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Amorphous Silicon Active Pixel Sensor
Readout Circuit for Digital Imaging

Karim S. Karim Member, IEEEArokia Nathan Senior Member, IEEEand John Alan Rowlands

Abstract—The most widely used architecture in large-area the PPS for low-input-signal, large-area applications (e.g.,
amorphous silicon (a-Si) flat panel imagers is a passive pixel fluoroscopy [2]) is extremely challenging and requires costly,
sensor (PPS), which consists of a detector and a readout SWitCh'high-performance and sometimes custom-made charge am-
While the PPS has the advantage of being compact and amenable lfi 31 M ! v if | noi
toward high-resolution imaging, reading small PPS output sig- plifiers [3]. _(_)re |m_p0rt3nt y, It external noise _Sources (9-9-’
nals requires external column charge amplifiers that produce charge amplifier noise) are comparable to the input, there is a
additional noise and reduce the minimum readable sensor input significant reduction in pixel dynamic range. This paper reports
signal. This work presents a current-mediated amorphous silicon an integrated pixel amplifier circuit using a-Si TFTs based on
active pixel readout circuit that performs on-pixel amplification the CMOS active pixel sensor (APS) technology [4]. The APS

of noise-vulnerable sensor input signals to minimize the effect of f in situ si | lificati idina higher i
external readout noise sources associated with “off-chip” charge periormsin Situ signal ampiification providing higher immu-

amplifiers. Results indicate excellent small-signal linearity along Nity to external noise, hence preserving the dynamic range. The
with a high, and programmable, charge gain. In addition, the current-mediated APS readout circuit was previously presented

active pixel circuit shows immunity to shift in threshold voltage as a short note [5]. This paper constitutes a comprehensive
that is characteristic of a-Si devices. Preliminary circuit noise version providing additional details on its operation, design,

results and analysis appear promising for its use in noise-sensitive, d f i tt . . d a-Si metastabilit
large-area, medical diagnostic imaging applications such as digital 21¢ Performance pertineént to gain, noise, and a->1 metastability.

fluoroscopy.

Index Terms—Active pixel sensor (APS), amorphous silicon

(a-Si), digital fluoroscopy, integrated pixel amplifier, medical Il OPERATION
Imaging. Unlike a conventional PPS, which has one TFT switch, there
are three TFTs in the APS pixel architecture. This could under-
|. INTRODUCTION mine the fill factor if conventional methods of placing the sensor

and TFTs are used [3]. Therefore, in an effort to optimize the fill

A MORPHOUS silicon (a-Si) active matrix flat panelgqyor the TFTs may be embedded underneath the sensor to pro-
imagers (AMFPIs) have gained considerable &gmﬂcanq,gde high-fill-factor imaging systems [1], [2].

iq Iarge—art_—aa flat panel digital imag"!g applicat.ions [1],_in Central to the APS illustrated in Fig. 1 is a source-follower
view of their Iarge—qrea read_out capablhty. The pixel, form'ngircuit, which produces a current output (C-APS) to drive an
the fundar_nen_tal unit _OT the imager, consists of a detector aggha ny) charge amplifier. Here, the APS array architecture is
readout circuit to efficiently transfer the collected electrongsq;med to be column-parallel, i.e., one charge amplifier per

to external readout electronics for data acquisition. The pi)@élumn so that an entire row can be read out simultaneously.
architecture most widely used is based on the passive pi)ﬁqe C-APS operates in three modes

sensor (PPS) [1]. An example is the amorphous selenium

(a-Se)-based photoconductor detection scheme where the’
readout circuit consists of a storage capacitor and a thin-film
transistor (TFT) readout switch [2]. The storage capacitor
accumulates signal charge during the integration period and
transfers the collected charge to an external charge amplifier
via the TFT switch during readout. While the PPS architecture
has the advantage of being compact and thus amenable to
high-resolution imaging, reading the small output signal of

Reset mode: the RESET TFT switch is pulsad and
Cprx charges up t@) p through the TFT®N-resistance.
Cprx is usually dominated by the detector (e.g., a-Se
photoconductor [2] or a-Si photodiode [3] detection
layer) capacitance.

* Integration mode: after reset, the RESET and READ
TFT switches are turnedrr. During the integration
periodTinT, the input signahy generates photocarriers
dischargingCp1x by AQ p and decreases the potential on
Cprx by a small-signal voltagé& V.
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Fig. 1. Current-mode active pixel schematic, readout timing diagram, and a-Si circuit micrograph [5].

[4] and offset and gain correction techniques can alleviate thaing (AV¢) at the C-APS integration node is repeated below
problem. for convenience as

AV < 2(Vg — V). @)
lll. GAIN
Thus, for aVg = 12 V and aVp = 2V, the pixel's output is
A. Theory linear for voltage swings as high 88/ = 2V (which is more
When photons are incident on the detector, electron—hdh@n sufficient for digital fluoroscopy).
pairs are created leading to a change in the charge at th&uring small-signal operation, the change in the amplifier's
integration node. The change, due to a sensor input, in ®étput current with respect to a small change in gate voltage
charge detection node bias volta@é;) at the gate of the AMP AVg is
TFT occurs as described in [5]

Alour = gm - AV (3)
AV = AQp 1) whereg,, is the transconductance of the AMP and READ TFT
Cpix composite circuit and\ Vg represents the small-signal voltage

at the gate of the AMP TFT. The transconductance of the com-
where AQ p is the change in the input signal charge of thposite circuit may be obtained by observing tiigt;r is the
sensor orCprx due to incoming X-rays and Vg is the corre- bias drain current in both transistors. A simplistic MOS Level
sponding change in the integration node bias voltage. In a typmodel is used here to obtain insight although more exact re-
ical diagnostic medical imaging fluoroscopic array, using thgults are obtained via simulation using a previously developed
above equation witlpix = 1 pF and medical imaging dataa-Si TFT model [6], [7]. Assuming that the READ TFT oper-
from [2] (where the minimum and maximum input signals foates in the ohmic region with a constant resistafit®y_reaD,
diagnostic fluoroscopy are 1000 and 100 000 electrons, respequating theloyr of the AMP and READ TFT vyields (4) and
tively), a maximumAVg of 16 mV for fluoroscopy can appear(5), shown at the bottom of the page, whé&fg,;p is some con-
at the integration node. stant relating the effective mobility:grr ), gate capacityCc)

The linearity of the C-APS architecture was previously dissnd aspect ratio of the TFTK( = urrrCeW/L in the c-Si
cussed in [5] where the current-mode APS readout circuit WeEOSFET Level 1 model). Based on (4) and (Bo~N_READ
found to be linear during small-signal circuit operation. Theust be minimized an& A\p (Ve — V) must be maximized
small-signal condition [5] on the maximum allowable voltag& achieve higly,,,. However, care must be taken to ensure that

1+ 2Ron_reapKanr (Ve — Vr) — /1 + 4Ron_reapKamr (Ve — Vr)
QR%)N_READKAMP
_dloyr 1 1— 1
"™ dVg  Rox_READ V/1+4Ron reanKanr (Ve — Vr)

(4)

Ioyr =

(%)
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IoyT does not saturate the charge amplifier. Thus, charge am- | s | y |A
plifier saturation at high APS biases limits the maximum achiev- 90; W) Vool Ave o
able g,,,. Using (1) and (3), the charge gain [8}; stemming go] ——a A0 T81278 Lo
from the drain current modulation is 2 Small signal B |30 18]1.33 00
linearity clas|12]12
G ‘AQOL‘T _ (Alout - Ts) 80 600 <
' AQp AQp Z 50 Voltage gain 500
_(Alour - Ts) _ (gm - Ts) ©) 5 404 400 2
AVgCprx Crrx 304 L300
The charge gain amplifies the input signal, making it resilient 201 200
to external noise sources. The corresponding voltage gain can 101 100
be calculated using (3) and assuming a constalyjyr. Then, 0 +¥—>m>—¥———+——+ 0
AVour for the charge integrating circuit in Fig. 1 can be written 0 50 Avg(mv) 150 200
as (a)
T,
AVour=— 1 SAIOL‘TdtZ AlourTs = (gmAVG)TS- 351 & Cpy=1pF G =13
Crs Jo CrB CrB 30 O Cex=2pF '
(7) A Cpy=4pF
G 25] © Cpx=10pF
Using (6) and (7), the charge gai) can now be related in terms E 20
of voltage gaindy (= AVour/AVg) as 3 5 G,=6.7
Gi:Av-<CFB>. 8) 10 Gi=3.3,
Crrx 5 G =13
‘/e,——-o
O T T T T T
B. Measurements and Discussion ° 05 1 8., 2 25 3
p (fC)

The APS test pixel, consisting of an integrated a-Si amplifier
circuit in a250 x 250 um? pixel area, was fabricated in-house .

2.

(b)

(a) Small-signal linearity and voltage gafnl,,) measurements.

. . . . . Lo o Fig.
andis shovx_/n in Fig. 1. Thg small—sgnal_lmearlty is W|th|n. 5% o_(b) Theoretical charge gaitG.) for different pixel capacitancetCi.x)
the theoretical value and is shown in Fig. 2(a). For the linearigytracted from voltage gain measurements.

measurement, the charge integrator shown in Fig. 1 was discon-
nected from the APS readout circuit and the small-signal output
voltage (v,) was measured. In addition, small-signal voltage

gain (Ay-) measurements were performed on the APS test cylore significantly, the pixel (because of its circuit gain) offers
cuit using the charge amplifier of Fig. 1 (a Burr—Brown IVC102otentially reducegbatient X-ray doses for all diagnostic med-
model),Vanp = 20V, Vg = Vpp, andCri = 10 pF for various  ical imaging modalities, hence improving the safety standards
READ pulsewidthg’s and supply voltageEp,. The results are associated with current X-ray imaging practices. In contrast to
also shown in Fig. 2(a). a voltage-mediated a-Si APS [10], the main benefits of the cur-
Theoretical voltage gaindy (based on (7) wheret;, = rent-mediated architecture lie in both gain and speed:
AVour/AVe) and experimental results in Fig. 2(a) agree rea- * Gain: the source-follower TFT in the voltage-mediated

sonably well with a maximum discrepancy of about 10%. The
verified theoretical model of (7) was extended to predict charge
gain in Fig. 2(b) using (8) for different values 6%1x, Crg =
10 pF andAy = 1.33 [for T's = 30 us in Fig. 2(a)]. Theo-
retically, using a low-capacitance sensor (i.e., sifiall) pro-
vides a higher charge gain, which minimizes the effect of ex- «
ternal noise. In addition, minimizing'prx will also reduce the
reset time constant (which comprises mainly of the RESET TFT
ON-resistance and’prx), hence reducing image lag [9]. Like
other current-mode circuits [8], the C-APS, operating at a max-
imum of 30 kHz (for diagnostic fluoroscopy), is susceptible to
sampling clock jitter. However, off-chip low-jitter clocks using
crystal oscillators can alleviate this problem.

The advantage of the current-mediated APS over PPS pixels
in diagnostic medical X-ray imaging applications lies in ampli-
fying the sensor input signal electrons via the charge gain

APS directly translates the voltage from the integration
node to the output node at the external resistance with a
gain<1. In contrast, the C-APS architecture gives both a
voltage and a charge gain where the charge gain is instru-
mental is combating noise.

Speed: the relativen-resistances of a-Si TFTs are quite
large (in M2). Coupled together with large-array column
line capacitances(fy vk is typically 50-100 pF) at the
output node that must be charged and discharged repeat-
edly, the rise and fall times become prohibitively large,
making the voltage-mediated architecture unsuitable for
real-time applications. In contrast, the current-mediated
APS is directly coupled to the virtual ground input of a
charge integrator (effectively shuntid¢ ;ng to ground).
Here, the charging up of the charge amplifier feedback ca-
pacitancé Crp) depends on the slew rate of the amplifier.
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vl)l)

0 Lo

@

(b)

thats < g..1/Cys (i.€., the operating frequency is far from the
pole of the parasitiC,,) to yield

_ inl~Reql + in2~rd52

V3_ ’
v )
c -1
Ruvt = | g1, PIX
at [g ! Cprx + Cys1
1 9ds2-9m1 :|
Wey = | —— Jds2:gm1_| 10
! [CFB 9ds2 + gm1 (10)

From (10), the spectral density of the noiSg; at the output
may be expressed as

2 2
- Sinl-Reql + S’inZ'TdSQ

S’U3_ 2
1+<w>
Weq

wherew,, = 27 f., represents the bandwidth of the APS circuit,
R.q1 is related to the transconductance of the AMP TFT, and
rqs2 1S the oN-resistance of the READ TFT switch. The noise
variance at the output? can be computed using thermal and
flicker noise expressions suitable for a-Si TFTs. For thermal
noise, we have

11)

™
o3(th) = (foq) (5 ) - (RZy1 - 2w + 1 - au2) (1)
wherear = (2/3).4kT.gm1, athe = 4kT.gqs2, feq 1S the
circuit bandwidth, andr /2)( f.,) is the classic noise bandwidth
of a first-order low-pass filtering circuit.
For flicker noise, we have

Fig. 3. (a) APS circuit during readout. (b) Small-signal equivalent with
included current noise sources.

IV. NOISE PERFORMANCE
A. Thermal and Flicker Noise

During readout, the circuit of Fig. 1(a) reduces to a source ) )
follower stage with source degeneration as shown in Fig. 3@3(ﬂ) = (Reql-afll+7"rls2~afl2)/ 7fzdf
where the READ TFT switchn-resistance provides the degen- Jfors=1/Toes ¢ <1+ f§q>
eration in the AMP TFT’s source. Modifying the small-signal . )
model to include independent noise sources, the equivalent cir-  _ /p2 2 < eq
cuit is shown in Fig. 3(b) where the noise is sampled on the = (Beapm + i ase) <2> tn <1 * f(%BS> =
column charge amplifier capacitan¢g . Here,Cpix is the ) ) -
sum of capacitances between the detector node and ground '4R@rée i anda s; are flicker noise coefficients of the saturated
C,.1 is the gate—source parasitic capacitance of the AMP TF¥MP and linear READ TFTs, respectively, aiigps is the time
In steady state, the AMP TFT operates in saturation while Q& observation of the flicker noise [11]. Here, expressions for
READ TFT operates in the linear mode. Hence, the READ TFa-Si:H TFT flicker noise coefficients are given as [12], [13]
switch is represented by isN-resistancer s = (1/gds2)-
The TFT switchoN-resistance may be approximatedas =
dIpsiny/dVps ~ [K(Va — V)]t In Fig. 3(a),in:1 repre- 2(W.L)
sents t_he noise current from the AMP TFT whilg represents in-q-1pp-Ca. (X
the noise current from the READ TFT. afi2 = (W.I)

A nodal analysis in the frequency domdin = jw) of the
equivalent circuit of Fig. 3(b) yields the noise voltage at the However, when the APS is used in imaging applications, the
output V3, defined in (9) at the bottom of the page. EquatioREAD TFT is pulsed, causing the flicker noise performance to
(9) can be simplified by assumin@rg > Cprx > Cy4s1 and change. Here, double sampling is essential to perform offset and

e 1

N=

9 2
Qgat-q-Piapp-Ca-
P BRE (Z) (Vo —Vr)?

afi1 =

2
) (Vo —Vr).Vis. (14)

9ds2-in1(Cp1x + Cys1) + in2(gm1.Crix + 5.Cp1x.Cys1)

Vo =
> gm1-9as2-Oprx + 5(gm1-Crix-CrB + Op1x-Cys1-9ds2 + Cpix-9as2-CrB + Cysi1.9as2-Cra) + s2(Cpix.Cys1.Crp)

(9)
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gain corrections for proper operation of the APS. With doubReferring to Fig. 3(b), the dc gaidy, = V>/V; can be ac-
sampling, the effect o¥’; nonuniformities as well as any dccurately estimated by including the AMP TEN-resistance in
components including low-frequency flicker noise [14] is mitsaturation as.s; = 1/(Aps)

igated. However, the thermal noise components from the AMP

and READ TFTs, the reset noise, and the amplifier noise are Va = Ayo = 1 _ (20)
all increased since they are uncorrelated sources. USipg Vi 14 1
and noting that the thermal white noise sources are uncorrelated Gm1-Tds1

here, the output thermal noise with double sampling is o o ]
In addition, if double sampling is implemented, the reset noise

variance doubles to give?., = 2kT/C.g.

rese

U% (th) = T feq- (qul " Qthl + T(zis2 : ath2) ) (15)
C. Charge Amplifier Noise
Similarly, using previously derived results [14], the output The amplifier noise can be modeled as having a fixed noise
flicker noise with double sampling becomes components.,.,,o in addition to an input-capacitance-depen-
dent component [15]

o3(f1) =20 (R2,; - apn + 735 - az2)  (16) Gammp = Tampo + 6C (21)
amp — Tamp0 d-

Here, as detailed in [14], is an integral that accounts for theeres is a constant determined by the design properties of the
bandpass filtering effect of double sampling on flicker noise charge amplifier (e.g., input FET noise) aAy is the external

capacitance loading the amplifier input node. This includes the

(20 * 1—cosz d (17) parasitic capacitances on the data line such ag'theof all of
Teq 0 22 . the READ TFTsin the column as well as the overlap capacitance
{1+ a2, of data and gate lines. A typical value for the amplifier noise is

about 1700 electrons [2], [16] where the base noigg,o =
275 electronsC; = 95 pF, andé = 15 area is assumed [2].

where., = 2.m.feq.7s aNdry IS the time between the plXe'With double sampling, the noise variances doubles and, thus,
output and reset output samples. For smalttheI(z.,) func-
the rms noise increases to 2400 electrons.

tion resembles a bandpass filter that eliminates low-frequency
and dc noise. D. Total Output Noise and Input Referred Noise

In the case where the output is not subject to double sampling,
the contributions of the uncorrelated noise sources are that of the?Nce the various APS noise sources are uncorrelated, the
unsampled case. The output thermal noise without double sd}fiSe onCrs after double sampling becomes
pling is written as in (12). Similarly, the output flicker noise for
asingle pulse reduces to (13). In this case, however, the observiut (tot)” = (A3 ot ) +alg(th) + 035(f1) + 07y (22)
tiontime(Tops) is defined as the pulse width of the READ TFT
sampling signal [11], [14]. For a real-time, 10QQL000 pixel,
fluoroscopic array (based on a column-parallel architecture) o
erating at a frame rate of 30 Hz, the READ TFT for each pix
is clocked at 33:s. Hencelogs is 33 us and, thus, the lower
limit of integration fops(= 1/Toss) in (13) becomes 30 kHz.

where Ay is the voltage gain of the current-mediated APS
nnected to the charge integrator and was determined in
ection IV-C. Note that, since the reset noise occurs at the
same node as the signal, the charge gain increases both the
reset noise in addition to the sensor inpwg,(tot)? can be
referred back to the input of the APS at the gate of the AMP

) TFT to giveoinput(tot) as
B. Reset Noise

The thermal noise of the RESET TFON-resistance is Finput (t01) = Uout(tOt)Z. (23)

low-pass filtered by the pixel capacitan€gx and stored on Ay
Cprx during reset. Although it is possible to approximate thi
noise awr2_, = kT/Cprx, it is more accurate to include the

effect of the feedback AMP TFT parasitic capacitard¢g; .
Then the effective capacitance at the detection node beco

I§or the purposes of charge gain, it is beneficial to examine

the noise from the standpoint of number of electrons. From

Zezé) and (23), noise equivalent output electrdisQ(output)
noise equivalent input electroM6EQ(input) can be

[14] determined. Here; denotes the electron charge
Cet = Opix + (1 — Av).Cyal (18) VO ous (tot)2.C
& NEQ(output) = Tout(t0 2 (24)
where Ay is the dc gain of the AMP TFT buffer. Therefore,
the reset noise becomes NEQ(input) =-Y U"‘“;Ot Cpix
v-q
2 o ]i,T \/Uout tOt CFB
Oreset — 7~ - (19) (25)
Cor Gi.q
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Low noise transimpedance Device Under magnitude lower (at high frequencies) than the APS output

amplifier (20 kHz BW)  [est(DUT) noise and was subtracted from each measured power spectrum.
HP3652A APS | For each measurement, acquisition began a half hour after
application of the bias voltages to allow the APS bias current
|_| Ioyt and the noise to stabilize.

To extract input noise voltage PSD? /Hz), the system (i.e.,

Voltmeter APS readout circuit plus the transimpedance amplifier) voltage

monitor gain had to be measured over all frequencies of interest for each
Battery Battery biasing arrangement. Then, the measured gain was used to ad-
B just the output noise voltage PSD to obtain the input noise PSD
—_ Copper at the gate of AMP TFT. Fig. 4(b) shows the input noise PSD
@) for a few APS biasing arrangements where it is noted that the
104 input noise voltage PSD increases with increasing AMP TFT
405 Vo=12V Vop =12V bigs(VG) but Qecreases with ingreasing READTFT tﬂ&fﬁp).
¥ 106 \”w Vo _1av Vegr=0V This follows directly frpm the noise voltage PSD expressions for
s o o ity O Vg=12V the Hpog_e theory of fI|cI_<er noise where the fllcker_n0|se voltage
a A g | Wl PSD is directly proportional to TFT gate voltage in the satura-
5 o8 %’"W . tion region but inversely proportional to the TFT gate voltage in
§ 10¢ y A 60V the linear region. The measured data appear to be in good agree-
s 107 Ve=6V M= ment with the theory. The values of the Hooge coefficients used
g10m Vep =12V Au=120VN"" here are extracted from previous data [18], whekehy ~ 0.02
1012 Au=85VN  for TFTs in saturation and;,, ~ 0.008 for TFTs operating in
1018 ‘ ; : ; . linear. Also, the mid-band gaifd,,) increases for increasing
100 10! 10 10° 104 10 Vrp (read as a decreaserify»), which follows from (5) relating
Frequency (Hz) gm (and hence gain) to,,» in Section IV-D.
(b) Integrating the area under the noise curves retrieves the input
Fig. 4. (a) APS readout circuit noise measurement setup. (b) Input noise PEESerred rms noise voltage for the APS. The lower limit of the in-
(in V2 /Hz) for selected bias voltages. tegration, as mentioned previously, is usually determined from

the frame rate of the imager. From Fig. 4(b), it is evident that
the noise of the APS is dominated by flicker noise of the AMP
and READ TFTs. However, when the APS is used in imaging
Current-noise-power spectrumSi, in A%/Hz) mea- applications, the READ TFT is pulsed, causing the flicker noise
surements were previously presented in [18] for a-Si TFerformance to change. In addition, for APS circuits used in dig-
fabricated at the University of Waterloo using an in-house fulliyal imaging, double sampling, used to perform offset and gain
wet-etched 260C process. The results concluded that the a-Bbrrections for proper operation of the APS, mitigates the effect
flicker noise current PSD measurements were consistent withl: nonuniformities as well as any dc components including
previous findings [12], [13]. Specifically, it appeared that thiow-frequency flicker noise. Using the theory presented previ-
fabricated a-Si TFTs followed Hooge'’s theory regarding bulusly in this section, the results of an APS noise analysis with
mobility fluctuations as the cause a@f f noise. In addition, double sampling are presented in Table | and appear promising
the thermal noise was in good agreement when fitted to tf@ diagnostic medical imaging (particularly for real time fluo-
crystalline silicon MOSFETIps equation (a simple and roscopy where the minimum signal is only 1000 electrons).
heuristic model for predicting the channel thermal resistanceThe noise and gain analyses so far indicate that a decreasing
in a-Si TFTs) at largd/cs biases, but less accurate as the TFTprx provides the dual benefits of decreased noise and an in-
approaches saturation, thus requiring a more accurate modeldi@ase in charge gain. However, using conventional co-planar
the TFToN-resistance. This result also concurs with previoysixel architectures where the sensor and TFTs are placed side by
findings [13]. side gives rise to a tradeoff between noise performance, charge
The APS noise measurements were carried out for thain, and fill factor. For a small'’r1x, the reset noise decreases,
fabricated test a-Si APS device shown in FigV&., Vbp, and  and the charge gain increases but the fill factor shrinks since the
Vrp (the READ TFT bias) were all provided by high-amp-housensor area must be reduced to get a smaliet . However, for
dc batteries while an ac-coupled Perkin-Elmer 5182 trathe a-Si APS circuit, it is desirable to maintain a high fill factor
simpedance amplifier was used to amplify the noise signahile shrinkingCprx.
to levels readable by the HP 3562 A spectrum analyzer. TheEmbedding the TFTs underneath the sensor in a fully over-
RESET TFT gate was grounded during this measuremelaipped pixel architecture [1], [17] allows the pixel to achieve
The ac gain of the amplifier was set at®for a bandwidth of a near 100% fill factor. A smalCprx in addition to a high
20 kHz. The noise measurement setup is depicted in Fig. 4(@@).factor can be achieved by using a thick, continuous layer
All noise power curves were reconstructed from narrow-barsgnsor [2] such as an a-Se photoconductor for detecting X-rays.
measurements averaged at least 25-50 times and higherlodigital fluoroscopy (256« 250 m? pixels), the a-Se pho-
low frequencies. The system noise was at least one ordert@éonductor thickness ranges from 0.5 to 1 mm which gives

E. Measurements and Discussion
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TABLE | 0.8
PREDICTEDAPS NOISE (IN ELECTRONS FOR VARIOUS NOISE SOURCES AT '
THE OUTPUT AND THE TOTAL INPUT REFERREDNOISE.HERE, Cp1x OF =
1 pF AND 2 pF ARE USED TO CALCULATE THE CHARGE GAIN G;. z 0.6
THE NOISE RESULTS AREEXTRACTED FOR THEFABRICATED APS >" 4 PW = 1s
READOUT CIRCUIT USING THE THEORY PRESENTED IN THE < 04
PAPER WITH THE MEASUREDGAIN AND NOISEVALUES B PW =0.5s
0.2
4 PW =0.25s
Noise at output NE? (ele:trc::ns) NEg (eIectrans) 0
= =2
(Con=1PF) | (Cox=2PpF) 0 200 400 600 800
Thermal 1691 1649 i i i
Effective Stress Time (min)
Flicker 2363 2957 (a)
141e DC © 5%
Reset 7508 5329 121m 95%% DC 2V co®*® :
L J on
] a 50% e® pno®o
Amplifier 2400 2400 1 Jegnun®t L Laa
so0s] af"  aasst
Total Noise (output) 8401 6478 - ] = al
21 0.6 2 a A
Charge Gain (G)) 13.3 6.65 041,*
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Ciensor < 10 fF. SinceCprx can become very small due to ®)
the decrease iWs..s0r, @an additional physical storage capac-

itor is usually designed into the pixel at the integration node fdg- 5 (@)AVr for a TFT (W/L = 230/23) with a bipolar bias stress
voltage 0f+20 V/—20 V. The duty cycle is 50% and various pulse widths (PW)

prevent the node voltage from rising excessively due to the if}z appiied, (b)\V;. for a TFT(1W/L = 60/25) with a bias stress voltage of
creased dynamic range because large voltages at the integratiohV at 30 Hz for various duty cycles. TheV; for an applied DC stress

node can cause problems ranging from output nonlinearity gjtage of 2 V to the same TFT is also shown.
TFT breakdown [2].

Embedding the TFTs underneath the sensor also providgsexample, a large factor aiding the APS stability here is the
a second benefit by making a large portion of the pixel ar¢aquced TFT duty cycle for diagnostic medical imaging appli-
available for additional TFT circuitry or larger TFTs. Since th@ations. For example, in a 10801000 pixel real-time fluoro-

charge gair(G;) partly depends op,, (which is a direct func- scopic imager, the TFTs are clocked @8 every 33 ms (i.e., a
tion of the size of the input stage AMP TFT of the APS), thgyty cycle of 0.1%).

additional area available in a fully overlapped architecture can
be used to achieve much larger TFTs and hepngceNote that, in

addition to increasing,,, and decreasin@'prx, G; can also be
made higher by increasirifis, the sampling time of the READ
TFT as shown in (6).

One method [20] of preserving thér in TFTs is by ap-
plication of bipolar clocking voltages. Since a positive pulse
servesto increase tleVr and alarge negative pulse can reverse
this shift, applying negative pulses to the TFT during tiwe
cycle can minimize thé\Vz. To illustrate this effect, Fig. 5(a)
shows theA Vr stabilizing for a bipolar pulse. However, an ad-
ditional constraint for medical imaging applications is the low
The threshold voltagéVr) of an a-Si TFT shifts under TFT leakage current requirement. For the RESET TFT, itis es-
prolonged gate bias stress, and TFTs show different threshethtial to prevent any excessive TFT leakage that can corrupt
voltage shift behavior under positive and negative gate bitee signal accumulating at the AMP TFT gate. For the READ
stress. This anomalous behavior is attributed to two maliT, since READ TFTs in an array column are all connected to
mechanisms: 1) charge trapping and 2) defect state creatéosingle column charge amplifier (up to 1000 column pixels in
[19]. In addition, a-Si:H TFTs exhibit different behavior fordigital fluoroscopy), their leakage currents are added. If compa-
pulsed positive and negative stress voltages [20], [21]. Thable, this aggregate READ TFT leakage current can corrupt the
Vr shift (AVr) due to positive pulse bias stress is almosmall output signal of the APS pixel being read out. Therefore,
independent of frequency of operation but, for negative pulee magnitude of the TFT negative voltage in e state must
bias stress, thé\V; decreases in magnitude with increasinge limited to satisfy the low leakage current requirement. As
frequency [20]. In general, smaller duty cycles induce ledtustrated in Fig. 5(b), reducing the duty cycle can severely re-
AVr since the effective stress time is decreased. This allodace theAVr and thus, for the APS READ and RESET switch
the created defect states to relax and/or charges can deff&p's, bipolar clocking pulses to provide a small switch resis-
during the ‘OFF’ cycles [21]. tance in the TFTON state (for highg,,) and a small leakage
For the APS pixel, there are three TFTs of concern: REARurrent in the TFTOFF state can be designed to give a constant
AMP, and RESET and theih V- performance depends largelyV. However, for the saturated AMP TFT, a positive bias of ap-
on the application of the APS. If medical imaging is chosen @soximatelyVgs < Vr (~ 2 V) exists across the AMP TFT

V. METASTABILITY
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Fig. 6. Agm/gm (in percent) for the APS readout circuit. Helgp = 12V [l
andVpp = Vi for both measurements. The RESET TFT gate was grounded
for the duration of the measurement. [10]

during the pixeloFF state. Fortunately, due to its small positive 1)
value, the 2 V bias has limited effect on the positi¥é7 as  [12]
illustrated in Fig. 5(b). Details of thAV;y measurement were
presented previously in [22].

To illustrate the effect of an\ V- on the APS readout circuit
(comprising of the AMP and READ TFTs), measurements werc?M]
carried out on the fabricated a-Si APS pixel for different bias
voltages. The READ TFT was bhiased-a12 V in theoN state
for low ON resistancérs2), —5 V in the OFF state since that 5]
voltage gives the lowest leakage current value for the fabricate%
TFTs and with a duty cycle of 10% at a frequency of 30 Hz. The[16]
results in Fig. 6 indicate that the composite circuit transconduc-
tance,g.., defined in (5), which is directly related to the APS
charge gain, does not vary beyond some initial drop for the biag7]
voltages used. This is a direct consequence of choosing appro-
priate bias and clocking voltages and the READ TFT switchyg;
acting as a feedback source resistor for the AMP TFT, stabi-
lizing g,,, for small changes iWr.

[13]

VI. CONCLUSION [19]

This paper presents a current-mode on-pixel a-Si amplifier
for higher immunity to external noise sources associated withO!
the charge amplifier and data line in an imaging array. Measure-
ments show excellent linearity and high gain where the charge
gain can be made programmable by appropriate selection of biH
voltage and sampling time. In addition, the circuit possesses an
inherent immunity to small shifts in the threshold voltage of the[22]
TFTs, which are induced by the intrinsic material defects as-
sociated with the amorphous silicon and amorphous silicon ni-
tride films in the TFT. Also, the noise performance of the APS
readout circuit appears promising for noise-vulnerable digital
imaging applications such as fluoroscopy.
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