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VLA CORRELATOR DESIGN STUDIES 
John R chr

1. Introduction
The purpose of th is rep o rt is  to evaluate severa l possib le co rre la to r  types for 

use in  a  system  requiring  la rg e  num bers of good, re la tively  inexpensive, re liab le  
units. The c o rre la to r specifications as specified in Table 18.1 of Chapter 18 in the 
VLA Proposal a re  copied below for convenience.

Table 18-1
C o rre la to r Specifications

1. Output Level 
and Scales

The unit m ust have an output level capability of ± 10 V 
into a  5000 ohm load. Two sca les as selected  by a re lay  
m ust give a + 9 ± . 5 V  output for two perfectly  co rre la ted  
input signals. The second sca le  m ust give +9 = . 5 V 
output for input signals which have 10 percent of their 
power co rre la ted . The second sca le  should be selected 
by applying+28 V to a control term inal.

2. Input Levels The inputs of the c o rre la to r  will be G aussian white noise 
signals at a level of 0 dBm into 50 ohms and a  bandwidth 
of 1 dB points of 2 MHz to 50 MHz. The amplitude and 
phase variations with frequency in  th is band caused by the 
c o rre la to r  should be le s s  than ± . 5 dB and ± 10°.

3. Noise With zero input signal the noise output of the co rre la to r  
should be le s s  than 1. 0 mV rm s in the band, .01  Hz to 
3. 6 Hz on the f ir s t  sca le . The noise may be 10 tim es 
g re a te r  on the second scale .

continued —
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Table 18-1 (continued) i

4. D rift W ith zero input signal o r with two uncorrelated  input 
signals held constant to within ± . 01 dB, the output on the 
f ir s t  sca le  should be 0 ± 1 mV for a  24 hour period with 
tem pera tu re  variations of ± 1 °C. The d rift on the second 
sca le  m ay be 10 tim es g re a te r . If the level of e ither input 
is  changed by 0 .1  dB, the output change should be le ss  
than 10 mV on the f ir s t  scale .

5. N on-L inearity The output need not be lin e a r with resp ec t to the product 
of the inputs. However, the departu re  from  linearity  
m ust not be g re a te r  than ± 2 0  percen t for outputs up to 
± 9  V and the output vs. input-product curve m ust be 
identical to within 2 percen t for all c o rre la to rs .

The work included the development of severa l possib le c o rre la to r  designs with some 
em phasis placed on a  co rre la to r  design s im ila r  to that p resen tly  used in  the NRAO 
in te rfe ro m ete r. F or th is p a rticu la r c o rre la to r  severa l types of hybrid tran sfo rm ers  
and a  tra n s is to r  hybrid w ere  considered. Also severa l types of square law detectors 
w ere  evaluated. L ittle  tim e was devoted to the selection of low d rift operational 
am plifiers; however, a  m ultiple feedback low pass filte r was designed and a FET 
m ultiplex switch was constructed.

2. T est Data
The perform ance of the c o rre la to rs  was m easured using the te s t se t described 

in  VLA E lectronics Memorandum No. 4. The following data  w ere noted:
a. Offset voltage (eQ with uncorrelated  power into the 

co rre la to r) .
b. C o rre la to r output voltage vs. amount of signal corre la ted ;

i.  e . , e^ vs. P* o c o rr
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2. (continued):
c. Sensitivity to Uncorrelated Power: With the correlated

component of the correlator test set output set at 0.5
mW (P = -3 dBm) the sensitivity defined as the per- corr
cent change in correlator output voltage with a 1 dB 
decrease in or whichever is larger, is  measured 
using the procedure described in VLA Electronics 
Memorandum No. 4.

3. NRAO Correlator
A very simple type of correlator has been developed at NRAO which consists 

of a single hybrid transformer and two matched square law detectors. A block 
diagram is shown in Figure 1.

NKAO Correlator
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Figure 1

This section of the memo deals with the hybrids and detectors used in this correlator.

3.1 Square Law Detectors: Several types of detectors were evaluated and 
the test data presented on the attached pages. Hot carrier diodes 
appear to be the best choice of those tested as they operate at 0 dBm 
with good output characteristics, although their square law performance
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3.1  (continued):
is  poor. An inexpensive diode which costs $ 3 in small quantities 
(HP 2900) seems to be adequate. (These were not tested in the 
correlators since only three units were available.) Back diodes 
exhibit superior square law characteristics and have good output 
characteristics but fail to be useful much above input levels of 
-5 dBm. A redeeming feature is that a correlator using bade 
diode detectors should be very insensitive to uncorrelated power 
variations. Ordinary signal diodes were found to be unsatisfactory 
because of their sharp cutoff characteristics.

3.2 Hybrids: The hybrid performs the function of adding and sub* 
trading voltages at the input terminals of the correlator. Three 
types of hybrids were considered: transformer hybrids, transis­
tor hybrids, and integrated circuit hybrids.

3.21 Transformer Hybrids: Transformer hybrids viiich have all ports 
terminated in the same impedance are relatively expensive as 
internal impedance matching transformers are required. A typical 
large quantity price for this type of hybrid is  about $70 (Adams-  
Russell MHH-50); the response of a correlator using this hybrid is  
found on page .9.
A simpler hybrid may have a sum and difference port impedance 
of either twice or half the input impedance. Such devices are 
available for $13 in quantity (Relcom MT8). A circuit diagram 
is  shown in Figure 2.

Inexpensive Hybrid
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3.21  (continued):
A c o rre la to r  using a  s im ila r hybrid (Adams R ussell MHH-50-100) 
was built and the te s t  re su lts  lis ted  on page 11. This hybrid has 
the advantage that the output voltage is  not reduced by 3 dB as is  
the case  with conventional hybrids; th e re fo re , the output voltage 
of the c o rre la to r  is  tw ice that m easured  for the c o rre la to r  which 
u ses an o rd inary  hybrid.

3 .22  T ran sis to r  H ybrid; C onsiderable effort was expended to develop a  
good, inexpensive tra n s is to r  hybrid. The c ircu it described in 
C hapter 18 of the VLA P roposal was modified for im proved phase 
response  and flat gain from  2 to 50 MHz and is  shown in  F igure 3, 
page 12. The p resen t gain is  -0. 8 dB ± 0 .1  dB, and consequently 
the c o rre la to r  output is  slightly low er than that from  the tra n sfo rm er 
hybrid. By increasing  the 200 ohm collector re s is to rs  in  Figure 3, 
the gain can probably be ra ise d  without seriously  degrading the 
perform ance of the device. P erform ance curves a re  given on page 
13. The hybrid was built in  prin ted  c ircu it form  with no provision 
for adjustm ents; c o rre la to r  te s t data  is  shown on page 14. Several 
types of R F tra n s is to rs  w ere  used in  the c ircu it with best re su lts  
obtained with MPS918 and MPS 6507. RCA 2N4936’s w ere rejec ted  
for excessive phase shift and GE 2N3663 showed a  tendency to 
oscilla te .

3 .23 Integrated C ircu it Hybrid: No attem pt was m ade to develop an 
in tegrated  c ircu it hybrid because of excessive delivery  tim e from  
the m anufacturer (6 mo. typically). I t should be possib le to develop 
a  hybrid s im ila r  to c ircu it in  F igure 3 using the RCA CA3004 o r 
RCA CA3006 in tegrated  c ircu its .

-  9 -





-  11 -

fc-CpR.



-  12 -

i p m  n -m s  t o r  h y b r i d

F i * 2.



-  13 -

/ 2.

c

. / A ifj~

-  / /C ic 30 40 Sc

B iAJ|" C 1

tc: 70



A
 C

YC
LE

S 
X 

70 
DI

VI
SI

ON
S



-  15 -

4. Balanced M ixer C o rre la to rs
Inexpensive double balanced m ixers have become available only recently  

because of reduced m atched diode costs . The basic  schem atic of such a  m ixer 
is  shown in F igure 4.

Figure 4

These c ircu its  perform  fa irly  well as c o rre la to rs ; severa l units w ere  tested  and 
the re su lts  given on the following pages. All units tested  showed m ore sensitiv ity  
to uncorrelated  power than did the NRAO co rre la to r  described in 3. Also because 
each unit requ ired  2 hybrid tran sfo rm ers  the minimum cost is  g re a te r  than that for 
the NRAO c o rre la to r . Typical sm all quantity p rices  for the Adams R ussell M LF- 
50 a re  $39. Hence work m ust be done to reduce the sensitiv ity  to uncorrelated  
power before m ixers can be considered a  su perio r choice to the NRAO co rre la to r .

Another possib le m ixer type c o rre la to r  u ses a  c ircu it s im ila r  to that shown 
on page 19. The c ircu it tested  (see page 20) w as by no m eans optim ized. An in te ­
grated  c ircu it form  of th is c ircu it should be easily  obtained if  the c ircu it continues 
to show prom ise.
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and dissolved minerals in ground water. Reliable 
and effective operation follows when the source 
provides constant current over a predetermined 
variation in load resistance.

For geophysical applications only low frequency 
square waves of 0.1 to 4 hz are usually required. 
However, by proper choice of timing capacitors the 
circuit may be used to 100 hz. Above this frequency 
circuit losses become severe.

The low-frequency relaxation oscillator consists 
of transistor Qt and unijunction transistor Qj. The 
time constant RTCT determines oscillator fre­
quency. Switch S, and potentiometer Ri in com­
bination with resistor R- allow the-time constant 
to be varied by a factor of 40 to 1. Transistor Q,, 
which has a very low collector leakage current, sup­
plies constant current to charge capacitor CT.

Pulses generated at the base of Q2 synchronize 
the free-mnning, emitter-coupled multivibrator con­

sisting of Q:t and Q4. The multivibrator’s pulsed 
output is coupled through transformers Ti and TL» 
to the gate of the four scr’s. This quartet is ar­
ranged in a bridge circuit that controls the power 
across load terminals, A and B.

When the voltage from transformer Ti fires SCR! 
and SCR;{, the load current flows from left to right 
across terminals A and B. Autotransformer action 

' in the center-tapped coil, La, charges capacitor 
at AB to approximately twice the supply voltage. 
When the voltage from transformer T2 fires SCR- 
and SCR4, the capacitor across AB charges in the 
reverse direction through these two scr’s.

During the process of reversing the charge, SCR, 
and SCR3 are back-biased and turned off. While 
SCR- and SCR4 conduct, current flows through 
the load in the opposite direction.

Power supply capabilities rather than the scr 
circuit limit power levels.

Cross-coupled transistors 
form balanced mixer

By Leonard E. Geisler
Radio Astronomy Laboratory,
University of Michigan, Ann Arbor

A mixer circuit with two transistors offers advan­
tages over the conventional diode quad: the costly 
transformer required with the diode quad is elimi­
nated and the cross-coupled transistor mixer ex­
hibits some conversion gain; the quad is inherently 
lossy.

The collectors of the two transistors (2X1303) 
are wired together to share the output load and 
their bases and emitters are cross-connected. Thus 
a positive-going carrier wave turns on one tran­
sistor while the other is kept in the off position. 
This produces a positive pulse across the common 
collector load.When the phase of the carrier wave is reversed, 
the two transistors switch conditions, again pro­
ducing a positive pulse across the common load. 
In effect freque?;cv-doubler action is achieved with­
out a phase-shiiting transformer. When a signal 
is applied to the ir.put terminal .it the right a fre­
quency-doubled output also results.

The result is a mixture or frequencies dependent 
on the ratio of siinal levels. The mixed signals that 
appear across the output load arc the upper and 

lower sidebands or :he two input signals—the even 
order harmonics or the input and the carrier. No 
component at the fundamental frequency appears

in the output once the balance control is adjusted 
to null the carrier.

The circuit was found to function best when 
driven from a low impedance source of approxi­
mately 50 ohms. Signals were applied for mixing 
through a 50- to 500-kilohertz bandpass filter. A 
1-megahertz carrier was obtained from a crystal- 
controlled oscillator using a capacitive voltage di­
vider. The ratio of crystal oscillator amplitude to 
signal amplitude was 10 to 1. The 1-Mhz oscillator 
had an amplitude of 600 millivolts. Signals were 
amplified to produce 60 mv at the mixer input.

Because of the inherent wide bandwidth of the 
mixer input, the input circuits and the crystal 
oscillator must be shielded. This prevents external 
mixing of the signals before they are applied to 
the balanced mixer. The output of the mixer is 
approximately 600 ohms.

vsy i/
1 OUTPUT 
i CIRCUIT

5 0 -TO 500-khz 
BAN0PASS 
FILTER O.lpf

SiG ±°--- )
1-Mhz
CRYSTAL
OSCILLATOR

,  ■ , , C A R R I E R

' v l !'— -ir BALANCE
o ~L |

C ross-coupled tran s is to rs  perfo rm  as ba lan ced  m ixers  
w ith o u t expensive tra n s fo rm e rs . C o n fig u ra tio n  cancels  
fu n d a m e n ta l freq u en cy  and produces tw o sidebands.
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5. FET Correlator
A correlator using field effect transistors was built from the circuit in Chapter 

18 of the VLA Proposal. Although the unit exhibited good insensitivity to uncorre­
lated power, the output voltage was a factor of ten smaller than the NR AO correlator. 
Test data is shown on page 23.

6. Operational Amplifier Low Pass Filter
A low pass filter was developed for use in the second stage of the correlator 

DC amplifier. The circuit which allows a gain of 10 has 40 dB of attenuation per 
decade.

-Mux Ti-ELE— E e c DBACK. „ F ilter

-f Hi

Figure 5

7. FET Multiplex Switch
A FET multiplex switch similar to that described in Chapter 18 of the VLA 

Proposal was built and tested. The circuit is  shown in Figure 6.
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Figure 1 8 - 2 .  Correlator design based upon field-effect 
transistor design developed at the University of Bologna.
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It should be possib le to use ,an  in tegrated  c ircu it for th is purpose; however, 
m ost of the devices now available com m ercially  (such as the Philco pL4501) will 
not switch signals g re a te r  than ± 5 V.

8. Conclusions
At th is point the best c o rre la to r  appears to be a  device which combines an in ­

expensive hybrid tran sfo rm er such as the Relcom MT8 and inexpensive hot c a r r ie r  
diodes such as HP 2900 in  m atched p a irs . The p rice  of the hybrid com pares favor­
ably with the cost of a  possibly le s s  re liab le  tra n s is to r  hybrid. In addition to excellent 
gain and phase c h a ra c te ris tic s , th is type of tra n sfo rm er doubles the c o rre la to r  output. 
Also, th is type of c o rre la to r  has shown the le a s t sensitiv ity  to uncorrelated  power.

It should be worthwhile to pursue the possib ility  of using back diode o r  FET 
square  law detecto rs as an a lternative to hot c a r r ie r  diode square law detecto rs to 
m inim ize sensitiv ity  to uncorrelated  power. Double balanced m ixers should only be 
considered if  th e ir  sensitiv ity  to uncorrelated  power can be reduced.


