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Temperature-Variable Characteristics and
Noise in Metal–Semiconductor Junctions
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Abstract —Although metal-semiconductor junctions were first explored

a hundred years ago, some important aspects of the transport mechanism

of electrons across the metaf-sertdconductor barrier have not yet been

fully explained. In this paper, we report on a new model and supporting

experimental results which explain deviations observed from the ideal

exponential current-voltage characteristic. The model and results are

app~cable to the optimkation of microwave and millimeter-wave front
ends.

I. INTRODUCTION

I N RECENT YEARS, low-noise millimeter-wave mixers

have been constructed using cryogenically cooled

Schottky-barrier diodes with small junction capacitances

[1]-[3]. Major advances occured after the importance of

appropriate matching networks was recognized and opti-

mized embedding networks had been developed [4], [5].

However, a number of physical mechanisms which affect

the nonlinear properties and the noise of the diode were

not understood. Thus, the construction of an optimized

front end remained an art because a sufficiently accurate

model of the junction had not been found [7]–[9].

The purpose of this paper is to report on measurements

performed on GaAs Schottky diodes fabricated at AT&T

Bell Laboratories and other research laboratories and to

develop transport models which are consistent with our

experimental results. The measurements include tempera-,

ture-variable current–voltage characteristics and micro-

wave noise generated as a function of dc current. The

obtained results depend directly upon the geometry and

physical properties of the junction and are independent of

the complexity of embedding networks and the generation

of multiple spurious mixing products.

II. BASIC EXPERIMENT RESULTS

Noise and log 1(V) characteristics of a number of GaAs

Schottky-barner diodes manufactured in several laborato-

ries were measured. The typical diode geometry is shown

in Fig. 1 and basic data for some investigated diodes are

given in Table I. An example of log 1( V) characteristics

measured in the 20–300-K temperature range are shown in
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Fig. 1. (a) Cross-sectional view of a typical millimeter-wave Schottky-

barrier diode. (b) Energy-band diagram of a metal-semiconductor
junction.

Fig. 2. It was found for measured diodes, particularly at

low temperatures, that it was impossible to assign to a

log 1(V) curve a single slope parameter. As shown in Fig.

2, each curve seems to be composed of 3-4 segments with

different slopes.

Values for the diode series resistance R, given in Table

II (measured) were obtained by an algorithm assuming

that the current-voltage characteristic of the barrier was

exponential, and R, constant. However, real diodes show

deviations from this ideal model, which will affect the

measured R’, values.

It is to be noted that, for diodes with thin epilayers and

high doping concentrations (B22-21, B43-108), the series

resistance increases with decreasing temperature. However,

for diodes with thick epilayers and low doping concentra-

tions (M45-116C, CTH 188.1), the series resistance in-

creases with increasing temperature. This effect seems to

be caused by the temperature dependence of the mobility,

which for low doped GaAs is higher at 20 K than at 300

K.
The noise temperature versus bias current was measured ‘

at ~ = 4 GHz at test temperatures of 20 and 300 K with
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Fig. 2. Typical 1– v current–voltage characteristics of a Pt–GaAs iunc-
“” tion for a temperature rage from 17.5 to 300 K. -

TABLE I
PHYSICAL AND ELECTRICAL DATA OF INVESTIGATED DATA

Diode Anode Diode 1) Epilayer Epilayer Breakdown Zero Bias

metal surface thickness doping volt cap,

S(#m2) d(A) .vd(cm-3) VBR(V) WF)

N280-92 @ 27 Pt 11.1 1400 3.1016 6.9 11.4

B 22-21 Pt 6.5 1200 2.1017 6,5 8.6

CTH 1SS.12) Pt 3.8 -3s00 2.1016 17.5 3.4

2E14) Pt 2.5 -1200 4.1016 7.5 -

M45-116C Pt 2S.3 25000 6.101’ >20 12.0

B43-1OSA Pt 6.5 600 5.1016 40 13.1

A244-A55 ,s) Al 7.1 500 1.1014 5,5 14.5

1) Measured with a metallurgical microscope.
2) Diode processed by W. Kelly, Univ. of Cork, Ireland, on MBE

materiaf made by T. Andersson at Chafmers University of Technol-

wY.
3) The anode materiaf is singlecrystalline aluminum on MBE material,

moduced bv A. Y. Cho at AT&T Bell Labs.
4) ~iode mad; by R. J. Mattauch, University of Virginia.

TABLE II

MEASURED AND CALCULATED DATA FOR DIFFERSNT DIODES

Series resistance R, Estimated Electric Excess electron temp

Diode Measured Calculated mobility field T< 20K,5mA
300K 20K 20K 20K 20K,5mA Calculated Measured

n n n m2/Vs (kV/cm) (K) (K)

NZ80-!3ZA
ti28CL02B
N2S0-92C
B 23-21
CTH-lSS.1
2E1

M45-ll&C
B43-108-A
A244-A55

10.0
11.6
3.0

64.0
19.0
25.0
7.9

10.0

10.0

11.8
9.0
46

17.0
13.0
0.0

10.0

120 0.6 1.5 160 2s0
10.5 0.6 1.5 160 400
12,0 0.6 1.5 160 200
94 0.2 1.4 150 95

54,4 0.s 3.11) 450 600 ‘1
21,0 0.5 2.31) 3201) 1000
17,1 0.4 0.65 80 120

0.5 2.3 155 250
0.3 1,22 100 80

1) At 1=3mA(at 10mA~>1000K)

the test apparatus shown schematically in Fig. 3. The

expression utilized to determine the diode noise tempera-

ture TD is also given in this figure. Fig. 4 shows the

log 1(V) and T~(l) characteristics for three different di-

odes on the same chip measured at 20 K. A correlation
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Fig. 3. Schematic diagram of the setup of 4-GHz noise measurement

apparatus showing the diode connected to the bias T, circulator para-
metric amplifier, and FET preamplifier.

between the curvature of the log 1(V) characteristic and

the appearance of the excess noise, and big differences

between diodes on the same chip can be seen. Fig. 5 shows

the same curves measured at room temperature for one

diode before and after exposing it to a short electric pulse,

demonstrating the way in which similar and even more

pronounced features, visible at high temperatures, can be

obtained.

III. SCHOTTKY-DIODE PROPERTIES

A. The Classic log I(V) Characteristic

In this section, we discuss the 1–V characteristics ex-

pected from classical theories [6], [21] at ambient and

cryogenic temperatures.

At temperatures above 100 K for typical diodes, the

thermionic emission theory is said to describe well the

current flow in metal–GaAs junctions giving

I= SA*T2exp
{

q(V–@b– IR,

kT }
(1)

where A* = 8.2x 104Am–2K–2, T is the physical tempera-
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Fig. 4. Variations of diode characteristics across the chip. (a) The
current–voltage characteristics of three diodes from the same chip.
(b) The noke temperature as fun~tion of the forward current for the
samediodes.

ture, V is the applied voltage, +~ is the barrier height

which is slightly voltage and temperature dependent, S is

the diode surface, and R, is the diode series resistance.

Often the value of the barrier height at zero voltage bias

+~0 is utilized, and the characteristic of a real diode is

approximated by [21]

I=sA*02exp
q(q–+bo)

kd
(2)

where ~. is the barrier voltage ~.= V – IR,. The “effective

temperature” or “slope parameter” 8 or an ideality factor

n = 0/T of the diode is introduced to take into account

any barrier-height voltage dependence, and contributions
from transport mechanisms other than thermionic emis-

sion

I
e=n(v, T) T=~—== ‘IRb.

k dI/dV k
(3)

The barrier differential resistance R ~ can be calculated

from (3). The barrier capacitance using a parallel-plate
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Fig. 5. The effect of a short electric pulse on diode characteristics.
(a) Current-voltage characteristics (b) before and (a) after pulse.
(b) Noise temperature-current characteristics (b) before and (a) after
pulse.

capacitance model is given by the expression [6]

c= (4)

where CO is the diode capacitance at zero voltage y = 0.5

for an ideal Schottky diode and qVn is the energy dif-

ference between the bottom of the conduction band 8UId

the Fermi level shown in Fig. l(b). (For Nd = 3.1016 cm-3,

V~=2mVat T=20K, and V~=75mVat T=300 K.)

At low temperatures, the electrons do not have sufficient

energy to pass over the barrier and can only tunnel through

it~ In the zero temperature limit, the current

pressed as [14]

I= SA*(t9F)2Bexp
{9%”)}

can be ex-

(5a)
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where

1
B= (5b)

W%+ 2
in

t,

(5C)

where ND is the doping concentration, q is the electron

charge, h is Planck’s constant over 2 r, k is the Bohzmann

constant, E is the dielectric permittivity of GRAs, m* is the

effective mass, and $Z is the classical turning point energy

at the slope of the barrier for electrons trying to pass

through the barrier. The leading term B is difficult to

determine, but it is approximately 0.3-+1 for the investi-

gated voltage range.

B. Device Properties Beyond the Classical Limit

In many current applications, Schottlcy diodes are driven

into a current regime in which (2) and (5) are not more

valid. This limit is reached if the built-in voltage Vb, shown

in Fig. l(b) becomes smaller than kT/q. An estimate of

the critical current above which (2) and (5) are no longer

valid is obtained by inserting into them ~. from the

relation describing the so-called “flat-band” situation

‘~i=+~–Vn–~=O.

For example, one obtains for the diode N280-92 whose

parameters are given in Table I a flat-band current lF = 1.4

mA at T = 20 K and IF= 4.0 mA at 300 K. These values

are much lower than currents flowing at high forward bias

and indicate that (2) and (5) cannot explain the observed

1 – V characteristics in the full voltage range.

Another difficulty arises from the fact that the diode

series resistance, which is caused by the undepleted epi-

taxial layer, is expected to be voltage dependent. It is to be

noted also that the electron mobility and temperature

become voltage dependent at high forward bias. Thus, the

effective temperature O in (2) will become voltage depen-

dent.

As none of these parameters is directly measured, the

evaluation of R, in this high-current regime is quite dif -

ficult and the difference between the real and measured R,

values can be important.

Since typical millimeter-wave mixers and modulators
work in this high-current regime during a part of the

operation cycle, their behavior cannot be fully described

by (2) or (5) and a constant series resistance. Moreover, it

will be shown that even for currents much lower than the

current corresponding to the flat-band, (2) and (5) cannot

explain the experimental results. Some of the observed

diode characteristics can be described only by the parallel

diode model presented in Section IV.

C. Noise

At low current levels, the noise generated by Schottky-

barrier diodes is caused by fluctuations of the number of

electrons crossing the barrier (the shot noise) and their

velocity fluctuations (the diffusion or thermal noise).

The shot noise temperature T~h is directly related to the

slope parameter of the log 1( V) diode characteristic [13]

(6)

where rb in this formula is the barrier differential resis-

tance at the frequency of noise measurements. It can be

lower than the value predicted from O measured at dc if

slow surface traps exist in the diode. In fact, some hyster-

esis effects were observed in some diodes.

The diffusion noise (which, in the investigated frequency

range and for nondegenerate semiconductor material at

low currents when the electrons are in equilibrium with the

lattice, is equivalent to the thermal noise) can be described

by the noise temperature equal to the ambient temperature

TO [13].

At high current densities, other mechanisms are the

source of a so-called “excess noise.” They are voltage or

current dependent and raise the diode noise temperature.

The most important are intervalley scattering, carrier stor-

age in traps, and hot electrons. The intervalley scattering

occurs if the electric field in the epilayer is high enough to

accelerate electrons to energies higher than 0.31 eV (neces-

sary for their transfer to the upper valley in GaAs). This

transfer eliminates the hottest electrons from the conduc-

tion band; however, since the transfer occurs with a certain

probability, a new noise mechanism is added which is

called intervalley scattering noise, This partition-type noise

is white only for frequencies well below ~0 = l/z7rT = go

GHz, where ~ is the lifetime in the upper valley of the

conduction band in GaAs (1.8X 10-12 s).

The presence of shallow traps in GaAs leads to a

fluctuation of the number of electrons flowing through the

diode, producing additional noise whose spectrum can

extend even to microwave frequencies [33], [34], [38], [39].

If these traps are at the interface, they will affect the

barrier height +~ [21], the barrier resistance rb, and cause a

modulation-type noise, which adds directly to the shot

noise. If the traps are in the undepleted epilayer, the noise

will add to the intervalley scattering and hot-electron noise

generated there, At frequencies comparable to the recipro-

cal value of the trap lifetime, this noise will strongly

decrease, leveling off at lower and higher frequencies.

The hot-electron noise is generated in the nondepleted
part of the epilayer if the electric field is high enough [16],

[34]. Due to a nonlinear relationship between current,

electric field, and electron temperature in this region, the

results of Monte Carlo calculations [15] have been used to

determine the hot-electron temperature T~.

All the above sources of excess noise are current or

electric field dependent and can be described by an excess

noise temperature

T,= ~k~(u)En (7)
n

which can be compared to the expression derived by
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Fig. 6. Equivalent circuit of the parallel diode model for a metal-semi-

conductor junction.

Baechtold [34] for hot-electron and intervalley scattering

noise in GaAs FET’s.

Taking into account all noise sources described above, a

formula for the measured noise temperature of a Schottky

diode can be written as follows by extending the results

derived in [13]:

where r. and r~e are substrate and epilayer resistances,

respectively. At high frequencies, (8) should be modified to

take into account the capacitance of the junction (see Fig.

6).

As in the case of log I(V) characteristics, this expression

cannot generally explain the observed variations of noise

temperature versus current (Fig. 4(b)) as it predicts a

constant T~ = 0/2 for low currents when rb >> r.+ r,. and

an increase of T~ = TO(I + X##n) for high currents if

r$e >> r$ and rb.

IV. THE PARALLEL DIODE MODEL

The observed log 1(V) and T.(I) characteristics for all

measured diodes can be well explained by a model in

which the diode is described as a sum of parallel

metal-semiconductor junctions with different barrier

heights +~, areas Sm, and series resistances R,w (Fig. 6).

At low frequencies, subdiode capacitances Cj~ can be

neglected. Neglecting also substrate resistance r., one has

I= ~1. (9)
m

‘“=%$5 (lo)

m

where 1~ are currents flowing through particular subdi-

odes given by (2) or (5) with a proper barrier height ob~,

gm = (% + ~b)il are subdiode conductance, and T~ are

subdiode noise temperatures given by (8).
m

To make the model as simple as possible, a unique value

of the slope parameter @ and of the epilayer conductivity

was assumed for all subdiodes. It leads, at high currents,

when rb~ can be neglected, to g~ proportional to subdiode

area sm.

,

~
FORWARO VOLTAGE

Fig. 7. Schematic drawing of the I-V characteristics of a two-diode
junction at 20 K and 300 K.

Subdiode junction capacitances cj~ can be calculated

from (4) using y = 0.5 and an appropriate value of ob~

and Sm. Fig 7 illustrates why the effect of parallel diodes is

more easily seen at low temperatures. The subdiode 1,

which has a smaller area S1 and barrier height @l, is driven

to the flat-band at lower forward voltage, above which it

acts simply as a resistance. Further increase of current is

due to the parallel diode with a higher barrier height +2.

This effect can be observed only if the slope of the 1-V

curve is sufficiently high, i.e., at low temperature.

A computer program was utilized to find the ap-

propriate subdiode parameters +d~, S~, rb~, r,e~. For mod-

erate currents, it was sufficient to consider in (8) only the

term corresponding to n =1. The comparison between

measured and calculated current–voltage and noise char-

acteristics for two diodes is given in Figs. 8 and 9, showing

that this simple model gives a relatively good agreement

even for the complex log 1(V) and TD( Z) curves shown in

Fig. 9. The subdiode barrier heights obtained from this

procedure for Pt–GaAs diodes are represented in Fig. 10,

showing some characteristic values $~. = 1.01, 1.05, and

1.09 V at the temperature 20 K. Values of diode series

resistance r,, calculated from the sum of gm at high

currents are also given in Table II (calculated). It can be

seen from this table that the agreement between the two

methods is satisfactory.

A possible explanation of this effect was given by

Ohdomari and Tu [18] and Woodall and Freeouf [19], [20].

They assumed that microclusters of different compounds

with different work functions are formed at the surface.

Although Woodall and Freeouf describe the differences in

barrier heights by different work functions of metallic

compounds in microclusters (the Mott model of the diode

[21]), similar effects can be obtained in the Bardeen model

with different surface states and pinning energies for dif-

ferent compounds.

Different barrier heights of rnicroclusters (subdiodes) in

Pt–GaAs diodes can be caused by:

— locally Ga-rich or As-rich areas [22], [23] where

metallic Ga or As and/or GaA, and As Ga antisities

[24] can exist;
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Fig. 8. Comparison between measured (points) and (a) simulated Z-V

and (b) TD-l characteristics assuming the existence of three subdiodes.

— the interdiffusion of Pt, Ga, and As [22] leading to

the creation of clusters of different compositions

such as PtAsz and Pt ~Ga [25]–[27];

oxygen or oxide at the metal semiconductor inter-

face [31];
— surface imperfection, exceeding metal particles, can

lead to a barrier height decrease [28];

— local barrier height variation due to the pressure of

the whisker, which can cause variations of the

bandgap [29] or local changes of interface proper-

ties.

Despite the above arguments, other possibilities explain-
ing the peculiarities in the observed log 1( V) and noise

temperature T~(l ) dependence cannot be ruled out. One

of them is the existence of traps close to the surface

localized at discrete energy levels. These traps will produce

variations of the barrier height and can be the source of

additional noise as discussed above. Another possibility is

the presence of trap levels emanating from the surface but

penetrating some distance ( - 100–200 ~) into the epilayer

[36]. They correspond to an initial higher doping of this
region, which will decrease when these traps will be filled

with electrons, leading to a decreased slope of the log 1( V)

I I 1 I I

=
.w --
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~~-

.,-
*
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OIOOE VOLTAGE [V)
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z 1

0 _~
-4 -2

LOG OF OIOOECURRENT (A)

(b)

Fig. 9. Comparison between measured (points) and (a) simulated I-V
and (b) T~-I characteristics assuming the existence of six subdiodes.

# of sub-diodes T=20K
arb. units.

n I ! [ I
r

0.9 1.0 1.1 1.2

Bsrrier Height (eV)

Fig. 10. The number of subdiodes versus their barrier heights, as mea-

sured at 20 K.

characteristic. Of course, these traps can be localized in

small areas, being the origin of subdiodes and clusters.

It is also possible that the whisker pressure on part of a

diode surface can lead to subdiode creation. However,

some pointing experiments performed did not confirm its

importance.

V. DISCUSSION

Fig. n(a) shows the slope parameter d, temperature-

dependence curves derived from log 1(V) characteristics as

presented in Fig. 2 for two diodes (N280-92 and CTH
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Fig. 11. Measured values of the slope parameter 6 as function of
temperature at current levels of 100 pA, 100 PA, and 1 mA, respec-
tively, for two diodes.

188.1) with a thin and thick epilayer, respectively, for three

different values of diode current. Each individual curve

shows that the current is dependent upon the field emis-

sion at low temperatures, thermionic field emission, and

thermionic emission at high temperatures [14]. However,

for higher currents, O(T) curves are shifted to higher O

values in contradiction to existing theory [13] predicting

only one value. The possible explanations of this effect

are: the barrier height variation with voltage due to an

interracial layer [21], electron heating [15], traps, and mi-

cro-clusters. The first two effects give a smooth 0 variation
with bias. All “knees” on the 1–V characteristic should be

due to clusters or traps.

500 —
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Fig. 12. Comparison of calculated and measuredvaluesof 0/2 = Tll as
function of the concentration of the epitaxiat layer.

A. The Low-Current Regime

At high temperatures ( > T= 100 K) and for small cur-

rent densities (1= 1 pA), diodes are nearly ideal with O:= T

as expected from thermionic emission theory. (See the

lowest curve on Fig. 11.)

At low temperatures, field emission dominates but, even

at low currents, the measured f3 is higher than that predict-

ed from (SC). It can be seen from Fig. 12, in which 0/2

values obtained from (5c) (solid line), log 1( v ) measurem-

ents for very low currents ( - – 100 pA) (circles) and

noise temperature measurements at such low currents that

hot electrons are not created (crosses) are compared. For

most diodes, the lowest measured (?~= 1.4 Z3F(OF is given

by (5c)). This result suggests that, for depletion layers of

the order of a few hundreds angstroms, to determine f3, an

effective N~ higher than the nominal concentration has to

be taken. This higher effective N~ can probably be ex-

plained by the statistical distribution of the ionized

dopants. With the diode current driven by regions with

higher N~, the effective N~ will be higher than predicted

for a continuously distributed charge, leading to a higher

effective O as seen from measurements. For diodes with

lower dopings, 13is also bias dependent as the measured 6

values at greater currents ( -10 PA) are much higher than

predicted. (See squares in Fig. 12.)

Figs. 8 and 9 show that the parallel diode model ex-

plains pretty well the anamalous T. behavior and excess

noise appearing at relatively low current levels. For the

same low-doped diodes, the noise temperatures T~ exceed

0/2 determined for very low currents but are smaller tlhan

0/2 determined for the same current at which they were

measured. This behavior can also be explained by the

existence of relatively slow traps at the interface which do

not contribute to the noise at 4 GHz.

B. The High-Current Regime

1) The slope parameter /3: Fig. 11 shows that, when the

diode current increases, the horizontal part of the curve

attributed to the field emission extends to higher tempera-

tures and OF strongly increases. At sufficiently high am-

bient temperature, when thermionic emission should pre-
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vail, the slope parameter can be expressed as

6= TO+AT (11)

with AT nearly independent upon temperature but increas-

ing with the applied forward bias voltage (diode current).

Such an effect can be caused by barrier lowering mecha-

nisms in Schottky diodes. The image force lowering [21]

for the considered diodes will have a negligible effect

(ATs 3 K) but the voltage dependence of the barrier

height due to the existence of an interracial layer >10 ~

between the metal and the semiconductor gives a right

order of magnitude of AT.

For high-current densities, the measured O values will

also be affected by the difficulties in the determination of

R. and its current dependence and by the increase of

temperature of electrons arriving at the barrier, which can

be seen from noise measurements, and which should de-

crease O or both field and thermionic emission. Computer

modeling is necessary to evaluate both influences.

Alternately, this effect can also be explained by the

existence of subdiodes with different barrier heights carry-

ing the current for different bias voltages. They can be

caused, besides by the statistical donor distribution dis-

cussed above, by a similar effect concerning surface charges

in the thin dipole layer at the metal–semiconductor inter-

face. About 1012 electrons/cm2 are required for creating a

potential barrier of 2 V, which means that the “ a~erage”

distance between charges is of the order of 100 A. The

statistical spread of these charges will cause the barrier

height to be different from place to place. This second-order

effect added to various mechanisms being the origin of

subdiode barrier heights can lead to a statistical distribu-

tion of parallel diodes with slightly different barrier heights

within each subdiode. In Fig. 13, the log 1( V) characteris-

tic resulting from a summation of equal area parallel

diodes with different barrier heights is shown. The result-

ing log 1(V) characteristic can be described by an effective

O much larger than 8 of the individual diodes, and can

explain large 8 values observed for all examined diodes in

the temperature range from 20–300 K at high current

densities near flat-band.

C. The Barrier Height

For some diodes, subdiode features in the log 1- V char-

acteristic (see, e.g., Fig. 2) are traceable over a large range

of temperatures. Fig. 14 shows some typical plots of bar-

rier height versus temperature obtained from measured

“knee” voltages of the 1-V characteristic and from the

voltage drop on the diode above flat-band, assuming a

constant R ~ value. It is interesting to note that the barrier

height decreases about 80 mV for a temperature change

from 20 K to 300 K, close to the value of 70 mV calculated

assuming that the ratio of the barrier height to the GaAs

bandgap does not change.

It is also interesting to compare the most frequently

measured subdiode barrier heights around 1090, 1050, and

1010 at 20 K (Fig. 10), which correspond to about 1010,

970, and 930 mV at 300 K, with earlier published data.

-2

-3

-8

DIODE VOLTflGE (V)

Fig. 13. Calculated current–voltage characteristic of a diode consisting
of five subdiodes with equal areas.
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Sinha et al. [25], utilizing a CV technique, measured

+~ = 930 mv for as-prepared diodes and 980 mV for
diodes with PtAsz and Pt ~Ga complexes. The C(V) mea-

surements give approximately the barrier height at the

flat-band O: [21], and, as was pointed out by Ohdomari

[18], they give the barrier height of the subdiode having the

largest area even if this subdiode has the highest barrier

height. Therefore, these values have to be compared with

+: estimated from observed “knee” voltages rather than

with barrier heights at V= O obtained from log 1( V) mea-

surements, which according to [22] gives 780 mV for an

As-rich surface and 870 mV for a Ga-rich surface. The

above comparison of obtained data with Sinha results

indicates that there is a strong probability y that different

compounds at the interface are the origin of at least some

of the subdiodes.

1) The excess noise: Figs. 4(b) and 5(b) show that for

sufficiently high current densities in subdiodes, an excess

noise is generated. The corresponding electric fields have
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been estimated from the relation

(12)

valid for relatively low currents (p is the low field mobil-

ity). The electron temperature was estimated from the

curves T.(E) given in [15]. The resulting values are given

in Table II. It can be seen that hot-electron noise is

causing the major part of excess noise for these diodes.

For some diodes, the excess noise is considerably greater

than the predicted hot-electron noise even for electric

fields lower than the field at which intervalley scattering

becomes important. It maybe related to hot-electron noise

of some subdiodes, carrying a substantial part of current

or to some shallow traps in the epilayer or at the interface

[39]. This noise would be frequency dependent and such a

dependence was confirmed by N. Keen and the authors

[32], [33], [40], [41], who found that the excess noise

decreases strongly at frequencies between 1 GHz and 10

GHz at room temperature.

In CTH 188.1 and 2E1 diodes, extremely high noise

temperatures (35 000 and 5000 K) were measured at 10

rnA. As this current for these diodes corresponds to E >4

kV/cm, where the intervalley scattering ‘becomes im-

portant, all three sources of the excess noise seem to

contribute. It is interesting to note that for the CTH 188.1

diode, the ratio of noise temperatures at 10 and 5 mA is

35 000/3900 in approximate agreement to the third power

law quoted by Baechtold [34].

The third group of diodes exhibit a lower noise tempera-

ture than predicted. Two of these diodes have very thin

epilayers (B-43, A-244), and some ballistic effects in these

can be expected (see, for example, Shur [35]), but a more

precise evaluation of the electric field in the epilayer has to

be performed before such assignment can be made.

VI, CONCLUSIONS

It was found that electrical properties of Pt–GaAs mi-

crojunctions used as mixer diodes in cooled millimeter-

wave mixers, which cannot be explained by one ideal

Schottky-barrier diode in series with a resistance, are suc-

cessfully described by a parallel diode model. Obtained

results show the temperature and bias dependence of the

barrier height, the slope parameter f3, and the noise tem-

perature. These results seem to indicate that both clusters

of different compounds and traps can be found in such

diodes.

The low-temperature measurements of log 1(V) and

noise characteristics are a useful tool not only in studies of

physical properties of Schottky microjunctions but also in

predicting mixer noise performances and reliability.
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