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Abstract—A description is given of two new mixers designed to

operate in the 80-120-GHz range on the 3d-ft radio telescope at

Kitt Peak, Ariz. It is shown that for a hard-driven diode the para-

sitic resistance and capacitance are the prim,sry factors influencing
the design of the diode mount. A room-temperature mixer is de-
scribed which achieves a single-sideband (SSB) conversion loss
(L) of 5.5 dB, and a SSB noise temperature (T.) of 500 K (excluding
the IF contribution) with a 1.4-GHz IF. A cryogenically cooled ver-

sion, using a quartz structure to support the diode chip and contact
whisker, achieves values of L = 5.8 dB apd l“. = 300 K with a

4.75-GHz IF. The mizers use high-quality Schottky-barrier diodes
in a one-quarter-height waveguide mount.

I. INTRODUCTION

T HIS PAPER describes the results of a program of

mixer development aimed at producing more sen-

sitive millimeter-wave receivers for the National Radio

Astronomy Observatory’s 36-ft radio telescope at Kitt

Peak, Ariz.

The most significant development in millimeter-wave

mixers since Sharpless [1] introduced the wafer diode

mount in 1956, has been the introduction of the Schottky-

barrier diode. The nearly ideal exponential characteristic

of the Schottky diode led Barber [2] to approximate the

device by a switch in series with a small resistance; the

conversion loss of a mixer is then a function of the pulse

duty ratio (PDR) of the switch. Dickens [3] has achieved

good agreement between Barber’s theory and experi-

mental results at 60 and”95 GHz. Leedy et at. [4] demon-

strated good agreement between theory and experiment

when they assumed, following Torrey and Whitmer [5],

a sinusoidal LO voltage at the diode. Although this as-

sumption is unlikely to be strictly valid [6], [7], it is

consistent at high LO levels with Barber’s switching

model.

More recently, nonlinear analysis techniques have

been applied to the mixer problem in an effort to achieve

a more accurate understanding of the mixing process

[6]-[9]. However, these attempts have been limited to

cases in which the diode has a fairly simple embedding

net work. The difficult y of characterizing the embedding

network at the harmonics of the LO frequency has so far

prevented these methods from being used to give an
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accurate solution for the case of a waveguide-rnounted

diode.’

In thk paper the approach taken to mixer design is to

consider the mixer as three interconnected networks as

shown in Fig. 1:

NI the embedding network, or diode mount;

NZ the network containing the diode’s parasitic

capacitance and resistance, which connects the

ideal diode to the embedding network;

N8 the ideal exponential diode.

These three networks are optimized to obtailn maximum

power transfer between the embedding network and the

periodically varying junction resistance at the input

(RF) and output (IF) frequencies. The embedding net-

work is assumed reactive at the harmbnics of the LO fre-

quency.

The single-sideband (SSB) noise temperature of a

mixer receiver can be written as

where TM is the noise contribution of the mixer itself,

L is the SSB conversion loss of the mixer, and TIF is the

noise temperature of the IF amplifier. Fo.1lowing the

argument given by Weinreb and Kerr [12], TM can be

expressed in terms of an average temperature associated

with the diode TDAV and the conversion loss, thus

TM = (L – 2) TDAV. (2)
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Fig. 1. A mixer represented w three interconnected circuits:
N1—the embedding network; Nz—the diode parasitic resistance
and capacitance; end N*—the ideal exponential diode.

1Eisenhart and Khan [10] and Eisenhart [11] have made an
analysis of the simple waveguide mount, which is accurate up to
many times the normal operating frequency of the waveguide. In
practice, however, the waveguide mount deviates from the simple
model in such details as the nonideal RF choke, an input waveguide
transformer, and a nonplanar short circuit behind the diode.
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‘The mixer is assumed to be of the broad-band type for

which the conversion loss is the same at the signal and

image frequencies. It has been found in practice that if

the tuning, LO drive, or bias of a mixer is varied, TD.V

generally changes to some extent, but that the change in

(L – 2) dominates the right-hand side of (2). Reducing

L therefore reduces both the mixer and IF contributions

to the receiver noise temperature as given by (1).

The object of this paper is to show that with careful

attention to the mixer design, it is possible to achieve low

noise and conversion loss at frequencies up to 120 GHz.

Two mixers are described which are tunable from 80 to

120 GHz; one is intended for room-temperature operation,

and the other, a variation of %he first, Uses a quartz diode

mount which is suitable for cryogenic operation.

II. MIXER THEORY

A. Ideal Exponential Diode

The junction resistance of a practical Schottky-barrier

diode behaves as an ideal exponential element over many

decades of current. The current i and voltage v are related

by

i = io(e~o — 1) (3)

where a = q/qii Ts 35 V–l at room temperature. For

practical purposes io << i, and the incremental conductance

of the diode may be written as

(4)

The behavior of the diode as a mixer depends both on the

waveform of g(t) produced by the LO, and on the em-

bedding network seen by the diode.

If a transformer of ratio n is inserted between an ideal

exponential diode, operating as a mixer, and its embedding

network, the properties of the mixer will remain unchanged

provided the dc bias and LO power are changed ac-

cording to

Vbia,g + ~bi.s – h(@)/fX (5a)

and

P=o + P~o/n2. (5b)

It follows that the ideal exponential diode has no pre-

ferred impedance level and can perform equally well as a

mixer at any impedance. Thus, in optimizing the three

networks of Fig. 1 for maximum signal-frequency power

transfer to the ideal diode, N3 imposes no constraint on

the impedance levels of NI and Nz. If the parasitic ele-

ments of N2 are fixed for the available diodes, the im-

pedance levels of N1 and N~ can be chosen to minimize

the conversion loss.

B. Diode Capacitance and Series Resistance

The signal frequency equivalent circuit of a Schottky-

barrier diode, operating as ,a mixer, is shown in Fig. 1.

Ra is the input impedance of the time-varying junction

resistance, and cd and R. are the mean values of the

junction capacitance and series resistance, assumed

equal to their values at the dc bias voltage when no LO

power is applied. For a given semiconductor sample cd

and R. depend primarily on the area A of the diode and

on the doping and thickness of the epitaxial layer on

which the diode is formed [13]. R, includes contribu-

tions from skin effect in the semiconductor and contact

wire. The cutoff frequency is defined as tic = 1/ (R.Cd).

The effects of Rg and cd on the mixer performance are

threefold.

1)‘ They contribute to the conversion loss because of

power dissipated in Rs at the RF and IF “frequencies.

2) They affect the waveform g(t) of the mixing ele-

ment by changing the termination of the LO harmonics.

3) They affect the terminations seen by the frequencies

njLo + ~lF, n > 1.

These effects may be further elaborated as follows.

1) The degradation of the conversion loss caused by

power dissipated in R. at the signal frequency w, is

At the IF frequency R. appears in series with the output

impedance RO of the exponential element. The loss due

to R. is

(7)

The combined RF and IF loss due to R, and cd is 8 =

aRF X alF; this is shown in Fig. 2 as a function of normal-

ized frequency. The parameter K = Ro/R. is the quotient

of the output (IF) impedance and the input (RF) im-
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Fig. 2. Loss 6 due to RF and IF dissipation in the diode series re-
sistance R.. The RF (signal) frequency is CO,and K ~ Ro/Rd is the
ratio of IF impedance to RF impedance.
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pedance. It will be shown in the following that for a

broad-band mixer K is expected to lie between 0.5 and 2.

2) Barber [2] has used the concept of an equivalent

PDR to characterize the mixer properties of a diode with a

conductance waveform g(t). The PDR is a function of

LO power and bias voltage, and can be maintained con-

stant along with the conversion loss despite changes in

g(t) caused by variation of the embedding impedance, at

frequencies nfL,O, n > 1.

3) Saleh [14] has shown that for Barber’s equivalent

PDR to uniquely define the conversion loss it must be

dependent not only on the g.(t) waveform but also on the

embedding impedance seen by the diode at frequencies

nfLO 3= .fIF, n 2 1. A change in the reactive termination
at some sideband frequency n’1,0 + jIF, n > 1, affects

both the PDR, which can be restored by appropriate LO

and bias adjustments , and the optimum RF and IF

impedances of the mixer. It is assumed here that loss in

Rs at these sideband frequencies is small, an assumption

which is likely to hold for a practical mixer.

C. IF Impedance

Saleh [14] has made an extensive investigation of the

effects on mixer performance of the diode’s conductance

waveform g(t) and of the embedding impedances at the

harmonics of the LO. It is observed from his results that

for a broad-band mixer the optimum source (RF) and

load (IF) impedances never differ by a factor of more than

2, regardless of LO drive level or bias.. Although this is not

generally proven for all combinations of terminations of

the higher frequency sidebands, ??fLO4= fIF, n > 1, it k

consistent with observed mixer performance, and is a

useful aid to design.

III. THE DIODE MOUNT

A. Mount Configuration

The choice of a physical configuration for the diode

mount is governed by the following considerations,

1) The mount must be easily tunable, preferably by

means of a control such as a waveguide short circuit

behind the diode. A broad-band RF choke structure is

required in the IF and bias connection to the diode to

ensure that the impedance seen by the diode will vary as

little as possible over the tuning range.

2) The IF circuit must operate with wide bandwidth at

a frequency of several gigahertz where low-noise cryogenic

paramps are available for use as IF amplifiers. An RF

choke which is highly reactive at the IF frequent y should

therefore be avoided.

3) The diode mounting structure should not introduce

excessive parasitic capacitance around the diode thereby
reducing its effective cutoff frequency. For a diode whose

capacitance is *0.01 pF this effectively precludes the use

of ribbon-contacted or beam-lead diodes in their present

forms, and strongly points to the use of a whisker-con-

tacted diode.
These requirements can be fulfilled by a waveguide

mount similar in some respects to the wafer mount intro-

duced by Sharpless [1], but using very much reduced-

height waveguide, and a different RF choke structure.

B. Mount Equivalent Circuit

Ekenhart and Khan [10] and Eisenhart [11] have

made a detailed investigation of the driving-point im-

pedance seen by a small device connected across the gap

G in a waveguide mount as shown in Fig. 3(a). The

approximate equivalent circuit of the mount is shown

in Fig. 3(b), where

(8)

is the TE1o-mode guide impedance, L, is the Ipost induct-

ance due to the evanescent TE~o fiodes (m > 1), C is

the gap capacitance due to the evanescent TE~fi and

TMwm modes, n > 1, and Cl and L1 are the capacitance

and inductance’ due to the TE~l and TM~l modes. This

equivalent circuit characterizes the mount in the normal

operating range of the waveguide for which j~c < j < 2fC,

where ~c is the cutoff frequency for the TE1O mode.

The gap impedance, Z..P in Fig. 3(b) is strongly affected

by elements Cl and LI which are series rescmant at the

frequency jl for which ‘the waveguide height b = A/2.

For full-height waveguide b e a/2, and the resonance

j, occurs close to 2jc. Over most of the useful waveguide

band LI and Cl cause a rapid variation of Zg,,p, both real

and imaginary parts, which is clearly undesirable for a

mixer in which broad tunability must be simply achieved.

By reducing the waveguide height, however, it is possible

to raise the resonant frequency jl until L1 and CI are

equivalent to a small capacitance Cl, which is independent

of frequency for bz << hz/4.

The element C of Fig. 3(b) is independent of frequency

for b’<< Az, and can be considered together with C’ as a

single capacitance C“, provided b2 << 12/4. In the case of a

mixer, the gap of Fig. 3(a) is the depletion region of the

diode. C“ is then the junction capacitance Cd of the

diode, and can conveniently be measured by a capaci-

tance bridge connected to the IF port of the mixer while

the diode is being contacted.

C. Mount Analy&

We now investigate the reduced-height waveguide

mount of Fig. 4(a) whose equivalent circuit is shown in

I
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Fig. 3. (a) The simple waveguide mount. The diode is mounted
across the gap G. (b) The equivalent circuit of the mount for
frequencies j= < j < 2jc.
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Fig. 4. (a) Reduced-height waveguide mount with a whisker-
contacted diode. (b) Diode contact details. (c) Equivalent circuit
of the mount and diode ~arasitics as seen by the junction re-
sistance of the diode. -

Fig. 4(c). The impedance Z. is the embedding impedance

seen by the junction resistance R3 of the diode. For

efficient mixing, Z. must be real and equal to some opti-

mum source impedance. It is of interest to examine the

real values of Z. that are possible for this circuit. In

particular we shall determine the values of X.h (i.e., the

backshort settings) for which Zc is real, and the effect of

L., cd, R., 2., and frequency on these real Values.

The equivalent circuit of Fig. 4(c) was analyzed by

computer to determine the values of x,h for which Ze

is real. Fig. 5 shows the real values of Z. and correspond-

ing values of X,h as functions of ULs/Zo. The main curves

are for Rs = O, and typical points are indicated for

R. = 0.052,. It is seen that there are, in general, two

values of X.h for which Z. is real, and those real values

may differ by a factor of 10 or more.

IV. MOUNT DESIGN FOR 80-120 GHz

A. Diodes

The Schottky-barrier diodes used in this work [15], [16]

were formed by electroplating a platinum anode, followed

by gold, on epitaxial gallium arsenide. Typical charac-

teristics are shown in Table I. The parameters q and R.
are defined by the diode equations

‘=’o{eX”(%)-’}(9a)

v = v’ + iRe. (9b)

The diodes were supplied by Dr. R. J. Mattauch of the

University of Virginia.

B. Electrical Design

The first step in the mount design is to use the loss

curves of Fig. 2 to determine the optimum value of Ra,
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Fig. 5. Mountimatching curves showing values of diode impedance
Rd which can be matched (solid curves), and the corresponding
backshort reaetznce -&h (broken curves), both ss functions of
whisker reactance J.. Normalized reactance of diode capaci-
tance, l/(coCdZO) = (a) 0.5, (b) 1.0. Diode series resistance is
s.ssumed zero; points (v) are for Rs = 0.05 Z@

TABLE I

CHARACTERISTICSOF TRE GALLIUM ARSENIDESCHOTTKY-BARRIER
DIODESAT ROOM TEMPERATURE

EPITAXIALLAYSR

SUBSTRATE

D1ODE DIAMETER

MEASUR2D PP.8AMETER3

Rs (measured at DC)

cd (at O.ov, 1!435.)

Vb (at -0.1 IIA)

CALCULATED PARAMEl!3X12

% at Vb,as

~ at 100 GHz.Cd

R= at 100 GHza

fc at Vb,a, and 100 G?+,

FROM FIG. 2

OPtimm w_J6Rd

Ra for minimum 6

6

Doping 3 x 10” cm-’

Thmk.ess 0.5 * 0.25 II

Orientation

‘rw.

~P.w

(1 o 0)

“

2-3 x 108 CUI-3

2.5 p

1.11

8.0 0,

0.007 PF

-8 v

‘0.011 PF

145 *

10 !7

1430 Giiz

14.5

1-2

145 - 290 n

0.7 - 1.1 dB

1.10

3.6 $7

0.012 pF

–8 v

.0 .020 pF

80 Q

6~

1330 GHz

13.3

1-2

80 - 160 n

0.8 - 1.2 dB

s The vahzee of I& at 100 GHz include contributions from skin
effect in the whisker and diode substrate material.
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the RF impedance of the diode, for which the power loss

in R, is minimized. The value of cd used in this calculation

is assumed to be the value at the bias voltage. Experience

has shown that for gallium arsenide diodes a forward

bias of 0.4-0.7 V is required. Table I gives the values

of Rd and 6 for the two diode types available. Since the

IF impedance is known only within the limits set in

Section II-C, Rd and 6 can only be determined to lie

within corresponding limits.

The next step in the mount design is to use the matching

curves of Fig. 5 to determine the value(s) of diode im-

pedance Ra which can be matched in the mount shown in

Fig. 4. Dimensions assumed are as follows: waveguide

Widthz a = 0.100 in, diode chip thickness t= 0.006 in,

contact whisker length 1 = b — 0.006 k, and whisker

radius r = 0.00025 in. An approximate formula for the

inductance of a thin wire across the center of a reduced-

height waveguide of height b is given by Sharpless [1]

L. = 2 x 10–7 1 loge
()

~ (MKSA units). (lo)

Table H gives the salient calculations in determining

the matchable values of Rd for three mounts with different

waveguide heights and for two different diodes. Predicted

values of the conversion loss and IF impedance are also

given.

During the initial part of this work only the 3.5-vm

diodes were available, and for these the one-quarter-height

mount provides the best match. Thk mount was used for

all the mixers described in this paper. For the 2. 5-~m

diodes the impedance level of the one-quarter-height

mount is somewhat lower than the optimum value; how-

ever, Fig. 2 indicates a degradation in conversion loss of

less than 0.1 dB.

TABLE II

CALCULATION OF MATCHABLE Rd VALUES AND CORRESPONDING
CONVERSION Loss AND IF IMPEDANCE FOR VARIOUS

WAVEGUIDE HEIGHTS AND DIODES

D1ODE DIAMETER

Wavquid. Height as a
Fraction of Full Height

Zg at 100 GE.. q. 8

~ using Tabla 1
‘dz9

% using q. 10
‘.3

%
~ from Fug. 5

9

%

loss 6 dB when diode is
matched -- from Fw. 2

‘SSB
.3+6.3s

Expected IF impedance
-- from se.tmn Ir-c

1/2

233 G

0.6

1.4

m%h

---

---

---

.---

2.5 “
—

I

1/3 1/4

156 $7 117 n

0.9 1.2

1.2 0.9

1.5 0.9

230 li 110 Q

).7 - 0.7 -
!.0 dB 1.3 dB

1.7 - 3.7 -
L.O dB 4.3 dB

115 - 55 -
560 Cl 220 Q

3.5 “

T
1/2 1/3

233 n 156 n

0.3 0.5

1.4 1.2

m%ch r%ch

--- ---

--- ---

--- ---

--- ---

1/4

117 n

0.7

0.9

(.;:!O.O)

117 0

0.1 -
1.1 dB

3.7 -
4.1 dB

58 -
,34 “

~The choice of a = 0.100 in allows the possibility of TE~~mode
propagation above 118 GHz. For a centrally mounted diode, how-
ever, there is no ssymmetry to excite this mode. Our measurements
have indicated no higher mode problems.

C. Mechanical Design

Room-Temperature Mixer: The room-temperature mixer,

shown in Fig. 6, consists of two main parts, a waveguide

transformer and the main body. The transformer is

electroformed copper, shrunk into a brass block, and is

designed to have a VSWR <1.06 from 80 to 120 GHz

[17]. The main body of the mixer is a brass block, split

across the narrow walls of the waveguide. The upper part

contains the RF choke supported -in Styeast 36-DD

dielectric,’ and the lower part accepts 23111 accurately

machined copper post supporting the contact whisker.

The diode chip is soldered in place on the end of the RF

choke before the two halves of the block are finally as-

sembled. The aluminum insert shown around the choke

in Fig. 6 became necessary when it was found that during

curing the Stycast reacted chemically with any copper-

bearing metal. The positioning of the contact whisker

was monitored with a capacitance bridge connected

between the diode and the body of the mixer. This ensured

that excessive capacitance was not introduced in parallel

with the diode due to deformation of the whisker tip

after contacting the diode. The whisker position was

controlled to a fraction of a micron by a differential

micrometer. The backshort is of the contal,cting finger

type, milled from a single piece of beryllium-copper shim

stock. Contact between the SMA connector and the RF

choke is made by a small bellows spring.

The RF choke was designed to give low loss over 80-120

GHz while having low capacitance as seen at the IF.

It consists of four coaxial sections of, alternately, 12-

and 70-fl characteristic impedance, inside an outer con-

ductor of 0.027-in diameter. The cutoff frequency of the

TEII mode on the high impedance sections of the choke

is x170 GHz. Calculation of the choke impedance Zc as

seen from inside the waveguide gives Re[Z,] <0.2 0

and Im[Z,] < 5 0 in the frequent y range 80-120 GHz.

Cryogenic Mixer: The room-temperature mixer described

in the preceding was found to be unstable -when cooled

because of movement between the diode and contact

whisker. This was caused by differential contraction of

the Stycast dielectric with respect to the metal body of

the mount. To eliminate differential contraction poses a

1 BLOCK
,/

TRANSFORMER

}

0050” x 0100”
TO

O 0125” X O.ICO” E

+
KSHCRT DRIVE

\
COPPER WHI?XER POST

Fig. 6. Cross section of the room-temperatur,l> mixer.

~Emerson Cuming Company. + = 1.7.
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difficult materials problem, but its effect can be controlled

by using the quartz diode package shown in Fig. 7(b).

Differential contraction between the contact whisker

and the quartz is small enough to be taken up by the

spring of the wisker. Fused quartz was chosen as the

structural material because it has high mechanical strength

and rigidity, relatively low dielectric constant and loss

tangent, is easily cut by scribing and breaking, and is

easily metallized with gold over a thin chromium adhesion

layer.

It was desired to keep the electrical properties of the

mount as close as possible to those of the room-tempera-

ture design, and for this reason the mount configuration

shown in Fig. 7(a) was used. The main electrical differ-

ence between this and the room-temperature design is the

quartz member across the waveguide adjacent to the’

diode. The additional shunt susceptance of this member

can be tuned out by adjustment of the backshort.

The quartz diode mount is constructed from three

strips of 0.006 X 0.015-in quartz as shown in Fig. 7(b).

Two strips are metallized with the RF choke pattern, and

the longer unmetallized third strip forms the mechanical

support between the choke strips. On one choke strip

two O.001-in gold brackets are ultrasonically bonded, one

to contact the IF connector, the other to support the

diode which is soldered to it. The contact whisker is

soldered to one end of the second choke strip. The three

strips are assembled using Eastman 910 adhesive: first-

the strip carrying the diode is glued to the long support

strip, and then the strip carrying the whisker is slid into

J!lLs
M
A

~ IF TRANSFORMER

~ TEFLON sUPPORT

I
tax

QUARTZ MOUNT
TRANSFORMER
0050” x o I@”

BACKSHCRT

001257:0100”

Fig. i’.

TRANSFORMER MAIN t3LOCK

(a)

CHIP WHISKER

0.001 GOLO BRACKETS
AA i

> 0.006” t
L /9 0.006” I

QUARTZ~

, ~“””o” 4

1+ I

t
Oas”

(b)

The cryogenic mixer. (a) Cross section of the mixer. (b)
Details of the quartz diode mount. Not to scale.

contact with the diode and glued. The positioning of the

whisker point on the chip is observed through a hlgh-

power microscope and monitored with an I–V curve

tracer. A differential screw is used to control the position

of the whisker strip within a fraction of a micron.

The quartz diode assembly is supported across the

waveguide, as shown in Fig. 7(a), by the pressure of

two springs. One spring holds the assembly against a

raised part (A) of the block, ensuring a de return path,

and RF and IF grounds. The second spring, on the end of

the IF transformer, contacts the gold bracket at the end

of the quartz structure. The diode structure is then free

to expand relative to the brass housing.

V. PERFORMANCE

The noise and conversion loss measurements given in

the following were made using the IF noise radiometer/

reflectometer described by Weinreb and Kerr [12]. This

instrument enables the mixer performance to be de-

termined without matching the IF port, which is ex-

pedient when a large number of measurements are to be

made under conditions of varying IF port impedance.

Results obtained in this way have been in good agreement

with measurements made by the Y-factor method with

the IF port matched using an appropriate transformer.

Typical performance figures for the room-temperature

mixers are shown in Table III. The considerable superiorit y

of the smaller diode is believed to be due to its smaller

capacitance, enabling it to behave more nearly as an ideal

switching mixer.

Table IV gives typical figures for the cooled mixers.

These mixers were all constructed with 2.5-pm diodes. The

cooled measurements made at 77 K were found to be

close to those at 18 K; laboratory measurements were

therefore generally made at 77 K for convenience. The

mixers had O.2-O.5-dB greater conversion loss when

operating at 4.75-GHz IF than at 1.4-GHz IF. This was

probably due to the following: 1) higher IF transformer

losses at 4.75 GHz, and 2) the wider spacing (9.5 GHz)

TABLE III
MEASUBED CHARACTERISTICS OF THE ROOM-TEMPERATURE MIXERS

(f,F = 1.4 GHz)

LO Fr,cIu,”cY I 85 GHZ I 115 GHZ

Diode 2.5 “ 3.5 “ 2.5 “ 3.5 II

‘SSB
4.6 dB 6.2 dB 5.5 dB 6.7 dB

%~~B I 420°K I 700eK 500°K
I

1400eK

Bias 0.4v 0.6 “ 0.4 “ 0.4 v

2.0 m 4.0 m 2.0 m 4.0 nm

TABLE IV

MEASURED CHARACTERISTICS OF TEE CRYOGENIC MIXERS

.(jI,o = 115 GHz)

TEMP. 1P FREQ. ‘SSB ‘MS3B

77°K= I 4.75 G.. I 5.8d~ I 300%

‘ Similar results were obtained at 18 K.
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between the signal and image bands resulting in a poorer

RF match.

The measured lF impedance levels all lie within the

limits predicted in Section II-C.

VL C0NCI,7JSION

An approach to mixer design has been presented for

cases where the diode is driven hard by the LO and can be

approximated by a switch whose duty cycle depends on

the basis voltage and LO level. The ideal diode is connected

through a parasitic network, containing the diode’s

series resistance and capacitance, to the embedding net-

work (mount). The optimum impedance of the embedding

network is shown to depend primarily on the parasitic

resistance and capacitance. Fo; the particular diodes used

in this work it was necessary to reduce the height of the

waveguide in the mount to + of the standard height.

Two mixers have been described. One is for room-

temperature operation, and the other, a modification of

the first with a quartz diode mounting structure, is

suitable for cryogenic cooling. Typical values of the SSB

conversion loss and SSB mixer noise temperature [defined

in (1)], measured at 115 GHz, are 5.5 dB and 500 K

operating at room temperature with a 1.4-GHz IF, and

5.8 dB and 300 K when cryogenically cooled to 77 or 18 K

with a 4.75-GHz IF. The difference between the measured

conversion loss and the predicted value is due to nonideal

switching behavior of the diode, and to dissipation of

signal power converted to higher order sidebands, nfLO &

.fxF, 7L22, which were assumed to be reactively ter-
minated.

The mixers described in this paper are currently in use

on the National Radio Astronomy Observatory’s 36-ft

radio telescope at Kitt Peak, Ariz.
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