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Abstract: A specific digital output research on short-wave infrared InGaAs linear focal plane array ( FPA) was re—
ported. Coupled with a laboratory self-designed short-wave infrared 256 x 1 InGaAs FPA  a successive approxima—
tion register ( SAR) analog to digital convertor ( ADC) with high resolution low power consumption and small
size was designed and fabricated in 0. 18 pm CMOS process. The chip consumes 460 wW at a sampling rate of 235
KS/s with the power supply of 3.3 V. The signal to noise ratio ( SNR) of the ADC chip is 66.6 dB. The ADC
chip was also tested at different integral time to convert the 256 x 1 InGaAs FPA signal. The results show that the
ADC chip can meet the application requirements of the 256 x 1 InGaAs FPA.
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spectral analysis and real-time imaging. Several typical
Introduction 256 x1 512 x1 1024 x1 320 x256 and 640 x512 In—

GaAs FPAs with analog output were equipped in short—
As a core

Short wave infrared InGaAs focal plane array
( FPA) has a high responsivity in the short wave infrared

wave infrared spectrometers and cameras '
component of micro spectrometer and cameras in this
band InGaAs FPAs are developing towards small size

band ( typical 0.9 ~1.7 wm) and is widely used in
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light weight and low power consumption ( SWaP) . Under
this trend increasing attentions are paid to developing
digital FPAs to replace traditional analog FPAs and
challenging works are focused on analog to digital conver—
tors (ADC) ? . Since reducing the FPA noise is consid—
ered as the primary task °  ultradow noise design is
needed to be considered for a good matching with such
FPAs. Furthermore the power consumption and small
chip area are also important. With the development of
FPA the digital InGaAs FPA will be of great concern.
At present there are several studies on the focal plane
digitalization. An 8 x 1 InGaAs FPA with 10-bit SAR
ADC was designed in Refs. 45  which proposed an
output scheme for 512 x 512 FPA wusing 12-bit SAR
structure.

In this paper a 14-bit 235 KS/s successive approx—
imation register ( SAR) ADC in 0. 18 pm CMOS process
is described for the specific 256 x 1 InGaAs FPA appli-
cation. The research object is a laboratory self-designed
short-wave infrared InGaAs micro spectrometer which is
implemented with a 256 x 1 InGaAs focal plane as the
core components.

1 Architecture

The eclectic scheme is shown in Fig. 1. An ADC
chip was fabricated to replace the ADC device which is
widely used in conventional scheme. The analog output
signal of InGaAs FPA is directly converted by the ADC
chip which could reduce the system complexity and sim-
plify the analog signal channel.
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Fig.1 The proposed digital scheme of InGaAs FPA output
1

The 256 x 1 InGaAs FPA has two signal-ended out—
puts applied with correlated double sampling ( CDS)
technique ® . This can result in a significant problem of
the interface uniformity between FPA and ADC. If a full
differential input mode of ADC is chosen a high per-
formance single-ended to differential converter is needed
and thus the power consumption and chip area is in—
creased as well. What is worse the noise of such a sin-
gle-ended to differential converter followed by an ampli-
fier can be multiplied decreasing the performance of the
ADC. To solve this problem a pseudo differential input
mode is used which can also decrease the power con-
sumption and chip area caused by the single-ended to
differential converter. In addition the ADC resolution is
limited to 12 bits as a result of a commonly-used dy-
namic comparator ' . This is not suitable to advanced
digital FPAs. Hence a conventional statistics compara—
tor is applied to enhance the resolution.

Figure 2 shows the block diagram of the proposed
ADC. Tt comprises a 14-bit matched binary-weighted
charge redistribution DAC with switching array a high
precision comparator with two stage output offset storage
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Fig.2  Architecture of the proposed SAR ADC
2

technique and a synchronous SAR logic. In addition a
decoupling compactor is added at the reference voltage to
minimize the interference. To reduce the total capaci—
tance the 14-bit charge redistribution DAC with split
structure is used.

During the sampling time MSB capacitors partici—
pate in the sampling while LSB capacitors remain to
ground. Two switches are added at the top-plate nodes of
MSB and LSB capacitors to keep the attenuating capaci—
tor with no charge injection during the reset time. Mean—
while the bottom-plate nodes of all binary weighted ca—
pacitors are connected to ground to make sure the whole
capacitor array with no charge storage.

2 Circuit implementation

In this section the circuit level design of 14-bit
charge redistribution DAC and high precision comparator
are described.

2.1 Charge redistribution DAC

The unit capacitor is used to reduce the mismatch
with the capacitor array. Normally the relationship be—
tween total capacitance and DAC resolution is given by
Eq. (1). In fact given that a split structure is used
the relationship should be presented by Eq. (2). The
great reduction of the total capacitance can reduce ADC
power consumption and the overall ADC size. The voli—
age of node Vy shown in Fig. 2 which is directly con—

nected to the inverting input of comparator is given by
Eq. (3) in the design.
Croa = ziw * Cuai (1)
C'I\)ta] = 21\/2 ° C[‘nit (2)
128¢C u

b,
.( m + 2 15 -i ref) + V
(3)

The unit capacitor has a great impact on the power
consumption and noise of the DAC. In general the unit
capacitance should be designed as small as possible to
reduce the power consumption. However the smaller the
value of unit capacitor the larger KT/C noise of the
whole capacitive DAC ° . Tts relationship can be given
by Egs. (4) " and (5). A relative balance is to take
account into the design in order to grantee the power sav—
ing and low noise. The unit capacitance C is set 40 {F
which makes the KT/C lower than the quantization noise
and saves the power consumption at an acceptable level.
Hence the sampling capacitance is 5 pF and the total
capacitance is 10 pF.
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A centrosymmetric distribution scheme of capacitor

In terms of the layout design a centrosymmetric
distribution scheme shown in Fig. 3 is applied to reduce
the impact of capacitor mismatch. Also some redundant
capacitors are added to keep the structure fully cen—
trosymmetric.

2.2 Comparator

The proposed comparator is implemented with a
three-stage pre-amplifier a two-stage output offset stor—
age capacitors a dynamic latch and an output stage
which is shown in Fig. 4. The three-stage pre-amplifier
can amplify the small voltage to a large level which can
be recognized by the followed by dynamic latch. This dy—
namic latch could increase the speed of the comparator
and the comparator is designed to satisfy the speed and
accuracy requirements of ADC.
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Fig.4  Architecture of the proposed comparator
4

The Output Offset Storage ( 00S) technique ' is
utilized to calibrate the offset of the comparator at the be—
ginning of each comparison. After the calibration the
offset can be reduced to Eq. (6) .

Vog = Voso + Voss Viaien + % + Aq,
AA, A AA, AAA, A C AAC

(6)

where Vg, Voss  Voss and Vi ,qpcy represent the offset of
pre-amplifiers 1 2 and 3 respectively and Latch. A,
2 and
3 respectively and Ag, and Ag, represent the stored
charge of capacitors 1 2 and capacitors 3 4 respec—
tively and C is the capacitance of each capacitor.

A, and A, represent the gain of pre-amplifiers 1

3 Measurement results

In this section the test results of ADC performance
are described in Sect. 3.1 and comparison result of

ADC applied to 256 x 1 InGaAs FPA is shown in Sect.
3.2

3.1 ADC performance

The prototype SAR ADC with a core area of 1344 x
538 wm’ was designed and fabricated in 0. 18 um One Poly
Six Metal( 1P6M) CMOS process. It was packaged in a
1. 27 mm pitch Dual Inline Pin ( DIP) package. In FPA
applications the noise of ADC should not be larger than
the noise of FPA. Hence the most-concerned perform—
ance of ADC is SNR. The noise of 256 x 1 InGaAs FPA
changes from 0.4 to 1 mV  which is related to the integral
time. Figure 6 shows the SNR of different input signal
from 0 to 2 V. As we can see the SNR of ADC is 66.6
dB  which means the ADC noise is about 0. 33 mV.
Thus the ADC proposed can be perfectly used in 256 x 1
InGaAs FPA. Other performance is list in Table 1.

Table 1 ADC performance summary

1 ADC
Technology 0.18 pm CMOS
Sampling Rate 235 KS/s
Die Area 1344 x 538 pum?
Power Consumption 460 pW

Differential Nonlinearity ( DNL) -2 LSB /1 LSB

SNR 66.6 dB

Effective Number of Bits ( ENOB) 10.8
Input Range 0~2V
Quantization Noise 0.33 mV

Figure 5 shows the simulation and measurement
SNR results of ADC chip in different input signals. The
simulation result ( black dots) shows that the SNR is
71.5 dB. Thus the ENOB is 11.5 bits and quantization
noise is 0. 19 mV. The measurement results ( red dot)
show that the SNR is 66.6 dB which means the ENOB
is 10. 8 bits and quantization noise is 0.33 mV. The de—
viations between simulation and measured result may be
caused by the circuit manufacturing process and test
source jitter.

3.2 Comparison result between ADC and data ac—
quisition card

Generally data acquisition card is used to convert
analog outputs to digital code in traditional 256 x 1 In—
GaAs FPA tests. Series of output data in different inte—
gral time of 256 x 1 InGaAs FPA were acquired by data
acquisition card. By contrast ADC chip can converter
the analog outputs of InGaAs FPA. Figure 6 shows the
test equipment. The blackbody at 900 K is the radiation
source to irradiate the detector. The 256 x1 InGaAs FPA

turns the light signal into analog voltage signal. Then
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integral time. The integral time ranges from 10 ps to
80T 2500 ws because more or less than this could make sig—
[ eemma nal weak or saturated. The converting performance is
70 e %o 000000000000, oo : :
most-concerned. Figure7 shows the comparison result.
Ui From 10 s to 1800 s the FPA output signal increases
o SOT linearly with the integral time. The first order interpola—
2 sl tion coefficient of these dots is 99.9% . After 1800 s
& B the FPA output signal tends to saturation. Increasing the
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—o— Measured Result . . .
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Fig. 6 Flowchart of the proposed 256 x 1 InGaAs FPA
testing scheme with digital output

6 256 x 1

the proposed ADC chip converts this analog voltage signal
into digital code. Finally the logic analyzer recognizes
the digital code and transfers them to the computer.
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Fig.7 The 256 x1 InGaAs FPA output signal by the
proposed ADC chip

7 ADC 256 x 1

In this experiment the distance from blackbody to
the FPA was 30 cm. The FPA was tested under different

Fig.8  Comparison result of 256 x 1 InGaAs FPA
SNR with digital output and analog output
8 256 x 1

Figure 8 shows anther result of 256 x 1 InGaAs FPA
SNR with digital output and analog output. The linear re—
gion of FPA  where covers from 200 to 1800 s in the
same test condition with output voltage measurements in
Fig.7 is concerned. The output curves of the proposed
ADC chip ( red circle dots) and without ADC chip
( black square dots) are also shown. The minimum devi-
ation between them is 1.4 dB  which means the digital
output FPA can improve anti§qamming ability and en-—

hance the SNR.
4 Conclusion

This paper presents a specific digital scheme suit—
able for shortwave infrared micro spectrometers. This de—
sign is mainly applied to the SWIR 256 x 1 InGaAs FPA
developed by our own laboratory. A pseudo differential
input mode has been employed in the design to meet the
demands of high resolution low power consumption and
small size. The proposed SAR ADC chip was fabricated
in 0. 18 wm CMOS process with the core area of 1344 x
538 wm’. The maximum sampling rate of ADC reaches
at 235 KS/s. According to the comparison results be—
tween ADCs and data acquisition card the ADC chip
can meet the SWIR 256 x 1 InGaAs FPA application re—

quirements.
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