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UTILIZATION OF a-Si:H SWITCHING DIODES 
FOR SIGNAL READOUT FROM a-Si:H PIXEL DETECTORS 

Gyuseong Cho, J.S . Drewery, W.S. Hong, T. Jing, H. Lee, S.N. Kaplan, 
A. Mireshghi, V. Perez-Mendez, and D. Wildermuth, 
Lawrence Berkeley Laboratory, Berkeley, CA, 94720 

ABSTRACf 

Two-dimensional arrays of amorphous silicon photodiodes can be 
used as position-sensitive radiation detectors when they are coupled to 
an appropriate phosphor. We have developed signal readout schemes 
from amorphous silicon photodiode arrays utilizing one or two 
switching diodes attached to each pixel photodiode. Individual cells and 
prototype arrays of amorphous silicon photodiodes with single- and 
double-diode switching readout were fabricated and tested . A charge 
storage time and a readout time were measured . The measurement 
results were analyzed by simple circuit theory . 

INTRODUCTION 

Hydrogenated amorphous silicon(a-Si:H) diodes has been used for 
radiation detectors for X-rays , gamma rays and other charged 
particles. [ 1 ,2] Despite the poorer electronic characteristics of a-Si:H 
compared to crystalline silicon, it has the strong advantages of enabling 
the construction of large-area devices easily and inexpensively. Also it 
has been shown [3j that this material has a much higher radiation
resistance compared to the crystalline material. 

Two-dimensional (pixel) arrays of photodiodes for X-ray imaging 
conventionally use a-Si:H TFTs as switching elements. Schematics of the 
array and the element are shown in Fig. 1. and Fig . 2. (a) [4] The signal 
charges generated by photons are first stored in each pixel detector 
capacitance during the first part of the scanning cycle. Then in the 
second part of the cycle, the stored charges are sent to an external 
multi-signal processor in a row through switching transistors when a 
gate pulse is applied sequentially. K . Yamamoto et al. [5] also have made 
2-d image sensors using single-diode switches as a replacement for 
TFTs; its schematic is shown in Fig. 2 (b) . 

TFT switching seems to be better for controlling the detector bias 
and in avoiding the cross-talk between pixels, but it requires a more 
complicated fabrication process including the additional deposition of a 
high quality gate dielectric layer(Si3N 4 or Si02) . 

Single-diode switching has the advantage that the switching diodes 
use the same p-i-n layers as the photodiode. Therefore the number of 
masks required in lithography will be reduced . However this method 
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Fig. 1. Schematic diagram of a-Si :H pixel 
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Fig . 2 . Realization of pixel switches with 
(a) TFT, (b)single- and (c) double-diode. 

intrinsically possesses some problems such as a large switching
transients as well as the uncontrollability of the photodiode bias level. 

We have adapted double-diode switching to solve these problems 
while keeping the fabrication process as simple. The double-diode 
switch has been studied for the application to flat-panel liquid crystal 
displays-.[6] Using two diodes connected back-to-back, as shown in Fig. 2 
(c), better switching functions can be performed because the switching 
transients from the two diodes are canceled if the characteristics of the 
two diodes are identical and the two gate pulses are opposite. In 
addition, the de bias level of the pixel photodiode can be set arbitrarily 
by changing the ground level of both gate pulses . The main drawback is 
that it requires twice the number of gate lines compared to single-diode 
switching readout. 

EXPERIMENTAL 

We made sample cells of single and double-diode switching 
readout as well as a prototype array of pixel detectors with double
diode switch . Standard PECVD was used to deposit p-i-n layers of a-Si:H 
on glass substrates coated with a thin Chromium layer. Top contacts 
were also made of a sputtered Cr layer. The contacting p- and n- layers 
were -100 nm thick and were heavily doped to enhance the forward 
conductance of the switching diodes. The thickness of the i-layers is -1 
j.l.m. The switching diode and the photodiode use the same p-i-n layer 
but have different sizes . The dimensions of the switching diode and the 
photodiode were 0.3 rnm x 0.3 mm and 1 rnm x 1 mm respectively. 
The capacitances were 1 0 pF and 120 pF respectively. The schematic 
diagram of a cell of double-diode switch with a photodiode is shown in 
Fig. 3 . Fig . 4 is the photograph of a 10 x 10 prototype array of 
photodiodes with double-diode switches . 
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Fig. 3. Schematic diagram of a pixel 
using double-diode readout scheme. 

Fig. 4. Photograph of a 10 x 10 prototype 
pixel detector array using double-diode 
readout scheme. 

First we measured the forward and reverse current characteristics 
of the diodes . Then we simulated charge detection using LED light of 
880 nm wave-length as a radiation source in the measurement set-up 
shown in Fig. 5. A short pulse of light was shone on the pixel diode. 
After a time delay, T d, positive and negative gate pulses were applied to 
the two switching diodes respectively. The discharging current of the 
accumulated charges in the photodiode was observed during a finite 
switching time, Ts . by an oscilloscope with a variable load resistance. 
The switching time was long enough to transfer the whole charge in the 
photodiode to the external load resistance, typically -1 msec. 

The integration of the current during this time is the remaining 
portion of the generated sign a! charge after the delay time T d . The 
storage time was measured by increasing the delay time until the signal 
charge (integration of the discharging current) drops to 1/e of the 
generated charges. The readout time was simply determined from the 
discharging current shape through the switching diodes . 
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Fig. 5 . Measurement setup for the signal charge storage time and the readout time 
from a pixel diode using double-diode switching readout. Td is the delay time of 
readout gate pulse after an LED light pulse was shone. The switching time, Ts is 
long enough to discharge the signal completely ~ 1 msec . 
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Fig. 6. Measurement of the de forward 
and reverse current density of a-Si:H 
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Fig. 7. Measurement of light signal as a 
function of the delay time of the gate 
pulse after an incident LED pulse. 

Fig. 6 shows the typical forward and reverse current density of 
sample diodes for both switching and photodiodes . The current on-off 
ratio (forward-to-reverse) at a bias voltage of 2 V was > 106. 

Fig. 7 shows the measured light signal with a load resistance of 1 
MQ with a double-diode switch. The storage time is equivalent to an RC 
time constant of the detector diode. Since the measured time constant 
was .- 140 msec and the detector capacitance is - 120 pF, the detector 
leakage resistance is - 1.2 GQ. 

Fig. 8 shows the measured transient and signal discharge currents 
of a photodiode during the switching time for (a) a single-diode and (b) 
a double-diode readout scheme. As shown in the figure, the magnitude 
of the transients in the single-diode readout scheme was canceled up to 
90 - 95 % in the double-diode readout scheme. The measured readout 
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Fig. 8. Transient current (black dot) and the signal discharging current at the load 
resistance in (a) single-diode readout and (b) double-diode readout scheme. The 
transient in a single-diode scheme was almost removed in a double-diode scheme. 
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time was - 260 J..lSec and doesn't show much difference between the 
single-diode and the double-diode readout schemes. This was due to the 
effect of the large load resistance. 

Fig. 9 shows the effect of the load resistance on the readout time 
constant. With small load resistance, the r~adout time approaches to a 
minimum value of - 0.8 J.l.Sec. Since the detector capacitance is - 120 pF, 
the on-resistance of the switching diode - 6.7 kQ. 

Finally Fig. 10 shows the effect of the gate pulse height on the 
readout time. The readout· time decreases with the increasing gate pulse 
height because the operation voltage of the switching diode increases. 
However this effect also ~aturates and it also can be explained by the 
effect of the large load resistance. 

The two equivalent RC time constants, the storage time and the 
readout time are simply 

. D.R 
Storage time = Cd •'{} off = Cd R<i oc _L ( 1 ) 

Ri + Roff Jr 

Readout time = Cd Rd Ron = Cd Ron oc ~ ( 2) 
Rd +Ron AsJr 

where Cd and Rd are the detector capacitance and effective internal 
res~stance. Ron and Roff are on- and off- resistance qf the two sw,itching 
diodes and Ad and As are the area of the detector and switching diodes. 
Finally Jr and 1r are the forward and reverse current densities at the· 
operating biases. From the above equation (1) and (2), the ratio of 
storage-to-readout time is approximately 

Storage time oc AsJr (3) 
Readout time A<t 1r 

From the measured ratio of the time constants (140 msec and 0.8 J.l.Sec) 
and the size of diodes (Ad 1 mm2 and As 0.09 mm2 ), the estimated 
current on-off ratio was -2 x 106 which agrees well with the value 
obtained from the curves in Fig._ 6. 
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Fig. 9. Measurement of the readout time 
. of the double-diode switching as a func
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The scanning cycle or the frame rate is determined by the product 
of the number of rows and the readout time of a pixel. The maximum 
number of rows can also be estimated by the ratio of the storage time 
to the readout time. Therefore in order to increase this ratio, a-Si:H pin 
diodes must have a high on-off current ratio. Currently we are studying 
methods to improve the ratio of the forward-to-reverse current by 
optimizing material and device 'parameters, such as, the i-layer 
thickness and the dangling bond density, the p- and n- layer thickness, 
doping density etc. 

CONCLUSION 

We have demonstrated the feasibility of making double-diode 
switching readouts using the same a-Si:H p-i-n layer used as the 
photodiode. The simple analysis shows that the forward-to-reverse 
current ratio is linearly related._ to the ratio of the storage-to-readout 
time. Therefore improvement of the diode action is very important in 
order to improve the scanning speed in a large pixel array. 
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