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Modern
Receiver
Mixers
for High
Dynamic
Range

The VMP4 VMOS offers a new approach to mixer design. For
quality communications equipment it provides improved port-
to-port isolation and relatively high immunity to strong in-band
and out-of-band signals.

By Doug DeMaw,* W1FB and George Collins,** ADgW

Desiguers and users of modern com-
munications receivers and transmitters are
necessarily interested in high dynamic
range and port-to-port isolation in the
mixer stages of the equipment. A quality
communications receiver for medium- or
high-frequency band use will exhibit high
dynamic range in order to provide relative
immunity to strong in-band or out-of-
band signals. Furthermore, the system
should be relatively free of spurious
responses that cause “*birdies’ across the
receiver tening range.

Acknowledging the importance of gain
distribution and noise figure in the early
stages of & receiver, we concentrate,
therefore, on the mixer performance. Ina
typical quality design of the day we try to
ensure a “‘crunch-proof” status for the rf
amplifier, mixer and post-mixer amplifier.
For the most part, this requires that each
of those stages be capable of handling a
substantial amount of signal power
without gain compression or undue IMD

*Senior Technical Editor, ARRL
**Laboratory Supervisor

products being generated. [t is not
unusual to find a VMOS power FET or a
large CATV (cable television) type of
bipolar transistor being used as an rf
amplifier ahead of the mixer. A VMP4
VMOS device or a 2NS[09 bipolar tran-
sistor can be used to obtain high dynamie
performance in an rf amplifier. The same
or similar devices are often used as post-
mixer broadband amplifiers in  high-
performance communications receivers. '

Qur objective is to select a mixer that
has sufficient port-to-port isolation to
minimize the effects of LO energy appear-
ing in the mixer output. Similarly, the
signal energy should be well suppressed at
the remaining ports of the mixer. Further-
more, if the mixer requires a high level of
1.0 power to provide optimum perfor-
manee, difficulty may be encountered in
keeping the [.O energy isolated from the
ather circuits in the receiver. Qur choice,
therefore, must be one that involves a
minimum amount of irade-offs while en-

‘References appear on page 23

suring good mixer performance.’

Mizxer Options

The choice between passive and active
raixers in a given design should be based
on performance objectives, with con-
sideration of the circuitry that precedes
and follows the mixer. A singly or doubly
balanced mixer is preferable to a single-
ended mixer in the interest of isolation be-
tween the ports. The doubly balanced ver-
sion will afford the best performance in
that respect.

The active mixer will yield conversion
gains of less than unity to as great as 20
dB, depending upon how it is used.
Perhaps the least acceptable of the better
mixer options is a pair of small-signal,
dual-gate MOSFETs of the 40673 family.
Many communications receivers use such
devices in & broadband, singly balanced
arrangement. Although this may be cost-
effective to the manutacturer, high
dynamic range will be bard to achieve
without a sacrifice in noise figurc at the
higher frequencies. [f an rf amplifier is
used to improve the noise perfarmance,
care must be taken to keep the gain only
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Fig. 1 — Reference mixer that uses small-signal dual-gate MOSFETs in a broadband, singly
halanced setup. Conversion gain Is — & dB because of the low terminal Impedances and broad-
banding. With an LO injection ot 8 volts pk-pk and an input signal tevel of ~ 10 dBm PEP, the
third-order output intercept is + 17 dBm. Gate bias and LO infection has been optimized. Nar-
rowbanding and careful impedance matching would yield conversion gains up ta + 15 dB.

14.06 MHz =
0-79 48
coms e It
GOMB,
14,06 MHz _—.>_J
v
vFO 0-T34dB MuT
5.0 =85 MHz 3 W ~
<
, SPECTRUM
| ANALYZER
s s — HP
e T Ly ot e
i g g 85538
G152 dB +14 dB & MHz
ENS109

Eig. 2 - Block diagram of the test fixture used in evaluating the mixers treated in this article.

high enough to ensure the desired receiver
noise figure. Too much gain will cause the
mixer to collapse in the presence of strong
signals. Most receivers that use small-
signal FETs in a singly bafanced scheme
{Fig. 1), and with a MOSFET rf ampiifier
ghead of the mixer, ushibit an IMD
characteristic of 80 to 85 dB if the design
has been done with care. A gain compres-
sion of 1 dB occurs between 115 and 125
dB on the average, referenced to the
recetver  MDS  (minimum  discernible

20 5T~

signall. A receiver  with  these
characteristics might be entirely accept-
able in some signal environments, But
much greater dynamic range is necessary
in high signal-density locations, such as
shipboard and in iarge communications
centers where trapsmitters are opurating
on several frequencies simultaneously.
Active mixers can be valuable in terms.
of conversion gain, with narrow-hand
types vielding the higher gain figures. The
usual trade-off between bandwidth and

gain must be accepted when using broad-
band mixers. The amount of conversion
gain desired will depend on the filter losses
before and after the mixer, and the
available overall gain after the mixer,

Passive mixers of the diode-ring,
doubiy balanced variety are capable of ex-
cellent dynamic range and port-to-port
signal isolation. The shortfall is, of
course, fairly high LO power re-
quirements ( + 7 to 15 dBm) and a conver-
sion loss on the order of 8 dB. It is almost
mandatory to employ an 1f amplifier
ahead of the diode-ring mixer to provide a
low noise figure. A diplexer may be used
after the mixer to ensure a 30-ohm ter-
mination at all frequencies, thereby aiding
the IMD characteristic.* If the i-f filter has
a high insertion loss (10 dB for most
mechanical filters), a post-mixer, iarge-
signal amplifier is worthwhile. 1t can he
terminated by a 50-ohm pad of specified
attenuation to ensure a constant load and
to protect the i-f filter from damage when
very high signal levels are present at the
receiver input.

It is apparent from the foregoing
discussion that a lot of decision making is
necessary when deciding what mixer to
lise. Whatever the choice is, high dynamic
tange should be the criterion. This can be
achieved with passive or active mixers,
The remainder of this article addresses
various mixers and their performance
characteristics. The laboratory test pro-
vedure used by the authors is aiso dis-
cussed.

Mixer Evalnation Method

Two-tone tests of the various mixers
were performed with a signal separation
of 10 kHz at 14.050 and 14.060 MHz, A
+ 8 dBm output level was available from
each spectrally clean, crystal-controlled
generator. A 6-dB combiner followed the
two generators. Qutput from the vom-
hiner was routed through a Tektronix
2701 attenuator (0 to 79 dB), then to the
mixer under test (MUT).

1.0 power was generated by a ‘Frio-
Kenwood 5-MHz VFQO, to which filtering
and additional amplification was added.
The LO source delivered + 16 dBm, A
second Tektronix 2701 attenuator was
connected between the LO source and the
MUT 1.0 port.

I-f output from the mixers was routed
through an HP 355C/D attenuator (0 to
132 dB) to a broadband class A IN5109
+ 14-dB amplitier which had a + 40 dBm
output intercept. A 2.4-kHz bandwidth
K¥G d-pole crystal-lattice filter with an 1L
{insertion lossy of — 5 JdB followed the
post-mixer amplitier. Qutput from the
filter was supplied o an HP 4553/8552B
spectrum  analyzer through w 300- fo
i0-ohm matching transformer. Other
broadband transformers were used to pro-
vide a proper interface between the test
modules and MUTs, Those transformers
are not shown in the test-setup black
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diagram of Fig. 2. A 7-pole, T-section
Chebychev low-pass filter was used at the
output of the 2N3866 broadband post-1.0O
amplifier to ensure that all LO harmonics
were 70 dB or greater below peak LO out-
put.

Plessey SLG6440C 1C Mixer

A recent product to the IC market is the
Plessey SL6440C programmable high-
level mixer. Bt is advertised as having a
+ 30 dBm output intercept point and a
+ 15 dBm compression point (1 dB), The
internal circuit of the IC had not been
revealed at the time this article was writ-
ten, but it is presumed that the inner
workings are not too unlike those of the
Motorola MC1496G, with the exception
of greater dissipation capability for the
SL6440C, The manufacturer rates the
mixer as having a - 1 dB (typical} conver-
sion gain when the IC is terminated in 50
ohms. [n our tests a 200-ohm termination
was used at the input and output of the
IC, yieiding a conversion gain on the
order of + 8 dB maximum.

Fig. 3 contains the circuit of the SI.6440C
as it was configured for laboratory analysis.
K1 was used to adjust the guiescent current
of the mixer. Table | shows the test results
at various LO and signal-input levels. The
spectral displays of Fig. 4 show the LO and
1O harmonics to i-f-port isolation (A}, With
0 dBm of LO input power the isolation was
29 dB. The 2f LO isolation was measured at
~ 72 dB.

Soectral photograph B of Fig. 4 shows
the rf port to i-f port isvlation as being 48
dB when the 1.0 ievel was 0 dBm and the
rt-input  level was —10 dBm, PEP.
Photograph ( is the two-tope output of
the mixer. Table 2 contains data on con-
version gain, intercept numbers and port
solation with various I, amounis. These
data were compiled with an LO injection
of 0 dBm and an rf input of —5 dBm.

One might conclude from the foregoing
test resuits that the Plessey SL6440C is in-
deed a worthy device which is capable of
providing high dynamic range without
vonversion loss. The I, values used in
these tests were the maximum safe levels

I nias
NF = 10.8 dB A N
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2000, 5L6440C
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Fig. 3 - Test circuit tor the Plessey SL8440C mixer IC.

Table 1

Test Results at Various LO and
Signal-Input Levels

Third-Qrder
Qutput
LO Level Input Level! [ntercept
(dBmj (PEP, dBm)} (PEP, dBm)
0 +3 24
0 0 29
4] -5 kil
4] ~10 N
4] - 15 29
-3 +3 25
~3 +1 28
-3 o 29
-3 -5 30
-3 ~10 3
-3 -15 30
~ 10 +2 2
- 0 24
- 10 -5 3
- 10 - 10 31
-10 w15 29
- 15 + & 24
- 15 { 29
-15 -5 K
- 15 - 10 31
- 15 -10 31
-15 ~15 29

Conversion
Gain (@B}

ORI VOROENDEOOLONEWIE

Table 2

Data on Conversion Gain, intercept
MNumbers and Port isclation

Third Order
Output LO-to-RF
I, Current  Conversion Intercept tsolation
Pin 11, mA} Gain (@B}  (dBm} ag)
50 8.8 18 27
8.5 5.0 19 g
B0 . RbB 20 2
B5 7o a 27
740 70 22 a7
7.5 740 23 27
3.0 7.0 24 il
%) 70 25 27
90 74 265 e
95 I&] 26 a7
100 ) 7 27
105 .5 28 27
1.0 7.5 28 27
115 80 29 27
120 84 peis] 28
125 8.0 30 28
130 g0 N 28
135 8.0 H 28

LG input = 0 dBm. Bf input == dBm

(A}

)

i)

Fig. 4 — Spectograph A shows the L0 suppression at the i-f port of the SL8440C with no rf signal applied. LO injection is 0 dBm. Center frequency
is 25 MHz, bandwidth is 100 kHz, vertical scale is 10 ¢B/div. and horizontal scale is 5 MHz/div. Display B shows the output spectrum with 0 dBm of
L.O power and - 10 dBm of rf signal applied to the mixer. Analyzer bandwidth in this example is 30 kHz. Two-tone output is displayved at G with the
vartical scale being 10 dB/div. and the harizontal scale at 10 kHz/div. Center frequency is ¢ MHz and bandwidth Is 0.3 kHz.
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Fig. 5 — Circuit for the VMOS power FETs in a singly balanced arrangemant. Split dc feed to the

gates was used to provide dynamic balance.

uf de current without heat sinking the IC,
A package limitation of 1.2 watts ix
specified for temperatures up to 25° ¢,
with derating set at 8 mW/® C ahove 25°
C. Maximum program current is 50 mA.

Singly Balanced VYMOS Power FET
Mixer

The VMOS power FET has charac-
teristics that suggest its ability to perform
well in a high-level balanced mixer circuit,
For this reason it was included in the mix-
er evaluation program to determine how it
would compare to other high-level mixers..
A pair of VMP4 .vht devices was selected
for testing in a singly balanced. mixer.
Other YMOS  devices, such as the
VNG6AK, should offer nearly comparable
hf-band performance at lower cost. The
VMP4s were chosen mainly because they
could be adapted easily to heat sinking,
owing to the strip line package format.

(A)

Fig. 5 contains the test circuit used by
the authors. The rf and LO signals were
applied to the gates of the FETs, permit-
ting the sources to be grounded. Earlier
tests of the same FETs in a circuit recom-
mended by 4 manufacturer (rf signal in-
jected on the sources and LO injection on
the gates) yielded substantially degraded
mixer performance. Instability was also
manifest when the forward gate voitage
was increased beyond 1.9. Stability could
not be vbtained without excessive resistive
loading of the broadband transformers,
s the circuit was abandoned in favor of
the one in Fig, 5. Bias controls R1 and R2
were included to help establish dynamic
balance of Q1 and Q2. R3 was addad to
vstablish a known impedance at the LOQ
injection point during laboratory analysis.
Without the resistor, the port impedance
is in excess of 300 ohms,

Table 3 shows the resuits obtained with

{R}

Fig. & — Spectral display A shows the LO/i-# port isolation for the YMP4 balanced mixer with +16
dBm or LO injection and no rf signal applied. Spectrograph B reveats the rffi-f isalation with +16

dBm oi LO power and 0 dBm ot rf signal input.

22 st

Table 3 .

Results with Various Levels of Gate
Voltage and Drain Currents

Lo Af tnput'  Gailn 1, Gate' Third Q.1
{aBm) {dBm} @B} jmA) Valts (@Bm)
+16 +8 15 5 1.0 425
+16  +5 15 [+%] 10 435
+16 42 15 56 10 440
+16 -1 15 54 1.0 440
+16 -4 15 52 10 450
+16 -7 15 h2 110 *
+16 +8 16 115 15 420
+16 +5 16 105 15 44.0
+16  +2 16 100 15 45.0
+16 -1 16 a7 15 450
+16 =4 16 k] 15 445
=167 -7 16 e 3] i5. ¢+
+168 -+8 16 180 20 390
+16 +5 17 170 20 425
+16 42 ir 165 20 430
+16 -1 18 160 20 445
+16 4 18 160 20 430
+16 ~7 18 160 20 43.0

*IMD products below measurement system
noise floor,

‘All signal levels referenced to PEP.

Total current,

"Both gates at same voliage.

vartous levels of gate voltage, rf-signal in-
put and quiescent drain currents. 1.0 in-
jection was maintained at + 16 dBm. It
van be seen that a varicty of operating
conditions yielded good output intercepts.
The resultant conversion gain is sormewhat
higher than is desired for most receiver ap-
plications. If this circuit is wsed it will
probably require inclusion of an at-
tenuator pad after the mixer to tailor the
effective gain to a suitable level for the
stages that follow the mixer.

As one would suspect, port isclation
follows the format that {s common to
singly balanced mixers. With the circuit of
Fig. 5 the isolation was 38 dB when R1
and R2 were adjusted for hest suppression
of the vutput responses. This condition
was realized when one gate had 2 volis
and the other had 1.85 volts. Fig. 6 shows
the spectral output of the mixer under a
balanced condition. Photograph A shows
the LO isolation and photograph B il-
lustrates the LO and rf iselation.

The authors have concluded that
VMOS power-FET mixers are worth con-
sidering when high dvnamic range is
desired (without ¢oncern for the high
values of guiescent drain current in a
24- to 2B-volt do type of system). It
follows that a gquad of power FETs in a
doubly balanced mixer circuit would otfer
improved performance over that provided
hy the mixer in Fig. 3.

High-Level Diode-Ring DBM

It the designer is willing to aceept a
trade-off between dynamic range and con-
version gain, the doubly balanced diode-
ring mixer is worthy of consideration. Our
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Fig. 7 — Methoed for adding a diplexer 1o the output of a dioda-ting mixer to enhance the IMD per-
formance, The high-pass network is terminafed in 571 ohms and is designed for 3 x if. An L net-
work provides an impedance match between the mixer output (50 ohms) and the input of the post-

mixer amplifier.
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Fig. 8 — Diagram of the SRA-1H diode-ring, high-level mixer used in the performarice tests,

Fig. 9 — Qutput dispiay of the SRA-1H high-
ievel, diode-ring mixer with an LO power of
+17 dBm and an rf signal input of +& dBm.
The large number of spurs emphasizes the im-
pavtance of filtering at the mixer autput.

tests included an analysis of the Mini-
Circuits Lab SRA-1H DBM module. The
test setup was cssentially the same as for
the previous mixers treated in this article,
Tests were conducted with and without 2
diplexer connected to the_ mixer owipul.
The results were essentially identical, since
the test-sctup terminations provided the
desired 50-ohm port characteristic, In an
actual receiver where absolute source-
impedance levels are not aiways known, a
diplexer of the type shown in Fig. 7 can be
beneficial in providing the mixer with a
j0-ohm termination at all frequencies.
The high-pass branch of the diplexer is
resonant at approximately three times the

i-f. improvements of 2 to 3 4B in mixer
IMD are not uncommon when a diplexer
is added to a ring mixer.

Test results for the SRA-1H (Fig. 8) are
listed in Table 4, The conversion-gain
spread foflows the predicted amount,
ranging from —6 to —9 dB over an LO
injection excursion of +6 to + 17 dBm.
A spectral display of the mixer output is
shown in Fig. 9. Owing to the LO power
needed for this mixer it became necessary
to make one change in the test setup used
far the other mixers discussed here: The
2N3866 post LO amplifier was followed
by an MRF-311 CATV transistor to
elevate the available LO power to +27
dBm. The second harmonic tfrom the LO
source was measured at greater than 50 dB
helow the peak power of the fundamental.,

Summary

The implications of the test results in
this article are that large-signal Jevices
provide high dynamic-range uwumbers
when careful attention is given 1o biasing
and LO levels. Certainly, a receiver is only
as good as its mixer in terms of large-
sipnal  accommodation. Schottky  ring
mixers still offer a good compromise be-
tween dynamic range and moderate LO
injection power. The penalty is in conver-
sion loss, but a major advantage is seen in
the passive feature of the diode-ring
mixer, since the device does not impose de
current drain on the power supply,

Table 4

Test Results for the SRA-1H Diode-Ring
High-Level Mixer

RF H Third-Order
Lo {dBm, fdBm, Gain 0. (@Bm,
{dBm) PER} PEA) B} PEP)
+9 +8 0 -8 +190
+9 +5 -2 -7  +220
+9 +2 -5 ~7  +235
+9 -1 ~8  ~7 4245
+9 ~4 -~ 11 -7  +2B5
+9 -7 -4 ~7 *
+12 +8 +1 ~7 +250
+12° +5 ~2 -7  +2680.
+12 +2 ~5 -7 4270
+12 -1 -8 -7  +210
+12 Y| ~11 -7
+ 12 -7 —14 -7 *
+15 +8 +1 -7 +300
+18 +5 - ~7  +300
+15 +2 —4 ~6  +310
+ 18 -1 -7 ~8  +30
+18 wd ~-10 ~§
+15 -7 - 13 -6 o+
+17 +8 +1 ~7  +330
+17 +5 ~1 -7  +335
17 +2 -4 -8 £330
+17 -1 -7 -8 4310
+17 -4 -10 -G
+17 -7 ~13 -6

*Measurement limited by post mixer/filter IMD.

The Plessey SL6440C high-level mixer
IC offers the advantage of baving ex-
cellent dynamic range, conversion gain
and moderate dc current reguirements.
The LO-injection level is significantiy
fower than that required for a diode-ring
mixer, and the package format lends itself
well to the design of miniature equipment.

YMOS power FETSs open the door to
very high dynamic-range numbers at the
cost of bulk and high de-carrent re-
quirements. LQO-injection requirements
are fairly high, and heat sinking of the ac-
tive devices is necessary, Owing to the
relatively high amplitude of the mixer-
output spurs, a doubly balanced YMOS3
mixer would be preferable to a singly
balanced version. The VMOS balanced
mixer may not, in many instances, be
cost-gffective unless low-priced VMOS
FETs are used in preference to the YMP4s
specified in this article. The latter are in
the %20 price class when purchased in
single-lot quantity.

Indications are that small-signal
devices, such as the 40673 and 3N211, are
pooy choices when high dynamic range is
a design criterion. They are entirely
acceptable for use in many low- and
medium-cost hobby and entertainment
receivers where high signal levels are not a
problem. E&- )
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