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High-Performance CMOS Buffered Gate Modulation
Input (BGMI) Readout Circuits for IR FPA

Chih-Cheng Hsieh, Chung-Yu Wegllow, IEEE, Tai-Ping Sun, Far-Wen Jih, and Ya-Tung Cherlgmber, IEEE

Abstract—A new CMOS current readout structure for the readout performance. Thus, many efforts have been devoted
infrared (IR) focal-plane-array (FPA), called the buffered gate to the development of new techniques and circuits to improve
modulation input (BGMI) circuit, is proposed in this paper. Using o540yt performance under various design constraints [1]-[6].

the technique of unbalanced current mirror, the new BGMI .
circuit can achieve high charge sensitivity with adaptive current Among them, both background suppression [1]-[3] and adap-

gain control and good immunity from threshold-voltage varia- tive gain control techniques [4], [5] can significantly improve
tions. Moreover, the readout dynamic range can be significantly the effective charge storage capacity, dynamic range, and noise
increased by using the threshold-voltage-independent current- performance.

mode background suppression technique. To further improve Generally, the background suppression technique can be

the readout performance, switch current integration techniques, . . N .
shared-buffer biasing technique, and dynamic charging output F€alized by using two types of circuits, namely charge-domain

stage with the correlated double sampling circuit are also in- background suppression circuit [2] and current-memory based
corporated into the BGMI circuit. An experimental 128 x 128 background suppression circuit [3]. The charge-domain circuit

SG'\S: rea‘le‘ét Cgilp has bleeDrl‘DgeNSligned |?2:?\A]gts)ricatl$d iln Oafr”p] integrates both desired signal and background current prior
ouble-poly-double-metal ( ) n-we technology. The ) e background suppression. Thus, it cannot alleviate the

measurement results of the fabricated readout chip under 77K . .
and 5 V supply voltage have successfully verified both readout Problem of storage capacity limit. On the other hand, the

function and performance improvement. The fabricated chip current-memory suppression circuit needs complex in-pixel
has the maximum charge capacity of 9.5x 10" electrons, the feedthrough reduction circuit and calibration cycle. Thus, it
transimpedance of 2.5x 10° £ at 10 nA background current, is not suitable for large format FPA applications.

and the active power dissipation of 40 mW. The uniformity of . L oo
background suppression currents can be as high as 99%. Thus, It is well known that the gate modulation input (GMI) circuit

high injection efficiency, high charge sensitivity, large dynamic [2], [4], [5] can yield very low input-referred r_\Oise_and high
range, large storage capacity, and low noise can be achieved incharge detection sensitivity due to the adaptive high current-
the BGMI circuit with the pixel size of 50 x 50 pm® These mode gain which is approximately inversely proportional to
advantageous characteristics make the BGMI circuit suitable ha square root of the detector output current. But the GMI
for various IR FPA readout applications with a wide range of . it i tible to both volt bi . d fixed
background currents. circuit is susceptible to both voltage bias noise and fixec
) o S pattern noise (FPN) due to threshold-voltage variations. This
Index Terms—Detector, fixed pattern noise, infrared imaging, degrades the readout performance of the GMI circuit
IR focal-plane-array, readout circuits. . )
In this paper, a new current readout structure for the
IR FPA, called the buffered gate modulation input (BGMI)
|. INTRODUCTION circuit, is proposed to solve the above mentioned problems

I N the infrared (IR) imaging systems with the focal-planea”d improve the readout performance. Based on the switch

array (FPA), there are various design requirements afRdrrent integration (SCI) [6], [7] readout structure, the BGMI
afdeeuit integrates the shared-buffer detector biasing technique

constraints on readout interface circuits, such as high chv\%‘] ; . : ! )
storage capacity, low noise, large dynamic range, low po with a GMI-like current-gain configuration to form the

dissipation, good detector bias control, small array size, aHgit-cell input stage. The current gain is realized by a new
small pixel pitch. As the cell number in the FPA becomednbalanced current mirror configuration. The resultant current
larger, the pixel size and pitch should be scaled down ggin is immune from process-dependent threshold-voltage
accommodate more detector cells within a reasonably smy@fiations and inversely proportional to the square root of
array size. However, the small pixel size limits the complexitj€ detector output current. Thus, adaptive gain control and
of the input stage in the readout circuit and the capacitan@@in uniformity can be achieved. A current-mode background

value of the integration capacitor, which may degrade tfIPPression circuit is also implemented in the off-FPA shared
integration capacitor unit to suppress the background current
Manuscript received May 30, 1997; revised February 28, 1998. This wollefore integration. Moreover, the dynamic charging output
was S“pgog%j by éheCChung Sé‘sagg égi%“g%(g OSOCZience and Technolog¥age with the correlated double sampling (CDS) circuit is
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T.-P. Sun, F.-W. Jih, and Y.-T. Cherng are with the Chung Shang Institute hi hiah d f . Il vixel si
of Science and Technology, Lung-Tan, Taiwan, Republic of China. can achieve high readout performance in a small pixel size
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IR Photovoltaic Detector terms of MOS device parameters. The same derivation method
Equivalent Circuit can be applied if more accurate MOS devite/ model is
. To the output stage  ysed. Using the simplified long-channel M@SV model, the
- | | ' detector output currenty,,q and Vgs avioaa Can be expressed
VD Iload l l Iinput as [10]
: Migag | l I Minpu Ci
. Lo [ Ry |G E“ - I ' Toad = Kioaa(Vasmioad — Vr)? (4)
PVsub T
Vsourcc V = load V 5
Ve GS.Mload Ko + Vr (5)
Fig. 1. The gate modulation input (GMI) circuit. where K1, is the transconductance parameteiMf,.q, and

Vr is the threshold voltage aM,.q. In the p-well CMOS

the off-FPA current-mode background suppression, and Rocess, the substrate df;,,q can be connected to its source.
previously proposed switch current integration (SCI) structur-ghus’Mloa‘l has no body effec.t. In. the n-well CMOS process,
The circuit structure, readout strategy, and circuit permeloa“l has the bod_y effect which increaseis. From (3) and
mance of the proposed new BGMI readout structure ard): the detector bia¥, can be expressed as
described in Section Il. In Section Ill, both simulation results Tond
and experimental results of the fabricated BGMI readout chip Vo = PVau =/ 27— + V1 = Vource- (6)
are presented. Finally, a conclusion is given. load
It can be seen from (6) that the detector bigs is sensitive
II. CIRCUIT DESIGN to the threshold voltage and,..... variations as well as the
The proposed BGMI readout chip consists of the BGI\/ﬁ)OS.Sible nois_e source frOMousce. Since t_he detegtpr s_hunt
circuits in the cell array, the shared integration cells Withes.ls.tanCd.%D 'S _sensmve 0 _the detector bid, the |nject|_0n_
' efficiency in (2) is also sensitive to threshold voltage variations

the current-mode background suppression circuits, one tvxéoﬁd variations and noise Gf,e.. To obtain a stable and

to-one switch, and one common dynamic charging outletgh injection efficiency, a largeRp and a strict control on

stage W'th. the correlgted-double sampling .(CDS.) cwcwt'. IrP]1reshold voltage uniformity as well as noise and stability of
the following subsections, the GMI stage is reviewed first, are required

Then the circuit design and operation of BGMI circuit, current- Using (4) and (5), and the relatidfi; ; — Vesatoad+
mode background suppression circuit, and dynamic chargi " S Mmput ©- o
output stage with the CDS circuit will be described. FinallyZ%“““ the output mirrored currenty,, can be represented
the BGMI chip operation will be presented.

_ Iload
A. Review on the Gate Modulation Input (GMI) Stage Vi = v/ Kinput < + Veource + AVT’") )

K load

In the GMI circuit as shown in Fig. 1, a source-degenerated ) .
current mirror configuratio;o,q and Mg, With the source where AVr,, is the threshold-voltage mismatch between
bias Vowee i Used to provide a tunable current gain for IR mput @nd Migaq. Using (2), (7), and the relatiop,,, =
photovoltaic (PV) detectors. The effective injection efficiency VK1, the current gaimz, e in (1) can be rewritten as
(or current gain)Ar.gnyr Which is the current ratio between A
Alinpuy, and Alneio [4], the injection efficiencyn;,; pr, and

the detector bia¥’p of the GMI circuit can be expressed as | /Kinput Kioad { II(load + Viource + AVT,,,} Rp
load

T.GMT =

AIin 1L 'm.inpu (8)
Aramr = put _ Jm.input Ting. DT (1) 1+ v Kioad Vioad 2D
AIphoto 9m.load .
Imtoad RD As may be seen from (8), the value of the current g&jrr
Ming DL= 7=~ 5 ¥ goronaBn @ s roughly inversely proportional to the square root of the

3) detector output currenfy,,q in certain range offj,,q where
V Kload\/ Iload RD > 1 and V Iload/Kload < V;ource- This

where g,, inpur (gm.10aa) iS the transconductance of the inputneans that an adaptively controlled current gain exists in some
(load) MOSFETMiuput (Mioad) under the input backgroundrange of Ii..q. Moreover, the current gain also depends on
current, Ry, is the detector shunt resistance [9], RYis the V,,uwce. Thus, the current gain can be adjustedWyyrce. In
detector N-node bias for N-on-P type PV detectdiss nvoaa  the range offy,.q wherev/ Kigaa v lioaa Bp > 1, Rp in (8)
is the gate-to-source voltage éfy,,q under the input back- can be cancelled. In this range, Wf,uc. iS much larger than
ground current, and;ource iS the external adjustable sourceAVr,,, under good local matching betweé#h, ... andMioad,
node voltage. the current-gain variations among cells can be reduced. Thus,

For the understanding of physical behavior and desigitrict global matching of the current mirror is not required in
guidelines of the GMI circuit, a simplified-V" model of long- this range ofl.,q. However, this range ofy,.q iS not large
channel MOS devices in the saturation region is used to furtt@rough as will be shown later. Moreover, when realizing the
characterize the GMI parameters in (1)—(3) analytically iGMI circuit in the n-well CMOS process\,.a has the body

VD = vaub - VGS.J\lload - Vvsource
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PVsub to that in the GMI circuit. Furthermore, the detector bigs

+ in (11) is independent of the MOS threshold voltage and any
Vb j * IR PV Detector source bias voltage. Thus, unlike the GMI circuit, the threshold
B 7 R, |C, nonuniformity and the source bias variation have no effect on

the detector bias andkp. The stable detector bias adélp
11,. Row-Select lead to a stable injection efficiency.
ra As seen from (9), the current gain is proportional to the
o . )
Vcebm 1 Lo To the shared transconductar_me ratio betwedhy, ., and Mie,q. TO increase
: integration cell the current gaing,, inpue Should be larger thaw,, 10aq. TO
The SBDIinput M, M pu achieve this without any external bias voltage, shorter channel
stage length is used iNMi,put, Whereas narrower channel width
Vss is used in Mj,.q. Due to both short-channel and narrow-
Fig. 2. The buffered gate modulation input (BGMI) circuit with the SBDI_Ch_annel effects [11] and [12], the threshold VOItageM?lt)ad
input stage and the current gain configuration in the GMI circuit. is inherently greater than that dffi,,.;. For example, if the

channel widths/lengths offjnp,e and Migaq are 16 pm/8

effect which makesA Vi, much larger and the device localm and 3 m/16 um, respectively, the inherent threshold

match much more difficult. dn‘fgrence AVTi_|s about 30 mV under 77K ope.rat_|onal
It can be seen from (8) and (1) that the GMI circuit, like&nvironment. WithAVz;, I, can be expressed similarly

the DI readout, needs a large detector shunt resistége 0 (7) as

to achieve a high injection efficiency and thus a high current

gain. As seen from (6)R is sensitive td/;,u.c. and threshold Trona

voltage variations of\fi,,,u; due toVy,. Thus, the current gain v/ Zinput = v/ Kinpus <\/ o TAVni+ AVTm>- (12)

is also sensitive t&7 of Miy,.: in the case thakp cannot be load

cancelled in (8). Due to this sensitivity, the threshold-voltage

variation of My, Causes the current gain to vary from onéf good local match betwee,,q and Miqpy iS achieved,

cell to another. This makes the GMI circuit susceptible to th&Vy,,, is smaller thanAVy;. Since AVy; can be controlled

fixed-pattern noise. Moreover, the GMI circuit is susceptibley choosing the suitable difference of device geometries

to the noise fromV,,u.c.. TO Obtain a large total dynamicbetweenMi,.q and Min, it is very stable under different

range in the GMI circuit, the current gain should be kept highperating voltages or currents. Moreover, since the geometry

and uniform. This requires strict requirements on MOSFEdeviations are small and the mating of device parameters

threshold-voltage uniformity and extremely low-noEg.:c., is good betweeny,.qa and Miy.,. in the advanced CMOS

which are difficult to control. Sincé4,uw.c. is in the range process, the uniformity ofAV; among cells is good. Thus,

of several hundred millivolts with respect tdss, and the the current gain in the BGMI circuit can be stable without

adjustment range is in the order of several tens of millivoltge difficulties in adjusting and stabilizing the external bias

both Stablllty and adeStment are very critical. V0|tage and keeping it in low noise.
_ The transconductance paramefegsp; of Msppr is de-
B. Buffered Gate Modulation Input (BGMI) Stage signed to be the same @..q. Using (9) and (12), and

In the proposed buffered gate modulation input (BGMIe relationg.., sepr = 2 v EKsepilicad = 2 v Kicadlload =
circuit, the input stage of the share-buffered direct-injectiaf 1cad, 4z, cmr in (9) can be rewritten as
(SBDI) [8] circuit is connected to a GMI-like current-gain
configuration as shown in Fig. 2. Through the SBDI input
stage and the current mirror, the output currégg,, of the

current mirror is sent to the shared integration cell through /K input Kload Kload|: Jioad + AVq; + AVr,, | Rp

Ar pamr =

the row select switch. The effective current gaip ggyr of Kioad (13)
the BGMI circu_it, t_he injection efficiencyy;,; spnr, and Vp 1 + vVEoma vVTioa Rp>
of the BGMI circuit are 1+ A4
Ar Bamr = Blinpu — Imuinput 7linj.SBDI ©) Sj i is i
Alhoto  Gm.load ince AVr,, is small andRp is independent of threshold

(1 + A)gm spiRp voltage_anc_i .biias voltage variations, the current gair_l qf the
1+ (L1 A)gmsaniBn (10) BGMI circuit is immune to glot?al'threshold voltage variations
Vi = PV — V. N (11) and external bias voltage variations.

b sub ™ Feom As may be seen from (13), for sufficiently large valueqf
where A is the gain of the amplifier AV, is the common A; pcwr is inversely proportional td,.q in the range off 1,44
input bias, andy,, sppr iS the tranconductance of the devicavherev/Kioad vViead Bp > 1/(14+ A) and v/ Toad/ Kioad <
Msppr which is designed to have no body effect in the n-welAVr;. Since these conditions can be more easily satisfied, the
CMOS process. As may be seen from (10), high injectiaange ofl},.q in the BGMI circuit is larger than that in the
efficiency can be achieved with a small&, as compared GMI circuit. The high, stable, and adaptive front-stage current

7linj.SBDI =
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Voo The cascode Vop The no-reset-to-zero
current mirror - switch
Mp; |""| Mp, I——
The threshold voltage Me, o
v compensation current Vs
et i ] = My, Source _—
To the common
M;
o M’*Zl I_— output stage
Veasy I
Mg
My, !
—_—l
Ampified current  § —
from the unit cell i C C Mg, |—"
i “bus int VSS
The parasitic =—— ——0
bus capacitor i €L 3 Preset
Vss Vs AL A LCR—

Fig. 3. The shared integration cell with current-mode background suppression.

gain in the BGMI circuit makes the noise contribution of thdyc; flowing in device M¢; can be expressed as
stages after the current mirror extremely low. It results in a
low input referred noise. Incr =
In the above analysis of the current gains in both GMI and T 2
BGMI circuits, the channel length modulation effect is not Kp;c1 <ane + Vthyrco — Vthpor — KMC2 ) (24)
considered. This effect degrades the gains and makes them MEC2
source-drain voltage dependent. But the BGMI circuit has less ,
degradation than the GMI circuit. In the design of both GM{/Nere Kaci (Kac2) is the transconductance parameter of

and BGMI circuits, it is suggested that long channel length 8¢ MOS deviceMc, (Mcz), Vithycr (Vihacs) is the
used to avoid this effect. threshold voltage ofl; (Mc2), Iace is the biasing current

controlled by the deviceM s, and Viue IS a tunable dc
bias. As seen from (14), this current source can generate
a dc current nearly independent of MOS threshold voltages
if small biasing current/;c> and large transconductance
In the GMI circuit, the amplified signal current and backparameterK ;2> are used. Thus, the pedestal removal of
ground current are integrated directly and thus a large amouiRt FPA readout with good immunity from threshold-voltage
of charges must be accommodated within an unit cell, implyinpnuniformity can be achieved. Thus, the spatial noise due
the requirement of a large integration capacitor. This ista nonuniform background suppression can be reduced. The
problem in a large IR FPA system. A current-mode backgrousdppression current is adjustable through the volidgg..
suppression circuit with the SCI structure is proposed to solveA no-reset-to-zero circuit realized by, Mro, and Mgs
this problem. This results in higher dynamic range and bettsrused to keep/; in the saturation region. In the reset phase
readout performance. With ¢reset, the integration node is reset ¥ instead of zero
The off-FPA shared integration cell with the proposetb maintain the saturation drain voltag@s.; of Mc;. The
current-mode background suppression circuit is shown iaset levelVg,; is equal to the drain-source voltage drop on
Fig. 3. The switched current from the unit cell is mirrored/gs, which is dependent upovipp, Vi1 and the dimensions
through a cascode current mirror [13] with the current ratiof Mg, Mr2, and Mgs. For Vpp = 5V and Vg; = 3V,
of 1. The use of cascode current mirror can reduce the effdgt;; = 0.5 V. If the integration node is reset to zerdl; is
of input voltage difference across the nonuniform parasitic bé@rced to the linear region with reduced current. Thus, it takes
capacitance’,,,; and increase the current-mirror accuracy dusome recovery time when the next row is switched in. This
ing integration. The drain voltage @ip; (Ap4) is controlled leads to the signal integration error.
by both cascode deviddlp; (Mp2) and voltage/c.. p to keep Although this current-mode background suppression circuit
the current mirror in the saturation region during integratiomonsumes additional power due to the small dc bias current
For the same reason, the cascode devi¢g; (Mn2) and through Mo, it is still acceptable in the case of the SCI
the voltageVc,s.n are used to control the drain voltage ofeadout structure where only one background suppression
M. After the cascode current mirror, the amplified currerdurrent source per row is needed. For example, in 21228
from the cell is subtracted by a dc tunable background currearray readout system, only 128 suppression current sources are
before integrated on the capacit6f,;. Thus, the current- needed and they consume less than 4 mW additional power
mode background suppression is achieved. To generate @hé0 nA background flux.
dc current, the threshold-voltage compensated current sourcén the shared integration cell, the off-FPA shared integration
[14] composed ofVi¢1, Mao, Mcs is used. The drain current capacitor has no pixel-size limitation. Thus, it can be large to

C. The Current-Mode Background Suppression Circuit
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VDD VDD VDD
VBPI VBPZ
°—| '—| Mcos o—{ The dynamic charging
| switch
Sampled voltage  Fcasp Peos Veasr Peps
from two integration | _' | |
capacitor row @ l @ —l
2-to-1 Select | | | .
To drive the
From 1¥ Row + Ceos _| _.| output loading
s :I
— p— O
From 2" Row —_ Veasy | gate
Tio0 Select | Cous e
0-1 Selec The parasitic | Vss Vs
= bus capacitor
VSS VSS
Fig. 4. The common output stage with CDS and dynamic charging circuits.
increase the storage capacity. The integrated signal voltage
is sampled seriallygto thg cor>:1mon outpgt stage ?hrough thge Common | Horizontal column shift register _|
output stage 1 1 Column select control | |

P-type source followelMsr as a buffer.

2xN shared integration cells

D. The Dynamic Charging Output Stage with CDS 2-to-1 switch

As shown in Fig. 4, the output stage is composed of
correlated-double sampling (CDS) stage and PMOS source
follower with the dynamic charging device. All PMOS source
followers use the cascode current sources as loads to improve
the readout performance. The voltage signal from the shared
integration cell is correlated-double-sampled to reduce tlie 1/
noise of source follower and bus line. In the first sample phase
with ¢cps low, the voltage at the node 1 1§, + Vi as, +
Vrst, and the node 2 is reset to a dc level abdigy —
Vr mops instead ofVpp, whereV,;, is the integrated signal
voltage, Vg, is the reset level controlled bir;, andVy as,
(Vi meps) 1S the threshold voltage of PMOS devidesy ;
(Mcps). The reset level at the node 2 is designed to have ag
level offset fromV, ; for the following PMOS source follower
with the dynamic charging structure. This can increase the
maximum output swing of the source follower. In the second
sample phase withcps, the integration capacitor is reset to
Vrst @and the voltage at the node 1 becomés: + Vi aspe-
Because the voltage on the capacitirms remains the same,
the voltage at the node 2 becom€sp — Vr o — Veig
This realizes the CDS function.

Since the noise of PMOS devices is less than that of NMOS
devices, the noise performance can be improved by usin
the two cascaded PMOS source-followers called the P-P typ:
cascaded SF as shown in Fig. 4 instead of the PMOS sourc
follower cascaded by the NMOS source follower called the
P-N type cascaded SF. Moreover, the body effect of NMOS
source followers fabricated in the n-well process degrades th 1 —|
maximum output excursion in the P-N type cascaded SF.

In the output stage, the dynamic charging switch is turned
on in the reset-to-high phase with-ps low and the output Fig. 6. The connection of odd-even blocks and data selection of the output
node is precharged t&pp. When ¢cps is high, the switch stage.
is off and the integrated signal is sent to the output through
the PMOS source follower. This can overcome the spedibsipation of the output stage. The control clock can be shared
bottleneck of the output stage while maintaining low powewith the CDS reset clockops.

1 1 Amplified current signal T T

NxN unit cells with BGMI circuit

19)s182.1 JJ1YS MO [BILIDA
l l [0IU0D 103[3S MOY 1 l

Fig. 5. The block diagram of the buffered gate modulation input (BGMI)

adout chip.
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Fig. 7. The clock timing waveforms of master clock/¢lk), CDS Clock ¢cns), output selection clock (2-to-1 Select), row sele&-$el), column
select (C-Sel), column reset §cps), and signal end-of-frame.

The transimpedance of the IR readout circuit is no-dead-time data readout operation. The circuit operation is
AT explained as follows.
Drotal = < é ””)AV (15) The clock timing waveforms of master clodW clk, CDS
int

clock ¢cps, column start signal, row seled®-Sel, column
whereT;,,; is the integration time, andy is the total voltage selectC-Sel, 2-to-1 selection clock, and column reset clock
gain through the readout circuit due to source-follower gails:...; are shown in Fig. 7 where all the clock signal have high
and charge sharing between CDS capaciikfs and gate level of 5V and low level of 0 V. The readout operation of the
capacitance&’gace. Thus, Ay is less than 1. But the currentBGMI chip is described below. WheR-S¢l of the first row is
gain A; in the BGMI circuit may be orders of magnitudehigh andC-Sel of the first column is high, the unit-cell input
higher as compared to the DI, BDI, or CTIA [5] readout. Thistage of the first row is switched to the upper row of shared

leads to the same high transimpedance. integration cells and the first pixel in the first row of unit cells
is selected and reset to perform the readout current integration
E. The BGMI Chip Operation with the integration time indicated in Fig. 7. After the row-

Fig. 5 shows the block diagram of the proposed BGMrocessing timeV x Tjixe, WhereV is the column number
readout chip which is composed of x N cell array with and7yixe is the pixel processing time-Sel of the second
BGMI circuits, 2 x N shared integration cells with the currentrow is high and the unit cells of the second row are switched to
mode background suppression circuit, one two-to-one switdhe lower row of integration cells, whereas the first pixel in the
and one common output stage. There are two rows »fN  second row of unit cells is selected and reset for integration.
share integration cells in this chip. All the odd (even) rows dkt the same time, th@-to-1 selectlock is high and the first
N x N unit cells are connected through the switch to the upppixel in the upper row of integration cells is sampled to the
(lower) row of shared integration cells as shown in Fig. @utput stage. Then the second pixel of the upper row is read
This design of two-row integration-cells is used to achieve tlwait in series. The integration timé,,, is controlled by the



1194 IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. 33, NO. 8, AUGUST 1998

1000 e . T 4 DOE-A
A=100, Rp=1e5 Q k]
fpet ~ Mioad™3/16, Minpur=16/8 - S a00Es —
g - ] i E
§° 100 F = ? S e . 2 2:miE8
g GMI : o E |
5 150 ; » 2DIEN ————
© Rp=le g .?
-.E_ Muoai=3/16, Mign=3/16 e 3 tzocs
< P |
3 ‘ k|
< 10 _ S 10068
e BGMIGain i
s GMI Gain . e |
— -1/2slope BOOE=D
Do | B

£ DOE-1

1.00E-10
S.03L-10
1mE-GR
GA0E-089
1 0E-08
3 DOE-8
5 0E-D2
1.00E-07

1.00E-11 1.00E-10 1.00E-09 1.00E-08 1.00E-07
Input photo current (S0pA-100nA)
Inpian plcts curment [ S0pA-100nA)
Fig. 8. The adaptive gain control property of both BGMI and GMI circuit.
Fig. 9. The amplified background current level of the BGMI with different

input photo current from 50 pA to 100 nA.

column numberV and the reset signal. The integration time

is defined as the low level time interval between two column 418
reset signals ofpreset @S shown in Fig. 7. The integration
capacitor is reset immediately after it is sampled. After all
pixels in the upper row of integration cells have been read out, 414
the 2-to-1 select baris high and the columns of lower row o 4, . ..
of integration cell are sampled to the common output stagé
serially. This alternative data sample of odd—even rows ca@
achieve a continuous no-dead-time readout. The integratigh 4os
time is limited to aboutV x 7,z and defined by the frame 5
rate. When theVth row is selected, the row select signal is®
used to form the end-of-frame signal which indicates the first 404 |
frame has been read out. Then the second frame is ready to 45 |

416 ¢

406 |

be read out. :
A0 |- - - -
39.8 L . L .
I1l. SIMULATION AND EXPERIMENTAL RESULTS 10.2E-09 10.4E-09 10.6E-09 10.8E-09 11.0E-09
The simulations are performed at 77K by using the SPICE Input photo current (10.2nA-11nA)

Iow-temperature device parameters of O“LB? dOUble'pOIy _Fig. 10. The optimized current gain at 10 nanoamps background current.
double-metal (DPDM) CMOS process. The simulated adaptive

current gains versus the input photo currépic.. in both
BGMI and GMI circuits are shown in Fig. 8. As may bewith 100 nA background flux. Under the charge capacity
seen from Fig. 8, the gain of BGMI circuit can be change@onsideration, the design of BGMI circuit is optimized at 10
from 20 to more than 400 for a large range of the backgroufidh background current with 10% signal level and the total
current level from 100 nA to 50 pA. Moreover, the currengurrent gain is about 40 as shown in Fig. 10.
gain is nearly inversely proportional to the square root of Both integration voltage waveforms(C;,,;) on the integra-
input photo current in the range of smdll,... It is also tion capacitor during the integration tin¥,,, = 128 us and
shown in Fig. 8 that the adaptive gain of GMI is degraded gutput waveformsV,.p.: in the common output stage with
the limited injection efficiency at low input current level withdifferent input current are simulated and shown in Fig. 11. In
the detector shunt resistance of 10Q.kAs the input photo the simulation, the total input currents are 10.2, 10.4, 10.6,
current becomes large, the constant terms of the numeratodth8, and 11 nA; the integration capacitance is 2 pF; and
the gain of BGMI in (13) become much less significant thatihe background suppression current is @4. As may be
the termy/Tioaq/ Kioaq- It causes the deviation from thel/2 seen from Fig. 11, the maximum output excursion can reach
slope line as shown in Fig. 8. 2 V under 5 V power supply, which is due to the proper
The amplified background current level is shown in Fig. 8esign by using the P-P type cascade source-followers. The
where the maximum background suppression current is absimulation readout speed can reach 1 MHz under 40 mW
4 A with 100 nA input photo current. The additional powepower dissipation at 40 pF output loading and 5 V supply
dissipation of 128x 128 BGMI readout due to the current-with 128 x 128 format. The maximum readout speed can be
mode background suppression circuit is less than 6 m&é high as 2 MHz to fit different system requirements.
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Fig. 11. The simulated waveforms af(C;,,.) on integration capacitor andiouiput in the common output stage with input currents from 10.2 to
11 nA with a 0.2 nA step.

Since both SBDI and current mirror are used in the BGMI
readout circuit, the input referred noise can be reduced effec
tively as the BDI readout circuit [8]. Under 2 MHz readout
speed and 4 pF integration capacitor, the noise charges of tt
BGMI circuit is estimated as TOelectrons. The total dynamic
range can be over 70 dB.

An experimental 128< 128 BGMI readout chip has been
designed and fabricated by using Q.8 double-poly double-
metal (DPDM) n-well CMOS technology. The photograph
of the experimental readout chip is shown in Fig. 12. The
layout arrangement is based on the previously proposed SC
structure [6] with two rows of shared integration cells. The
2 x 128 shared integration cells are placed at the top of the
chip. The integration capacitor is 2 pF and can be extende
to 4 pF by a MOS switch. Thus this chip can handle aj
wide range of input photo flux from picoamps to hundreds
of nanoamps. Some noise shielding techniques for mixed
mode IC’s such as the separation of the analog and digitejg*
power supplies, the different analog and digital ground lines .
the_ independent substrate bias Iin_e, and the lowpass filt%s_ 12. The photograph of the fabricated 128128 BGMI chip.
of input pads have been adopted in the BGMI readout chip
design.

The experimental 128« 128 BGMI chip is designed to On-chip testing current sources are used to simulate the
work under 5 V power supply and 77K environment. Thghotocurrents of IR detectors.
chip is packaged properly in a vacuum dewar and tested undeln Fig. 13, the waveforms of the output voltagBu:pu: in
cryogenic environment with liquid hydrogen as cooling sourcévo frame cycles are measured with 128 end-of-row signals
All power supplies and voltage biases are provided fromand one end-of-frame signal in each frame cycle. The mea-
separate board. The maximum charge capacity can achievedfied no-dead-time data readout waveform¥gf,... during
x 10" electrons by designing a 4 pF integration capacitandie Nth row selection period with the end-of-row signal are
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Fig. 13. The measured,.iput Waveforms of the fabricated 128 128
BGMI readout chip at 77K during the two-frame period with the 128
end-of-row signals and one end-of-frame signal in each frame period.
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Fig. 17. The measured linearity of the 128 128 BGMI readout chip at
T7K.

#A. It can be seen from Fig. 15 that the deviation is within
1%. Since the background current to be suppressed is large,
the requiredvry,. should be large enough. Lar§é ... leads
to good current uniformity.

The measured/ . Waveforms of a single pixel under
different integration times from 200 to 100@s are shown
in Fig. 16. The maximum output swing is 2 V as shown
in Fig. 16. Fig. 17 shows the measur&d,;,; versus the
integration time from 200 to 1000s. It is seen from Fig. 17
that the linearity performance of the BGMI readout chip is
better than 99%. The measured performance parameters of
the fabricated BGMI readout chip are summarized in Table I.
The readout speed is 1 MHz and can achieve 2 MHz to fit
different system requirements. The transimpedance can be as
high as 2.5¢< 10° Q with an adaptive current gain 40 at 10 nA

Fig. 15. The measured nonuniformity of background suppression currentdd@ckground current. The total active chip power dissipation is
the fabricated 128< 128 BGMI readout chip at 77K with the suppressionheloww 40 mW at 77K.

level 1.5 pA.

shown in Fig. 14. Fig. 15 shows the measured nonuniformity
of background suppression currents in the fabricated %28

V. CONCLUSIONS
In this paper, the high-performance buffered gate modu-

128 BGMI readout chip at 77K with the suppression level 1lation input (BGMI) circuit for IR FPA image readout has
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TABLE |
TesT REsuLTS AND OPERATION CONDITIONS FOR THE FABRICATED 128 X
128 BUFFERED GATE MODULATION INPUT (BGMI) READOUT CHIP

Parameter Results
Operating temperature 77°K
Power supply 0-5 Volts
Pixel pitch 50x50 pm®
Maximum output swing 2 Volts
Maximum charge capacity 9.5x107 e~
Maximum readout speed 2M Hz
Background suppression uniformity 99%
Linearity 99 %
Transimpedance (at 10nA background) 2.5x10° ohms
Active power dissipation 40m Watts
Adaptive gain control yes

Technology 0.8um DPDM n-well CMOS

been proposed and analyzed. By using the proposed BG

(5]

(6]

(7]

(8]

(9
[20]
(11]
[12]
(23]

[14]

Ml

circuit with current-mode background suppression, shared-
buffer techniques, GMI-like current-gain configuration, and

other design techniques in the readout circuit of IR FP/
good injection efficiency, stable detector bias, good thresho
voltage immunity, high charge detection sensitivity, and larg
dynamic range can be achieved in 5®0 xm? pixel size. The

good readout performance and adaptive gain control make
suitable for IR FPA readout applications with large backgrour
level range. The function and performance of the propos

new BGMI readout structure has been verified by both SPIC=

simulation results and measurement results on anx.228
experimental chip.
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