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ABSTRACT. In this paper an equivalent circuit approach is used to model the direct 
injection hybrid IRCCD. The injection efficiency is calculated as a function of frequency 
up to 10 l·lliz for different values of detector and CCD input circuit parameters. The 
dynamic effect of the total detector current on the injection efficiency is taken into 
account by a first-order correction. For a tY})ical case, a photodiode vri th a resistance 
of 5K n, a capacitance of 20pF and CCD input transconductance of 500~mho and an input 
capacitance of lpF, an injection efficiency of ,..... 67% is calculated at the minimum read 
:frequency of' 1. 3h MHz. 

I. INTRODUCTION 

In the direct injection IRCCD, the photo­
generated charge is directly introduced 
into the CCD shift register [l-5]. Since 
this is in ef'f'ect a DC coupled system, 
only IR detectors which exhibit relatively 
small DC currents (e.g. photovoltaic, 
extrinsic detectors) can be coupled to 
the CCD due to the latter, s limited charge 
handling capacity. A critical parameter 
of the direct injection IRCCD is the 
injection efficiency, defined as the ratio 
of the charge introduced into the CCD to 
the total charge generated by the detector. 
In this paper, the frequency dependence 
of' the injection efficiency is examined as 
a :function of' the detector and CCD input 
parameters. Since different IR :focal 
plane scanning organizations (e.g, star­
ring, parallel, serial) operate at 
different rates (from 30 Hz to 6 MHz) it 
becomes very important to be able to 
predict the injection efficiency at the 
appropriate :frequency in order to calcu­
late the overall performance of the IRCCD. 

The basic direct injection concept is 
illustrated :for a hybrid IRCCD consisting 
of' a (Pb,Sn) Te photo-diode and an 
n-channel CCD {see Fig. 1). The (Pb,Sn) 
Te/PbTe heterostructure [6] is particu­
larly attractive :for a hybrid IRCCD array 
since integration can be achieved in a 

relatively simple sandwich structure with 
full use of' the detector active area and 
requiring no interconnects (see Fig. 2) , 
As shovm in Fig. 1, the IR diode is 
connected in parallel to a silicon diode 
which serves as an input tap to the CCD. 
The :first 1408 gate, V G' serves to reverse 
bias both diodes. Hlnle the charge 
accumulates under the storage gate VS, it 
is isolated :from the CCD channel by the 
transf'er gate VT' After one read time, 
tR' VT is biasea into inversion and the 
accumulated charge is transferred into 
the CCD channel. 

II . EqUIVALENT CIRCUIT J.IODEL 

To evaluate the direct injection effi­
ciency, the equivalent load presented to 
the detector by the CCD is :first consid­
ered. The CCD input stage is eff'ectively 
a MOSFET with the input diffusion represen­
ting the source and the potential, Ps, of 
the inverted surface under the Vs elec­
trode, representing the drain. Since we 
want the charge to accumulate under the 
storage electrode, we need v8 > VG' thus 
driving the MOSFET into saturation. 
However, the saturated drain current is 
not :free to take the value it normally 
w-ould in the grounded source MOSFET con­
figuration since it is driven by the 
detector current. This results in an 
increase in the source potential required 
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to satisfy the appropriate current flow, 
Under these conditions the gate and drain 
voltages must be referred to this effec­
tive source potential. Since we are in 
the saturation region, the drain conduc­
tance gD = OlD = 0 and the input conduc-

oVn 
tance seen by the detector is given by the 
variation of the drain current with 
changes in the gate-to-source voltage, 
V , or the transconductance ~· It 
sR8uld be pointed out, however, that as 
charge accumulates under v8, the surface 
potential decreases to the point where 
the drain-to-source potential is lower 
than the gate-to-source potential thus 
forcing the MOSFET out of the saturation 
regime. As the drain-to-source potential 
decreases further the drain current will 
decrease accordingly, resulting in a 
potentially very useful self-limiting 
action. The CCD input capacitance is the 
parallel combination of' the source diode 
capacitance, channel capacitance and gate­
to-source capacitance with the .latter 
being the dominating factor (8}. 
The equivalent circuit for the detector/ 
CCD input circuit can thus be simply shown 
as in Figure 3, where in is the detector 
current (signal + background + dark cur­
rent) and GD and CD are the detector 
conductance and capacitance. The current 
flow in the circuit is then given by 

(l) 

where 12 is the current injected into the 
CCD. The injection efficiency, ryiNJ' 
defined as the ratio of the current flow­
ing into the CCD over the total detector 
current, can then be obtained from 

9m A 

Equations (l) and (2): 
(3) 

~INJ 

In the two frequency limits the injection 
efficiency simplifies to the expected 
resistance and capacitance divider network: 

w .. 0 ~INJ 
9m 

(5) 
9m + Go 

w+ro ~INJ = cgs 
Co + cgs (6) 

In addition, for reasonably good photo­
diode characteristics, the injection 
efficiency is well approximated in the 
submegahertz range by 

{7) 

w ~ 1 MHz ~INJ 

where ~INJ{O) is defined by Equation {5). 

III. HYBRID IRCCD PARAMETERS 

For a (Pb,Sn) Te/PbTe diode sensitive over 
the entire 8-12 pro region, thl background 
ph~ton flux is roughly 1 x 10 7 photons/ 
em -sec which for an optical area of 5 x 5 
mils2 results in a background current of' 
"'2 p.A. The mesa stru.cture of the diode 
results in an electrical area of the 
detector smaller than the optical area, 
giving rise to effective optical gain. 
The electrical properties of the device 
are, therefore, a function of the electri­
cal area one can obtain through the mesa 
etching. Under these conditions the 
detector parruneters vary typically from 
lKil to lOKil for l!J and 10 to 100 pF for 
CD at an effective reverse bias of the 
order of 100 mV [6]. The total detector 
current at this bias is taken to vary 
from 10 JlA ( l!J = 10K ll ) to 100 JlA 
(l!J = lKil). 

9m + GO [ 1 + w2 (GCO + C \2] 
+ g;s/ 

--~0--~~~=============--where A is given by: 

1+_1! + -2 ~ 
G 1 

9m 9m 
{4) 
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Fig. l Hybrid IRCCD: Direct Injection from 
(Pb,Sn)Te/PbTe Heterodiode, 
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Fig. 2 Hybrid IRCCD Two Chip Device Using Inverted Heterojunction 
Detector Array. 

IR DETECTOR CCD INPUT CIRCUIT 

Fig, 3 Direct Injection Equivalent Circuit Model. 
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Fig. 4 Injection E~iciency vs. Frequency for Different 
Values of Input Transconductance and Capacitance 
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Fig. 5 Injection E~iciency vs. Frequency for Different Values of Detector Conductance 
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Fig. 6 Injection Efficiency vs. Frequency for Different Values of Detector Capacitance 
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