
Lumped-Constant Line Stretcher
For Testing Power Amplifier
Stability
To determine the stability of an RF power amplifier,
oscillator, or transmitter under harsh conditions,
a variable line and fixed attenuator are used to
simulate a given VSWR at all phase angles. This article
describes a lumped-constant line stretcher using
either variable capacitors or inductors
By E.A. Franke and A.E. Noorani
General Electric Company
Lynchburg, VA 24502

Transmitters employing electron tubes were typically
narrowband tuned devices. With the advent of the tran-

sistor, the RF power amplifier is capable of wideband op-
eration and must therefore be evaluated for stability to
avoid interference with other signals. The spectral purity
must be maintained in spite of variations in temperature,
supply voltage, or load impedance. For applications such
as marine, automotive, or portable operation, the antenna
may present a severe mismatch to the power amplifier due
to the proximity of foreign objects, environmental corrosion,
or a pinched coaxial cable. A most stringent test of stability
occurs when the power amplifier operates into a high-Q
load such as a narrowband duplexer or cavity filter. Com-
mercial mobile transmitters are typically rated to maintain
stability into a 3:1 VSWR even under fluctuations of 1 20%
in supply voltage.
The power amplifier may be tested into a worse case mis-

match at all phase angles. This is easily simulated by con-
necting the amplifier output to an attenuator followed by
an adjustable air line terminated in either an open or a
short, (Figure 1). Stability is monitored on a spectrum ana-
lyzer connected to a directional coupler placed between
the power amplifier and the attenuator. Movement of the
air line through one-half wavelength will traverse a complete
circle around the Smith Chart. The radius of the circle Wlll
depend on the size of attenuator used. The mismatch pre-
sented by the artificial load is best described using return
loss. The value of return loss is simply twice the attenuation
48

of the fixed pad, assuming negligible loss in the adjustable
air line. The mismatch in terms of standing wave ratio is
given as

tt t dBvswn = coth [a enugggé )] (1)
Th: radius of the mismatch circle on the normalized

Smith Chart intersects the right half of the abscissa at the
value of the VSWR.
Recently Roderick Blocksome‘ reported on a binary

stepped transmission line formed by numerous lengths of
coaxial cable and relays. Below 200 MHz the length of a
half-wave adjustable air line (>75 cm) becomes so cumber-
some that a continuously-variable, lumped-constant version
is needed. This article suggests a stretcher using either
variable capacitors or inductors instead of transmission
lines.

Lumped-Constant Line Stretcher
Consider the network shown in Figure 2. The input im-

pedance is simply the parallel combination of two series
circuits L1, C1 and L2, C2.

/ 1 l_
KQJL1 — w_C_, wL2 — coC
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Figure 1. The spectral stability of a power ampli-
fier may be examined for a mismatch at all phase
angles.
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Examination of the above equation shows two zeros in
the numerator corresponding to two series resonances. A
parallel resonance occurs in the denominator when

w(L, + 1.2) = 03-? , (3)

where C, = C2 = C and assuming a ganged dual section
or butterfly variable capacitor. The above equation may be
rewritten as

XC= 

 Zr/v——>

L1 L2

where XL, = wL,, XL2 = coL2 and XC = B16 . GANGED

At any given frequency, the locus of impedance points
plotted on a Smith Chart as the capacitor is varied will be a
circle similar to that achieved using a variable length trans-
mission line. If an attenuator ‘s not used, the points will be
entirely imaginary (Fl = 0). If an attenuator is used, the
value of the real and imaginary parts of the input impedance
may simply be read from the chart. When properly designed,
as the capacitance is increased, the locus travels from a
short circuit (when XL, = X0) (Figure 3) to an inductive
r.f. design

Cl C2

DUAL- SECTION
OR BUTTERFLY
CA PA CITOR

Figure 2. The lumped-constant line stretcher is
formed by two series circuits which combine
for a parallel combination.
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reactance, then through parallel resonance to a capacitive
reactance. Finally the locus passes through the second
series resonance (when XL2 = XL.) near maximum capaci-
tance.

By properly dictating the end points of the locii at the
series resonances, the parallel resonance will occur some-
where between them.
For design purposes, it is necessary to establish the

frequency bandwidth over which the lumped-constant vari-
able line has to work. Next the ganged dual-section or
butterfly capacitor selected must have a high breakdown
voltage and a very high Q. Any dissipative loss in the coil or
capacitor will be evidenced by a non-circular response on
the Smith Chart. Before any calculations for the inductors
are made, the minimum and maximum capacitance should
be measured. It is also necessary that the capacitor does
not have a self resonance anywhere in the frequency band
of interest.
Inductor L, is calculated using the maximum capacitance

at the lowest operating frequency for series resonance.

1- W W . 4
L1 — 4n2(Flow)2Cmax ( )

The second inductor L2 is calculated using the minimum
variable capacitance at the highest operating frequency.

= 5L2 4n2(Fmgh)2 Cmm ( )

The ratio of inductance L1/L2 must be less than unity

I-1: Fhigh 2 Cmin i (6)

L2 F|OW CFHBX

which reduces to

Fhigh 2 (Cmax

-—~ < —— (7)
Flow Cmin '

If the inductors are equal, then parallel resonance will
occur at the same time as series resonance both at the
highest frequency (Cm) and at the lowest frequency (Cmax).
If the ratio of L1/L2 is greater than unity, parallel resonance

will not occur within the frequency range Flow to Fm h.
From equation 7, the operating range is limited by the

square root of the capacitance ratio. It should be remembered
that the input impedance will vary faster when a wider fre-
quency range is chosen. Thus to insure a more gradual
change in impedance as the capacitor is rotated, the fre-
quency range is usually limited only to the band of interest.

VHF Example
As an example calculation, a variable line was designed

to operate over the two-way radio band, 150 to 175 MHz. A
dual variable capacitor was chosen with a minimum capa-
citance of 7.5 pF and a maximum of 50 pF. We shall limit the
range of capacitance to Cm,“ = 10 pF and Cmax = 45 pF to
account for parasitic capacitance and to operate slightly
away from the capacitor stops.

r.f. design |NFQ/CARD 43 53
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X
XC =...._.....1._-I.-4:

1 1
L - A = A - 25 DH1 4 112 (|=,ow)2 cm 4 TI2 (150MHz)2 (45pF)

1 1_ _ _ - - 1-1L2 4 112 (i=h.g,,)2 cm 4 T12 (175 MHz)2 (10pF) 83 "
Very low values of inductance may be simply short lengths

of wire or flat copper strips. The exact value is determined
by adjusting for series resonance at each end of the capaci-
tor travel.

The input impedance may be quickly examined at band
edges. At 150 MHz the first series resonance occurs at
Cmax = 45pF by the above design. At the second series
resonance, the variable capacitor resonates with the other
inductor L2.

XC = XL2 = 2rrfL2 = 2ri(15O MHZ)(83 nH) = 78 Ohms

1 ;_ i I1 L

C _ 2rif X0 _ 2n (150MHZ (78 ohm) _ 1&6 DF

A parallel resonance will occur between the two series
resonances when all of the components are taken into
account

L XL 2TIf(L1+‘L2)
2 2

= ri(150MHz) (25nH + 83nH) = 50.9 ohm

C = —-L = —+ii = 20.8 PF
2rrfXC 211 (150MHZ)(78 Ohm)

Model Impedance Frequency UN CE 14: C
NurI'1fJer(2i ChmslPower W) Range BNC TNC N SMA
Fixed Attenuators. 1 io 20 1:18
AT-50[3) 50 l SW1
AT-51 50:51‘-'1 DC-15GHz 11.00 15.00 15 oo 14.00 -
AT.52 50 i_1w_i DC-1561-1; 14 50 20.50 20.50 19.50 -
AT-53 50 125w) DC-3 OGHZ 14 00 17 00 — 15.00 —
AT-54 50 l 25w; DC-4.2GHz — — — 16.00 -
AT-75oi&T-90 750i 931 5W1 DC-15GHz|"50MH2l14.00 20.00 20.00 18.00 —
Detector. Zero Bias Sci-iottky.
CD-51 50 01-4.201-iz - - - 54.00 -
Resistive Impedance Transtormers Minimum Loss Pads
RT-50 75 5010 75 DC-15GHz 10.50 19.50 19 so 11.50 -
RT-50 93 50 to 93 DC-10GHz 13.00 19.50 19 50 17.50 —
Terminations
CT-SO [31 50 l SW1 DC-4 2GHz 11.50 15.00 15.00 —
CT-51 50 1 SW) DC-4 2G1-tz 9.50 12 00 12 O0 —
CT-52 50{1W1 DC-2 5G1-12 10.50 15.00 15.00 15 5
CT-53 M 50 1 SW) DC-4 2GHz

DC-1501-iz 14.00 20.00 20.00 13.00 -

§§§§5 BO ‘T =1 — - ‘I =1. —
CT-54 50 12W; _ 0C»2 0GHz 14.00 15.00 15.00 —
CT~75 75 i[ 25Wl DC-2 5G1-1: 10.50 15.00 15.00 15 5
CT-93 93 ( 25W) DC-2 5GHz 13.00 15 00 — — 15 5
Mismatched Terr-niriations 1051 to 31. Open Circuit. Short Circuit
MT-S1 50 DC~3 0G1-lz 25.50 25.50 25.50 25.50 —
MT-75 75 DC-10GHz — — 25.50 — —

§§

Feed thru Terminalions shunt resistor
FT-50 50 DC-10GHz 10.50 19.50 19.50 17.50 —

19.50 19.50 17.50 —
19.50 19.50 17.50 —

FT-75 75 DC-500MHz ‘-0.50
FT-90 93 DC-150MHz ‘3.00

ROSSSIWQ Decouoier series resistor or Capaciive Counter ser es CBDBCIIW
R0orCC1000 1000l1000PF\ DC 1 5G1-1: 1200 1800 18.00 17.00 —
Adapters
CA 50 (N to SMA1 50 DC -1 2GHz — — 13.00 13.00 _
Inductive Decouplers series inductor
LD F115 01?uH DC 500MHz 1200 1800 18.00 17.00 -
LD SR8 6 BuH DC 55MHz 12.00 18.00 18.00 17.00 —
Fiiied Attenuator Sets 3 6 10 and 20 dB in plas'ic case

iAT-50-SET 131 S0 D01 SGHZ 60.00 84.00 —
TAT-51-S'=T S0 DC-1501-tz 64 00 11as

Directional Couptar. 30 dB
DC~500 50 250-500MHz 60.00 - " _ _

- _ , |

76.00
43.00 60 00 —

l
._.- ; Reactive Multicouplers. 2 and -1 output ports"

TC-125-2 S0 15-125M‘-lz — 57 00 57.00 —
TC-125-4 50 1 S-125MHz — 81 50 B1 50 —

J Resistive Power DlV1d9'S 3 4 and 9 ports
_- L RC-2-30 50 DC-2 UGHZ — — 54.00 —

" RC-3-30 50 DC-500MHz - - 54.00 —
‘ RC'S*3Q 50 DC-EQOMHZ -' - - 34-50 _
Q Double Balanced Miners
1 DBM-1000 so 5-1000MHz oi co - 11.00 61.00 -

DBM~5OOPC 50 2-SOOMHZ -' '- — — '-
RF Fuse. 1 8 Amp and 1 16 Amp
FL-50 50 DC-15 GHZ 12.00 18.00 — 17 O0 —

7 S DC15GH 1200 1800 — 1700 —

3.3‘ 88

33' 88

UHF

O

0
O
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Sizes and Styles Available:
4 and 14 pins DIP, CMOS, TTL
A .87" X .50" x .20" C .76" x .46” x .18"
B .80" x .50" x .20‘
TO-5, TO-8, 20 pins flat pack, CMOS, TTL

I

16 pins DIP. Very low current CMOS.
Commercial and screened to MIL-STD-883B,
MIL-D-55310
Temperaturecompensated crystal oscilla-
tors (TCXO‘s)

In our standard size 1.50" x 1.50" x .50"
Custom designed to your specifications.
Stabilities Available:

A.
B.
C.

1

;$>0OI\)

. 11x10-’(0°to50°C)

. 12x10-’(-20°to70°C)

. :5x~10-’(-40°to85°C)
11x10 °(-55°to105°C)_
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L3 L4
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7 TUNING
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Figure 5. The lumped-constant adjustable line
simulator may also be formed using a perme-
abflflytunen

Cost-effective,
reliable filter solutions
to RFI/EMI problems

rife-
LMI M: Q designed
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long life power and if ‘P ; and other specs; our

communications line
filters exceed

MIL-STD-I-IBK-232.
All models have

standard power sys-
tems, voltages, current
and frequency ratings
for easy interface with

circuit breakers and UL
and NEC requirements.

communications line
filters, filter panels, - 3
and power factor *—“ “ ‘ -‘— 1
correction networks.
These are now widely
used in shielded
rooms, data proces-
sing centers, com-
munications centers,
hospitals, ground
support facilities, _
shielded cabinets and other Write 0‘ can £9‘ Catalog F'30O'LectroMagnet1cs. Inc.
Se°(‘5"° °' RF f9““§dfi 211235" 6056 West Jefferson Blvd.

ur power me Los Angeles, CA 90016
(213) 870-9383

g leetraMagnetics, Inc.
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At the high end of the band (175 MHz) the following condi-
tions are present:
First Series Resonance = 33 pF
Parallel Resonance = 15.3 pF
Second Resonance C = 10 pF

The input impedance is plotted as a function of capoi-
tor rotation for the lowest and highest operating frequency
in Figure 4. Rotation is shown both for a semi-circular
(180°) and a butterfly (90°) capacitor. A gear reduction is
typically employed with a calibrated dial. The equation for
the capacitor is assumed to be linear

O0

C : [(6/18O°)(Cmax _ Cmin)] + Cmin

where

-9- = angular rotation in degrees from fully open
Cmax = 50 PF
Cmin = 7.5 PF

The allowable RF power input to this type of device is
dependent on the breakdown voltage of the capacitor. For
the above design a 500V breakdown capacitor was used
and 150 Watts of RF power was applied without any ad-
verse effects.

Variable Inductance Line Stretcher
The variable may be switched from the capacitor to the

inductor (Figure 5). A slug formed from ferrite, brass, cop-
per, or aluminum may be mechanically positioned within
two identical inductors to vary the inductance. The fixed
capacitors, C3 and C4, are computed in a similar manner as
above. The conductive metallic core acts as a single shorted
turn to decrease the inductance with increased penetration.
The powdered iron or ferrite core has the opposite effect
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HIGH VOLTAGE BROADBAND
RFFET

High dynamic range RF PET now available up to 50V
BVDGO, for use with 24 & 32V supplies, and where
higher drain voltage improves dynamic range. The
CP664 (30V), CP665 (40V), and CP666 (50V) have
third order intermodulation intercept >+40 dBM, and

3 50 Ohm VSWR <1.5 to 1 over 0.5 to 50 MHZ range.
HIGH VOLTAGE RF FET

TELEDYNE
CRYSTALONICS  
147 Sherman Street, Cambridge, MA 02140
Tel: (617) 491-1670 ' TWX 710-320-1196
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and increases the inductance as it penetrates the coil. The
Q of the coil is not appreciably lowered when using the
brass slug provided the slug has a clean surface or is sil-
ver plated. The use of the powdered iron or ferrite core will
raise the Q of the coil provided the material has been selec- ~
ted for the frequency range in use. Ferrite and powdered
iron are typically usable up to 200 MHz.

Variable Inductor Example
When a slug having a permeability of p is inserted into

an air-core inductance Lair, the final inductance becomes
_u Lair = Lcore. Thus Lame and Lair are the maximum and mini-
mum values of inductance.

If the minimum and maximum of the matched coils are
chosen for example to be Lmax = Lame = 83 nH and Lmm =
Lair = 25 nH, the values of capacitance may be then calcu-
lated.

u - L°°'e - 83 HH - 3.3, ferrite
Lair 25 nH

1 — -C3 " 4n2<F.....>2 L...
c4 - 1

4"2 (Fhigh)2 Lmm

For the frequency range of 150 to 174 MHz, C3 = 13.56 pF
and C4 = 33.08 pF. Parallel resonance will occur when

1 1 1
2cuL = $(E3+ E4)

r.f. design
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Figure 6. The input for the variable inductor is
similar to the previous case as the ferrite slug is
inserted into the coil.
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Janel offers a wide variety of high dynamic
range RF Amplifiers. The chart below shows a
sampling of what's available. All feature high
guaranteed performance and yet are
competitively priced. Many models are
available from stock.

Model I
PF811
PF749-1
PF804
PF7410C
PF797A

Froqu0n£y_ 2-ain N.F.
0.1-32 MHz 17.5dB 4.5dB
146-174 16.5 4.0
215-320 27 4.0
406-512 16.5 4.5
800-960 19.5 5.0

3rd l.P.
+ 42dBm
+ 35
+ 35
+ 35
+ 35

In addition to RF Amplifiers, Janel manufactures a wide range of stan-
dard Power Dividers and other rf components. Custom designs can be
provided for unusual applications. For detailed information. call or
write Janel Laboratories, Inc., 33890 Eostgate Circle, Corvallis, OR
97333. Telephone (503) 757-1134.

@JANEL LABORATORIES
57



 
”THE WIRED CITY”
]errold's Technology

Will Be There!

Tomorrow’s communica-
tions systems promise

to increase the speed and
efficiency of people’s day-to-
day activities. Working,
shopping, information gath-
ering, even voting, will be
handled from people’s home
through high technology
electronics.
This concept, called “The
Wired City,” is fast becoming
reality because of the efforts
of Jerrold Div. of General In-
strument Corp. We’re expan-
ding on our recognized
leadership in the Cable TV in-
dustry and advancing to new
frontiers in communications
technology. We’re presently
offering junior through pro-
ject level openings for the
following:

RF DESIGN
ENGINEERS
Subscriber Systems
Requires 3 to 5 years’ ex-
perience in the design/devel-
opment of RF circuitry. Fa-
miliarity with tuners, oscilla-
tors, video and RF amplifiers,
and phase locked loops a
must. Digital design back-
ground highly desirable.

RF DESIGN
ENGINEERS
CATV Distribution Systems
Requires involvement in
design of broadband linear
amplifiers, AGC/ALC RF
amplifiers, hybrid split-
ters/couplers, filters and
equalizers. Requires 3 to 5
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years’ solid experience in RF
and/or interest in CATV elec-
tronic systems development,
plus a BSEE or equivalent.

SENIOR CIRCUIT
DESIGN ENGINEERS
Advanced R&D Group
Requires “hands-on” R&D
applications, focusing on
encoding analog signals and
encrypting digital signals.
Frequency range video and
RF to 1 Ghz. Requires 3
years‘ experience building
breadboards of analog or
digital circuits from discrete
components and standard
integrated circuits. BSEE or
equivalent mandatory.
Our divisional HQ is located
in a beautiful, rural suburb of
Philadelphia. The area offers
fine schools, affordable
housing, proximity to an ex-
citing metropolitan area and
easy access to resort areas
like the Pocono Mountains
and New Jersey Seashore.

We offer an excellent salary,
a full range of benefits (in-
cluding paid relocation), and
real advancement potential
with a dynamic group devel-
oping the mass medium of
tomorrow. Qualified ap-
plicants should write or call
(Collect): Rich Keyser, Dept.
RF-1, JERROLD DIVISION,
General Instrument Corp.,
2200 Byberry Fld., Hatboro,
PA 19040, (215) 674-4800.
An Equal Opportunity Em-
ployer, M/F/H/V.

Jerrold Division

GEN
INSIRUEr-rl2?-

‘ Announcing

At the low frequency of 150 MHz the value of each in
ductor will be

_ C3 T C4 _L — — DH

for parallel resonance. The value of each inductor will be 43
nH for parallel resonance at 175 MHz. This is plotted in
Figure 6. The abscissa is plotted as linear travel for the
position of a ferrite slug into a cylindrical, linearly-wound
coil whose dimensions equal those of the core being used.
It represents the fraction of the core inside the coil.

Conclusion
To determine the stability of an RF power amplifier,

oscillator, or transmitter under harsh conditions, a vari-
able line and fixed attenuator are used to simulate a given
VSWR at all phase angles. Below 200 MHz a half-wave ad-
justable line is cumbersome. This article has described a
lumped-constant line stretcher using either variable capa-
citors or inductors.

The use of moveable slugs eliminates mechanical wear
at the electrical grounding point present on the capacitor
rotor. For automated testing of production transistors or
amplifiers, a frictionless device is necessary.

Today there are few manufacturers still fabricating dual
section or butterfly variable capacitors because their use
was primarily in electron tube amplifiers.

Reference
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