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Abstract: This paper presents a low power design for a 384 X 288 infrared (IR) readout integrated circuit (ROIC). For the

character of IR detector (r,~~100kQ, I, &=100nA),a novel pixel structure called quad-share buffered direct injection

(QSBDD) is proposed and realized. In QSBDI, four neighbor pixels share one buffered amplifier, which creates high injec-

tion efficiency,a stable bias,good FPN performance,and low power usage. This ROIC also supports two integration modes

(integration then readout and integration while readout) ,two selectable gains,and four window readout modes. A test 128
X128 ROIC is designed, fabricated.and tested. The test results show that the ROIC has good linearity. The peak to peak
variance of the sub array is about 10mV. The power of pixel stage is only ImW,and the total power dissipation is 37mW at

a working frequency of 4MHz.
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1 Introduction

IR ROIC is an important part of IR focal plane
arrays (FPA) and has been developed fast. The snap-
shot IR ROIC requires a large format, a small pixel
area, and low power usage. Meanwhile, more and
more customer friendly functions have been integrat-
ed in FPAs,such as IWR,selectable gains,and windo-
wing readout! ™"/,

The ROIC is always divided into 3 parts:the pix-
el stage, the column amplifier stage and the output
buffer stage. The pixels receive the photocurrent sig-
nals and store them on the capacitor. The column am-
plifier carries the signal from the pixels to the output.
The output buffer drives large off-chip capacitance.

Detailed pixel circuit design depends on the per-
formance of the IR detector. When the detector’s
output resistance is low and the output resistance
changes with the bias voltage, the pixel circuit is re-
quired to provide high injection efficiency and a sta-
ble bias for the detector. Meanwhile, snapshot ROIC
pixel area is precious and a complex circuit cannot be
tolerated. The direct injection structure should be sim-
ple,but the efficiency will decrease as the low detec-
tor output resistance decreases and varies with its bias
voltage, though buffered direct injection (BDI) can
provide high injection efficiency. But, for 384 X 288
ROICs, placing an amplifier in every pixel will result
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in a heavy power burden. In shared BDI (SBDI)
structures, every row shares one amplifier to reduce
power dissipation. For the format of 384 X 288, SBDI
disperses the buffered amplifier over a long distance,
which leads to poor symmetry and worsens the fixed
pattern noise (FPN).

In this work, a novel practical pixel structure
called quad-share buffered injection (QSBDI) is pro-
posed. In this new structure, four neighbor pixels
share one buffered amplifier. The QSBDI provides
high injection efficiency, stable bias, and low power
usage. Local matching brings improved FPN perform-
ance.

A 128 X128 test ROIC with a QSBDI pixel struc-
ture is designed and fabricated with a CSMC 0. 5pm
DPTM process. Test results show that QSBDI works
well. Power from the pixel is only about ImW and the
FPN of every sub array is about 10mV.IWR, select-
able gains, and windowing readout are all integrated
on the chip.

2  Overview of 384 X288 ROIC

2.1 Architecture

Figure 1 shows the block diagram of the ROIC.
The ROIC is composed of a 384 X 288 pixel array, a
column amplifier stage, an output buffer, and some
control circuits.

(©2008 Chinese Institute of Electronics
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Fig.1

The pixel array has been divided into four sub ar-
rays:A,B,C and D. The format of every sub array is
192X 144. Corresponding to the four sub arrays, four
output buffers are laid on the corner of the pixel ar-
ray. The control circuits generate digital signals, such
as row select signals and column select signals, to en-
sure that the chip works properly.

A charge sensitive amplifier (CSA) is chosen for
the column readout amplifier. The CSA removes the
need for a column bus parasitical capacitor and FPN
that comes from the mismatch of integration capaci-
tors in every pixel.

2.2 Operation timing

Figure 2 shows the ITR timing diagram of the
readout circuit. The period of every frame is divided
into two phases:the integration phase and the readout
phase. When clock INT becomes “high”, the integra-
tion phase begins. After the integration phase,the sig-
nal of each pixel is read out row by row. When clock
row(i) is “high”,the pixel signal charge of the first
row is fed into the column amplifier .
up and stored on the column amplifiers, waiting to be
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Fig.2 Timing diagram of readout circuit

Architecture of 384 X 288 ROIC

multiplexed to the output amplifier buffer.

The column amplifiers are connected to the out-
put buffer by the column switches. The signal stored
on the column amplifiers is transferred column by col-
umn. The column readout amplifier is reset once each
row with the control of the rst-CSA.

This ROIC also has IWR integration mode. When
ROIC works in IWR mode, integration and readout
can be processed simultaneously,increasing the frame
frequency.

3 Quad-share BDI circuit

3.1 Quad-share BDI structure

Figure 3 shows the circuit of QSBDI. Four pixels
share the same feedback amplifier. Considering the
limited pixel area,a simple differential amplifier is
adopted. Mp and Mn build the common branch, and
Mpl-MN1, Mp2-Mn2, Mp3-Mn3, Mp4-Mn4 are the
branches of each pixel individually. The IR detector,
injection MOSFET,and integration capacitor are also

shown in Fig. 3
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where g, is the transconductance of the Mint, A is ; o e m
. . epe . d d d
the gain of the shared buffering amplifier, and rq is =
the output resistance of the detector. The gain A in L

Eq. (1) is larger than 100, so the injection efficiency
is about unity.

Using the virtual ground of the feedback ampli-
fier, QSBDI offers a stable DC bias.

3.3 Power dissipation

There are five differential branches in four pix-
els,so the average power dissipation of each buffer in
the QSBDI input stage can be calculated as

Ppixc]l = % 14V (2)

where Vg, is the power supply,and I, is the current
of every differential branch.

Meanwhile, there are two differential branches in
BDI pixel structures. The power dissipation in the
BDI is 21, V.. With an identical I4,the QSBDI can
save more than 30% of the power dissipation of the
BDI. Moreover, the QSBDI also reduces the number
of MOSFETs in the pixel and saves area,which can be
used for capacitance to enlarge the charge storage ca-
pability and SNR. of course,the power of the SBDI is a-
bout 14 V4, when N>>1,where N is the number of pixels
in the row. Table 1 shows the detailed comparison.

3.4 FPN performance

FPN is another important indicator of the read-
out circuit. The FPN refers to the random and time-
invariant noise source associated with the fabrication
process of detectors and readout circuits''. Due to the
FPN,the outputs will be different even when the in-
puts are the same.

The FPN of the BDI structure comes from pa-
rameter variance of the inject MOSFET and the input
offset voltage of the buffering amplifier. Those two
sources can be transferred to the positive input termi-
nal of the buffering amplifier and the small signal
equivalent circuit,as shown in Fig. 4.

The injection current variation from the FPN can
be written as

Fig.4 Small signal equivalent circuit for FPN analysis

Ag 1
= ——°t 4 YV os.di + 0s
Al T+ Ag., X ( !V a TV ) 3

where V. 4 represents the parameter variance of
Mint and V, stands for the input offset voltage of the
buffering amplifier'”. V. 4 comes from the global
mismatch. Because of the feedback of buffering am-
plifier,the effect of V., 4 has been decrecased to 1/A.
Assuming the gain of amplifier is infinite, the FPN is
decided only by Vi 4. Ve is the input offset volt-
age, which mainly stems from the mismatch of the pa-
rameter of input differential pairs and comes from the
local mismatch. The input differential pairs are al-
ways required to be deposited as near as possible and
they require high symmetry'”’. Some mismatches stem
from long-range variations called gradients. The mag-
nitude of gradient-induced mismatches depends on the
separation between the effective centers, or cen-
troids, of the matched devices. The variation AP in
parameter P between two matched devices equals the
product of the distance d between the centroids. The
gradient V P along a line connecting the two cen-
troids is'®’ .
AP = d VP €]

The distance d will affect offset voltage directly. Ta-
ble 2 is the comparison between the QSBDI and SBDI
assuming the pixel area is 30pm X 30pm. In the SBDI,
the whole row shares one buffer amplifier and N is
the number of pixels in the row.

The length of one row in the SBDI is 30N (pm) .
On the other hand, careful layout design makes the
distance of matching devices in the QSBDI about
40pm. The matching of the QSBDI is better than the
SBDI and the FPN.

4 IWR/ITR,selectable gains and windo-
wing

4.1 IWR and TR

Table 1 Comparison of power and area L
P P Based on the principle of the QSBDI, an actual
BDI QSBDI ] _ ) _
5 Table 2 Comparison of matching devices’ distance
Power 214V g —— 14 Vaa
N 4 ¢ * SBDI QSBDI
Amplifier’s area 2 braches Equivalent 1. 25 braches d/pm 30N about 40
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Fig.5 Pixel structure to realize IWR and ITR
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Fig.6 Timing diagram of ITR mode

pixel with IWR and ITR has been designed and is
shown in Fig. 5. An equivalent BDI is shown to illus-
trate the function of IWR and ITR instead of the QS-
BDI.

In ITR mode,the reading of the pixel will be ex-
ecuted after the integration completed. K1 remains
open while K4 remains closed. K2 will control the
gain of the pixel, which is set by the user. When K3
closes,integration begins. After the last pixel has been
read out, signal END will be shown. RST closes and
reset will be executed. Figure 6 shows the timing dia-
gram of ITR mode.

In IWR mode, the reading of the pixels will occur
during the next integration, as shown in Fig. 7. RST
and K1 remain closed to prevent the nonlinearity that
comes from setting up a buffered amplifier'®’ . Before
integration, K3 closes and resets C,, then K3 opens
and current begins to integrate on C; . At this time, K2
is open and C, still holds the voltage of the previous
frame. After the last pixel of the previous frame has
been read out,the circuit will give a flag signal: END
to flag the end of the previous frame. After the END,
K4 closes and resets C,. Then K2 closes to connect C,
and C,. At the end of the integration K2 opens and
C, disconnects from C,.The current frame voltage is
held on C,.

4.2 Two selectable gains

384 X 288 ROIC can work with two different
gains by adjusting the gain control bit: GN. GN only

INT___ | L L
K3~ | [ 1 [
K2 I

K4 [ 1

END M N

Fig.7 Timing diagram of IWR mode
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Fig.8 Layout of 128 X128 ROIC

works under ITR mode. Corresponding to different
gains,the storage capacitor in the pixel and feedback
capacitor in column readout stage are different.

4.3 Windowing readout

Window readout mode can help users readout the
data they are interested in and can increase readout
speed.

This ROIC full and default window size is 384 X
288. The ROIC also supports three windowing readout
modes:320 X 240,160 X 120 and 128 X 128. These win-
dows are centre asymmetric. To change the window
mode, the ROIC preserves two window size control
bits for users. By inducing the row select start signal
and column select start signal in the right place, win-
dowing can be realized.

S Layout and test results

A test 128 X128 ROIC has been fabricated with a
CMSC 0. 5pm DPTM process, packaged with PGA68
and tested with an Agilent 93000. Figure 8 is the lay-
out of a 128 X 128 ROIC. Its size is 7.59mm X
6. 35mm.

An electronic MOSFET called Mtest has been in-
serted in every pixel. In test mode, Mtest simulates the
photo current before the ROIC is connected with the
IR detector array. When the gate voltage of these
electronic test MOSFETs is adjusted, ROIC’ s output

Fig.9 Test result with Agilent
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changes. Shutting down the electronics test MOSFETs
and varying the reset voltage of integration capacitors
and integration time, ROIC’ s output changes again
and shows good FPN performance. Figure 9 shows the
test results, where the peak to peak variance of the
sub array is about 10mV.

Linear fitting results of readout voltage versus re-
set voltage are displayed in Fig.10 and show good lin-
earity.

The power dissipation of the ROIC is about
37mW ,and the consumption from the pixel stage is a-
bout ImW. Test results show that the QSBDI has real-
ized low power usage and good FPN performance.

IWR, selectable gains and windowing readout
have been tested already and worked well. Table 3
lists the main features of the test ROIC.

Table 3 128 X128 CMOS ROIC specifications
Array 128 X128
Pixel structure QSBDI
Pixel area 30pm X 30pm
Storage charge 2.45pC
Voltage swing 2.6V
Integration mode ITR and IWR

Window size 80%X60,64X64,32X32

Gains 2 selectable gains
Outputs 4
Output rate 4MHz
Supply voltage 0~5V
Power 37mW
Chip area 7.59mm X 6. 35mm
Process CSMC 0. 5pm DPTM

6 Conclusion

A low power design for a 384 X 288 CMOS snap-
shot IR ROIC has been discussed. A high performance
IR readout structure called QSBDI (Quad-share buff-
ered direct injection) has been demonstrated and ana-
lyzed. Compared with the traditional BDI structure,
the QSBDI saves the area and the power dissipation,
which is a limitation of large format IR FPAs. When
compared with the SBDI, the QSBDI decreases the
offset of the buffering amplifier, which is the main
source of the FPN,and increases the uniformity.

Using the QSBDI pixel structure,a 128 X 128 RO-
IC with IWR/ITR, selectable gains, and windowing
readout has been designed and tested. Test results
showed good linearity of 0.9999 and good sub array
FPN performance of 10mV. The power dissipation
from the pixel stage is ImW,realizing low power de-
sign for the pixels. This test ROIC proved the low
power schematic for 384 X 288 is valid and feasible.
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