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Bui | di ng VHF Power Attenuators

Paul \Wade N1BWI

An attenuator or pad is frequently needed in ham equi pnent to
reduce power, gain or signal levels. Tables of resistor val ues
are available in npost handbooks [1,2] so design is not difficult.
However, if significant power handling is required, power
resistors suitable for RF frequencies can be difficult to | ocate.
The tabl es bel ow and the conputer programthat generated them
can be used to nmake do with avail abl e conponents.

For exanple, all ny mcrowave transverters are designed to be
driven with the two-watt output of an old IC 202, which is idea
for portable operation. Wen | wish to use themat home with

a larger transceiver, or a friend wants to use one with a nore
nmodern rig, much nore power is available. W could push the

| ow- power button, adjust the output, and hope that we don't
forget next tinme...

| prefer to make things fool-resistant (nothing is fool proof!)
and avoid snoke. So a resistive attenuator is needed. A

typical ten-watt transceiver for two neters delivers about 14
watts of output power at 13.6 volts, so about 8 dB of attenuation
is necessary, capable of dissipating 14 - 2 = 12 watts.

The | argest resistor that works well at two nmeters is a two-watt
carbon conposition type, but these aren't readily avail able
anynore. A survey of the junk box and the | ocal surplus
enmporiumyielded only a few values of one and two watt resistors,
so | had to design around these val ues

Next, | had to figure out how much power is dissipated in each
resistor. |If we examine a pi attenuator, Figure 1, we can
readily determ ne the voltage at each end fromthe attenuation:

Vout = Vin * 10**(-dB/ 20).

Since all the resistors are connected to the ends or to ground
we know the voltage across each resistor, and power is just

Power = V**2 / R

The powers tabulated in Table 1 |ist the power dissipated in each
resistor as a percentage of the input power - anything |eft over
is the output power. These powers are correct only if the input
and out put inpedances are close to the design value (usually 50
ohns), since reflected power fromn smatches nust al so be

di ssi pat ed.

For a T attenuator, Figure 2, we performthe sane sort of

cal cul ation using the current in each resistor, but only a couple
of calcul ations are necessary before we notice that the power
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in RL, R2, and R3 is the sane for pi and T attenuators of the
same attenuation. Thus, there is only one set of power nunbers
in Table 1.

Getting back to our exanple, in order to dissipate 12 watts in
one and two watt resistors we nust find series and parall el

conbi nations that equal the required resistance and can handl e
the power. For an 8 dB attenuator, R2 nust dissipate 43% of the
i nput power, or about 6 watts.

On the other hand we could put together a series of snual
attenuators that added up to 8 dB, each dissipating a part of
the power. For instance, a 1 dB attenuator only dissipates
20.5% of the input power, or about 3 watts total, of which
about 1.5 watts is in R2. Obviously we could stack up eight
1-dB attenuators, or succeeding ones, which only have to handle
the renmmi ni ng power, could have higher attenuation.

What | did was to |l ook at Table 1 and nmark all the resistances
for which I had sonething close. Then | marked the val ues

coul d approximate by paralleling two (half the resistance) or
three (one-third) identical resistors, or two identical ones in
series (twice the resistance). Now | had an idea which
attenuators | could make; a few nore cal cul ati ons gave ne an

i dea how much power each could handle. The final configuration
was 1 + 3 + 4 dB, all of the pi type, as shown in Figure 3. The
next step was to conbine the end resistors of adjacent sections
as shown in Figure 4, with the actual resistor conbinations
used. Note that this conbination is not bilateral - if the ends
are reversed, snmoke may result!

I built this unit in a small metal box with two coax connectors
froma recent hanfest. The neasured attenuation at two neters
was 8.7 dB, with a VSWR of about 1.15. The output power was a
bit less than | wanted, so | nmade small adjustnents at the out put
end (so the VSWR was not affected nuch), ending up wiht the fina
val ues shown in Figure 4. Now the output power is exactly two
watts, and the resistors are barely warm after several m nutes
with key down.

Concl usi on

Using Table 1 and a hand cal cul ator, you can quickly design

an attenuator for any needed attenuati on and power |evel, using
avai | abl e conponents. The program PAD. EXE may be used to

cal cul ate other attenuations, attenuators with input and

out put i nmpedances ot her than 50 ohns, and values for Bridged-T
type attenuators. For those inclined to conputer programm ng

the source code is avail able [Appendi x/fl oppy/ ARRL bulletin board
???] for further inprovenent.

[1] ARRL Handbook for Radi o Amateurs, ARRL, 1992, p 25-39.
[2] Reverence Data for Engineers: Radio, Electronics, Conmputer,

and Communi cations, Seventh Edition, Sanms, 1990, pp. 11-3 to
11-7.
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Table 1

10. 1
8.98
7.99
7.12

Resi st ance and power

di ssi pation for

with 50 ohm i nput and out put

Figure 1.

p

att enuat or

Power
R1

30. 6%
33. 2%
35. 8%
38. 2%
40. 7%
43. 1%
47. 6%
51. 9%

59. 8%
63. 4%
66. 7%
69. 8%
72. 6%
75. 2%
77. 6%
79. 8%
81. 8%
83. 6%
85. 3%
86. 8%

i npedance

di ssi pation

R2 R3
10. 2% 4.6%
14. 5% 6. 1%
18. 2% 7.2%
21. 4% 8%
24.2% 8. 6%
26. 6% 8. 9%
28. 6% 9%
30. 2% 9%
31. 5% 8. 9%
32. 5% 8. 6%
33. 3% 8. 3%
33. 8% 8%
34.2% 7.6%
34. 3% 7.2%
34. 3% 6. 8%
33. 8% 6%
32. 9% 5.2%
31. 6% 4. 5%
30. 1% 3. 8%
28. 4% 3. 2%
26. 6% 2. 7%
24. 8% 2. 2%

23% 1. 8%
21. 3% 1.5%
19. 5% 1. 2%
17. 9% 1%
16. 4% 0. 8%
14. 9% 0. 7%
13. 5% 0. 5%
12. 3% 0. 4%

T and pi attenuators
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| nput --Rl--+--R3-- Rl oad

Fi gur

I nput -+---R2---+--
I I
R1 R3
| 1dB |
Vv Vv
Fi gure 3.

<_8_

e 2. T attenuator

R I = S
I |
R1 R3
| 3dB |
Vv Vv

Input -+---R2---+---R4---+---R6---+-
I I I I
R1 R3 R5 R7
I I I I
Vv Y \Y, Y
Resi st or Desi gn
R Power
R1 870 ohns 0.9 watt
R2 6 1.56
R3 220 2.76
R4 18 2.55
R5 126 2.36
R6 24 1.24
R7 220 0.54
Figure 4. Actual 8 dB attenuator.
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+---R2---+- Rl oad

1+ 3+ 4 =28 dB attenuator

Rl oad

| npl ement ati on

2 parallel 1.8K 1/2 watt

3 parallel 10 ohm 1 watt

2 series 120 ohm 2 watt

3 parallel 56 ohm 1 watt
220 ohm 2 wat't

in parallel with

300 ohm 1 watt

[final version: no 300 ohm

2 parallel 56 ohm 1 watt

220 ohm 2 watt
[final: 300 ohm 1 watt]
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