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Abstract: A metal-insulator-InSb (MIS) technology has been successfully developed; and 
MIS structures with excellent interface properties can be fabricated. The C-V characteri­
sties of these structures show a completely inverted low-frequency type C-V response at 
about 10 Hz, an indication of low thermal generation. An analysis of the conductance 
measurements in the strong inversion region indicates that bulk generation dominates 
minority carrier thermal generation, leading to good MIS structures. 

Conductance techniques were utilized to study the interface properties of these 
MIS structures leading to a detailed description of the surface stateijroperties. The inter­
face state density of our recent MIS structures is in the range of 10 cm-2 ev-1. It 
appears that the surface states are continuously distributed over the entire InSb bandgap. 
The experimental results strongly indicate that the InSb MIS interface characteristics are 
adquately described by the Shockley-Read-Hall treatment model. 

These InSb MIS structures have been used as IR sensors operating in the 
charge injection mode. Their sensitivities approach background-limited performance 
(BLIP). InSb CID arrays have been fabricated and the results of these array measurements 
will be discussed. 

I. INTRODUCTION 

In recent years solid-state imaging 
devices operating on the basis of a surface 
charge-coupling principle in the silicon 
MOS structure have received considerable 
attention, and considerable progress has 
been made in both line and large -area 
imaging devices, with the silicon MOS 
technology. These devices are used in the 
visible region of the spectrum. For IR 
applications a similar approach has been 
applied to narrow -bandgap semiconductors, 
namely InSb. 

The success of silicon charge -coupled 
devices is undoubltedly due to the advanced 
development of the silicon MOS technology, 
but a suitable dielectric technology for 
other semiconductors has not yet been 
fully developed. Most device development 
work on III-V compound semiconductor 
has been concerned with p-n junction 
fabrication and as a result, excellent InSb 
infrared photovoltaic detectors have been 
developed. For surface passivation of 
InSb p-n junction detectors, an anodic 
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oxide of InSb has been commonly used. 

A detailed study of anodic oxide InSb 
MOS structures (1) conducted in our labo­
ratory indicates that majority carrier 
trapping in the oxide causes the surface 
state charges. For n-type InSb substrates 
the majority carrier electrons play the 
major role in charge trappin in the oxide, 
resulting in a negative surface state charge. 
On the other hand, for p-type materials, 
hole trapping is the dominant mechanism 
and results in positive surface charges. 
Both the indium and antimony atoms in ano­
dized InSb oxide, therefore, may be respon­
sible for charge trapping both types of 
carriers. This variable charge -trapping 
mechanism leads to an instability of the 
MOS structure and it is, thus, difficult to 
use the anodic oxide in MOS devices for 
stable surface charge-coupling operations. 

It was, therefore, necessary that a 
new dielectric material and a suitable depo­
sition technology be found, if successful 
InSb MIS surface charge-coupled devices 
were to be developed. As a result of our 
recent R&D efforts in this regard, we have 
found that a dielectric layer of silicon 
oxynitride (SiON) deposited pyrolytically on 
an InSb substrate, yields MIS interface pro­
perties (2) that allow us to operate the MIS 
structures as charge injection devices (CID) 
in the charge storage mode. This paper 
describes the interface properties of S iON­
InSb MIS structure and the experimental 
results obtained using these structures in 
the charge injection mode. 

TI. InSb MIS STRUCTURES 

The single crystals of InS b used in this 
work were grown by the C zochralski method 
with a (111) orientation. For n-type 
materials tellurium was used as the dopant 
with a carrier concen~ration ranging from 
1013 /cm3 to 1o16 /em ; for p-type materials 
cadmium was the dopant at concentrations 
in the range of 1Q1~cm3. The dislocation 
densities (EPD/cm ) of these materials 
were less than 100/cm2. 
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The large ingots of InSb were cut into 
wafers about 35 mils thick and 2-4 em in 
diameter. After the B face (Sb side) of the , 
wafer was mechanically polished and 
chemically etched, SiON layers were 
deposited pyrolytically on the InSb surface.e>,'lfl 
A ty:p,ical oxidll thickness is in the range of 

0 ~~ ' 

lOOOll. to 2000ll.. The SiON dielectric layer 04 
is extremely uniform and pin-hole free. ·i 

For a simple InSb MIS structure, a 
sell),i-transparent NiCr metal film less than . ' 
100ll. thick and 20 mils in diameter was /!() (; 
vacuum deposited on the SiON layer ofinSb 
wafer. The large wafer was diced into 
small chips which were, in turn, attached 
to transistor headers. The device header 
was mounted in a cryogenic dewar for eval­
uation. 

The MIS structures were measured 
using a lock-in amplifier or phase-sensitive 
detection technique. The lock-in amplifier 
(PAR 124) can be used over a wide range of 
frequencies and is particularly useful at 
low frequencies. This admittance bridge 
permits us to easily measure not only C-V 
curves but also conductance-voltage charac­
teristics of MIS structure. The conductance 
of the device can easily be measured by 
changing the phase angle of the instrument 
by 90°. The conductance technique was 
used exclusively to study the interface pro­
perties of the structures. All measurements 
were made at near 77°K, unless otherwise 
stated. 

Ill. INTERFACE PROPERTIES OF InSb 
MIS STRUCTURES 

1. c -V Characteristics of InSb MIS 
Structure 

The capacitances of the MIS structures 
were measured as a function of the gate 
bias voltage at various frequencies, as 
shown in Figure 1 for ann-type substrate. 
These measurements were made in the dark 
condition; that is, the field of view (FOV) 
was equal to zero. The device could "SJ!~" 
only its own temperature so that no 300 K 
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photon radiation could have contributed to 
the minority carrier equilibration process. 
In this way only the thermal generation pro­
cess of minority carriers in the device can 
be determined. 

The C-V curves closely follow the 
simple ideal MIS capacitance model (3). 
At the positive gate bias the capacitance is 
approximately that of the insulator; and 
when the gate is biased negatively, the 
capacitance is decreased due to the creation 
of a depletion region on the InSb surface. 
Further increases in the negative bias cause 
a strong inversion where the depletion width 
is fixed, resulting in a minimum capaci­
tance, shown in the high-frequency measure­
ment. Note that the dashed line is a com­
puter-calculated, theoretical C -V curve 
that follows closely the experimental result, 
indicating a low surface state density. 

To operate this type of device as an 
optical sensor, e.g. CID and CCD, the 
strong inversion bias region is important, 
Since the device operates normally here. 
As the MIS capacitor is biased into the 
heavy inversion region, it can be shown (4) 
that the MIS structure results in a simple 
equivalent circuit; the insulator capacitance 
(Co) is in series with the parallel combina­
tion of the depletion capacitance (Co) and a 
resistor (for the sake of simplicity, we use 
a conductance, Gg). This simple equivalent 
circuit can be derived only if the surface 
state density is relatively small, so that it 
can be assumed that the surface state capa­
citance is much smaller than the depletion 
capacitance. For single-level types of 
surface states, only those states located 
near the intrinsic Fermi level contribute 
significantly to the surface state capacitance, 
when the Fermi level is near this level; but 
at the surface of the strong inversion bias 
the Fermi level is near the top of the 
valence band (for n-type devices). There­
fore, with a relatively low surface state 
density, the above assumptions are quite 
valid. Later, it will be shown quantitatively 
that these assumptions can be applied to 
our InSb MIS devices. 

It has been shown that ( 5) the change 
in capacitance in the strong inversion 
region is due to the relative value of Gg 
compared to wCo. The inversion capacitance 
changes from the minimum capacitance, 
C0 Co/(C0 + Co), to the maximum insulator 
capacitance, C0 , as the measurement fre­
quency varies from very high to very low 
values. Between these two limits the in­
version capacitance is a function of frequen­
cy and increases with decreasing frequency, 
as shown in Figure 1. 

It has been shown that the capacitance 
in the strong inversion bias region depends 
on the relative value of the conductance, 
Gg. It will be shown later that Gg can be 
related directly to the thermally generated 
minority carrier current. If the relaxation 
rate of the minority carriers is very small 
in the device, Gg is, indeed, very small 
and the capacitance results in the high fre­
quency case. This is the case when the 
minority carrier generation rate cannot 
keep up with the small signal variation of 
the capacitance measurement, resulting in 
a high-frequency type c-v response (equiva­
lent to wCo >> Gg). If, however, the 
minority carriers can follow the variation 
in the measurement signal the capacitance 
rises, approaching the insulator capacitance; 
this is the low-frequency type of C-V curve, 
in which case wCo<< Gg. Therefore, the 
low•frequency C-V data reveal, qualitatively, 
the minority carrier relaxation rate. The 
frequency at which the minority carriers 
completely follow the measurement signal 
variation is in the range of 10 Hz, indicating 
that the minority carrier relaxation rate in 
these devices is, indeed, small. 

The interface state density of these 
MIS devices has been determined quanti­
tatively and it will be shown that the surface 
state densities are also small. 

2. Surface State Density of InSb 
MIS Structures 

Typical conductance (Gm/w)-voltage 
characteristics of an n-type InSb MIS 
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structure at various frequencies are shown 
in Figure 2. The rise in conductance in 
certain bias regions is due to the capture 
and emission process of carriers by the 
interface states. The sharp single conduc­
tance peak is typical of single-level states. 
If we, therefore, analyze the conductance 
values in the peak region (6), we can deter­
mine the interface state parameters. Since 
the conductance is caused by the steady­
state loss due to the capture and emission 
of carriers by interface states, this tech­
nique is a more direct measure of the inter­
face properties than the use of C-V data. 

The conductance technique used here 
has been described in some detail in 
reference 2; it provides quite accurate 
determinations of surface state densities. 
At each bias point in the peak conductance 
region, equivalent parallel conductance 
values were computed from the measured 
conductance data as a function of frequency. 
From these conductance curves, then, the 
surface state densities were obtained for 
different bias points. The results are shown 
in Figure 3; the values of surface state den­
sity were plotted as a function of surface 
potential. The circle-dot points represent 
the values determined by the continuum 
model, whereas the triangle points were 
obtained from the single time constant model. 
It is interesting to point out that, in the 
depletion region, the experimental points 
follow the continuum model, whereas, in the 
weak inversion region, the measured data 
fit the single time constant model. 

As shown in Figure 3, the surface 
state density varies from mid-1010 cm-2 
ev-1 to about midc10ll cm-2 ev-1. It is 
also interesting to note that the interface 
state density tends to become a minimum 
near the flatband, which is somewhat dif­
ferent from the silicon case. (6) This 
result is also evident from the C-V curves 
shown in Figure 1, where the surface state 
density in the flatband region appears to be 
lowest. 

The corresponding surface state time 
constant values were also determined from 
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the equivalent parallel conductance data and 
measured as a function of the surface poten­
tial, as shown in Figure 4. Here, again, 
the separate data points represent the two 
models, as indicated. In both cases the 
time constant varies exponentially with the 
surface potential, but with different slopes; 
for the continuum model the slope is (3 /2, 
and for the single time constant case, it is 
(3 /4, where (3 is q/kT; q is the electronic 
charge, k is Boltzman's constant, and T is 
the absolute temperature. The extrapola­
tion of the two lines, however, meets at 
about the same point in the flatband voltage. 

If the capture cross-section is inde­
pendent of energy then the slope should be 
equal to (3 • A slope smaller than (3 may be 
due to the fact that the capture cross-~ection 
is energy dependent. For the single time 
constant data, an even slower increase in 
the time constant may be due to an additional 
contribution of minority carrier generation. 

3. Thermal Generation Mechanism 

As shown in Figure 2, in the strong 
inversion bias region the measured conduc­
tance becomes constant and independent of 
bias, but is a function of the measurement 
frequency, as in the case of the C -V data. 
It has been shown that the capacitance vari­
ation with frequency in the strong inversion 
bias region depends on the relative value of 
Gg with respect to U.Cn. Similarly, the 
bias-independent conductance values can be 
used to determine the thermal generation 
mechanism of these devices. 

When an MIS structure with a relatively 
low interface state density is biased into a 
strong inversion region, a simple equiva­
lent circuit (4) of the capacitor can be 
derived; the insulator capacitance (C0 ) is in 
series with the parallel combination of the 
depletion capacitance (Cn) and a conductance, 
Gg· For the admittance measurements, the 
MIS structure is applied with a de bias, V g, 
and a small ac sigual, <l. V(t). The total 
charge density, Q, is given by 

(1) 



where Qp is the minority carrier charge 
density m the inversion layer and Qsc is the 
semiconductor space-charge density. Qsc 
is then 

(2) 

where No is the concentration of the donor 
impurities and x is the surface depletion 
depth. The surface potential, cf>s, derived 
from the depletion approximation, is 

(3) 

where e is the permittivity of InSb. 

The time variation of the above quan­
tities can be defined as Q(t) = Q0 + AQ, 
Qp(t) = Qpo + AQp, Qsc(t) = Qsco + AQsc, 
x(t) = Xo + Ax, and </>s(t) = </>so + A</>s, where 
Qo, Qpo, Qsco, Xo, and </>so are all 
establtshed by the bias, and AQ·, AQp, 
AQsc, Ax, and Acf>s are caused by the ac 
signal and thus are a function of time. Thus, 
the time dependent quantities are, 

AQ = II.Qp + AQSC (4) 

AQSC = qN0 Ax (5) 

A</> = 
qN

0
x

0
Ax 

(6) 
s € 

since Xo >>Ax. The total ac current den­
sity, J, can be obtained by differentiating 
AQ with respect to time: 

(7) 

where' Jp = dAQp/dt, the ac current density 
charging the inversion layer and J sc = 
dAQsc/dt, the ac current density charging 
the depletion layer. J sc can be related to 
the surface potential by 

dAQsc qN0 dAx 
J sc = --ar-- dt 

For a sinusoidal ac signal, Acf>s = A exp 
(jwt) and, thus, 

J = jw ~ Acf> (9) 
SC X S. 

0 

The current density, Jp, that charges 
the inversion layer, should l:ie equal to the 
ac current density of minority carrier 
generation. In general, the minority 
carrier generation can be divided into three 
separate generation currents, the surface 
generation current, the diffusion current 
outside the space-charge region and the 
generation current in the space-charge 
region. For an InSb MIS device operating 
at 77°K, the space-charge generation cur­
rent dominates, as verified later. Assuming 
that the generation rate in the depletion 
layer, g, is constant over the space-c

1
harge 

region, the ac generation current density 
is equal to qgAx (7) and, thus, 

J = qgAx = ~ A</> (10) 
p N0 x

0 
s' 

from equation (6). It is interesting to note 
that the ac generation current density 
depends on Xo• which is established by the 
de bias surface potential, <I> so. 

The total ac current density given in 
equation (7) is simply 

J = Ne g A</> + jw ~ A</> (11) 
0

x
0 

s x
0 

s 

thus, the total ac current (I = JxActl in the 
structure of area = Act is 

(12) 

where Yin is the admittance of the heavily 
inverted MIS (on the semiconductor side). 
Therefore, the equivalent circuit of the 
structure includes a conductance, Gg, and 
capacitance, Co, in parallel. The Gg and 
c0 are then: 

(13) 

(14) 
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Note that the conductance, Gg, is 
directly proportional to the generation rate, 
g, which, in the space-charge region where 
both types of carrier densities are small 
compared to ni, is directly proportional to 
the intrinsic carrier density, n;, (7) 

ni 
g ~-' T 

(15) 

where T is the carrier lifetime, it is 
assumed that the generation centers are 
located near the intrinsic Fermi level; 
therefore, Gg should be proportional to ni 
in view of Equations (13) and (15), so, 

There is experimental evidence for this 
relation. 

(16) 

For the measurement of Gg the con­
ductance values can be obtained by meas­
uring the terminal conductance of the MIS 
structure at a fixed bias in the strong region 
as a function of frequency. Typical meas­
urements are shown in reference (5). Thus, 
the Gg values are determined by this method 
as a function of temperature. Figure 5 
shows the thermally generated conductance, 
Gg, as a function of the reciprocal of the 
aosolute temperature; the experimental 
results yield a straight line on a semi -log 
plot. The slight departure from a straight 
line in the low temperature region is due to 
the noise of the measuring instrument 
since, in this region, the measurement 
frequencies used to determine Gg are quite 
low (less than 100 Hz). 

The exponential dependence of Gg on 
the reciprocal temperature does ensure 
that the generation mechanism is thermal 
in nature. Furthermore, from the slope of 
the straight line, one can see that Gg indeed 
follows the ni variation with temperature 
since 

(17) 

where Eg is the bandgap energy for InSb and 
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equal to 0. 23 ev. The activation energy is 
correctly equal to Eg/2, as shown in 
Figure 5. Therefore, the dependence of 
the thermally generated conductance, Gg, 
on the intrinsic carrier concentration, Di, 
indicates that Gg is dominated by genera­
tion in the space-charge region of the MIS 
structure, verifYing our earlier assump­
tion. The other generated components are, 
indeed, smaller than that of the space­
charge generation. This means that the 
minority carrier generation, due to surface 
state density, does not contribute to the 
generation mechanism. Therefore, for the 
inverted InSb MIS structure minority 
carrier thermal generation is dominated by 
space-charge generation, which is a bulk 
generation process, thus leading to good 
MIS structures. , 

' 
From Equations (13) and (14), the 

generation rate, g, is simply given by, 

G ND 
g~ 4--, 

D 
(18) 

which can be calculated from the experi­
mentally determined values of Gg and Cn. 
For an n -type InSb MIS structure (Nn ~ 
2 x 1015 em, -3, Co ~ 72 pF and Cmin ~ 
37 pF), for example, the depletion capaci­
tance, Cn, and the thermally generated 
conductance, Gg, are equal to 76 pF and 
3. 2 x 10-8 mhos, respectively, for a 20-
mil diameter device. From these values, 
the lifetime ( T) can be computed to be 
approximately equal to 10-B sec, which is 
well within the range of the reported 
values (8). 

The dark current Ig, generated in the 
depletion region for the above device is, 
then, approximately equal to 10-8A and 
when operated in the charge storage mode, 
this dark current limits the device's ulti­
mate storage time. The dark current 
storage time, Ts

1 
can then be related to 

the dark current \9) as, 

C I!N 
0 

Ts"' -~­
g 

(19) 



where <l. V is the voltage swing from inversion 
to depletion. For <l. V = 10 V, the dark current 
storage time is about 0. 1 sec. This result 
is also evident from the C-V data. 

It is significant that Ts, here, is 
roughly seven orders of magnitude greater 
than the carrier lifetime for InSb MIS de­
vices, which is why the charge storage 
InSb MIS structure is so attractive as a 
charge integrating device, even though the 
carrier lifetime is short. Furthermore, 
for InSb devices operating in the m region, 
the background photon flux that the device 
sees also generates additional current, 
which, then, causes a decrease in storage 
time. Our results (1, 5) indicate that the 
dark current of these structures is relatively 
small compared to that generated by the 
typical background photon flux encountered 
in the operation. Under this condition the 
dark current appears to be less important 
and the background photon-generated cur­
rent should then determine the device 
operating storage time. 

IV. InSb CID OPERATION USING THE MIS 
STRUCTURES 

The physics of charge injection 
devices (CID) has been described in some 
detail ( 1), and the charge injection mode of 
operation of InSb MIS structures has been 
successfully demonstrated. We present 
here some of the optical measurements ob­
tained on InSb CID devices. 

For the signal-to-noise ratio meas­
urements, we used a narrow band spike 
filter; X0 = 4.5 11-, peak transmission= 41%, 
and <l.X = 0. 2 11-. The input signal radiation 
through the filter from a blackbody source 
was computed to be 3. 9 X 10-10 watts (peak 
value). The estimated bac¥round photon 
flu~ was approximately 101 photons/sec­
em. 

The conventional sensitivity notation 
for IR detectors uses D*, given by 

D* = 
;l.o 

(A M)1/2 
d (20) 

where <l.f is the bandwidth of the instrument 
to measure the noise, Vn (volts), and P8 
is the input photon signal (watts) to produce 
the output electric signal, Vs (volts). 
D*;~. 0 is equal to 2.8 x 10-8 x Vs/Vn, where 
Vs is the peak-to-peak value. We will com­
pare the measured D*;~.0 value of Equation 
(20) with the best possible theoretical value. 

For our results, the best signal was 
30 mV (measured at de and, thus, the peak 
value) at an integration time of 1 msec. 
If we operate an array of 32 elements for 
one msec, the sampling frequency is 3.12 x 
104 Hz. For single device measurements, 
this is the same as a sample pulse period 
of about 30 11-sec, as far as the sampling 
rate is concerned. Therefore, the noise 
was measured at this sampling rate, although 
the signal was measured with a one msec 
period (= one msec storage time). A wave 
analyzer with a M = 6 Hz bandwidth was 
employed to determine the noise values. 
At the above sampling rate, the measured 
noise value varies from 3 !LV at 100Hz to 
2 !LV at 104 Hz. We then use an average 
noise of 2 . 5 11 v in the information bandwidth 
(= sampling frequency /2) for the measure­
ments. 

The signal-to-noise ratio is then, 

V s _ 30 mv _ 
1 2 10

4 
vn -2.511-v- · x (21) 

Substituting Equation (21) in Equation (20), 
the D*Xo is, 

12 1/2 D* X = 3. 4 x 10 cm(Hz) /watt 
0 (22) 

The theoretical expression of D*;~_ 0 (BLIP) 
is given by, 

X 

D* X (BLIP) = h~ ~'I) /2QB ' (23) 
0 
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where !) is the quantum collection efficiency, 
QB, is the background photon flux and the 
.other quantities are well-known. The col­
lection efficiency, !) , for our MIS structures 
was, generally, equal to 50%. For the 
above background photon flux level, 
(QB "' 1013 photons/sec-cm2), therefore, 
the theoretical value of the background­
limited D*;~_ 0 , the best possible sensitivity, 
is equal to 

D*;~_ (BLIP)= 3.6X 10
12 

0 

em (Hz)112 /watt (24) 

which compares closely with the measured 
value of Equation (22). 

In order to measure the device's 
saturation characteristic, we increased the 
number of input signal photons and raised 
the blackbody source temperature to 800°C 
so that the source signal photons were much 
larger than the background photons (QB). 
Under this condition, then, the saturation 
point depends only on the signal photons and 
can be determined quite accurately. The 
measured saturation characteristic of a 
device is shown in Figure 6; the saturation 
starts at a photon flux density of about 
6 x 1014 photons/ sec -em 2 . Thus the maxi­
mum number of the stored charges with a 
quantum efficiency of 50% and the integration 
time of 500 p.sec is equal to approximately 
3 x 108 carriers . 

The above maximum stored charges 
can be compared with the maximum storage 
capacity of the MIS capacitor. The stored 
carrier density, N, in the potential well is 
given by 

<iN= c~ (Vg- vfb- <Psl 

- (2qNDe <P//2, (25) 

' where Vfb is the flatband voltage and Co is 
the oxide capacitance per unit area. The 
maximum stored carrier density, Nmax) 
for a given gate voltage, V g• is determined 
when the system reaches the steady state, 
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which occurs when the surface potential, 
cf>s, is approximately equal to twice the 
bulk potential, cf>F; cf>s "' 2cf>F· Thus, 
Nmax is 

qNmax"' C~(Vg- Vfb- 2cpF)- (4qND 

€ cpF)l/2 (26) 

For the device used, Co = 3. 2 x 10-8 F ~cnf! 
V g - Vfb - 2cf>F "' 2 volts and Nn"' 1ol cm3. 
Since the bulk Fermi level of n-type InSb 
at this doping level is near the conduction 
band, the bulk potential, cf>F, is equal to 
about 0.1 volts. Using these values, the 
maximum carrier density, Nmax• that can 
be stored in the MIS structure is, 

N "' 2 x 10
11 

carriers/cm
2
, (27) max ~ 

which leads to the maximum number of 
stored carriers for an area of 2 x 103 cm2, 
i.e. 4 x lOB carriers. This value agrees 
with the experimentally determined value 
of 3 x 108 carriers within the experimental 
accuracy. 

As shown in the above equation, 
Nmax is directly proportional to the gate 
voltage, V g. To increase the storage capa­
city, however, Vg cannot be increased to 
any arbitrary higner value, because the 
avalanche breakdown voltage of InSb 
materials appears to be relatively small. 
It should be pointed out, however, that the 
measured dynamic range for Af = 6 Hz is 
already in the range of six orders of mag­
nitude. 

The spectral response of InSb CID 
devices was also measured; the results are 
shown in Figure 7. For these measurements 
an integration time of 100 p.s was used. 
The device output signal voltage, corrected 
for the thermocouple readings, was meas­
ured as a function of wavelength. 

It is interesting to note that there is 
no sharp peak in the spectral response and 
that the response in the shorter wavelength 
region is excellent. In fact, the quantum 
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efficiency is almost constant from 5fJ. to lfJ.. 
This is due to the fact that, for such a de­
vice structure, high collection efficiencies 
can be obtained since the depletion region 
is formed at the surface. No carrier diffu­
sion is required for collection, as is normal­
ly required in a p-n junction photodiode, 
because most of the carriers are generated 
in the high field region. This is why, for the 
higher energy photons (shorter wavelength 
region), the quantum efficiency is as good 
as that for the peak response. 

V. CONCLUSIONS 

A metal-insulator-InSb MIS technology 
has been developed. The interface state 
density of these structures conforms to the 
Shockley-Read-Hall theory of'interface 
states; experimentally the density has been 
measured in the range of lOll em -2 ev-1 
(varying with the surface pqtential from the 
mid-1010 to mid-lOll cm-2 ev-1 range). 

Because of the low surface state den­
sities, we have been able to fabricate InSb 
MIS structures that operate in the charge 
injection mode. The quality of the interface 
of these devices makes possible low dark 
currents, near background-limited perfor­
mance, and a saturation characteristic that 
follows the theoretically expected storage 
capacity of an MIS capacitor. A detailed 
analysis of the interface properties based 
on conductance measurements agreed well 
with theoretical models. 
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