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Conversion Loss in GaAs Schottky-Barrier
Mixer Diodes

THOMAS W. CROWE, STUDENT MEMBER, IEEE, AND ROBERT J. MAITAUCH, FELLOW, IEEE

.-&tract —In this paper, the inifinsic conversion 10SS of G&As

Schottky-barrier mixer diodes is analyzed in light of a more accurate diode

model. This analysis resolves the discrepancy between the predictions of an

earlier intrinsic conversion loss model and expefimentaf results. In particu-

lar, it is shown that a) cryogenic coofing shonfd not degrade the conversion

loss, and b) the diode diameter can be smaller than previously predietdd

before conversion-loss degradation begins to occur, Evidence is also pre-

sented which indicates that mixer diodes must be primped beyond flat-band

if the minimum, possible eonversion loss is to be obtained. A more

complete model of the conversion loss, which includes the parasitic circuit

elements, is discussed and found to be in agreement with the qualitative

results of the intrinsic conversion-loss model.

I. INTRODUCTION

A

S THE NEED FOR millimeter and submillimeter

wavelength receivers continues to grow, the optimi-

zation of Schottky-barrier mixer diodes for these highef

frequencies becomes more important. Diode optimization

requires the minimization of both noise and conversion

loss. Noise reduction is often achieved by cooling the

mixer to cryogenic temperatures [1]. In well-designed

mixers, this leads to as much as a factor of four decrease in

shot noise. For modeling purposes, conversion loss may be

divided into intrinsic loss & and parasitic loss LP. Intrin-

sic loss is the amount of loss that would occur if there were

no parasitic elements, i.e., series resistance and junction

capacitance, in the diode. Thus, the intrinsic loss is caused

by the finite junction conductance (it is not an ideal

switch) and by nonoptimum impedance matching. Para-

sitic loss is defined as the increase in conversion loss due

to the presence of nonzero parasitic elements, and is

generally approximated by [2], [3]

L,= (1+ l//Z&)(l+ R./R~F+ LJ2~2R~,R.). (1)

This equation assumes that the diode, when pumped by

the local oscillator, can be modeled as a small-signal linear

circuit element with constant junction capacitance C,, con-

stant series resistance R ~, and equivalent impedances R RF

and R ~~ at the signal and image frequencies, respectively.

The intrinsic conversion loss has previously been examined

in an important paper by McCO1l [4]. In that work, the

intrinsic diode (without parasitic elements) was placed in a

Y-type mixer circuit,l and expressions for the conversion
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lA1l frequencies above the upper sideband (u Lo + til~ ) are short

circuited at the diode terminals (see [17]).

loss were derived using classical mixer theory of Torrey

and Whitmer [5]. This model has predicted that the intrin-

sic conversion loss will become prohibitively large if the

diode is cryogenically cooled to reduce noise, or if the

diode diameter is decreased to minimize parasitic capaci-

tance. Although these conclusions have not been verified

experimentally (see for example [6]–[8]), this theoretical

model has often been cited in the literature [9]–[11]. The

study reported on here has resolved this discrepancy

through the use of a more accurate model of the Schot tky

diode.

In Section ‘II, the model of the Schottky diode is

evaluated, with special attention devoted to its behavior at

high biases. The intrinsic conversion loss model is then

reevaluated in Section III. It is shown that intrinsic con-

version-loss degradation due to cryogenic cooling should

not occur, and it is predicted that the device diameter can

be significantly smaller than previously predicted without

conversion-loss degradation. Furthermore, it is shown that

the intrinsic conversion loss is minimized only when the

instantaneous diode current is allowed to exceed that

occurring for the flat-band condition for part of the LO

cycle. Throughout this paper, the flat-band condition is

defined as the case where the forward voltage applied to

the junction is large enough to shrink the depletion region

length to zero. At this point the potential barrier from the

semiccmductor to the metal is reduced to zero and the

conduction band is gradient free (or flat) provided that the

electric field in the undepleted epitaxial layer is neglected.

The intrinsic conversion loss sets a lower limit on the

total conversion loss since it neglects losses clue to the

parasitic circuit elements. Recently, a more accurate tech-

nique has been developed to investigate the conversion I1OSS

with the parasitic elements included [12], [13]. In general,

this technique requires three major steps: ~

1) complete characterization of the diode mount so

that the impedances seen by the diode at all relevant

frequencies are known;

2) solution of the nonlinear circuit problem to find the

junction voltage and current produced by the local

oscillator (LO) as functions of time. This yields the

conductance and capacitance of the diode as func-
tions of time G(t) and C(t);

3) Fourier analysis of G(t) and c(t), so that the

coefficients of the small-signal conversion matrix,

and, hence, the conversion loss, can be determined.

In Section IV, this analysis is used with two simplifying
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assumptions. In particular, an idealized diode mount, which

short circuits the diode terminals at all frequencies above

the upper sideband, and a sinusoidal local oscillator volt-

age across the diode are assumed. This model allows

consideration of the effect of the diode parasitic elements

(R, and cj)> and, therefore, should give a meaningful
indication of the performance of real mixer diodes.

A set of diode parameters from a typical diode designed

for cryogenic operation and produced in our lab was

analyzed by this numerical technique. The results indicated

that cryogenic cooling will riot significantly increase the

expected total conversion loss, and the minimum loss will

be obtained only if the LO power is large enough so that

the flat-band condition is exceeded. These conclusions are

in agreement with those of our new intrinsic conversion

loss model and also agree with common experimental

results [6]–[8].

II. THE SCHOTTKY DIODE

A. Room Temperature

At room temperature, a Schottky diode formed on

material of typical doping density (between 2 x 1016 and

3 x 1017cm - 3) is best modeled as a thermionic emitter.

Analysis of this case leads to the Richardson equation [14]

where

s
A*

T

F’
R.

V.
k

9

T

‘=A*sT2exp(va-rR’)
diode area, cm2,

the modified Richardson constant, A/cm2/K2,

diode temperature, K,

the total applied bias, V,

the barrier height, V,

the diode series resistance,

qkT/q

the Boltzmann const., J/K,

electronic charge, C,

the diode ideality factor.

(2)

The flat-band current 1~~ is the forward current at the

bias point where the depletion region width becomes zero.

The barrier height ~ and the flat-band potential VFB are

defined in Fig. 1. When the voltage applied to the junction
is equal to V~~, the flat-band condition is obtained.

This model assumes a Maxwell-Boltzmann electron dis-

tribution and considers only the emission of electrons over

the barrier. Thus, both electron tunneling and hot electron

effects (caused by the nonzero electric field in the series

resistance) are ignored. At room temperature, these effects

play only a minor role and this model is quite appropriate.

The diode junction capacitance is approximated as

~=s(2(J:~va))1’2(1+3x/d)l<’FB‘3)

J-r7=”
f

(b)

Fig. 1. Band diagram of a Schottky-barrier diode showing the barrier
height $, the flat-band potential VF~, and the potentiaJ difference
between the Fermi level and the conduction band in the undepleted
semiconductor V.. (a) Zero bias and (b) L = VF~, the flat-band condi-
tion.

where

.s the permittivity of the semiconductor, F/cm,

N the doping density in the depletion region, cm-3,

x the depletion region width, cm,

d the diode diameter, cm,

and all other terms are as previously defined. The right-

most term accounts for fringing effects [15]. The exact

capacitance law is difficult to derive due to the fringing

effects, and the invalidity of the depletion approximation

near flat-band. However, the type of capacitance law given

by (3) is verified by experimental evidence [16], and is

believed to be a valid approximation when ~.< VFB.

At this point it is convenient to note that the diode 1-V

characteristic depends on the value of the barrier height i),

while the C – V characteristic depends cm the flat-band

potential, VFB. As was shown in Fig. 1, these values differ

by an amount defined as V., and cannot, in general, be

assumed equal.

The behavior of the diode for voltages near and beyond

flat-band is often misunderstood. Although the small-sig-

nal junction capacitance theoretically approaches infinity

as ~ approaches VFB, it must be realized that the junction

capacitance occurs solely due to the storage of charge in

the depletion region. Thus, since the total amount of

charge stored is always finite, the junction capacitance,

C,= dQ/dV, is large for only a very small range of volt-
age. If the total voltage applied to the diode is allowed to

exceed the flat-band condition, the depletion region will

become neutralized and the junction capacitance and resis-

tance will no longer exist. At this point, the current is

limited solely by the diode series resistance. Thus, biasing

beyond flat-band will yield the minimum possible total

diode impedance (namely 17$). Previous investigations of

resistive mixers have shown that the minimum conversion

loss is obtained only when the mixer diode resistance is

allowed to swing between the maximum and the minimum

possible values [17]. We would expect, therefore, that to

minimize the conversion loss the diode current should be
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allowed to exceed the flat-band condition for part of the

LO cycle. This conclusion, which is supported in the

following sections, indicates that limiting the diode current

below flat-band is overly restrictive and leads to pessimis-

tic approximations of the conversion loss.

The diode characteristics for cases where 1> IF~ are

assumed here to be those of a linear differential resistance

given by

~=(~a–~FB)\~,, I>=IFB (4)

q.= o, I> =IF~. (5)

B. Cooled Diodes

GRAS Schottky diodes are often cooled to cryogenic

temperatures to reduce their noise temperature. Extension

of the conversion lass analysis to cryogenic temperatures

requires that the diode characteristics at these tempera-

tures be evaluated. Previous research has shown that tun-

neling [18] and hot electron effects [19] become important

in cooled diodes. However, the dc current –voltage char-

acteristics can still be modeled in the form

()

V= – I%
1 = I,,t exp I < IFB

V. ‘
(6)

1= (Va -- vFB)/R,, I> =IF~. (7)

At cryogenic temperatures, the values of 1,,, and VO are

functions of the diode doping, temperature, and the cur-

rent density (due to electron heating effects), and must be

determined empirically. The junction capacitance in cooled

devices behaves in the same way as at room temperature.

In the present work, we shall neglect electron heating

effects, which tend to alter the 1– V and C – V characteris-

tics of cooled devices as flat-band is approached. In the

worst case, this approximation will slightly alter the shape

of the conductance and capacitance waveforms of the

diode without affecting their peak and minimum values.

With this approximation, measured values of 1,,,, V& and

R, can be used to approximate the barrier height. The

flat-band potential can then be found provided the param-

eter V., defined in Fig. 1, is known. Using Fermi-Dirac

statistics, V. is expressed as [14, p. 17]

(8)

where F1>~ is the inverse Fermi function of order 1/2, n is

the free-carrier concentration, and NC is the effective den-

sity-of-states in the conduction band. The variation of the

free-electron concentration with temperature must be con-

sidered. Although first-order theory predicts carrier freeze-

out at cryogenic temperatures, the small ionization energy

of donors in moderate to heavily doped GRAS and the
small electronic mass prevent this from occurring [20].
Experimental evidence shows that freeze-out is unim-

portant in GRAS samples doped above 1017 cm-3, and has

only a small effect on samples doped in the mid 1016 cm-3

range [21]. If freeze-out is neglected, the value of V. can be

found from (8). and Vp~ can be found since V~~ = $ – K.

755

III. INTRINSIC CONVERSION Loss

The limitations of mixer analysis in terms of the intrin-

sic and parasitic conversion loss have been discussed in the

introduction. However, this approach can give physical

insight into the behavior and limitations of mixers, and has

been used by McCO1l [4] to study the behavior of mixers in

which the instantaneous applied voltage was constrained

so that the flat-band condition was not exceeded. In this

section, the intrinsic conversion loss model is reevaluated.

However, our model of the Schottky diode (Section II)

differs from McCO1lS’S model in two important ways. First,

the diode barrier height ~ and the flat-band potential VFB

are not assumed equal. This has a significant effect on the

temperature variation of the intrinsic loss. Second, the

forward current is allowed to exceed the flat-band current.

This improves substantially the conversion loss of small

diameter diodes.

If the mixer element is modeled as an ideal exponential

diode, i.e.,

1= l,,,exp( V/VO) (9)

where

1,,, = A*ST2exp(– t)/VO) (10)

VO= kT/q (11)

the conductance versus time of the sinusoidally pumped

diode can be expressed in a Fourier series

G(t) =GO/2+G1cos(uLot )+ G2cos(2tiLot)+ . . .

(12)

where

G.= 21,,,1. (VLo/VO) exp (V~c/VO)/VO. (13)

V~C and VLO are the dc bias voltage and the peak ampli-

tude of the sinusoidal local oscillator voltage, respectively,

Q Lo is the local oscillator frequency, and 1.(x) represents

the modified Bessel function of the first kind of order n.

Following McCO1l, the conversion loss, assuming matched

source and load, can be expressed as,

Lw = 2(1 + ~)2/{ (14)

where

{=2 G:/(GO(GO+G2)). [15)

Since G. depends on VLO and V&, the matched intrinsic

loss, Lw, is also a function of the bias condition.

For the sake of analysis we will temporarily maintain

the assumption that the maximum diode voltage (~jC +

VLO) must remain below the point where the depletion

region length reaches zero. The maximum diode current

I ~m is then given by the flat-band current l~B. With (2),

the maximum current can be expressed as

()

VFB–+
I ~m = IF~ = A*ST2exp

V&

= A*ST2exp(– ~/VO). (16)

This equation is in direct conflict with the similar equation
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loa~

TEMPERATURE (K)

Fig. 2. The forward current density through the junction when ~ = VF~
versus diode temperature. Solid lines represent three different free-car-

rier concentrations, and the dashed line represents the approximation

q, = o.

J

Fig. 3. Matched

d(urn)

intrinsic conversion loss Lm versus diode diameter
a~suming I& + VLO = V~B. Results for two different doping densities

and temperatures are shown. Decreases in the temperature and in-
creases in the doping density both greatly reduce the intrinsic loss of

small diodes. The vatue of V& has been chosen so that the RF source
(100 L?) is matched to the intrinsic diode.

in [4] which expressed the maximum current density as

J = A*T2. This discrepancy occurs because in the previ-

o~~ work the junction voltage which shrinks the depletion

region length to zero ( V~~ ) and the barrier height (~) were

assumed equal. (This is evident when the equations for the

1– V and C –V characteristics of that work ([4, eqs. 3 and

19] are considered.) In reality, that work has implicity

assumed that the parameter V. is equal to zero, allowing

the omission of the exponential term from (16). However,

(8) shows that V. is actually a function of diode tempera-

ture. Thus, it is not accurate to neglect this term when

considering the operation of a Schottky diode as a func-

tion of temperature. Shown in Fig. 2 is a graph of the

flat-band current density JF~ versus temperature for three

different free-carrier concentrations (solid lines) and for
the simplified case where V. = O (dashed line). Note that

the assumption V. = O is valid at only one temperature for

each doping density. Also, the variation in JF~ with tem-

perature is significantly less than is predicted if V.= O is

assumed.

Again following McCO1l, we can plot the intrinsic,

matched conversion loss Lw versus the diode diameter.

However, since V. is no longer assumed equal to zero, the

free-carrier concentration, as well as the temperature, must

be considered as a variable parameter. This is shown in

Fig. 3. Note that for either of the doping densities shown,

the intrinsic loss is decreased when the diode temperature

r 1 1 I I I 1

5

I II
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4 (b)

z

& .3
H

2

1I

1 1 (

1,00 1.05 110
Vj(V)

Fig. 4. DC current–voltage characteristics of the diode junction assum-
ing(a)R,= (Jwhen I > IFB and (b) the Junction remains exponential
when I > ~~~. Case (b) overestimates the diode resistance when I > 1~~.
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Fig. 5. Matched intrinsic conversion loss versus diode diameter when
Vdc+ VLO is allowed to exceed VFB. The Junction is assumed to behave

exponentially when I > ZFB. Vahres shown are the amounts of excess
instantaneous voltage allowed in each case. A small increase in bias

greatly reduces the intrinsic loss of small diodes. T = 300 K and

NJ = 5 x 1016 cm-3 are assumed.

is reduced. This is due to the increased nonlinearity of the

cooled device.

As was mentioned previously, the limitation that the

forward current must remain below 1~~ is overly restric-

tive. Thus, the results shown in Fig. 3 are somewhat

pessimistic. A more realistic method of evaluating intrinsic

loss is to allow the forward current to exceed the flat-band

condition. Ideally, a junction resistance of zero ohms would

be used when flat-band is exceeded. However, (12)-(15)

are valid only if an exponential 1– V characteristic is used.

For simplicity, the assumption that the I–V characteristic

remains exponential beyond flat-band is used in this anal-

ysis. The result of this approximation is shown in Fig. 4

and is slightly pessimistic since it over estimates the junc-

tion resistance in the region where 1> I,B. Results from
this calculation for the case that gave the highest loss in

Fig. 3 are shown in Fig. 5. The intrinsic loss decreases

significantly as the total voltage is allowed to exceed the

flat-band voltage value. For all cases investigated, regard-

less of the doping density and temperature, similar drastic

improvements in Lm occur when the bias is allowed to

exceed the flat-band condition.

IV. TOTAL CONVERSION Loss

The intrinsic conversion-loss model, presented in the

previous section, sets a lower limit on the expected conver-

sion loss of the mixer. However, parasitic elements can add
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Fig. 6. The small-signaf representation of the pumped mixer diode as a

linear three-port network with terminations at the RF, IF, and image

frequencies. The series resistance is treated as part of the embedding

network. The dashed line represents the boundary of the augmented

Y-matrix (21),

‘Dc+v’osin(u“(”’’Y’’(Vf
I I

Fig. 7. The large-signal circuit used to evaluate the junction vc)ltage

~(t) and the junction conductance and capacitance G,(f) and ~ ( r),
respectively.

r
1,1 20K 4 8 20K I

lJJLot/21T ‘LO tlzll

greatly to the conversion loss; thus, it is important to

consider the effects of cryogenic cooling and diode diam-

eter on the total conversion loss. A more accurate method

of evaluating the conversion loss has recently been de-

veloped [12], [13]. In these analyses, the diode parasitic

are considered, the local oscillator voltage across the junc-

tion is evaluated exactly, and the complex embedding

impedances at the higher sideband frequencies are consid- ~:m!m
2468 2468

ered. Unfortunately, this type of analysis is necessarily wLot/27r
‘LO t/21r

complex and requires detailed characterization of the di- Fig. 8. Typical results from the large-signal analysis of a lH1 diode
ode mount. For the purposes of this study, an idealized showing the diode currents and voltages at 300 K and 20 K for one

diode mount has been assumed. In particular, the higher complete LO cycle. The diode parametersare shownin Table I, and an

order sidebands and LO harmonics are assumed to be
LO frequency of 300 GHz hasbeen assumed.

short circuited, and a sinusoidal local oscillator voltage

across the diode terminals is assumed. This model of the
junction conductance and capacitance given by

diode mount is the same as that used in the intrinsic G,= % ~’”=” G(t)exp(–@@~ot)dt (19)
conversion-loss analysis. This simplification finds greatest 2T – 71/uLo

use in the prediction of trends in diode performance as

diode parameters are varied. Experimental results will, of

course, depend on the diode mount used.

The small-signal circuit diagram for our analysis is shown

in Fig. 6. A broad-band case with a matched IF load is

assumed and the diode series resistance is considered as a

part of the embedding circuit. This greatly simplifies the

analysis and does not affect any of the currents and

voltages appearing in the series resistance provided that R.

is linear. This approximation is valid provided that the

series resistance is linear as compared to the junction

resistance, and has been generally accepted in the litera-

ture [12], [13]. The admittance of the junction can be

expressed by a complex matrix equation of the form

where

Ymn=Gm_n + jwmCm_n

and GP and CP are the Fourier coefficients of the periodic

c,= p p“’” C(t)exp(– jpuLot)dt. (20)
~~ d – .Ir/LdLo

The subscripts 0,1, and – 1 represent the IF, RF, and

image frequencies, respectively. This notation is consistent

with that of Saleh, which has been commonly accepted in

the literature.

The first step in the analysis is to solve numerically for

the diode capacitance and conductance waveforms C(t)

and G(t), using the circuit shown in Fig. 7. This is

achieved by dividing the local oscillator cycle into n equal

intervals of time At. Within each interval, the applied

VOhage V& + V=o Sin ( @Lot),isassumed to vary hn~~arly,

and the diode junction resistance and capacitance are

assumed constant. The resulting linear circuit is then solved
by use of the Laplace transform to yield ~(t + At). The

junction voltage, resistance, and capacitance are then in-

cremented for the next time interval. Using this technique,

with 1000 intervals per cycle, the steady-state solution is

typically obtained within three complete LO cycles. ‘Typi-

cal results for the diode voltages and currents (for a

lH1-type diode at 300 GHz) are shown in Fig. 8. Note
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TABLE I 1 1 r

TYPICALPARAMETERSFORA lH1 DIODE 20K
‘DC’ 0 7V

<
10 -

‘FB
T(K) VO(mV) R~(ohms) c ,O(fF) I sat ‘A) -6

E
A

5X1O-”
5– (

300 28 18 2.5 300K
‘DC’ 04v.

20 10.5 21 2.5 2X1O-4’
, , ,

2 4 ,6 ,8

VLO (V)

Fig. 9. Conversion lossversus VLofora lHldiode at300Kand20K.
In each case the dc bias which resulted in the lowest loss has been used.

that when the forward current through junction resistance
Z~~=100 Q andamatched IFloadhave been assumed.

surpasses 1~~, the junction is assumed to be a short circuit.

With knowledge of ~(t), the diode conductance and diode is allowed to exceed the flat-band condition for part

capacitance are determmed and the matrix coefficients YW. of the LO cycle. Furthermore, use of a numerical model of

are derived through numerical integrations of (19) and the mixer has shown that the minimum total conversion

(20). loss is achieved only if the diode is biased beyond flat-band.

Following [13], we can define an augmented Y-matrix, This is despite the increase in the junction capacitance that

which includes the diode series resistance as a part of the occurs as flat-band is approached. However, the conver-

embedding network, yielding a matrix equation of the sion loss is not the final measure of the performance of a

form

.

mixer. For this reason the mixer noise temperature Tm

1
Yll + Ylo

R,+ Z~F
Y1–1

1
Y01 Yoo + Y

R,+ZIF
o–1

I
(21)

This situation is depicted by the dashed line in Fig. 6.

From [13], the conversion loss for this case is given by

l-%+ R,121ZIF+ R,12
L= (22)

41Z&12 Re(&)Re(z IF)

where Z& is the 01 element of the inverse of the aug-

mented Y-matrix.

Results from this analysis for a typical mixer diode,

whose parameters are given in Table I, are shown in Fig. 9.

The results shown are at an LO frequency of 300 GHz,

where the dc bias value that yielded the lowest loss has

been used.

These results indicate that the minimum conversion loss
is approximately 5 dB at both room temperature and 20 K,

again indicating that cryogenic cooling will not increase

the conversion loss. However, in both cases, the total bias

(V,. + V~C) required for minimum loss is greater than the

flat-band potential. This demonstrates that allowing the

diode to surpass the flat-band condition is beneficial de-

spite the increase in junction capacitance that occurs as

flat-band is approached.

V. DISCUSSION

The intrinsic conversion loss of a high-frequency mixer

incorporating a small diameter Schottky-barrier mixer di-

ode has been shown to decrease significantly when the

must be discussed briefly. For the broad-band case, Tm can

be expressed as [1]

Tm=(L–2)TD,av (23)

where T~ =V is a measure of the average diode noise

temperatu~e T. through an LO cycle.

Fig. 10 presents a plot of the dc biased diode noise

temperature T. versus forward current for a typical mixer

diode (type lH1) at 300 K and 20 K. This data was

measured at 1.4 GHz with a bandwidth of 100 MHz using

a system described by Faber and Archer [22]. The sharp

increase noted in the noise temperature at the higher

currents is typical of all Schottky diodes and is commonly
referred to as high field noise. The diode parameters,

shown in Table I, along with (16) yield flat-band currents

of approximately 2 mA and 0.5 mA at 300 K and 20 K,

respectively. At these current levels, the high field noise

begins to have an appreciable effect. Thus, any increase in

the diode bias beyond the flat-band condition will increase

the diode noise. However, the sharp decrease in the con-

version loss at flat-band (Figs. 5 and 9) can outweigh the

increase in T~,,v caused by the high field noise.

2Mixer noise temperature is defined as the increasein the temperature
of the RF source that will produce the same noise in the matched IF load
as do the noise sources in the mixer element.
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[:

+ 300K $ have important implications for the design of future mixer

400 + 20K + diodes.
~

300
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Fig, 10. DC biased equivalent noise temperature versus forward current
for a lH1 diode at 300 K and 20 K. Diode parameters are shown in
Table L Noise measurements have been supplied by Dr. M. Faber of
the Nationaf Radio Astronomy Observatory [22].

Investigations of this very important tradeoff between

conversion loss and diode noise rely on accurate modeling

of the high field noise, which was not incorporated in

previous mixer analyses [12], [13]. Recently, the affect of

the high field noise on the mixer model was discussed by

other authors [23]. Although this work has demonstrated a

minimum value of T~ at high LO powers, the flat-band

condition was not discussed. Detailed treatment of this

effect will be reported in another paper [24].

VI. SUMMARY AND CONCLUSION

Conversion loss in Schottky-barrier mixer diodes can be

modeled as the product of the intrinsic loss, caused by the

nonidealit y of the junction conductance and the parasitic

conversion loss caused by the parasitic series resistance

and junction capacitance. Although the parasitic loss is

difficult to model accurately, the intrinsic conversion loss

sets a lower limit on the total conversion loss. Our investi-

gation of intrinsic loss is similar to that of McCO1l [4];

however, we have used a more accurate model of the

Schottky diode. This investigation has shown that cryo-

genic cooling improves, rather than degrades, the intrinsic

conversion loss. Also, this analysis confirms that the’intrin-

sic conversion loss will increase abruptly if the diode

diameter is allowed to become very small. However, this

effect becomes important at smaller diameters than previ-

ously predicted, and can be minimized if the diode doping

is increased as the diode diameter is decreased. The previ-

ous intrinsic conversion-loss model neglected the effect of

changes in diode doping.

Results from a recently developed numerical model of

the conversion loss, which allows inclusion of the parasitic

circuit elements, also indicate that cryogenic cooling will

not degrade the conversion loss. This model, in agreement

with the intrinsic conversion-loss model, predicts that the

minimum conversion loss is obtained only if the diode

exceeds the flat-band condition. This is despite the in-

crease in the junction capacitance that occurs as flat-band

is approached.

These results not only demonstrate the validity of the

intrinsic conversion-loss model, but also give important

insights into the performance of the mixer diode, and will
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