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1. INTkODUCTION

Tbe integrated X-band mixer described herein
b been developed for an integrated phased array

syetem requixing a 1 C-Hz intermediate frequency.

‘fMa high IF SSLOWS several novel design approa-

A single $wdad mixer is feasible shce LO noise
s~-sion is net necessw at such a high IF.
Also, -e (2fu - f5 ) and sum frequency (f~ +
f8) enhancement techniques can be used to recover

a portion, of the energy normally lost in the mix-

* P~cees; ns~t* in a conversion 10SS h-

provement d up to 1.5 dB in the enhanced mcde as
compared t.o the broadband mode of operation. To

L:&’g~”Z”Lz,zfLy& EL..,

a ewm frequency port and also accoont for finite
diode and filter losses.

11. MIXER DESIGN

The entire mixer, fabricated em a 0.4’1 x 0.”[”
x O. 251! thick sapphire subatrat e, is shown in Fig.
1. The six elements comprising the m.ixer-diplexeq
three bypassing stubs (de, IF, RF)$ image filter$

ami diode-+ere all designed for the following
nominal center frequencies: f9 = 9.5 GHz$ f~ =
8.5 @iZ, fl = 7.5 GH5, ffl = 1.0 GHz.

A single ring directional filter (dip.lexer)
ia used for M injection ad was measured to have
a loss of 0.2 dB at the signal frequency and 2 dB
at the B3 frequency% the. IA&t er value being accept-
able since J@ power wmervation is of secondary
importance for this application.

The image fil.ker consists of two ~2 resonant
lines coupled to the main line over a quarter wave-
length. This filter exhibits an insertion loss to
the signal less than 0.2 dB, a minimum return
loss = 0.5 dB ati the image center frequency, and
a bandwidth of approximate sly 500 MHz over which
the return loss <2 dB (thiz value was determined
theoretically to represent tihe point. where con-
version loss would degrade b~ 0.5 dB over its mid-
bad enhanced value). The use of this “double!!
image fi.lier more than doubled the mixer band-
width as compared to an ear

?7
r version employing

a single A /2 image filter. 2

DC bypaesing for the rectified diode current
is provided by a shorted ~k stub while the IF
bypassing network consists of a 7(JcI stub whose
length is one qusr%er wavelength at 9.5 GHz, t er-
minated w%%h a chip capacitor whose capacit ante is
chosen to resonate with the stub at 1.0 GHz.

E&passing to prevent RF leakage out the IF
port is accomplished using a combination of 4 stubs
as shown h the right of Fig. 1. The two larger
stubs are the usual ~4 open circuited stubs used
to bypass the signal, ID, and image frequencies.
The other two sma13,er ~8 open circuited stubs

(k/4 at J-8 GHz) are ueed to bypass the sum fre-
quency. These stubs were necessitated by the d~s-
covery that power was propagating out the IF port
at the sum frequency leading to degraded conversion
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loss et the low end of the signal band (Fig. 2(a)
solid curve]. These stubs were addad immediately
adjacent to the diode to provide a short circuit
to the sum frequency on the SF side of the diode.
It was anticipated that termhating the sum fre-
quency would provide addit ionsl conversion 10SS

enhancement; this was subsequent~ verified as

shown by the dashed curve in Fig. 2(a). A fur-

ther significant improvement is the reduced IO

drive required as evinced by the lower crystal.
current, 1 = 2 ma (PM = 8.5 W) as compared to
.4 ma reqfied with no sum frequency t ermina-
tion. If, in fact, the ID drive is restored to
levels comparable to those required without sum
frequency termination (1 = 4-6 ma), the conver-
sion loss at a single frequency can be reduced
even lower with the best reconied value being
2.8 dB (2.4 dB referenced to the diode terminals).
The results of additiod experimetis to deter-
mine the optimum terminations for both the sum
frequency and the second h-tic of the U) fre-
quency on the SF and IF sides of the diode will
be reported,

In the course of the development, several
cliff erent SchottQ barrier diode types were eval-
uated including siLicon chip diodes ~ silicon beam
lead biodes, and GaAa chip diodes. The lowest
conversion losses have been obtained with West -
inghcmse GSAS chip diodes. These diodes are fab-
ricated on a 1 micron thick epitsxi.al. layer and
have a junction diameter of 5 microns, which is
surrounded by a contact overlay 20 microns in
diameter. These diodes typically have series
resistances of 3-40 and shpe p~amet era = 1.03.

the ~~~~~]prz~~~y~~~~
WSS expanded and modified to include the effects
of (1) sum frequency as well as image termina-
tions~ (2) the diode series resistance, barrier
capacitance, and bonding wire inductance, and (3)
the finite return l.oss of -e @ sum frequency
filters. Some results of this analysis are shown
in Fig. 3, which illustrates the effects of vaPi-
ous sum frequency t.erminst ions for the cae e where
the image is short circuited.

111. EXF12RXMENTALRESULTS.—

The experimental results achieved with the
mixer shown in Fig. 1 are illustrated in Fige.
2(b) and 4. All data is referred to the edges of
the sutstrate; if referred to the diode terminals
conversion Insses would be approximate ely 0.4 dB
lower.
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Fig. 2(b) is a plot of conversion loss versus

signal frequency for the case where fm iS he~

constant at 8.5 GHz for 3 tiem.j and clearti
illustrates the benefits of the enhancement tech-
niques employed. Because of the image filter, the
mixer also rejects external signals in the image
frequency band, exhibiting a conversion loss >20
dB from 7.25-7.75 GHz.

Fig. 1+plots conversion loss versus IO power
for the broadband case and for the enhanced case
with and without the sum frequency bypass stuba.
Mith sum frequency termination, it should be noted
that the LO power required is less, and the ~ti-
mate conversion loss at high ~ Power leve~ ~
-2.8 dB (2.1+dB referenced to the diode). Both
Figs. 2(a) and 4 show a conversion.loss improve-
ment of 1-1.5 dB in the enhanced state as compared

to the broadband state.

~ additional benefit of image enhancement is
improved RF match. For D3 leveb greater than k ~,

the signal input VSWR is less than 1.3:1. The
measured resistive component of the IF impedance is
approximately 145fL A further benefit is large
dynamic range. At an LO power level=3.5mW
(measured at the LO port), the ldB compression
point is not reached until the signal power has
been increaeedto -1.5 dBm (.7 n@.

ACKNOWEIMMENTS

The authors wish to acknowledge L, Dickens for
his helpful suggestions concerning the mixer design,
D. Maki for his assistance in writing the diode
ana@3ia computer progra% andF. Trageaer for fab-
ricating the diodes.

This work was partially funded on contract
NO@219-70-ca584 epaeox’ed by the Naval Air %@e~
command.

5

BROADBAND

\
4

\
\ IMAGE ENHANCEO

L.O. POWER (mW)
(INJECTED INTO DIPLEXER) S?I-05, *-V, -Z

Fig. 4 Conversion Loss vs. LO Power

Fig. 1 Photograph of Itier

I I I

(—
_ BASIC WIDEBAND MIXER

6.0
I=4ma.

& STUBS ON IF SIDE

OF OIODE
5.0 1=2 ma.

I

0’
N

-1)

4.0 “x
/ ~ ‘

— /
L 0 “3--

3.0

[a) CONVERSION LOSS FOR DIFFERENT CONFIGURATIONNS<>

5. 0
i

4. 0

pLo= 8.5mw
‘. .

3.0 RL =Oft

I I
9.2 9.3 9.4 9.5 9.6 9.7 9.8

FREQUENCY (G Hz)

(b) CONVERSION LOSS SPREAD FOR 3 MIXERS
,7!-03:

Fig. 2 Conversion Loss vs. Frequency

MIXER PARAMETERS

Rs= 4fi

6 Cj = 0.06PF
/

\ /

~ \
IMAGE TERMINATION =l.5n

SUM TERMINATION .i.5fi —

35 k = 5on —

‘“ \
m

!2 4 \

z
g ~.- ‘----m
~ 3 /

> .
z ‘~0
~ 2

I I I I I

WO 0.65 0.70 0.75 0.80

LO VOLTAGE (VOLTS)

0.114 0.109 0.105 0.102 0.09s

PULSE DUTY RATlO ,,! 0,33. .

Fig. 3 Calculated Conversbn Loss


