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256-CHANNEL, 2 MHz PER CHANNEL, FILTER RECEIVER 

Robert E. Mauzy, Jr. 

Introduction 

This report covers the new 256-channel, 2 MHz per channel, filter system, 

an updated version of the systems described in EDIR No. 146. The general de¬ 

sign and construction is the same though most of the printed circuit boards 

have been changed to accommodate the wider bandwidth and higher frequencies. 

Figures 1 and 2 show the spectrum processing for the series and parallel modes 

and the block diagram. 

IF Processor Unit 

The IF Processor, Figure 3, is used for changing the series spectrum into 

the parallel mode. Switching between series and parallel is done by a TO-5 

relay assembly under control of a TTL signal fed in the back panel. This sig¬ 

nal also changes the digital card to accommodate the inverted channel counting 

in the series mode. The processor schematic shows a small capacitor on the 

second mixer output line. Other components not shown were added around some 

of the mixers to suppress the feedthru level to more than 30 dB below the de¬ 

sired output. Extensive shielding was also added. 

Oscillator-Multiplier Unit 

The two processor associated LO^ are generated from a crystal oscillator 

operating just above 100 MHz followed by three active doublers, a filter and 

power amplifier. One of these circuits is also shown in Figure 3. Tuned 

matching circuits are used between multiplier stages, and the final multiplier 

output is bandpass filtered to provide suppression of the unwanted harmonics. 

The output amplifier provides +10 dBm to the mixers. During system testing it 

was discovered that "birdies" were showing up in some channels. Most of these 
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could be traced to subharmonics of the processor LO's. The filter in the LO's 

was not doing an adequate job because of its close proximity to the multiplier 

chain. External filters were added to provide the very high rejection 

required. 

Amplifier-Splitter Unit 

The Amplifier-Splitter Unit, Figure 4, contains a 520 MHz low pass filter, 

amplifier and power splitter for each section. A trap was added to the A sec¬ 

tion to prevent the 128 MHz difference frequency from generating in-band har¬ 

monics in the following amplifier. The 128 MHz is the result of incomplete L0 

rejection in the first mixer of the processor unit. 

Splitter Unit 

The Splitter Units are a new design to give adequate gain, match and iso¬ 

lation to 470 MHz. These circuits use a grounded base stage with matching 

transformer on the output. See Figure 5. Reflection from an out-of-band 

bandpass filter back into an in-band circuit is down 40 dB or more at other 

outputs. The very low output VSWR prevents deterioration of the shape of the 

following bandpass filters. 

Oscillator-Mixer Unit 

The Oscillator-Mixer Units use circuits similar to the oscillator-multi¬ 

pliers except that only two doublers are required. A representative circuit 

is shown in Figure 5. A power amplifier and divider furnish +7 dBm to the four 

mixers. Shunt capacitors and series resistors were added on the mixer inputs 

to improve the match. Small attenuators on the mixer outputs are chosen to 

compensate for loss variations in the mixers and all previous units. With 

levels normalized at this point the filter cards need not be gain trimmed for 

a particular slot. 
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Filter Card 

The filter cards were redesigned to provide sockets for the op amp and 

detector diode, provide a new input amplifier and to eliminate ground and 

power jumpers. The filter and detector circuits are the same except for space 

for loading the DC side of the detector. See Figures 6 and 7. This loading 

allows use of some diodes that would otherwise be rejected for poor square 

law accuracy. The op amps may be either Fairchild yA 714C or Harris HA-5135-5. 

The Fairchild unit is equivalent to an OP-07C and the most economical but is 

available only in a TO-99 can at this time. These units provide an offset 

temperature coefficient of less than 1.8 yV/0C compared to 15 yV/0C for the 

741 KN previously used at about the same cost. Some improvement in stability 

may have been gained by using metal film resistors. Corning type C4 resis¬ 

tors are better than + 100 ppm/0C, physically interchangeable with 1/4 W car¬ 

bon compositions and have better long-term stability at a cost 20% above the 

molded carbons. 

The filter cards operate over the input frequency range of 16 to 48 MHz. 

At the higher frequencies the signal distribution line down the middle of the 

board produced a significant standing wave. This problem was eliminated by 

terminating the line in 43 ohms. This lower impedance increased the signal 

loss but was offset by a higher gain, wider band input amplifier. See Figure 

6. Temperature tests were made on a channel circuit to determine gain insta¬ 

bility. The coils measured worse than predicted from data on the core material 

Unfortunately, the amplifier also drifted in the negative direction. These er¬ 

rors exceed the positive coefficient of the detector by about two times. The 

first inclination was to compensate one of the stages with a temperature sen¬ 

sitive resistor but a satisfactory type was not found. Also, the compensation 

required at 48 MHz is considerably higher than at the low end. This would 
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imply separate and different compensation for each channel, a significant com¬ 

plication. The solution was to provide circuit space for a temperature/fre¬ 

quency compensation network at the output of the input amplifier using a 

thermistor-capacitor-resistor combination. The necessity for compensation 

will be determined later. 

Monitor Controller Card 

The Channel Monitor Digital Controller is unchanged. A schematic and de¬ 

scription are given in the previous report. Figure 9 relates channel number to 

input frequency and card channel number. 

Buffer and Monitor Card 

The Power Monitor card of the previous system has become the Buffer and 

Monitor card of this system. In addition to providing single channel or A 

and B section total power monitoring to the front panel meter and coax jack, 

it provides simultaneously buffered total power outputs from each card (16 

channels summed) to OSM connectors on the back panel. The schematic is given 

in Figure 8. 

Cost 

Since 1973 the cost of components for this system has increased about 1.5X 

to around $13,000. The BD4 back diodes were one of the major factors, increas¬ 

ing from $3.30 to $8.66 each. 

Acknowledgements 

I wish to recognize L. Beale for his construction efforts again. 

A. Weinreb and R. Lacasse provided an automated square law measuring system 

to speed up testing and D. Ross and D. Webb were very helpful in arranging 

for purchase of printed circuit boards and in contracting for the assembly of 

parts on the filter boards. 



5 

Series Input 

Parallel Inputs 

2) + 
h- 

342. 

LO 
440 

470 

2'+^1/01 LO 
262 

310 

'fc *f 

3tZ as/BS 374- LQ *06 A7^67 430 
310 | 1 

2f6 Pit/BZ 276 10 -5 0/ 
LO 

214- > 
I x 

3!0 A</e+ ^ 
J  -n 

^ i 
16 +8, I iHpvt / 

37+ Al/Bt 40
t
G ^ 

I 1 422 
438 A B/B 8 410 

SPECTRUM PROCESSING 

F\^ure. I 



6 

Parallel Inputs 0_ 
2/4-470 MHz 

-dOto-iOJB* & 

Series Snput 
86-518 MHz 0- 

-JOto-iOJBn 

Osc-Mult 
612 MHz 

IF 
Processor 

Ser/Par 
S vj 

J TTLS*r/por 

Osc-Mult 
940 MHt 

* 
O-IOJB 

* 
O-IOJB 

Amp 
Sp/.tfcir 

Amp 
Splitter 

a 

b2 

B 
Spiter 

6 
5p lifter 

A 
Splitfcr 

A 
Splitfer 

Bel*dpiss Filters 
fc/BW 

230/40 

2-30/40 

Z14/40 

294/40 

358/40 

35-6/40 

421/40 

4Zt/40 

Z^z/40 

Z(oZ/40 

324/40 

ZZG/40 

1)90/40 

390/40 

454/40 

454/40 

Fi I ter Card s 
16 Channe-h £<*• 

Osc - 
Mix 

zezMih 

!& +6 
4&Mfh 

Osc- 
Mix 

390 Mth 

Osc - 
Mix 

294 M/fa 

Oscr 
Mix 

4ZZ HHz 

Al 

8! 

A3 

B3 

A5 

£35 

Al 

37 

AZ 

M 

ef 

U 

06 

AS 

80 

16 
Lines 

/ 

BLOCK DIAGRAM 

Figure 2 



7 

BOO MHz LPF 

i——VW" 

BdB 
ISO 

H 

36 

rvx_ 
IL* 

LO Im 
940 ^0- 

Goiiw -Appro*. OJB 

Amphfieirs - Av4«tek GFP-IOOZ 

Mixers - Vdr!~L 0BM-I4Z 
Power D»Vic/eK - l&iann PSP-210 

UB 
—vw- 

62 

110 

' I.Qp 

8 Out 

-© 
2/4- 47(7 
M/fr 

-h 

2.2/» 

ZJ8 
-VW— 

18 

300 

A Out 

-© 
214'+70 
MH* 

.001 

.0O\ 

2.1k 

MPS 
■ I Ok 6543 

/" 

F PROCESSOR 

+15 

V fVI.O X MHz 
Hah 

220 ^ = ~ 2Z/» 

-fYY\ 1 ' ■ * | 
'<> JL 

T 

HPS 6,515 

t0/> 
X)OI 

-\ /- 

4.3k 

HPS 
(B515 
\ 130 

—vw— 

Utrv 

-^Lit 
2-2P 

^.00! 
-ny> — 

•'T 

LM317 
T 

BPr 

MP5 

V" 41? ip 

:24o '• 4= 
-AAA*— 

./ /.5p 

1 

560 ■f f4' 

OSCILLATOR - MULTIPLIER 

Fig Lira 3 



8 

'45/ize 

-5V/6 

-Z0/tZ9 

-29/16 
-zi/tze 
- Z0/I6 

"31/16 
-43// 

-66/l 
Amp. 

SphtteV 
BP. 

Sp lifter Filter 

x/x ~cJ3rv> pet No. of c,hen*** Is 

-31/16 

-si/l 

■*>- 

Osc - Miter Filter Card 

SYSTEM POWER LEVEL LS 

5Z0 Mtti 
LPF 

B 0- IF ^ 
214-470 

Mt+z 

24* 
-nrv. 

rT 
/.8p I.Bp 2.Zf^ 5^ 

20« 
-rv\_ 

5.6/3 

Gci'w c'B CJS Opti max 
AHD-555 

4d6 
-r 
220 

2.2f l.fy 

-VvV- 
24 

+ 15 

Erufe-hnidHn 
PSP-Zlo 

PwK 
-© 

-0 

H 
Out 

AMPLinER-SPLITTER 

Figure 4 



9 

0" 

6PD {003 

Gai* -I dB 

56 
i—WV r 

—1 

t/V +30 

r—'I 7 o.l 

57 

MM— 
56 

-/5" 

<00 

Trdnsistors- 
240| - 

- II n 
II 

^ .01 1 
h 

krO 01 
IK +ir 

100 ^  
240; 

HK^ 
.0/ 

240', 

HK^ 
'01 

^h-© 
.01 

/K +15 

Hh-O 
.01 

Ik +15 

S FLITTER 

+J5—=^- 

^ . >lOk 
1 11 It 

r 

K hps <743 

"1 , nrvi. 

1/ Ij. 
.01 

X 
?"* j—|D|— 

■' 22^ S ""?2p ~^220f>  ^ 

^ - Q to 2.5c/8 <a^eK. 
?M- 0 to lO-^- 

Cm" 0to2.Zpf 

' * i * 

^xt 

fL 
mps —r- 

6595 t ♦■V 
MRS 6555* 

J.3pj_ ^ 

».5P 

3.^: 
33o 

„ 130 _[_ 

! 7 

+4 

K :24o 

En*elr»aiih 
PSP A37 

Out ZI4-Z46 tl-48bHh 2.78-310 Ib-tSMHi In Out 

OSCILLATOR -M IKLR 

Fi <j u ire 5 



10 

Irtpuf Amplifieir 

-r-15 

FILTER CARD 

F i g ^ r « 6 



11 

icmnel 

No. 

1 

2 

3 

4- 

5 

6 

7 

8 

<? 

10 

/i 

12 

IS 

/4 

15 

16 

£ 
MHz 

/7 

21 

23 

25 

27 

31 

33 

35 

37 

3<? 

4/ 

43 

45 

47 

C 

I I o 

iro 

L 

.7/6 

,570 

.476 

.379 

.3J<7 

.254 

.223 

.197 

,176 

.158 

.1+2 

.121 

• / f 7 

.107 

.098 

L No. 
553-7107- 

II 

10 

9 

9 

7 

6 

6 

5 

4- 

4 

3 

3 

Z 

2 

I 

1070 

f?, 

1.3 

1.3 

1.5" 

1070 

1.5 

1.6 

1.5 

U 

1.6 

1.8 

1,8 

1.6 

1.3 

1.3 

1.5 

1.5 

1.6 

f.6 

1.8 

1.8 

1.8 

Cc 

ft 

9.4- 

8.5 

7.6 

7.0 

6.4 

5.9 

5.5 

5.2 

4.9 

4.6 

43 

4./ 

3.9 

3.7 

3.6 

3.4 

CHANNEL FILTER CIRCUIT VALUES 

Fi q u re 7 



12 

Figure 8 
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