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To: VLBA Data Acquisition Group
From: Alan E.E. Rogers
Subject: Improvements in SSB mixer submodule of BBC

1] Removal of phase bias

Difficulty in getting the BBC image rejection to meet specification (26 dB) has prompted another
look at the design. If the r.f. phase shift error (from quadrature) is L, the video phase shift error

is V and the fractional amplitude imbalance is A the image rejection is given by
(L:V)Y>+ A% /4 ("+" = USB,"" = LSB)

If the circuit performed perfectly the image rejection should be limited to 32 dB as a result of the
3 degree phase ripple in the differential phase response of the all pass network (see Acquisition
Memo #101 for pole-zero locations). If we add a 0.4 dB (=5%) amplitude imbalance the rejection
will be limited to 29 dB. Add a 2 degree r.f. phase imbalance and the rejection will be limited to
26 dB worst case. Since the video phase error oscillates around zero with frequency the worst case
rejection should be nearly the same for each sideband. However if the video phase shift is biased
it may be possible to adjust the r.f. phase shift so that the image rejection spec. is met for one
sideband but is poor for the other sideband. A more careful examination of the circuit shows that
there is in fact a phase bias of about 3 degrees at 8 MHz introduced by the feedback compensation
capacitors in the 2 highest frequency stages of the all-pass network. This bias can be reduced to
an insignificant level by changing the 178 ohm resistor in the highest frequency pole-zero to 162
ohms (or by adding 1.5K in parallel with the 178 ohm).

Figure 1 shows the circuit model used for simulation analysis and Figure 2 shows the phase error
(relative to the theoretical differential all-pass action) of the high frequency sections in the path

from each mixer.



2] Improved mixer balance

Some SSB submodules are difficult to adjust owing to mismatch between mixers. Mixers from
different batches may be poorly matched with as much as 1 dB difference in conversion loss. LMX-
113 or LMX-149 mixers can be used. While the circuit and parts list call for LMX-113 it may be
that it is easier to achieve a good match with the more expensive LMX-149. Table 1 shows some
data for the 2 mixer types. In either case it may be necessary to balance mixer conversion loss by
adding a parallel resistor across the output of the mixer with lower conversion loss.

3] Improved r.f. phase quadrature

While the JH-140 hybrids is specified to have less than a 2 degree deviation from quadrature the
r.f. quadrature can be degraded by the rather poor match (VSWR = 4 : 1) of the mixers. The
match can be considerably improved (especially with LMX-149 mixers) by adding 100 ohm resistors
to ground in parallel with the mixer L.O. ports. With these resistors in place the relative signal
level at the "C" port of the JH-140 is reduced from -6 to -10 dB.

The mounting of the mixers and hybrid is fairly critical. The cutouts should ideally be only very
slightly larger than the components to minimize the stray inductance. It is also advantageous to

solder the cases to the pc board ground plane at the corners - see Figure 4.

4] Suggested measurement setup and adjustment method

Use sweeper and scope to display both upper and lower sidebands simultaneously with converter
bandwidth set to 16 MHz. With converter set to 750 MHz adjust the mixer amplitude balance by
placing resistor across mixer output (500 ohm will correct a 0.8 dB imbalance) to minimize
unwanted sidebands. With converter set to 950 MHz adjust the input line length for best image
rejection and then adjust resistors across the JH-140 hybrid for final trim. Finally check image
rejection with computer controlled test procedures. An iterative cycle of adjustment may be needed
to achieve better than 20 dB image rejection in the worst case. Achieving 23 dB worst case at any
combination of L.O. or r.f. frequency should always be possible - but 26 dB is difficult to achieve

in the worst case, and I propose that the specification be changed to 23 dB.

Figure 3 shows the final test results from adjustment of the SSB mixer module in BBC Serial #14.
Note that the frequency scale is logarithmic and covers the full video range from 10 KHz to 16
MHz.

Figure 5 shows the revised circuit diagram with notes. At this point more converters need to be

examined to see if all the proposed changes are needed, or if they are sufficient to bring all

converters to a 23 dB minimum image rejection.
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Model for Video Phase Shift Sections in SSB Mixer
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Transfer Function V1/V2
C2, C5 are stray capacitance
RI, CI part of H.F. compensation for stability

values: RI = 100 Q C1 = determined by pole-zero location (120 pt, 33 pf)
CI = 100 pf |Al= 30 dB at 16 MHz
C2=0C5=4pf 1 =20 ns
C4 = 12 pf
R =2000Q

Figure 1.
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REMARKS: TESTED USING S-D 1702 SIGNAL GENERTORS. TEST FIX 90-0-09-28. S/N 36382. PROD SAMPLE: RUN Fas51557~-1.

MINI-CIRCUITS
MODEL L. MX—113 MIXER CONVERSION LOSS
_WM- OUAMIITIY X DAIL J 24 a
RF POWER :-15 dBm PROD RUN:F@50354-1 " TESTED BY: 1B
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200.000 230.000 6.02 6.11 6.09 5.99 5.97 .14
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1000.000 970.000 6.76 é.89 5.49 6.82 6.49 )
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Table 1. Comparison of LMX-149 and LMX-113 Mixers
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Figure 4. Improved grounding of hybri




Figure 5.
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NOTES:

1. GAIN APPRDX. 20dB, N.F. APPROX 26dB

2. SUPPLY CURRENT APPROX. 200ma.

3 VIDED POLE ZERO FORMED BY 33pf HAS BEEN CORRECTED FOR 12pf FELDBACK
4. LMX-113 OR LMX-149 MIXER CAN BE USED
S. ITEMS WHICH MAY HAVE TO BE TRIMMED FOR BEST IMAGE REJECTION

A) INPUT LINE LENGTH

B> 1000hn MATCHING RESISTORS ON HYBRID
C> Slohm MATCHING RESISTORS ON HYBRID
D> 1.3K RESISTORS ON MIXER TWTPUTS
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