VLA ELECTRONICS MEMORANDUM NO. 142
interoffice

National Radio Astronomy Observatory

Charlottesville, Virginia
qutember 24, 1973

To: S. Weinreb
From: R. Predmore
Subject: ~ Transmit/Receive Changes in the VLA 0 System

1. Introduction

The VLA primary local oscillator for each antenna is a 500 MHz
frequency which is phase-locked to a 500 MHz oscillator in the control
building. The antenna oscillator must be stabilized between observation
of calibration sources which may be as long as 8 to 12 hours. Phase errors
vhich are not corrected by the LO Loop can occur in the mm-transmission
system or in the transmit/receive processing at the antenna and control
room. The errors due to the mm-transmission system will be considered in
this memo.

2. Phase Error in MM-Transmis:ion

The main VLA electronics block diagram is duplicated in Figure 1
for reference. We are concerned with Blocks 3, 4, 6, 7, 8 and 9 in studying
the 500 MHz phase-locked loop.- Two tones at f + 1250 MHz and f_ + 1750 MHz
are transmitted to and from the control room off a time-shared bas?s, to provide
the phase-locked 500 MHz at the entenna. Mismatches at the mm-mixer and the
antenna coupling system will cause second order variations in the resultant
500 MHz phase. The phase loop will not cancel these effects completely, if
the mixer match changes between transmit and receive.

The second order effects due to mismatches at the source and load of
a transmission 1ine of length 1 are illustrated in Figure 2. These effects occur
when a portion of a transmitted wave is reflected from the load and the source
and added to the primary wave at the load. The primary phase change exp(jB.1)
is modified by a term of urder p.o . whose phase, y., depends on the length of
%he transmission lire, and the pﬁagés of the refleclions from the source and
oad.

This error occurs at both the transmitted frequencies. When received
at the antenna and control room these tones are first mixed down to the 1-2 GHz
band and then each tone is amplified separately before they are mixed to give
500 MHz (w3). Figure 3 shows the 500 MHz phasor at the antenna with errors due
to mismatch. The reflections at the two millimeter frequencies (f_+ 1250 MHz)
and (f_+ 1750 MHz) change the magnitude and phase of the resultan® 500 MHz
phasoroby:

AM = pypcy €OS vy + 00, €OS ¥,

E % pgpeg SIN v,y - pyogy SiN vy



are varied by a change in the length of transmission line, the peak
lak hase variation is:

£ = 2 (pgoq * 000,))

pp

and rms variation is:

_P1Pa1 T PP
rms 2

£

For the case where the mixer and coupler matches are the same at both
frequencies:

p] = pz; pC] = pczs

the variation of ¢ with changes in length is given in Figure 3. The mismatch
is assumed to occur where the antenna waveguide couples into the main circular
wavequide trunk, approximately 30 meters from the mixer in the vertex room.
The phase error is:

E= p]'pc]'Sin ((YZ = Y])/Z) * COS ((Y] + Yz)/z):

Yo = Y
where —g—i——l o (wz - w]) - 2/c

Yot Y
and 21 o (w, *+u) - 2/c
As 2 changes due to temperature and/or flexure in the antenna coupling system,

£ will change rapidly with £ due to the (w] + mz) - ¢/c term, with an envelope
which varies as (mz - w1) - 2/c.

However, if the magnitudes (p » po) and phases (8., o ) of the mixer
match do not change significantly for traﬁsmission and relept1on g will be
almost the same and should be compensated for in the phase loop. The change in
£ due to changes in oy, Pos B1s and o8, are considered in Figure 4, Since
variations in pj are Aost 1mp3rtant when vy; is (2n+1)w/2 (error phasors normal
to 500 MHz phasor), and changes in 6. are s1gn1f1cant when vy, is mn (error
phasors along 500 MHz phasor), the t&o effects do not occur §1mu1taneous]y and
can be handled individually.

The maximum 1imits on d¢ for changes in rho or theta are given by:

lde(o)] < 0 q+1dpq] # o prdo,]

and lde(e)] < o, pc1-ld9]l * 0, 00p01d8,].
We are trying to limit dg to 0.1° = 0.0017 rad.



Assuming that Pj = Py = 05

Pe1 T Pe2 T Pe?

doy = do, = do,

and de] = de2 de < 0.1 radian*,

we can establish 1imits on the match for the mixer and antenna coupling system.
These matches are determined by the variation in theta:

dg| . 0-0017 _ _
ppc <2-|%+ m—' 0.0085 -~ -41 dB

The variation in p is limited to

do = |d5|/(29c): or

g.&: =<
5 = |dg|/(200.) = 0.1

This change corresponds to 0.8 dB change in reflected power from the mixers,
assuming the required p. at both frequencies (fo + 1250) and (fo + 1750),

The value of de=0.1 rad is the experimental 1imit of the mixer SWR
measurements. If do is less than 0.1 the restraint on the product p-p_ can
be relaxed. An upper limit to PP, js then given by the variation in ¥ho:

p-p. < |dg]/(2dp/p).

Section 3 describes a test setup which will simulate the mismatch in
the antenna coupling system.

3. Measurement of 500 MHz Phase Error as a Function of Millimeter Mismatch

The main VLA electronics block diagram was duplicated in Fiqure 1
for reference. Block 7 will be neglected for our one antenna analysis, while
the circular waveguide trunk will be simulated in rectangular WG for tests.
Figure 5 gives a test setup for creating a mismatch in the wavequide trans-
mission system. With the 3 dB coupler, the variable attenuator and the movable
short, the coupler match p. can be varied as well as the length ¢. This system
will allow each mixer to be evaluated and will allow matching specifications for
the antenna coupling system to be established.

cc: G. Behrens
J. Campbell
P. Napier
A. Parrish
H. Beazell
R. Thompson

*From laboratory measurements using a slotted line.
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FIGURE 2. Phase Errors Due to Source and Load Mismatches

Z | £ > .
: Vot ()
V= cuo‘_i‘ pi L% 2, ﬂ"eb@l. 2, Ou
~— —e
wy = 27 (fo + 1.250 GHz)

wp = 2n (o #+ 1.750-6Hz)

Yout(i) . Ji* [, 8371:-]
V(i) PiPci
where Y = Zsiz + 8, + °ci,

p1> P2s (87, 8,) are the magnitudes (phases) of the mixer reflection
coefficient at frequencies w;, w,,

Pel® Pe2® (ec], °c2) are the same quantities for the load (antenna
coupling system).
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