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echnically speaking

How attenuator pads improve impedance matching
In Figure 2 below the impedance at the

By Harold Kinley, C.E.T.

load end (point E) is complex. That is, it

shown. The complex impedance is represented by the expression 30 + j40 ohms.

consists of a reactance and a resistance as
Unless special precautions are taken,
impedance discontinuities can cause seve re reflections that can adversely affect
a test procedure and circuit operation.
Although an a11enua1or pad injects loss
into the system, the loss usually can be
overcome. Loss caused by thi.: pad is a
small tradeoff for the great improvement
in impedance smoothing it provides. In
fact, the word "'pad" describes the job the
auenuator performs- it provides padding
at a point in a system or chain where
abrupt changes in impedance would otherwise cause a severe reflection.
An analogy is the job performed by the
shock absorber on your car. Without it,
you would feel every little bump in the
road, but with it even the big bumps arc
reduced to minor ones.
How it works
Figure I below shows a signal generator connected 10 a receiver. It is important
for the signal generator to see a proper
(SOD) impedance at its output port. If the
load (receiver) presents an impedance
other than son 10 the generator, the validity of any test procedure might be impaired by renections on the line. The in·
1erconnec1ing transmission line would
become resonant. and the impedance presented 10 the signal generator would be a
complex impedance with inductive or
capacitive reactance, depending on the
length of the trnnsmission line. In Figure
I , the receiver represents a complex impedance of 30 + j40 ohms.
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Figure 2. This expand s upon the setup In Figure 1. Here, the signal generator is connected to the
receiver Input via a lossless transmission line that is one-half wavelength (>J2) long. Tho VSWR Is
the same at all points along the transmi ssion line. However, the Impedance will vary along the line
and will repeat every hall-wavelength (>J2). At two points (>JS and 3~8) the impedance Is purely
resistive. However, the pure resistance Is still such that the VSWR Is stlll 3:1. This assumes a 500
transmission line and 500 system impedance.
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Figure 1. The rec,e lver Input p resents a complex
impedance of (30 + j40) ohm s to the signal
generator. This causes an SWR of 3:1. The com·
piex Impedance Is also shown In polar form as
son at an angle of 53.1".
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Figure 3. This illustrates through evolution how a 6dB pad transforms the output Impedance to the
Impedance that is " seen" at the pad Input. The output Impedance, (30 + )40) ohms, would cause
o VSWR of 3:1. However, looking at tho Input to tho pad, the generator or sourco would see an
Impedance of 48.7 + f12.4 ohms for a VSWR of 1.29:1.

Technically speaking
(co111i1111ed from page

8)

In polar form. the expression for this
impedance would be son at an angle of
53. 1°. The VSWR at th is point is 3: I.
One-eighth wavelength down the line toward the generator, the impedance is a
pure resistance of 1son. or l 50n at an
angle of 0°. The impedance at other points
along the line is as indicated at the various points. If this line is a lossless line,
the VSWR will be the same (3: 1) at any
point along the line. although the impedance changes.
To reduce the mismatch at the generator output. a simple attenuator pad can be
placed between the generator output and
the load. In Figure 3 on page 8. a 6dB
pi-pad is placed between the load imped:mce (30 + j40 ohms) and the generator.
The pi-pad is repre.<>cnted by R1. R2 and RJ
in Figure 3A. The complex load impedance is represented by Rt and Xt.
The equivalent impedance presented to
the signal generator by the combination
of the 6dB pi-pad and the complex lm1d
impedance is derived by the process ol
evolution shown in Figures 3A to 3H.
In Figure 38, the complex series im·

10dB Pl·PAO
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OUTPUT VSWR • 2:1
OUTPUT VSWR • 10:1
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1.07:1
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Figure 4. This shows how o 10dB pad would reduce the VSWR for a load of 1oon or soon. The 1oon
load would normally cause o VSWR of 2:1, but the 1OdB pad reduces tho VSWR to 1.07:1. The soon
load would cause o VSWR of 10:1 , but the 10d8 pod reduces It to 1.18:1 at the Input.

pedance is convened to the equivalent
parallel impedance. Then the parallel
combination of R1. and R1 is replaced by a
single resistor. R•. shown in Figure 3C.
Next, the impedance consisting of R.
aJXI XL in Figure 3C is convened to the
equivalent series impedance, XL and RJ
shown in Figure 30. Then the series combination of R5 and /?2 are replaced by a
single resistor. 1?6, in rigure 3E.

The series combinmion of Xi_ and Rr. in
Figure 3E arc replaced by the equivalent
parallel combination R1 and XL in Figure
3F. Then the combination of R1 and R1 in
parallel in Figure 3F is replaced by a
single resistor, Rs. shown in Figure 3G.
Finally, the parallel impedance consisting of Rs and XL is replaced by the
equivalc111 series impedance XL and /?L
shown in Figure 31-1.
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MDDIJGIJJM Dispatch CDnsDles are Firs/1 Choiee
Only the Ultra-Com PRO communications workstation
let s you des ign screens for your specific requirements,
with no changes to softwa re in the common electronics.
• Exclusive "Screenmaker" feature lets user design screen's operational
requirements • Exclusive "Customizer" feature allow.; more programmability
• Free software upgrades • Intel 486 operator·interface (Pentium PC optional)
• ~lardware upgrade without firmware changes • Moducom system design
and specification assistance • Support when you need it
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"We have a number of Ultra-Com PRO touchscreen consoles and
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Figure 5. Here, a signal generator Is connected
to a 1500 load through a 6dB pad. The VSWR
at the load ls 3:1 (return loss Is 6dB) but is
reduced through the pad to a VSWR of 1.29:1
(return loss = 18dB) at the generator outpuL

The final impedance represented by XL
and RL in Figure 3H is 48.7 + j l 2.4 ohms.
In polar form. chis is 50.3!1 at an angle of
14.3°. The VSWR ac the inpuc to chc pi-pad
would then be 1.29: I. So the 6dB pi-pad
has reduced the load VSWR from 3: l to a
VSWR of 1.29: I ac the generator output.
The greater che a11enua1ion of che
pad. the greacer will be chc rcduccion
of the VSWR ac che generator output.
For example. Figure 4 on page 46
shows a I OdB pi-pad. Notice how the
VSWR ac the inpuc 10 che pad ranges
from 1.07: I 10 1.1 8: I for a VSWR range
of 2: 1 10 J 0: l at the om put. Thus, the

r = ZL - Zo
Z L + Z0

= {30 + j40)- 50 = -20 + }40 = 20(- 1 + j2) = - 1·+ j2 .
(30 + j40) + 50

80 + }40

20(4 + j2)

4 + j2 '

c- 1 + J2)(4 - 12) = - 4 + 1a + 12 - f24 = - 4 + 110 + 4 _ 110 _ . .
05
(4 + j2)(4 - j2)
16 + j8-j8-j24
16 + 4
- 20 - / . ,

r = O+ J0.5
r

= Jo 2 + o.5 2

VSWR

= Jo.5

2

= o.5

= 1 + r = 1 + 0.5 = ~ = 3
1- r

1 - o.5

o.5

pad smoothcs the impedance variations
between che pad outpul and pad input.
Return loss
lf che impedance mismatch were to be
represented in ccrrns of return loss, lhe
return loss for a VSWR of 3: I would be
about 6dB.

Figure 5 10 che lefc shows a signal generacor connected to a l son resiscive load
chrough a 6dB pad. Assuming no losses in
che conneccing lines. the recum loss ac che
outpuc of the 6dB pad is 6dB. The return
loss nc che input to the 6dB pad (signal
gencracor oucput) is I 8d8. This pauern of
loss can be generalized inco the following

LMS SERIES POWER AMPLIFIERS
Features of the LMS
Power Amplifiers:
Fully enclosed package with
power supply, meter and
provision for remote
mon itoring.
Double RF shielding for
high RFI sites.
Accepts any TPL Amplifier
up to 120 watts in all bands.
Input levels as low as
25mW.
1ligh efficiency switching
power supply. 11 0/220 VAC
automatically selected.
Forward and reverse power
monitoring.
SWR protection/power
reduction.
And many more...

The new LMS Series Power Amplifier
has all the features of the HM S Series
high power Amplifier, but now you wi ll
be able 10 use these features at lower
output power levels. This smaller package will accept any power level up to
120 wans, from 35 to 960 MHz. ft is

Need more info?
Call l-800-HI-POWER
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built for rugged use wh ile combini ng the latest technology into a space efficient package.
Ir is totally self contained with regulated
switching power supply, front panel meter for
amplifier monitoring, two cooling fans, SWR
and temperature protection circuitry.
3370 San Fernando Rd., Unit 206
Los Angeles, CA 90065-1417
Tel: (213) 256-3000 - 800 HI-POWER
Fax: (213) 254-3210

statement: The return loss at the input to
a pad is equal to the return loss at the
output of the pad plus twice the attenuation of the pad. In this case, the return
loss at the input to th e pad is
6 + 2(6) = 18dB.
Calculating VSWR
It is simple to calculate the VSWR
when o nl y a pure load resistance is involved. However. when the load impedance contains reactance. it is not quite so
simple. To find the VSWR, we first need
to know the reflecti on coefficient for a
given complex impedance. (See box on
page 48.) The reflection coefficient is represented by the Greek lener r. Zi. represents the load impedance in complex
form, and Zo represents the system impedance (50!1 in our case). The equation
is simplified by factoring and multiplying
both the numerator and the denominator
by the conjugate of the denominator. Then
the equation is reduced to r = j0.5, or in
complex form, 0 + j0.5.
Next, r is found by finding the square
root of the sum of the squares of the real
and imaginary pans. Thus, f = 0.5. Substituting f into the formula for YSWR
yields a YSWR of 3: 1.
Summing up
As stated, the greater the pad atten uation, the better the match at the generator
(pad input). Figure 6 to the right shows
how various pads reduce the input VSWR
with wide variations in output YSWR. Although pads can be built from ordinary
resistors , the result may not be usable at
higher frequencies. Pads used at higher
frequencies are made of specially co nstructed resistors . T he examples given
here are for theoreticall y perfect pads.
Practical pads will not deliver the ideal
results. Even so, padding certainly helps
to minimize the effects of impedance
mismatches and meas urement errors that
might otherwise result.
An excellent aid in calculating YSWR
from complex impedance and other transmission line calculations is the Transmission line Calculator. It was invented by
the late inventor of the Smith Chart,
Phillip H. Smith. It is avai lab le from
Analog Instruments, P.O. Box 808, New
Provide nce, NJ 07974. Phone/fax (908)
464-42 14.
A program for dete rmining the resistance for various pads (e.g., L-pad T-pad,
pi-pad and H-pad) is avai lable from the
author for$ I0 plus $2.50 for shipping and
handling. A progr am for calculating
SWR, including complex impedance, is
available for $10 plus $2.50 for shipping
and handling. Both are available on single
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Figure 6. This graph shows how pads of 3dB, 6dB and 10dB reduce the VSWR. Note that the higher
the loss of the pad, the greater the reduction in VSWR.

diskene for $15 plus $2.50 for shipping
and handling. The programs run under
MS-DOS on an IBM-com pa ti b le PC .
Specify 3.5" or 5.25" floppy diskette.
A c irc ular convert er that converts
among units for transmission loss, reflection coefficient, percent age reflected

power, return loss and VSWR is also available from the author for $5 plus St.50 for
shipping and hand ling.
You may write the author at 204
Tang lewylde Drive, Spartanburg, SC
29301-2949. Stay 11111ed!
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