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Noise in HgCdTe LWIR arrays
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Abstract. Mercury cadmium telluride (MCT) hybrid arrays for long-wavelength infrared
(LWIR) applications with n*-p-diodes and n-channel charged coupled devices (CCD) silicon
readouts were designed, manufactured and tested. Performance of these arrays at 7= 80 K is
considered.

The measurements of noise and signal-to-noise ratio (SNR) are the key issues to determine
performance parameters to characterize IR-sensors. That puts certain requirements to the
registration system and used methods of measuring signals. To find out and eliminate noise
sources the spectral noise power of signals was analyzed. It allowed the possibility to imple-
ment actions for reducing of the registration system noise, and to define the software noise
filters to be used.
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1. Introduction

Today high performance infrared (IR) imaging systems
typically include hybrid focal plane array (FPAs) cooled
down to cryogenic temperatures with a signal processors
(read out devices) in the focal plane. In spite of the com-
plications involved in the physics of MCT material (in-
tensive Shockley-Read-Hall recombination and trap-as-
sisted tunneling due to a large number of different types
of defects in the gap) HgCdTe moderately cooled arrays
remain the most sensitive small pitch FPAs among others
(e.g., QWIP (both AlGaAs QWIPs and GalnSb strain
layer superlattices), doped silicon detectors, uncooled
microbolometer arrays, InSb photodiodes, Schottky-bar-
rier detectors, ezc.) in LWIR and MWIR regions operat-
ing at high frame rates and low integration time. Now
HgCdTe solid solution is nearly ideal material for pho-
tovoltaic (PV) infrared detectors [1] both for MWIR (3 to
5 pm) and LWIR (8 to 12 um) infrared regions.

MCT FPAs now provide performance predominantly
limited by readout electronics. The best LWIR and
MWIR detectors are almost background limited and it is
almost impossible to improve their sensitivities. But
readouts in LWIR arrays can utilize now only about 1%
of the available signal at f/1-optics and 7'= 300 K back-
ground because the unit cell capacitors are filling up in
about 20 to 50 usec due to background signal influence,
while the frame times are about 20 ms. For ensuring high
performance FPA characteristics the electrical signals

from MCT photodiodes should be extracted by electron-
ics not introducing extra noises at the output of FPA.

There are exist a few parameters for FPA to be char-
acterized: sensitivity, detectivity, noise equivalent tem-
perature difference (NETD) and some others. But initially
most of them are based on the measurements of the electri-
cal signals and their noise. The proper measurement of
signal-to-noise ratio is the key issue to determine such
performance parameters for IR-sensors as NETD and
detectivity. Naturally, the efforts are directed to mini-
mize all possible noises. But, as a result, for little value of
noise there is a need of corresponding equipment to meas-
ureit, at high and low frequencies especially. In the present
paper, we attempt to define more exactly the sources of
the noise of MCT r*-p-junctions in multipixel arrays stud-
ied, as they characterize the noise level and its frequency
dependence of MCT arrays for LWIR (4 = 8-12 um) spec-
tral region.

2. FPAs noise measurements

Previously [2,3] it was demonstrated that there is a corre-
lation between tunnel currents and low-frequency (1/f)
noise in diffusion HgCdTe photodiodes. Some correla-
tions between the values of trap assisted tunneling (TAT)
current and 1/f noise were also noticed in MCT photo-
diodes (the smaller is the reverse bias at which TAT be-
gins, the larger is the frequency at which the “knee point™
of 1/fnoise is situated). But because of this noise was not
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very pronounced in hybridized arrays studied, it is not
considered here. It was shown that native dark current
noise of MCT arrays itself is negligible in comparison
with other noise sources.

The important issue in studying the FPA noise is the
precision of the output signal amplitude measurements.
In order to build up the registration system, one should
estimate the fluctuations of the input charge at the readout
circuits accumulative capacitors and estimate the noise
of the output signal, that is caused by these fluctuations.
One can estimate fluctuations of the input charge accord-
ing to Poisson’s character of the distribution function of
the fluctuations probability of the number of charge par-
ticles N which is applicable in this case: (SAN>2)12 =
= N2, (<AQ>2)12 = (¢-0)!2, where e is the electron
charge.

As a rule, the charge-voltage converter with linear
transfer function characteristics is used at the FPA out-
put. If the maximum output voltage U, corresponds to
maximum input charge Q,, then the fluctuation value
(<AU*>)"2or U,,,,, depending on the output voltage U
(corresponds to charge Q) is given by the expression:

U poise =¥<AU >2 =Z—O"’< AQ >2 =%- ‘,e.Q (1)
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In Fig. 1 the calculated dependencies of noise volt-
age Upoise ON charge Q at three different values of charge-
voltage transfer coefficients (Uy =4, 5, and 6 V respecti-
vely) are shown. As, for example, one can see from curve 3
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Fig. 1. Fluctuation of U, of CCD-register output voltage.Q,,
Uy, C are the maximum input charge, peak output voltage and
CCD-register output capacity, respectively (C = Qy/Uy). Q is the
average input charge including dark current and background
radiation.
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(Qo =22 pC, Uy = 6YV), for measuring of U,yise With
output signal amplitude of U= 6V, one should carry out
the measurements with the precision better than 1.6 mV.
Therefore, when measuring the signal with amplitude of
5V, which is produced by the readout circuit, it is neces-
sary to use 12 bit or better 14 bit ADC. A 12-bit ADC was
used in the present investigation. 14 bit ADC has to be
used for measuring the 1/f noise at low frequencies
(<10 Hz), which would be almost impossible with 12
bit ADC because of its low frequency “knee point” posi-
tion measured in diodes without applying readouts. In
any case, both for 12 bit and 14 bit ADC it is appropriate
to apply the above-described technique to investigate the
origin of noise.

In Fig. 2 the different operating modes of the input
circuit of CCD silicon readout are shown. Silicon readout
devices with input direct injection circuits and CCD mul-
tiplexers to be used with n*-p-photovoltaic (PV) multi-
pixel arrays were designed and manufactured [4]. The
read-out devices with skimming and partitioning func-
tions were manufactured by n-channel MOS technology
with buried or surface channel CCD register. The analy-
sis of the readouts designed has shown that at well stabi-
lized direct voltages the noise level of the readout itself is
negligibly small compared to the background flux cur-
rent.

The input transistor of direct injection REFO sets the
operating point (reverse bias) of the photodiode. At accu-
mulating capacitor, which is formed by three cells (UC1,
FPS, UC2) the charge Q = I X 1, is accumulating, where
1 is the photodiode current, and 7, is the charge accu-
mulating time. The current / consists of the dark current
contribution I4 and photocurrent 7, at the operating point
(see Fig. 3). Selection of the operating point in Fig. 3 is
realized with the help of the voltage REFO0 at input tran-
sistor (e.g., for value of Ugrggg = 0.5 V corresponds the
value of reverse bias at each photodiode U,pjas =120 mV)
aiming at the maximum of the signal-to-noise ratio, and
also taking into account the spread of the threshold
voltages AUy, of the input transistors (for three types of
the read-out devices developed the value of DUy, accord-
ing to which the readout circuits are culled is equal to
AUy, £ £7mV). The accumulation time 7, is set by ca-
pacity FPS, which is used as a gate, or by transistor FO.
The period T,,,, between the openings of transistor FO
defines also the information taken off from all the diodes
of multipixel array. In general case 7,.. and 7),,;do not
coincide (Tyec £ Treqq). At opening of transistor FO the
input charge Q falls into 16 or 18 bit CCD multiplexer
and is converted to voltage at the load resistor outside of
the cold zone. In Fig. 4 typical oscillograms of the out-
put signals of one of the FPA analogue outputs are shown.
The amplitude of each pulse U characterizes the infor-
mation on the input charge Q at the accumulation ca-
pacitor of one of the pixel registration channels.

In order to investigate the nature of noise sources and
decrease it, the noise frequency content for FPA was in-
vestigated, and the results obtained are presented in Fig. 5.
One can see a few noise harmonics near 4000 Hz region
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Fig. 2. Different operating modes of the input circuit of CCD silicon readouts.

for low and high level of signal that can be eliminated
using double correlating sampling (DCS) procedure.

To analyze the value of the noise as a function of time,
the running average and running dispersion were calcu-
lated. The results of computation are presented in Fig. 6.
Apparently, the value of noise oscillates with time at
100 Hz frequency that is a 50 Hz electrical network sys-
tem harmonic. If supplying all FPA voltages from a direct
voltage source the noise voltage can be reduced from 2
mV to approximately 1.6 mV that is near 20% improve-
ment.

Out 4.Diode 4. T = 82K

— 0

50 -—o
-
=-100
—~

-150

=o=Iy;i —Dark Curve —
200 e Idarkl+IDh —All clarrent , .
0.35 0.40 0.45 0.50 0.55 0.60
Ref0, V

Fig. 3. Dependence of the photodiode dark current (upper
curve) and the current under background illumination (lower
curve) on the reverse bias (dependent on REFO0) for array with
Aco=12.2 pm.
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In Fig.7a the dependence of the amplitude Ug;, of one
of the information signals on time is shown, which was
measured in the time range T,.,q = 36 pus (integration
time 7,.. = 8us that is an acquisition range). Calculation
of Upise during the time range gives the value of U, s =
=1.99 mV. But as one can see from Fig. 7b the time
ranges, in which U, 18 calculated, and also the mo-
ments of time of the beginning of U, ;. measuring are
not equivalent, which is caused by the presence of the
impulse noise disturbances in registration system (in this
particular case the most noticeable is the noise distur-
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Fig. 4. The oscillogram of sygnals taken from 16 photodiodes of
one of CCD-outputs.
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Fig. 5. Spectral noise power for one of FPA channel. At 7 = 80 °K,
The accumulation time is T,.. = 8 Ms. a — high level of signal (Uy));
b — low level of signal (Uy); c) double correlating sampling (DCS)
of the signal.

bance at frequencies which are multiplies of /= 100Hz).
Thus, if the calculations are taken over 40 points (at the
time range 40x36 ms = 1440 ms) then the maximum value
of (Upoise)max = 2.85 mV, and the minimum value of
(Unoise)min = 1.21 mV. The calculating (Uj,gise)min OVET
100 points (the time range is equal to 3600 seconds), one
gets (Unoise)max =236 mV and (Unoise)min = 1.45mV.
To analize the noise signals, the fast Fourier trans-
form (FFT) was used. In Fig. 5a, b, care shown the FFT
spectra of Uy, Uyr and Upcs signals, respectively. It
was possible to eliminate the pulse noises at f = 4 kHz
and /= 13 kHz (Figs 7,a and 7,b) using double corre-
lated sampling (DCS): Ui, = Upcs = Upp-UpL. Further
investigations were carried out with DCS signals.
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One of the most important parameters of FPA is the
detectivity D", which is characterized by including the
noise band o,y = Upoise/ (ANY? (VIHZ!?), where U,y is
the mean square of noise in the frequency band Af. Con-
ventional expression for D;" looks like

U A
A ( )1/2’

Dj =
Unoise "H-A 2 Tace

(©)

where U, is the FPA reaction on the radiation intensity
H (W/cm?), and 4 is the photosensitive element area. In
this expression Af = (27,

To investigate the real FPA for determination of o5, =
U, oise/ (ANY2, the FFT procedure was used. To do this, it
is necessary that: a) the precision of signal measurements
is better than the noise level (at least 12 or 14 bit ADC
converter should be used); b) Tiead = Tace; ©) the sampling
number N should correspond to the lowest frequency f,
which one would like to get in the spectrum.

In Fig. 7a the time dependence and FFT spectrum of
the initial signal with its mean value are shown. As it was
shown, the calculated value of U, yisc = 1.99 mV during
the time range 7= 0-0.02 s, and opr = 1.99/(1400)"2 ~
~ 1.68:10° V/(Hz)"2. In Fig. 7b the same signal and its
FFT spectrum (Fig. 7a) are shown, but this time after
passing through the digital filter in the range between 8
and 10 kHz. In this case Upyise = 0.552 mV, ox=
=1.23x10” V/Hz!? (the factor 1.37 lower than in the
initial case). Using investigation of real FPA such kind
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Fig. 6. a — signal for one of FPA channel after DCS, b — voltage
of noise calculated on 40 point and 100 point (bold line) respec-
tively.
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Fig.7. a — dependence of the amplitude and the FFT spectrum of the initial signal with mean value subtraction, b — the result of

application of 8000 to 10000 Hz band pass filter on DCS of signal is shown in the previous picture.

of analysis is important for the determination of the 1/f
component, and also of the pulse noise in FPA.

Applying the procedure described above for MCT
hybrid linear arrays of 2x64 format, the values of
detectivity D} = 7-10'°cm-Hz"%/W and NEDT'=26 mK
(FOV =45°, A, = 10.3 pm, T, = 32 us with partitioning
and skimming functions included, 7' = 82 K) were ob-
tained.

3. Conclusion

To registrate the FPA output signals, the important point
is precision and error of their measurements. In registra-
tion system considered here, the method of evaluation of
the FPA output signals noise (SAU>2)"2 is used in de-
pendence on output signal level U and FPA charge-volt-
age transfer coefficient k = Qy/U,. The FPAs noise meas-
urements have shown that the values of (SAU>2)!2 evalu-
ated are less than those measured directly. The spectral
analysis of the output signals using FFT procedure have
shown that the reason of it is both an insufficient preci-
sion of measuring equipment (mainly because of 12 bit

402

ADC) and the influence of the impulse noises (mainly
harmonic components of the f = 50 Hz frequency). Sili-
con readouts designed and manufactured do not intro-
duce additional noise. The procedure proposed of FPA
noise analysis permits one to reveal and eliminate the
reason of incorrect measuring the noise of the real FPA
(impulse noises and the noise of registration system, the
precision of keeping of control voltages of silicon
readout, the noises of the readout itself, ezc.).
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