Issue 2 CDS 403/1
(February 1971)

75.0 ATTENUATOR DESIGN USING PREFERRED VALUE RESISTORS

1. General
Let Ro = characteristic impedance of pad
Rser = Series arm resistor of pad
Bsh = Shunt arm resistor of pad

We can specify Ro in terms of Rser and Rsh, i.e. Ro = F(Rser, Rsh)
C ’ Alternatively we can specify either:-

(a) BRser in terms of Ro and Rsh, i.e. Rser = f(Ro, Rsh)
or (b) Rsh in terms of Ro and Rser, i.e. Rsh = g(Ro, Rser)

If we make Ro = 758 and choose Rsh to be a preferred value resistor,
we obtain from the equation Rser = f(Ro, Rsh) the appropriate value of
Rser. If we now take the nearest preferred value to this as the value
we will use for the series arm resistor, we obtain a symmetrical pad
which is made up of preferred value resistors but the Ro of which is

no longer 754. Ro can be calculated from Ro = F(Rser, Rsh) and does
not differ greatly from 75a. The insertion loss of the pad between
75sn impedances and the input impedance of the pad when it is terminated
in 75gz can both be calculated.

A similar procedure can be adopted by starting with preferred values
for the series arm and using the equation Rsh = g#(Ro, Rser). This has
been done for T, TT and bridged-T pads with all the preferred values
available in the useful range required in television communications
(up to about 20 dB).

Sheets CDS 403/2 to 10 show, for each configuration,

(a) Series arm resistor
(b) Shunt arm resistor
(¢) 1Insertion loss

(d) Input impedance when terminated in 75y
2, Method

Having decided on the required attenuator configuration the
-appropriate Insertion Loss tables are consulted. These may disclose
a choide of a number of attenuators of the required loss., If this is.
80, and the range of available resistors is comprehensive, resistors:

should be chosen which give the best approximation to b a2
to the "Z in" column, . 756.by reference

If the choice of resistors is restricted then the choice of attenuator

is confined to that which can be constructed from the available
resistors.
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TI-type Pads operating between 750 impedances (0.12 dB to 1.17 dB)

Rser Rsh Ins Loss (dB) Zin
1.0 10000 0,12 74.88
1.1 | 10000 0.13 74.98:
1.2 9100 0.14 74.96
1.3 9106 0.15  75.06
1.3 . 8200 | 0.15 74.93
1.5 7500 0.17 75.00
1.6 6800 | 0.19 74.95
1.8 4 6200 0.21  74.99
2.0 5600 0.23 74499
22 5100 0.26 74.99
2.4 4700 0.28 75.01
2.7 | 4300 10.31 75.08
3.0 3900 0.34 75.11
3.0 3600 ©0.35 74.88
3.3 3300 ' 0.39 T4.89
346 3000 0.43 T4.86
3¢9 : 3000 0.44 75.14
43 2700 ' 0.49 75.12
4.7 2400 ‘ 0.54 75.01
501 2200 0459 74.98
5.6 2000 0.65 1497
6.2 1800 0.72  74.94
6.8 1600 0.80 74.78
745 1500 0.87 74.98
8;2 1300 0.98 T4.57
9.1 1300 - 1.03 75437
9.1 1200 | 1.07 74,73

10 1100 1.17 14.76
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CDS 403/3

TI-Type Pads «.....(Contd.) (1.29 4B to 12.6 dB)

Rser
11
12
13
13
15
16
18
20
22
24
27
30
33
36
39
43
47
51
56
62
68
75
82
91
100
110
120
130

150

Rsh

1000

910
910
820
750
680
620
560
510
470
430
390
360
330
300
270
270
240

220

- 200
200 -

180
180
160
150
150
130
130

120

Ins Loss (dB)

1.29
1l.41
1.47
1.55
1.73
1.88
2.09
2,31
2.54
2,76
3,06
3439
3.69
4.02
4.38
4.84
505
557
6.07
6.67
6.97
7.68
8.01
8.87
9¢54
9.97
11.04
11.44
12,60

Zin
T74.73
74.62
T75.47
T4.31
74.88
T4.41
74.68
74.66
74.60
74.60
75.01
75.03
75.21
75.03
T4.44
73.87
75.96
T4.55
74.19
73.64
75.99
T4.79
77.2
75.25
75.00
17.42
73420
75.05
T4.75
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TT-Type Pads ......(Contd.) (12.95 dB to 20.40 dB)

Rser Rsh Ins Loss (dB) 2in
160 120 12.95 75.85
180 110 14.11 73.84
200 110 14.73 75.88
220 100 15.91 O T2.44
240 , 100 16.46 73.88
270 100 17.22 75.78
300 100 17.93 77.42
330 91 19.22 73.08
360 . 19.83 74.17

390 9 20.40 75.14
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T-Type Pads 92- erating between 750 Impedances (0.17 dB to 0.89 dB)

Bser Rsh Ins Loss (dB) Zin
1.0 6200 0.17 76.08
1.0 5600 0.17 . 75.98
1.0 5100 0.18 75.88
1.0 " 4700 0.18 75.79
1.0 . 4300 0.19 75.68
1.0 3800 0.20 75455
1.0 3600 0.21 75.43
1.0 3300 0.21 75429
1.0 3000 0,22 75.12
1.0 2700 0.24 74492
1.1 2700 0.25 75.11
1.2 2400 0.27 75.06
1.3 2200 0.30 75.04
1.5 2000 0.34 . T5.18
1.5 1800 0.35 74.88
1.6 1800 0.37 75.07
1.8 1600 0.41 75.08
2.0 1500 0,45 75.24
2.2 1300 0.51 75.07
2.4 1200 0.55 75.11
2.7 1100 0.61 75.27
2.7 1000 0.64 74.80
30 910 0.71 74.84
303 4 820 0.78 74.78
3.6 750 0.85  T4T4

3.9 " 150  0.89 75.29
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T-!zge Pads ......‘Contd.) (0098 dB to 9.75 dB) .

Rser Rsh Ins Loss (dB) Zin
4.3 680 0.98 75432
4.7 620 1.07 75432
5.1 560 17 75.18
5.6 510 1.29 75420
6.2 470 1.41 T5.44
6.8 430 1.54 7553
6.8 390 1.62 14442
75 360 1.77 . T4.62
8.2 330 S 1493 74465
9.1 300 2,13 T4.79

10 270 2.36 74.65

1 240 2,62 74.31

12 220 2.86 74435

13 200 . 3.12 74.11

15 5 180 | 3.52 75.00

16 160 3,85 4.0

18 150 4.21 75.41

20 130 4.76 74.89

22 120 ' 5.18 75.64

24 | 110 5464 76.11

24 100 5.90 73475

27 | 91 6.54 75.09

30 | 82 7422 76.04 |

30 75 7.53 73475

33 68 8.24 T4.73.

36 62 8.96 75.78

39 '56 9.73 76455
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' (February 1971) CDS 403/7

T-Type Pads se....(Contd,)(10.15 4B to 20.15 dB)

Rser Rsh Ins Loss (dB) Zin
39 51 10.15 T4.24
43 AT 11.00 : 76.61
43 43 11.44 T4.52
a7 " 39 12.40 76.55
47 36 12.84 74.89
41 33 13.32 72,97
51 30 14.33 75.23
51 27 14.96 73024
6 24 16.28 76,28
56 22 16.84 74.84
56 20 17.46 T3¢35
62 18 18.87 77.91
62 16 19.69 76433

62 15 20,15 _ T75.52
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BRIDGED-T PADS OPERATING BETWEEN 7S5£IMPEDANCES (0.09-0.57 dB)

Rser Rsh Ins Loss (dB) Zin
1.0 10000 0.09 75.43
1.0 9100 0.09 75.37
1.0 8200 0.10 75.31
1.0 7500 0.10 75.24
1.0 6800 0.11 75.17
1.0 | 6200 0.11 75.09
1.0 5600 0.12 75.00
1.0 5100 0.12 74.90
1.1 5100 0.13 75400
1.2 4700 0.14 75.00
1.3 4300 0.15 T4.99
1.5 3900 0.17. 75.06
1.6 3600 0.18 75.04
1.8 3300 | 0.20 7509
1.8 3000 0.21 74493
2.0 2700 0.23 74,92
2.2 2700 0.24 75011
2.4 - 2400 0.27 75.05
2.7 2200 0.30 75.13
2.7 2000 0.31 74.90
3.0 1800 0.35 74.88
3.3 1800 0.36 75.16
3.6 1600 0.40 75.08
3.9 1500 0.43 75.14
4.3 1300 0.49 74.98
4.7 1200 0.53 75.01

5.1 1100 0.57 - T4.99
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Bridged-T Pads eeese..(Contd.) (0.63 dB to 5.23 dB)

Rser Rsh Ins Loss (dB) Zin
546 1000 0.63 74.98
642 910 0,69 75.02
6.8 820 0.76 74.95
745 750 0.83 75.00
842 680 0.91 74.94
9.1 620 0.99 75.02
10 560 1.09 T4.97
11 510 1.19 74.98
12 470 1.29 75.02
13 430 1.39 T4.94
15 390 1.56 75.40
16 360 1.66 75426
18 330 1.82 75463
18 300 1.90 .74.52
20 270 2,09 T4.49
22 270 2,18 75.T1
24 240 2.39 75433
27 220 2,61 75.79
27 200 2.72 74440
30 180 2.97 T4.37
33 180 3.10 75.86
36 160 3.37 75.39
39 150 3458 7566
43 130 3495 74.89
47 120 4.22 75405
51 110 4.51 74.95
56 100 4.85 74.92
62 91 5423 75406
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Bridged-T Pads .....(Contd.) (5.62 dB to 20.83 dB)"

Rser gég Ins Loss (dB) Zin
68 82 5462 T4..84
75 75 6.02 75.00:
82 68 64 14.84
91 62 6.89 75.06

100 56 Te37 T4.92

110 51 7.85 T4+95

120 47 8.29 75.05

130 ’ . 43 8.75 T4.89

150 39 9.43 7566

160 36 9.85 75439

180 | 33 10.46 75.86

180 30 10.75 T4.37

200 27 1.41 74440

220 . 27 11,72 7579

240 24 12,39 75433

- 270 22 12,07 75.71

270 20 13.39 T4.49

300 18 14.12 1452

330 18 . 14.45 75.63

360 | 16 | 15.18 75426

390 15 15.70 75.40

430 13 16.59 T4.94

~ 470. | 12 17.22 75.02

510 11 17.85 74.98

560 10 18.57 14497

620 9.1 19.33 75.02

680 8.2 20.09 T4.94

750 7.5 20.83 75.00
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Table of Resistance obtained by connecting

Pwo Resistors in Parallel

CI?S 403/11

10 12 15 18 22 7 33 39 b7 56 68 82
10 5.0 5.6 6 6.43 - 6.88 7.30  7.68 7.96 8.24 8.48 8.72 8.91
12 5.46 6.00  6.67 7.20 7.7 8.38 8.80 9.23 9.58 9,88 10.2 A1o.5
15 6.00 6,67  7.50 8481 8.92 9.64 10,3 10.8 114 11.8 12,3 127
18 6.43  7.20 818 9,00 9.90  10.8 11.6 12,3 13.0 13.6 1h.2 148
22 6.88 .71 8.92 9.90 11.0 12,1 13.2 141 16,0 15.8 16,6 17.4
27 7.30 8.38  9.64 10.8 12.1 13.5 4.8 16,0 17.2 18,2 19.3 20,3
33 7.68 8.80  10.3 11.6 13.2 1.8 6.5 17.9 19.4 20.8 22,2 23.5
39 7.96  9.25 10,8 12,3 14,1  16.0 179 19,5 21.3 23.0 24,8 26.4
47 8.2, 9.58 1.4 13.0 15.0 17.2 9.4 21.3 23,5 25.6 27.8  29.9
56 8.48 9.88  11.8 13.6 15.8 18.2° 20.8 23,0 25,6 28,0 30.7 33.3
68 8.72 10,20 12,3 142 16,6  19.3 22,2 24,8 27.8 3.7 34.0 37.2
82 8.91 1047 127  1h.8 174 20.3 235 6.4  29.9 333 3.2 1.0
100 9.09 1o.n 13.0 15.2 18.0 21.3 2,8 28.1 32,0 359 40.5 45.0
120 9.23 10.91  13.3 15.6 18.6 22,0 25,9 2.4 340 38.2 L34 48.7
150 9.38 11.11  13.6 16.1 19.2 22,9 27,0 31.0 358 40.7 L46.8 53.0
180 9.47 11.25 13.8 16.4 19.6 23.5 27.9 320 37.3  Lh27  b9.3  56.3
220 9.57 1137 1.1 16.6 20.0 24,0 28,7 331 387 Lh6 51.95 59.7
270 9.64 1149  1h.2 16.9 20.3 24.6 29.4 341 40,0 U464 5h3 629
330 9.71 11.57 135 17.1 20,6 25.0 30,0 349 W1 47.9 5644 65.7
390. 975 1164  lhlh  17.26  20.8 25.2 30.4 354  W.9 L49.0 57.9  67.8
470 9.79 1170 .55  17.34  21.0 25.5 30.8  36.0 427 50,0 59.4  69.8
560 9.82 11,75 1456 17,44 21,2 25.8 3.2 36.4 L43.3 50,9 60,6 TL.5
680 9.86 1179 14.68 17.53 21.3  26.0  31.5 36.9 44.0 5.7 61.8 T3.2
820 9.88  11.82 14,73 17.61 2.4 2.1 3.7 37.2 b4 524 62,8 4.5
1000 9.90 11.85 1478 17.68 21,5 %.3 320 37.5 4h.9 53.0 63.6 75.8




