

{(n

FoL =N

Where B = 1+ Is“[’ NEM NN
Byxis lszzlz 'ISHP 'l“lz
M=8j - (agis,, )

N=8,, - (6g)s,

A more comprehensive treatment of amplifier design
with s parameters is given In references 6, 8, and 9.

One cautionary nofe is in order.

Several papers have been published on the fubject of
simplifying the s parameter design procedure by making
the assumption that the reverse transfér paratneler, $12, is
equal to zero. This procedure totally ignores the entire

16-132



problem of amplifier stability. ,

Modern high gain solid-state RF devices will readily
oscillate under a wide variety of circuit conditions.
Stability problems are encountered everd With extremely
low fecdback devices such as Linear IC’s and dual gate
MOSFETS. Therefore, amplifier design calculations which
do not include device and circuit feedbidck are only an
approximation which will yield either an inaccurate
solution or possibly even an oscillator when the design is
tested in the laboratory. Reference 10 provides more
detail on the shortcomings of this procedire, including an
amplifier design example which did turn out {o be an
oscillator.

SUMMARY Of DESIGN PROCEDURE

A summary of the amplifier debign procedure using
two-port parameters is given below.

I. Determine the potential instability of the active
device.

2. If the device is not unconditionally stable, decide on
a course of action to insure circuit stability. '

3. Determine whether or not leedback is to be used.

4. Determine source and load admittances.

5. Design appropriate networks lo provide the desired
source and load admittances.

’

Stability (Steps 1 and 2 above)

A stability computation for.the worst case conditions
of open circuit source and load is provided by Linvill's
stability factor C. If the C faclor indicates untonditional
stability, no combination of pasive terminations can
cause oscillations.

Stability caleulations should include the total fecdb_ack‘

of the amplificr. In the case of extremely low feedback
devices such as dual gate MOSF.ET’s and Linear IC's,
external circuit feedback often eclipses the intcrnal device
feedback. In such a case, the desigher should measure the
external circuit feedback and includé it in the design
calculations. To accomplish this, see the earlier section of
this note on the composite parameters of two-port LAN’s
in parallel.

If the device is unconditionally stable, the design may
proceed to fulfill other objectives without fear of oscilla-
tions. If the device is potemially uhstab‘e, steps must be
taken to prevent oscillafions in thé final design. Stability
is achieved by proper selection of source and load
admittances, by the use of feedback, or both.

Feedback (Step 3)

Feedback may be employed fn the tuned high fre-
quency amplifier to achieve stability, input-output isola-
tion, or to alter the gain and terminal admittances of the
active device. A decision to employ feedback would be
based on whether or not ils usé wis (HE optimum way to

accomplish one of the foregoing objectives in a particuldr
application.

If feedback is employed, the device parameters may t)é
modificd to include the feedback network in accordahed
with standard two-port network theory. The remainder of

- the design may then proceed by treating. the transistor-
feedback network combination as a single, new two-port
linear aclive network,

Saurce end Load Admittances (Step 4)

Source and load admittance determination is de-
. pendent upon gain and stability considerations, logelf\c:r
with practical circuit limitations.

I the device is either unconditionally dtable itself or
has been made stable with feedback, stability need ot be
a migjor (actor.in the determination of source and load. (f
the device is polentially unstable and feédback is ncﬁ
employed, then a source and load which will guardritee 4
certain degree of circuit stability must be used. Aldo, it is
a good idea to check the circuit stability factor during this
step even when an unconditionally stdble device is used,

Finally, practical lifnitations in matching networkd hnd
components may also play an imporlant pdrt of sotirke
and load admittance détermination.

*
Network Design (Step 5)

The final step consists of network Synthesis to achieve
the desired source and loid admittances éomputed in step
4. .

Sometimes, it will be difficult to achieve a désired
source and load due to tuning rahge limitations, excess
nelwork lod§es, component limitationd, &é. In such casbs,
the source and load admittances will be a cor’hprohﬂse
between desired performance and practical fimitationd.

SUMMARY

The small signal drhplifier pérformance of a (rar'gslgtof is
completely described by two-port admittance pardmétérs,
Based on these. parameters, ¢quitions for computing the
stability, gain, and oplimum source and load admittinces
for the unilateralized, neutralized, and no-feedbick
amplifier cases have been discussed.

The unconditionally siablestransistor will not osclifate
with any combination of source and load admittances,
and circuits using a stable transistor may be optimized for
other performance requirements without fear of oscilla-
tions. oy

The potentially unstable transistor tequires that stepd
be taken to guarantee a stable design. Stability is usuhlly
achieved by unilateralization, neutralization, or selection
of source and foad admittahces which result in a stable
amplifier.

Unilateralization and neutralization reduce thé cbm-
posite reverse transfer admittance. They may bé used to
achieve stability, input — outgut isdlation, or both.

Maximum power gain per depree of circuit stability
without feedback may be achieved using Stern's equa-
tions.
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The degree ol input ~ outpul isolation i§ described by
the term sensitivity, which mdkes it posdible to conipute
changes in input admittince fof ally changé in load
admittance.

‘The theory and deslgn équations in this report dre
applicable to any lincar aclive device Wwhich may be
characterized as a two-port nctwork. Thereforé, the term
“transistor” used hercin tefers generally to all such
devices, including FETs and integrated circuits.
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GLOSSARY

C = Liavill's stability factor

k = Stern’s stability factor

Gs = Real part of the source admittance

Gf{. = Real part of the load adhittance

Bs = Imaginary part of tlik Source admittdnce

B = Imaginary part of the load admittance

811
£§32 = Real part of y39

"

Real part of y1{

Generalized power gaih

G =
YL = Complex load admittance
Yy = Complex source admittahce
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GT = Transducer gain

MAG = Maximum avaitable gain
" = Conjugate

YiN
YOoUT = Output admittance

Input ddmittarice

Gmax = Maximum gain without feedback

GU = Unilateralized gain

GTy = Unilateralized transducer gain

3 = Sensitivity

511 = Input reflectioh coefficient

§'22 = Output reflection coefficient

', = Load reflection coefficient

I's = Source reflection coefficient

K = Scatlering parameter stability factor
APPENDIX I :

A. Conversions among parameter types fot y, 2/h, and g
paramelers.
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htog and h parameters.
. .
h -h -h b * Common cmilter y parameters in terms of common
3 u
base and common collector y paramcters.

By = &gy 7 T 8y * T
1 an 127 4n 2 ah
Yyge " Yim ¢ Tim * Yatb * Tam T Tite
where 8h = h, . h « h,h
The? 1221
2 Yize = Wiz * Yamw) 7 "Upye * Yiad

Tage = Vo * Tam) * “Wye * Y

gtoh
Ya2¢ " Yam " Tae * Tize * T21e * T22e
€2 ! “812 ~F21 LM
h,, s — by = — h,, = —— h,, = — . ™
n Ty 127 "y 2" o Common base y parameters in terms of common emilter
. and common collector y parameters.
where 88 * €3 f33 - 612821
Tip = Tie * Yize * Tare * Y2z " T22e
ztoy
*22 12 i 1y Tim = Uiz * Tazed " Vaie * Taad
B Ppp— Yoy ® =
u "o 127, n " 2",
Yoo = Uage * 22 * “Uize * Tazd
where 42 =1." 1.22 - le "2'1
R Yam = Yaze " Tite * Yize * are * Va2
ytoz ) .
v g Y - Common collector y parameters in terms of commdn
- 2 & i 2t N e el J / 5 emitter and common base y parameters.
By 12 7 23 oy n
, Yize = Yite * Yite * Vi * T2t Tam
where 8y =74y ¥az - Y1274 ’
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ztog
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11 11 11 1 Yaze = Tite * Yige * Yate * T22¢ * Timv
‘where 8% =2y gy - LI Common emitter h parameters in terms of common base
and common collector h parametets.
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B. Conversions among common émitter,” common base, A — N
e - h
and common cp“ector parameters of the same type for y, . PracPaze hage Mize 2ie
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- - h
1 12«
R T R L' TH
hape 1-hyze) + Pyyehage ; , "1e Paze
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12¢
*rieMaze T Mate Mize "21e
ot (1-012e) = Bpge Phge Mate
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hite Paze - Page Miae hate
hze B2
h = -
235
(14 hygd (Ihpp ) + by hage 1+ hote
o Pae "azc
- - L]
RicP22e - Page Prae hate

Common collector h parameters in terms of common base
and common emitter h parameters.
K b

11b 116
h ~ = h
11c Ite
T T e T ) Le by
1any,
h - L G B |
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(1s happ) (1-hygy) = g by,
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- ~ A ey ..
21c q 21e
@ hypp) Uehygy) + Rggptypy 1 ¢ by é
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Expressions “for voltage gain, current gain, input im-
pedance, and output impedance in terms of y,z, h,and g
parameters.

Voltage Gain

1w?,  Tap Vo My A2 gy e 2
Sy (147y)
T8, 7 G o5

Current Gain

T S Yt VR 7 T 1Y
M

Zag * ZL ay & y”YL hli - YL ag » 'I]ZL

Input Impedance

Az 4+ zq ZL Vo4 + YL ah + h“'\{L
ZKN = = =

22 v %L Ay sy, Y by + Yy,

2 * 7y,

ag + 3% ZL
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Output Impedance

AT znz,. Tyt Y. A h“ + Z'
ZOUT ] LTI ) Ay + ¥4 Y, ) ah 4+ hae 24
BE + g5y ¥,
e, v

Conversion between y parameters and s (scattering) para-
weters:
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Ypp = [—— = = L
((1e8yg) {148y ) -8y 804] 2,

where Zy= the characteristic impedance of the transmis-
sion lines used in the scattering paraneter
system, usually 50 chms.

Conversion between h parameters and s parameters:

by N thaged) - by by,
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284y

Mg = et
(-5,,) (rspg) + 8y 334
(1-8,7) (48y5) + 81, %y

. _r (1-8,9) (1-5,)) -8,y ’zx] 1

2 T R

Py

| t1n converting fromy to s parameters,-the y parameters
must first be multiplied by Zo, and thén substituted in
the equations for conversion to s parameters.

t1In converting fromh to s parar_netérs, the h paramélers
must Girst be normalized to Zo in the following
manner and then substituted in the equations for
conversion to s parameters:

Parameter To Normalize
hyg divide by Zg
hia use as is
h71 use 4s is
L) multiply by Zg

&onvcrsion between z paramelers and s parameters:

2 :1“5”)(1-5“)‘315 =
1 (l~8'") (l-.Sn)-SnSzx (]

28
. Zin= z
t2” [ (-8 {1-5,, SR8 ©

%) P AN
%, = | r 7,
217 (-8, ) 11-8,) -8;,85) °
o T8, (8-8,)+ 8,8, .
227 [(1-5y) (1 -850 -BypSy| @
(7:x - 1) (Zzz v - Zl}m

S0 T T T Byt Do Byt Ht

22
RPN 131 GOl LORCK
812 @y 7 D2y V- Zypty ttf
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2T {2y e D iZgy 0 B - 250 Ht

(Zyy+ D {2, =1 - 20,2,
i 22 1221

8 = . - 1‘1‘?
217 {2y, - 1 lzu D -T,%y)

+11In convérting from z to s parameters, the z parameters
must first be divided by Zo, and lhen substituted in
the equations for conversion o s parameters.
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UHF AMPLIFIER DESIGN
USING DATA SHEET DESIGN CURVES

INTRODUCTION ‘

The design of UHF ampliﬁerk usually involves a parti-
¢ulaf sel of device parameters gt which h, y, and s param-
eters are probably the most familiar. These parameters are
cominonly used to determine deice loading (input and out-
put) admittances for particular fain and stability criteria.
The design procedure for determining gain and stability
usually involves 2 mathematicdl solution, a graphical ap-
proach, or a combination of both.

This report describes a design technique for;he unned-
tralized case whereby the device loading admitlances are
taken directly from device design curves. An example is
given of how these design parametets are used to design a
single stage | GHz microstrip amyl{ﬁer and predicted re-
sultd are compared to actual measured values. Practical
circuit construction technigues are also discussed for the
benéfit of readers unfamiliar with microstrip techniques.

STABILITY CONSIDERATIONS

Two very important methods! for expressing stability
involve Linvill's stability factor “C" and Stern's stability
factor “k”. The first deals primarily with the device since
an open termination is assusned 6n both the inpiit and out-
put and is formulated:

d Y12¥12|
281 857 - Rely12727)

If “C™ is grealer than 1, ghé tfansistor is potentially. un-
stable. However, if C is less than 1, the transistor is un-
conditionally stable. The C factor versus frequency for
the common base and common é&mitter configurations
(2N4957) are shown in Figures 10 and 17 respactively.
The second method is primarily circuit oriented and is
used to compute the relative stability of an actual ampli-
fier circuit for the particular source and load terminations

used. If “k” is greater than 1, the circuit is stable. 1 “k” |

is fess than 1 the circuit is potentially unstable

Stern has developed equations fot calculating the input
and output loading admittances for maximum power gain
with a particular stability factor, k. These values of jnput
and output admittances in conjurittion with the device
parameters can then be used to chlculate the transducet
gain.

20y 1+ Gs) gy, + GL)

V1221l * Re {y13y,)

G _J Kjyi2ya1l + Relyiayal] fen
s~ . -

2 222 =811
GL=/ Kly12y21l * Relyy2v21) 822
2 Vi, 2

(Gs + 81 1) Zo

Bs = - b
" VidFrovar Reviva)
(GL *+832) Zo . ~
BL=\/ e ) == —b22 L
kllyjayaql +Rely)ayap)
Where,

- (Bs+ by ) (GL*+ 839 +HBL+byg) k(L+MY2(GL+89)

JK(L+ M)

L=|yi2v21]

M= Re(ynyzl) -

Defining D as the denominator in GT expression yie]ds:

4 ] 22
D=—i—- + M‘—"—M);—NI-Z—-ZNM(L+K1)+A2+N2

where,

and,

i

AKLEM)

2 ,

N=lmly;5y50),

Zq = that real value of Z which results in the smallest mini-
mum of D, found by setting,

dD

& =73+ [k(L + M)+ 2M] Z - 2N Vk(L + M).

equal to zero.

4Re (Yg) Re (YL) Iy 2

Gr=

k
Gs
GL
B
BL
f11
B22
YL

Gt
YIN

YOouT

Gmax:
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I(Y“ "‘Ys) (y22+YL)—y12y2,|2

Stern’s stability factor

Real part of the source admittarice

Real part of the load admiitance
Imaginary part of the source admittdfice
Imaginary part of the load admittince
Real pdrt of y !

Real part of Y95 f
Complex load admittance

Complex source admittance
Transducer gain

Input admittance

Output admittance

= Maximum gain without feedback




Computer solutions of these equations for various values
of k versus frequency have been plotted in Appendix I for
the 2N4957. These curves include common-base (Figures
10 through 16) and common-emitter (Figures 17 through
22).

From these curves, the designer can determine the input

and output loading admittances for maximum power gain .

at a particular circuit stability. In addition, the transducer
power gain under these conditions can also be determined.
Thus the designer, rather than reading s or y parameters
from a curve and using this information to design an ampli-
fier, has all the design equations solved and presented in
convenient, computer-derived design curves.

The following example demonstrates how these curves
can be utilized in the design of a 1 GHz amplifier using the
2N4957. In addition, a second example is shown to de-
monstrate the special case where input admittance is de-
termined primarily by noise figure considerations rather
than by maximum power gain.

1 GHz AMPLIFIER DESIGN

A preliminary investigation of stability and power gain,
common-emitter and common-base, can be quickly made
from the design curves. For instance, the unilateralized
gain (Figure 8) at 1 GHz is approximately-15.dB for either
the common-emitter or common-base eonfiguration. Also,
the C factor for the common-base configuration {Figure 10)
is greater than one and indicates potential device instability.
However, the C factor for the commori-emitter configura-

tion (Figure 17) i