"RD-A127 716 ]
CHI

UNCLASSIFIED




e

- a3d
5 EEE 4___

um—m-mummuuum -

o
.
e

M%
MI.é

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A

e y

T T

5 0t e" aal s




DEVELOPMENT OF INDIUM-ANTIMONIDE
TWO-DIMENSIONAL CHARGE-INJECTION DEVICE ARRAY
WITH COMPLETE CHARGE TRANSFER

¥

P

Final Report

Contract No. N00173-80-C-0281

Prepared for z

wA127716

Naval Research Laboratory
Washington. D.C. 20375

by

C.-Y. Wei and H.H. Woodbury

General Electric Company
Corporate Research and Development

Schenectady, N.Y. 12301 : -F.‘a

R
April 1983
-

3 J - A AP S o S ———— . R e

“' : PRI 2o iae et Loy heen tavprored )

oo Fhor prbbe welouee cad sade; L0

+ distribution ia uxit . Ued. ‘

:~3 I 83SRDO2S
-

i 88 0O« ne_Hranrn




| UNCLASSIFIED

4
Letitstut.
BANRAIT)

i
.

SECURITY CLASSIBICATION OF THIS PAGE (When Data Entered)

REPORT DOCUMENTATION PAGE

"1 REPORT NUMBER "| 2 GOVT ACCESSION NO

4/29 714
[ TLE tand Seohries M T

Development of Indium-Antimonide Two-Dimensional
Charge-Injection Device Array with Complete Charge
Transfer

AEAD INSTRUCTIONS
BEFORE COMPLETING FORM

3 RECIPIENT'S CATALOG NUMBER

§. TYPE OF REPORT & PERIOD COVERED

Final Report
8 PERFORMING ORG. REPORT NUMBER

83SRD025
7 AUTHOR(3) ] comjyon GRANT NUMBER(s)
C.-Y. Wei and H.H. Woodbury NOO®173-80-C-0281

9. PERFORMING ORGANIZATION NAME AND ADDRESS
General Electric Company
Corporate Research and Development
P.O. Box 8

Schenectady, NY 12301
11 CONTROLLING OFFICE NAME AND ADDRESS

Naval Research Laboratory
Washington, DC 20375

10. PROGRAM ELEMENT, PROJECT. TASK
AREA & WORK UNIT NUMBERS

12. REPORT DATE

April 1982
13, NUMBER OF PAGES

14 MONITORING AGENCY NAME & ADDRESS (if gitferent trom Controiling Otfice) 16. SECURITY CLASS. (of this report)

15a. DECLASSIFICATION/DOWNGRADING
SCHEDULE

16 DISTRIBUTION STATEMENT (of ttws Report)

Approved for public release; distribution unlimited.

17 DISTRIBUTION STATEMENT (of the adstract entered in Biock 20. it different from Report)

18 SUPPLEMENTARY NOTES

19 KEY WORDS (C on side o y and identify by BIOCK number)
infrared imaging array, charge injection device (CID),

indium-antimonide (InSb), MOS capacitor

?o ABSTAWET (Continue on reverse si0e if necessary and identify Dy DIOCK numoer)

A "non-etch-back" fabrication technique has been developed for an InSb two-
dimensional infrared sensitive charge injection device. This report summarizes
the first phase of a two phase program and describes the fabrication technique
and test results on a set of experimental configqurations.

The performance objectives relating to lag, well capacity, and@ charge trans-
fer have been met. The second phase of this program has been initiated which is
to fabricate the 16 x 64 2-D CID arrays.

DD .7 1473

EDITION OF 1 NOV 85 IS OBSOLETE | UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (Wnen Data Entered




e . M A v R T e T D Rt i TS i A AR A /et St At i 3 Lt e mahl hd
] - - Elad RO A A N R R PRSI

.-,3‘ ........... P i A e L T e e T I S A

-
l-‘

-t

.
o
L.,
-

-

Section

LIST OF TABLES

Table

TABLE OF CONTENTS

Ansmcr © 0 0006060600080 P00 LIEREE0LPENCECELet0IGLBCERENIOAIEOOSEOIOEDNGS

1 INTRODUCTION ...uuuueeeeenunnnnnnesseeensasnnnnssseeessonns

2 GATE OXIDE FABRICATION ......000cvucsoescnccccsnvacaccnsnna

3 TEST ARRAY STRUCTURE AND FABRICATIONS .....coccceeececccnss
5.1 Characterization of Signal (Row) Gates in a Field

Pl‘te Gemetry ® 0 & 0 ¢ 02 09O P OO0 O E AR OSSN EEN
5.2 Charge Transfer Characteristics .....cceccceeecnccsce

6 my 99 0 0 0 00 I IO II O COLONELEENNEIEOPP0RRsCEORIOESINOIBOERONITOTS
Ammm $9 06000 0000000000800 0CaRstsNSIIOOOLILILTEITOSETETSRDS

1 Summary of Lag and Well Capacity Measuremeats .............

Accession For
—

NTIS GRA&I g
DTIC TAB

Unannounced O
Justification |

By

_I?istribution/
Avallebility Codes

~  Avail and/or
Dist | Special

A

Page

iv

Page




- - wEFT{ L ¥
MO AT YA BN 2% s N A AR A A A A I SRR K IO T s
AR AT M N - o N - M e

N ROy I R T ”f'~‘f}
b LIST OF ILLUSTRATIONS
S
R
E‘: Figure Page

"l
[V

Etch-back (a) vrs nom—etch-back (b) fabrication. .....c.c.. 10
2 Nomarski micrographs of an as—deposited CVD SiO2 film

about 1200 A thick (a) and of & film originally
about 6000 A and then etched to about 1200 A (b). ......... 11

3 Distribution of breakdown voltages of MOS capacitors
for three etching condition. .....cceecesvecscncscnconacsns 12

4 Cross sectional schematics of the two test structures
f.bric‘ted. 2 % 8 60 4 8 284488988 E S E TS e ST ST NSO RSO ESPe e 13
5 Schematic of the sequence used to achieve the gaps in the
co—-planar structure shown in Fig. 4 (b). ...ccvvveenecacsnn 14
6 Optical micrograph illustrating the uniform gap width
" achieved by the process illustrated in Fig. 5. ...cco000ces 15
f, 1 Two test patterns giving different transfer lengths between
a} the row and column gates Or SENSOrS. .....cccoeevsnnsrancas 16
: 8 Bias and voltage injection comnections for reading signal

off either substrate or gate pixel. ....ccececccensnscannses 17

9 Charge sensitive pre—amp and alternative capacitor load,
voltage pre—amp circuitry used to measure the signals off
th‘ cIDchip" 5 0 9 6 0 00 & 0O 0 0SS 0L SISO PSP EIC LIS EOYEee TN 18

10 Bias supplies and inject/transfer voltage drive circumitry

for cIDd.vic“. LN B B B BB B I IR Y B B B B BN B R BB B I Y B BN B R B R Y BB BE BE B BERE BN BRI ) 19
11 Pattern of the actual test &rTay. ...cccvccevvecsosccccenass 20
12 C-V characteristics of the row and column gates for the

principal device under test. ......ccccc0ctctcttancscccanan 21
13 Typical results for & signal gate/field plate geometry

(linear array comfiguration). .....cccvevvevvonercecccceses 22
14 As Fig. 13 but column bias increased to -7.0 V. .....c0cune 23
15 Schematic of the potential wells and charge distributions

for four possible 2-D resdout schemes. ......ccccccevceeses 24
16 Demonstration of the Charge Sharing Mode. .....cccccvaveeee 25
7 Ideal Mode behavior under different dark current integration

ti-.‘ ‘t 71‘. ® 0 0600 000 C00 L0000 EIEINEEEEINOOtOCOtSIROESOSIBAITTE 26

iii

e e tatatatatalatatiate e iintialiatiat ot g




> B il Sannt aeus et Shath db ot J o L) - - N - - CIM AN A i A

»
/
4
v

¢

XK

3

.

£

2

)

D¢ ABSTRACT

o A "non-etch-back” fabrication technique has been developed for anm InSb
~ two—dimensional infrared sensitive charge injection device, This report sum—

marizes the first phase of a two phase program and describes the fabrication
technique and test results on a set of experimental configurations.
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The performance objectives relating to lag, well capacity, and charge
transfer have been met. The second phase of this program has been initiated
which is to fabricate the 16 x 64 2-D CID arrays.
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1., INTRODUCTION

The objective of this program is to demonstrate charge transfer in an
InSb two-dimensional (2-D) charge injection device (CID) using a proposed
"non—etch—~back” array fabrication technique. In this technique the thickness
of the oxide layers employed in the CID fabrication are those "as—deposited”
by chemical vapor deposition (CVD). Degradation of oxide quality and thick-
ness uniformity due to oxide etching is avoided. CID arrays of improved
charge transfer, low 1lag, reduced crosstalk, and improved uniformity in
responsivity and storage well capacity are expected. A high array yield can
also be reslized because of the planar processing used in the "non—etch-back”
technique.

This program was divided into two phases. Phase I was to design and
fabricate test arrays and study the charge transfer characteristics. This
phase also inclveded the design of a Navy IRST 16x64 2-D CID array if the test
arrays showed good charge transfer characteristics,

In Phase II the Navy IRST 16x64 2-D array will actually be fabricated and
forty selected chips will be delivered to NRL for testing.

This final report describes the results obtained during Phase I of this
program, The gate oxide fabrication is first described in Section 2. The
design and fabrication of the test arrays are then given in Section 3. The
array testing facilities are described in Section 4, Finally, the results
obtained on the test arrays are presented in Sectionm §.

2. GATE OXIDE FABRICATION

In contrast to the "etch-back” technique inm which the gate oxide is
formed by selectively thinning from a thick oxide (see Figure 1a), the pro-
posed "non-etch-back” techmique consists of a 1500 A thick layer of as-
deposited CVD Si0, for the gate oxide and a layer of 75 A thick Cr film for
the sensing area metallurization (see Figure 1b).

The deterioration of oxide films inm the "etch-back” process is best
illustrated in Figures 2 and 3., Figure 2 shows two Nomarski micrographs of
surface morphology for the as—deposited (see Figure 2a) and the etched oxide
films ot ~ 1200 A thick (see Figure 2b). The initial thickness of the etched
oxide film was ~ 6000 A, Note that the thin ~ 1200 A as-deposited oxide film
is featureless whereas the oxide after an extended etch in 3% HF appears to be
rough, The roughness of the etched surface can only be guessed but is of the
order of a few bhundreds of Angstroms.

Figures 3a and 3b show the oxide breakdown voltages for oxide films which
have been thinned by 100 and 500 A in 3% HF, respectively. The initial oxide
thickness was 1500 A, It is clear that there is a significant degradation in
dielectric strength after chemical etch in 3% HF., The degradation of these
oxide films becomes worse if a layer of 4500 A thick oxide is removed from an
oxide film of 6000 A initial thickness (see Figure 3c). Note that breakdown
is observed down to OV and shows a broad peak at 20V, The oxide breakdown
voltage is defined as the voltage necexanryz to cause a 10 g A oxide leakage
current for Si-MOS capacitor of 1.14x10 area,
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o 3. TEST ARRAY STRUCTURE AND FABRICATIONS

!l Two test array structures were designed and fabricated during Phase I of
this program, Figure 4 shows cross—sectional views of the two test struc-
tures. In the first test structure the row sensor and the field shield are
first patterned over a layer of ~ 1500 A thick oxide. A second layer of oxide
film (~ 1000A) is then deposited and the column sensor is finally defined.
Note that the column sensor overlaps the row semsor to avoid any possible
charge transfer barrier, The conducting films employed in Figure 4a are Cr of
~ 75 A thickness. The transmission of such films is ~ 70% at A = 4um when an
anti-reflective coat is used.
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The cross—sectional view of the second 2-D test structure is shown in
Figure 4b. In this test structure the row sensor, the column sensor, and the
field shield are separated by narrow gaps of ( 5000 A patterned over the same
oxide layer of ~ 1500 A thickness. The gap width between the row and column
sensors was achieved by a controlled undercut during the row gate patterning
as illustrated in Figures 5a-5d employing a standard l1ift-off techmique, Fig-
ure 6 shows an optical micrograph of a test pattern exhibiting a gap width of
~ 5000 A, which has been chosen for convenience. Note that the edge defini-
tion of the gap looks sharp and the gap width appears to be very uniform.
The typicel gap width employed in the array processing was ~ 3000A. The
advantage of this second test structure over the first is that all the elec-
trodes have the same oxide thickmess which simplifies the array operation.
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In addition to the two test structures described above, the test mask
design included arrays of two different transfer lengths, i.e., the average
distance the charge has to move to get from row to colummn or vice versa. Fig-
ure 7 shows the top-views of the two CID cells. Note that unlike the conven-
tional side—-by-side design, the row sensor is completely surrounded by the
column sensor, reducing the transfer length for a fixed area of semnsing site,
The transfer length in Figure 7 is ~ 20um whereas in Figure 7b it is ~ 10um,
It should be noted that the cell geometries shown in Figure 7 are designed at
the expense of increasing the periphery—to—area ratio., The increased peri-
phery will slightly increase the edge trapping and hence may reduce the charge
transfer efficiency. However, the bemefit of the large increase in transfer
speed will offset the small, if any, decrease in the transfer efficiency.

P

4. ARRAY TESTING SETUP

All the measurements described hereafter have been made on individual
gates or on gates connected in parallel. Thus, any interactionm or cross—-talk
between adjacent gates that might occur in an actual device with sequential
readout schemes will not show up in these tests. The chips are given a prel-
iminary screening for shorts and opens with conductance and C-V measurements.
The latter also give an idea of the threshold voltages and any perculiarities
in bebhavior which mostly arise from charges in the oxide or at interfaces.

The principal parameters studied are well capacity, lag, and the transfer
characteristics between the row and column gates, The first two parameters
have been measured with one of the set—ups shown in Figures 8 and 9. Figure 8
shows, for a linear array, the injection and biss arrangements for reading the
injected charge either off the substrate or off the MOS gate, Additional bias
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supplies and injection pulses are required for 2-D arrays as noted below.
Figure 9b schematically illustrates a charge sensitive pre—amp that was built
on a small copper plate attached to the sample holder in the dewar vacuum.
The 2N4416A input J-FET isolates the unacceptably high input bias current of
the HA-2605 operational amplifier from the input. The 2N4416A is mounted
directly on the copper plate and is thus cooled with the sample. This reduces
its already low input bias curremt to a completely negligible amount, The HA-
2605 is thermally isolated from the copper plate and is "heat” sunk to the
warm (outside) wall of the dewar through copper strip fingers since it will
not satisfactorily operate at low temperatures.

The absolute value of the charge signal is determimed by the product of
the output voltage and C_., the total feed back capacitance. The latter is
determined by making a measurement (test pulses at room temperature are suffi-
cient since the temperature dependence of the small mica capacitors that are
used is small), and then adding a calibrated capacitor in parallel to C_ and
remeasuring the same signal., A comparison of the amplitudes of the two sig-
nals will give C... Alternatively, a small current, e.g., 1 p amp, is fed
into the input and the time rate change of the output voltage is determined
from the digital scope. It was found that the circuitry adds ~ 3 pf to CF.

Figure 9a shows a capacitor load, voltage sensitive pre—amp circuit. The
load capacitor, CL. must be much greater than the capacitance of the gate(s)
measured, otherwise charge sharing occurs between the gate and load capaci-
tances giving an "electromic 1lag”. The 2N4416A source follower serves the
same function as in the circuit shown in Figure 9b., Since there is no feed-
back around this source follower, a constant current source supply is provided
s0 that the gain is very close to unity.

The total load capacitance, is calibrated the same as C.. in the cir-
cuit shown in Figure 9b, Because must be large (typicallyFIOOO pf), the
signals are small and a pre—amp mus ILe used between the source follower and
the Nicolet digital scope. A 10 nsec rise time pre—amp with a nominal gain of
50 was put together utilizing a SN72733 chip for this purpose. Because of the
large value of , wiring capacitances are of minimal effect and have no
effect on circuit stability. This permits all the electronics to be external
to the dewar, This in turn provides greater flexibility in testing a sample,
once it is mounted and the dewar evacuated, since all pertinent sample leads
are directly brought out.

Both of the arrangements and circuits shown in Figures 8 and 9 have been
used, After concluding that these different arrangements did indeed give
identical results, the combination shown in Figure 8a and 9a was adopted
because of the flexibility noted above and the fact that the dewar did not
have to be specially fitted with a pre—amp. Most measurements have been car-
ried out with a dewar having two separate connectors with only the signal lead
coming out ome commnector, This minimizes electromic cross—talk.

In utilizing the arrangement as shown in Figure 8a, the injection pulse
must be applied simultaneously and equally to the field plate (or the columns
if they are used as field plates in testing the row gates) and the substrate.
Since the read out circuit resets the signal gate(s) to ground potential, the
substrate—signal gate potential must be applied to the substrate. However,




the behavior of the device is determined by any field plate and/or column gate
!. potentials with respect to the substrate. The circuitry shown in Figure 10

provides this arrangement with considerable flexibility for testing linear or
2-D arrays., Channel 1 is usually connected to the substrate. The dc input
: potential and any injection pulse supplied through input 1 can be added to any
O additional (positive and negative) biases and/or pulses in channel 2 or chan-
’f nel 3. Channel 2, e. g., is usually connected to the column gates and channel
. 3 to the field plate.

«.v-‘.-
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To measure the charge transfer behavior in 2-D devices, one more elec—
AR tronic box was built, This is a counter and an electronic analog switch
g3 which, with the circuitry of Figure 10, permits the turning on or off of a
column inject pulse after a pre~set number of row inject pulses, or vice
versa,

The injection pulses and overall timing of the signals are generated by
four signal generators, specifically, Wavetek models 113 and 164 and/or Ail-
tech model 511, This provides complete flexibility in the timing, amplitudes,
and widths of the pulses required and is especially useful in carrying out the
charge transfer tests between row and column gates,

The handling of the chips was found to influence the threshold voltages,
especially in structures with thin oxide layers and/or non-overlapping
gate/field plate structures. This is presumably related to moisture and/or
photo effects charging the surface or inducing charges on interface states or
between oxide layers, A vacuum annealing at 100°C for a few hours stabilizes
the thresholds as long as the detectors are kept in the dewar vacuum,

5. RESULTS

As noted above, the arrays have a concentric ring structure, i, e., each
column gate completely surrounds a row gate, (The terminology of column and
row is arbitrary. In this report, however, the above designation will always
be used. namelv, column gates will be those gates each of which surrounds a
row gate.) This permits the column gates to act as a field plate to the row
gates since one has & local geometry similar to that of a linear array with a
field plate. Figure 11 shows an example of a completed test array with all
pertinent pads labeled.

A 2-D array with the second test structure (see Figure 4b) was wire-
bonded and tested. This array shows normal C-V curves for both row and column
gates. Good charge transfer between row and column gates was also observed
when the array was operated in the charge—sharing mode and the sequential row
injection mode (see below), This array, however, showed some irreproducibil-
ity in the bias conditions from day-to~day even when the array was kept in
vacuum, This was thought due to oxide charge-up over the unshielded gap
between the row and column gates although very stable unshielded structures
o have since been made. It was, therefore, concluded at that time to focus on
. the array development of the first test structure.

g 5.1 Characterization of Signal (Row) Gates in a Field Plate Geometry
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In the typical signal gate—field plate configuration, the field plate is
biased to threshold, This permits the maximum injection voltage to be applied
which is typically at ]least twice the maximum injection voltage im the case
where the field plate is connected to the substrate,

Most of the data has been takem on one device which has 1500 A oxide
under the signal (row) gates and 2000-2200 A oxide under the column gates.
The actual fieid plate developed partial shorts to the substrate and in all
experiments it was connected directly to the substrate. All the data reported
below was with an H pattern geometry, i.e., the signal (row) gate was H-shaped
with the column gate completely surrounding and overlapping it in geometri-
cally complementary pattern (See Figure 7b).

Figure 12 gives the C-V characteristics of the row and column gates and
the approximate threshold voltages derived from these measurements. These
threshold voltages are typical following a two—hour anneal as described above.

Figure 13 shows typical data, The well (depleted volume) under the sig-
nal gate is permitted to fill (invert) from dark current by waiting 0.5 to §
seconds, Usually, the cold infrared filter in the optical window is replaced
by a copper plate so that the sample sees only the cold dewar temperature. In
Figure 13a, a series of readout sequences is shown starting at the left fol-
lowed by the 2nd through 6th readouts following the dark current integrating
period. Looking at the 6th readout, the reset transient is first seem, then
the injection pulse of 0.5 psec width (not resolved on the recording) followed
by the actual signal and ending with the reset clamp. There is mo significant
difference between the 6th signal and succeeding ones and this 6th signal is
taken as the reference signal. The reference signal is sometimes referred to,
in total, as the dark current signal but it is made up of at least three
parts: (1) The true dark current integrated between injection pulses of about
35 usec in this case. This dark current appears to be volume generated but
with a "volume-perimeter” compoment. (2) A reversible "breakdown” current
that increases very non-linearly with injection voltage. This is the limiting
factor on the injection level and hence the well capacity. This breakdown is
dependent on the field plate bias ?f} involves the edge field enhancement
cffects modeled by Tantraporn and Vei . The injection voltage level applied
to the sample for the data shown in Figure 13a is just before the "breakdown
point” as observed visually on the scope, i. e., there is less than a few
- milivolts contribution to the reference signal over the normal dark current.
“ If the injection voltage is much too high, the signal clearly deviates from
the straight line characteristic of a constant dark current (see Figure 13 b).
Under such conditions, the breakdown current, presumably band-to-band tunnel-
ing current, quickly flows into the deeply depleted well until the electric
fields are reduced below the breakdown levels, (3) Lag or the failure to
inject all the charge in the previous injection pulse. Under typical condi-
tions, this component is negligible for the 6th readout (since the well is
nearly "empty”) but is clearly seen in the 2and readout following the large
signal in the 1st readout. Cross talk, or the recapture of injected charge by

T.V. Tantraporn and C.-Y, Wei, "Computer Simulation of the Electric Field in
. Indium—Antimonide Semiconductor under an M0S’s Gate and Field Plate”,
. General Electric Corporate Research and Development, Report No. 81CRD256,
: October 1 81,
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an adjacent gate is minimal in these measurements because all the gates are
read (injected) simultaneously.

Quantitatively, the signal on the 6th readout is taken as a reference or
the zero signal and the amplitudes of the preceeding signals are meas-red with
respect to it. Lag is defined as the ratio of the 2nd to the 1lst signals and
the well capacity is calculated from the magnitude of the 1lst signal. The
actual total charge collected in the well is closer to the sum of all the sig-
nals since this tends to correct for any lag effects., However, the perfor-
mance of a device is related to the magnitude of the 1st signal since that
would be interpreted as the image signal.

As noted above, the data in Figure 13a is for the maximum injection vol-
tage before non—linear "breakdown” effects are obvious with the column poten—
tial set as negative as possible. The maximum injection voltage without
breakdown is quite dependent on the column (field plate) potential whereas the
results are insensitive to the row potential between -8 and down to at least

=16 volts, The lag is seen to be 6.4% and the well capacity calculates out to
be

-0;34—9(;—"2':—3- x %‘— = 4.81:107carriers

where CL = 1080 pf, G = 49 (preamp gain), and q is the electron charge. The
measurements were carried out on a row of 8 gatei that were tied together on
the chip. Since each gate had an area of 6.76mils”,

well capacity= 8.9x10° carriers mils 2°

With the dark current integration time reduced to 2 msec, the well is
only half filled. Under these conditions, the lag was measured to be 9.0%.
Reducing the injection voltage to 0.82 volts (i.e., one-half) reduces the sig~
nal to 137 mv and the lag was measured to be 9.3%., The increase in the lag
noted under these latter conditions is easily seen when running through a
series ot measurements although the absolute accuracy of repeating lag meas-
urements is no better than + 1% from day to day.

If the colummn potential is made more negative, it was found that the
injection voltage, and hence well capacity, could be significantly increased.
Figure 14 shows data on the same sample shown in Figure 13 illustrating the
increased well capacity without breakdown, The wells are permitted to fill
with a Ssec integration period and an equal and simultaneous injection voltage
is applied to the column and row gates but only the row gates are read., Note
that with the thicker oxide under the column gates, the actual change in the
surface potential under the column gates is less than that under the row
gates, Table I summarizes these results,

5.2 Charge Transfer Characteristics
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Many readout schemes for 2-D arrays require transferring the signal
charge and all or part of any background charge from row to column gates or
vice versa., The efficiency and speed of transfer are important points in con-
sidering certain schemes, Several of these schemes have been considered and
basic tests have been carrried out on the transfer modes involved. The rela-
tive merits of these various schemes in potential 2-D systems are not con—
sidered here since the object is to demonstrate the dynamic responses of the
basic modes in a simple 2-element (one row, onme column) hook-up. Figure 15
illustrates a comparison of the potential wells during the elemental read
cycle for four common readout schemes, i. e., the normal charge sharing mode
(CSM), the sequential row injection mode, the ideal mode readout, and the
quasi ideal mode. Note that for the sequential row inject, all rows are read
simultaneously (there is no row select) which requires a pre—amp for each row.
It is also noted that for the first two modes it is only important that there
be a significant common background charge under a row/column pair. Figure 15
illustrates omnly this common charge and does not imply the necessity or even
usual occurrence of an equal surface potential.

a) Normal Charge Sharing Mode

In the normal charge sharing mode (CSM), both the column and row gates
are in deep inversion and tightly coupled together. The biases on the row and
column gates are not critical since it is not necessary to empty either well,
The charge is shared between the row and column and the output corresponds to
1/2 the injected charge or signal,

This mode is demonstrated in Figure 16. In the two sequences shown,
"injection/transfer” pulses are applied only to the row gates for the first 6
readouts whereas beginning with the 7th, injection pulses are applied to both
the row and column gates, In the lower sequence, a long (0.5 sec) integration
time occurs before the lst readout and the wells are completely filled. Thus,
charge is injected in the first readout (pulse on the row gates only). Fol-
lowing this injection, the signal wells are half filled, as illustrated in
Fig, 15, and immediate repeated injection on the row gates only transfers
charge to the column gates and is not injected.

Figure 16a is a case where the wells are only partially filled by limit-
ing the integration time to 0.5 msec. Here, no charge is injected in the
first readout, but charge is transferred to the partially empty column and
then returned, hence, no signal is seen. The presence of the transferred
charge is indicated on the 7th readout where, as in Figure 16b, an injection
pulse is applied to both the row and column gates, charge injection takes
place, and a signal is seen. The integration time was set to give the maximum
signal without injecting on the first readout, hence the signal applitude on
the 7th readout is similar for the two tracings. An important point is that
the signal is "sharp”, i.e., in this tightly coupled, highly inverted case,
the charge moves quickly as well as efficiently,

b) Sequential Row Inject Modes
The sequential row inject mode differs from the charge sharing mode in

that the wells are permitted to fill completely with signal and only the first
inject (i.e., select row or select column) voltage pulse is applied. This
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mode is illustrated in the first read out in Figure 16b. With only the one
injection, however, the injection voltage can be doubled without emptying the
well to breakdown. This has been observed.

¢) 1Ideal Mode

Ideal modes are where a limited bias voltage is applied to both the row
and column gates and all the well charge is transferred between them. This is
similar to a normal CCD operation and while this makes the simplest configura-
tion conceptually, the bias and injection voltages are critical. Figure 17
illustrates the device behavior in an approximate ideal mode which is useful
for observing charge transfer behavior. The slow response indicates a "slow-
moving” charge in getting the column well emptied into the row well following
the row injection pulse. The charge, however, is not lost as evidenced by an
unchanged signal following 1 or 10 such initial pulse readouts. Following the
injection pulses on both row and column gates (5th readout in this case), the
opposite is seen, namely, a slow decay of minority carriers under the row
gates, It is believed that charge transfer indeed occurs in the ideal mode
but the charge appears to move slowly and less efficiently. In additiom, the
requirement of critical biasing conditions for both row and column will likely
make this mode of operation impractical.

d) Quasi Ideal Mode

When the row bias is increased beyond the injection voltage, bias charge
will always be present under the row gate sensors (see Figure 15d4). Signal
charge is then integrated under the row sensor until it starts to spill over
under the column sensor. The signal charge is first read out from the row and
again transferred to column. In the quasi-ideal mode no charge is shared
between row and column during readout or reference and hence all the signal
charge is read out. However, charge is shared between row and column during
row select which gives high charge transfer efficiency. These features plus
the fact that the row bias is no longer critical, makes this a very attractive
mode or operation,

6. Summary

In summary, the feasibility of fabricating InSb CID 2-D array with
improved charge tramsfer characteristics has been successfully demonstrated on
test arrays fabricated by the proposed "non-etch-back” techmigue, Good charge
transfer has been obtained for devices operated in the normal charge sharing
mode, the sequential row injection mode, and the quasi-ideal mode. Charge
transfer was also observed in the ideal mode but the charge appeared to move
slowly and less efficiently. These encouraging results on these test arrays
have given us confidence in designing a Navy IRST 16x64 2-D array for time-
delay~and-integration application. This array is presently being fabricated
and tested.
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TABLE I

Summary of Lag and Well Capacity Measurements, Gate Bias = -12.0 V.
Field Bias (Column Gates) = -5.3 V. In the Last Entry the Column
Gate Bias = -7.0 V.

INJECTION .
INJECTION PULSE WELL
VOLTAGE WIDTH LAG CAPACIT!
6/mil )

VOLTS ( sec) (%) (10

1.67 0.50 6.4 0.89

1.67 0.50 9.3 (half filled)
0.82 0.50 8.4 0.35

1.67 1.0 3.9 0.93

3.56 0.50 7.5 2.17

.......

- . . N .. [ Catov N . .
S K B W NI Fre PR AP LGP I L W i . S . . LA VO v 24 S




L BAE Band W S M A ek e ant e P utien Say uney SsesAune fupe Ban Bne b S in JaAui gt el Bl Al iasn et i el alihat
i A Bl M e S Sy TR Lo S Tt e, R - .

CVD Si02
222 Cr
s Au

InSb

(b)

Figure 1. Etch-back (a) vrs nometch-back (b) fabrication. See text.
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Figure 2. Nomarski micrographs of an as-deposited CVD SiO2 film about 1200 A

thick (a) and of a film originally about 6000 A and then etched to

about 1200 A (b).
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Figure 7. Two test patterns giving different transfer lengths between the row
and column gates or sensors. Note that in both cases, the row sen—
sor is completely surrounded by the column sensor.
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Figure 8. Bias and voltage injection conmections for reading signal off
either substrste or gate pixel.
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Figure 9. Charge sensitive pre—amp and altermative capacitor load, voltage
pre—amp circuitry used to measure the signals off the CID chips.
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device under test.

Figure 12. C-V characteristics of the row and column gates
Temperature is 77°K.
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Fignre 13.

Typical results for a signal gate/field plate geometry (linear
array configuration). From data such as this, the lag and well
capacity can be calculated. The row bias is -12.0 V. The column
bias (acting as a field shield) is -5.3 V. The injection width is
0.5 psec. The sample is at 77K and the row well is permitted to
£fi1l1l for 5 sec with dark current before the first injection pulse
i1lustrated. Typical maximum injectiom voltage, VI, is shown in

(a) while (b) illustrates signal when overdriven.
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E' Figure 14, As Fig. 13 but column bias increased to -7.0 V. Note lack of
K breakdown with high injection voltage. Compare with Fig. 13b.
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Figure 15, Schematic of the potential wells and charge distributions for four
possible 2-D readout schemes. See text for a description of each.

{: The dashes represent the maximum possible injected charge and
33 ’ hence the maximum signal charge or well capacities. The slant
H' lines represent excess inversion charge. R and C represent row

and column gates, respectively. For simplicity, the column gates
and wells are drawn adjacent to the rows whereas in the device 3

— under test, each row gate has a concentric column structure sur-
: round it. The READ and REFERENCE functions, of course, are inter-
-7 changeable since it is the injected charge or the differemnce in

A the gate charge before and after injection that is measured.
Threshold voltage is represented by the ’'’'tops’'’ of the wells.
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Figure 16. Demonstration of the Charge Sharing Mode. The sample is at 77K.
Row bias = -12.0 V. row inject = 0.65 V. Column bias = -15.0 V;
column inject = 0.85 V width of injection pulses is 1.0 psec. See
text for a description of the pulse sequences.
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Figure 17. Ideal Mode behavior under different dark current integration times
at 77K. Row bias = 6.73 V: row inject = 0.54 V. Column bias =
-9.24 V; column inject = 1.77 V. Width of injection pulses is
5.4 psec. The first four sequences are with a row inject voltage
only. For the fifth sequence and on, the inject voltages are
applied simultaneously to both row and column gates. For TI =

1.25 msec, the row well is 1/2 filled (as measured to the bottom
of the column well). For TI = 0.5 sec, both wells are filled and

the excess charge (for ideal mode operation) is injected in the
first (row) injection pulse.
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