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POREWORD

The objective of this atudy of Digital Charge Coupled Devices was to %
evaluate the veliability of two ahift reginccro utilizing the charge 4
coupled technology. The Reticon R5101 is a 2000 stage aurfaco thannel
charge coupled device (SCCD). The Fairchild CCD321A-2 is a dual 455

stage or aingle 910 stage buried channal charge coupled device. These %
devices were selected as representative of two ccD procesncl using the N
channel silicon gata MOS technology. ‘
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ABSTRACT

Charge coupled devices represent unique usage of the Metal-Oxide-
Semiconductor concept. Thess devices can sampla an AC signal at the
inpu:, transfer charge proporticnal to this signal through the CCD shift
regxucer and then prov;de an output of the same fteﬁuency and shape as
the input. The delay time between input and output is controlled by the
ccp opezltxng frequency and the number of stages in the shift resister.
This work is a reliability evaluation of the Buried Channel and Surface

Channel CCD technologies. The constructions are analyzed, failure modes
are described, and test results are reported.
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I. Introduction

A tremendous amount of work has been done on Charge Coupled Devices
since their invention by Bell Laboratories in 1970. There is, howaver,
little information as to the 1long térm reliability of these devices
especially as related to space applicatiouns.

The work herein provides a discussion of CCD principles and an_

evaluation of the construction and reliability of the Reticon R5101 and
; ,m-th«e Fl!.l‘chz.ld CCD321A-2.

'Thxa report will show that Lheue two CCD technologies are relxable and

that they have stable parameter characteristica with long term

.;upawntxon. An initial acreenxng program is required to obtain reliable
;7 devices with the desired operating characteristics.
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I1. Program Definition

This program was performed to obtnxu xelxab;lity information on two CCD
* technologies. The two technologi¢s were compared to determine if either

had an inherent advantage for long term space applications. These two

techriologies were investigated by gcelecting one part type from each

group and performing construction analysis, environmental stress, and

high temperature life testing.

: A. Test
| | 1.
S 2,
3.

6.

7.

B. Tast

1.

ObJeccivel
Assess the design strengths and weaknesses.
Determine the mozu likely failure modes.

Develop electrical measurements which can be used to evaluate
the operating performance of the devices.

Develop optimized burn-in circuits.

Identify changes to upgrade the reliability of CCDs for use in
space applications.

Make  recommendations relative to  selecting,  testing,
screening, and applying CCDs. '

Documént deéign, test, and procurement require¢ments and
provide application and derating guidelines of the use of CCDs.

Investigate the high temperature degradation of charge
transfer efficiency reported to be caused by hot electron
injection.,

Methods
Construction Analysis
Two units of sach type were analyzed to gain a better

understanding of the physical construction so that electrical
characteristics could better be understood, failure isolation

would be facilitated, and reliability problems could be

identified. The following sequence of tests was run:

a. Pin-to-pin electrical characterization for reference

during failure analysis.
b, C-V plots
¢. Residual gas analysis
d. Microsection one unit of‘each type

e. Sequentially strip one unit of each type and examine the
individual layers.
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2.

»ecurical Characterization

Electrical measurements woré performed numerous times during
the course of this testing. Initial characterization was
performed at =259c, +259c, and +55 c.  This included
measurements of device current, input gate leakage, voltage
offset, voltage gain, noise, bandwidth, an transfer
efficiency, Full electrical measurement wad alsdo performed
following the environmental screen tests and following the
4,060 hour life test. Interim electrical measurements, which
doés not include noise, bandwidth, and transfer efficiency,
were made at specified intervals during this study.

A description of the electrical teats follows:

a. Device Power - This is a measure of the current(s) which
flow into the parts. For the R5101 this is the current
supplied to the clock generator/drivers and that supplied
to the output circuitry. For the CCD321A-2 this current
is for the output amplifier only. Layer-to-layer shorts
or threshold voltage shifts will be indicated if this
current level changes.

b. Input Gate Leakage - All of the input gates are checked
for current leakage to ground., Due to the number of
gates included for a CCD this is a prominent failure
mode. This measurement will detect leakage paths in the
thermal oxide separating the polysilicon gates from the
substrate, leakage paths in the input protection network,
and leakage paths between a portion of the overlapping
polysilicon layers.

c. Voltage Offset - This measurement is the output amplifier
voltage level with no charge being introduced into the
channel. The charge which does reach the output
amplifier is the thermally generated minority charge.
This doubles for every 8 to 10°C temperature increase.
An excessive change in this level with operating life
could impair the dynamic range of the output signals An
increase in this thermally generated signal could also
result in a decrease in the minimum operating frequency.

d.  Voltage Gain - This parameter is measured by recording
the change in output voltage level for a known change in
the input voltage level. The gain is a function of the
input circuit sensitivity, the transfer efficiency and
the output amplifier gain.

e. Noise - There are many sources of noise in a GCD. There
can be input circuit (K.T[Cm') charging noise, reset
circuit (KT/Coyr) charging noise, output amplifier
noise and surface and bulk state trapping noise along the
shift register. The RMS voltage level of the output for
a fixed input level provides this noise measurement.
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3.

4,

f. Bandwidth - The bandwidth is weasured by npplying a sine
wave to the input and measuring the 3 db point on the
sampled output. The clock frequency used is as specificd
in the data sheets. The bandwidth test is both a measure
of the upper clocking frequency and the input and dutput
circuit paramcters.

g+ Transfer Efficiency = This is one e¢f the fundamental
parameters for CCDs since it is a weasure of several
procennxns and material effects. This test is perfornad
by injecting a logic one during one clock intervel and
oblervxng the output after it has been shifted through
the register. A very accurate determination of the
inefficiency cen be made by measuring the increase in the
next successive analog output and dividing by the number
of stages in the shift register.

Environmental Screening Tests

Prior to the 4,000 hour life test the parts were screened via
tests selected from MIL-STD-883, Method 5004, Class B. The
160 hour burn=in temperature was lowered to +55°¢ gince the
effects of high temperature on these CCDs was not known. The
tests performed are as listed below:

a. Stagxlxzatxon bake, Method 1008, Condition C, 24 houvs at
150°¢C.

b. Temperature cycling, Method 1010, -65% to +150%.

c. Constant acceleration, Method 200!, 30,000 G, Yl
orientation only.

d. Seal Test - Fine per Method 1014, Condition A, Gross per
Method 1014 Condition C.

€. Burn-in, Method 1015, 160 hours at 55%.

f. External visual, Method 2009.

Following the seal test, interim electricals were performed,
and following the burn-in test full electricals were performed.

Thermal Step Stress

To determine the temperature to be utilized for the 4,000 hour
life test a thermal step stress program was performed. This
test was designed to determine the temperature at which
catastrophic failure occurs and then to operate the circuits
below that psint, the sequence for this test is as follows:

a. Operate four circuits for 16 hours at +65°C. Monitor the
outputs for functionality and record the power supply
current at the start and end of test.
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5.

6.

b, Perform interim electrical tests at +25°c.

¢+ Increase the opeut:ing temperature in 109 increments
until malfunction or permancnt parameter «hitt occurs,

From the data obtained, two temperatures were selected
and the life test started.

High Temperature Life Test

The parts were divided into two groups and the life test r,un.‘

Two devices had béen held out from the beginning as control

devices. The supply voltages and each of the device outputs

were monitored on a duly basis.

Interim electncal ‘measurements were tnken at 4, 8, 16, 32,
64, 128, 256, 500, 1,000 and 2,000 hours cumulative.
Following 4,000 hours full electrical testing was pezformed.
Failures ‘Wejre removed as they 8ccurred and analyzed. The
Reticon devices were rug at 170°C_and 185°C. The Fairchild
devices were run at 1507C and 200 c The Ret:icon life test

Temperature Cycla

Sxx devices were subjected to 1,000 temperature cycles from
150% to -6506 er MIL=STD=883, Method 1010, Two devices were
taken from (_nch of the lifs test groups and two devices had
not been through the 4,000 hour 1life test. Interim
electricals were taken at 20, 50 250, 500, and 1,000 cycles.

Overvoltage Tests

Mumerous pin combinations were stressed to breakdown to
determine the weaknesses on the chip. Following breakdown,
the test was repeated to determine whether a gate oxide failed
or the input diode had gone into breakdown. The outputs were
each shorted to ground to simulate output short circuit
conditions. After failure had been induced, the devices were
examined to analyze the failure sites,

Failure Analysis

All units which failed during the testing were reviewed for
failure analysis. These were grouped by failure mode and
typical samples of each type analyzed.

The analyses performed were of sufficient detail to determine
the failure mode, failure mechanism, probable cause, and the
relatwnahxp between the failure and the conditions at the
time of fa;lure.

B R A A SN MPI o o, i s e A

P




9.

Data Analysis

The data taken during this testing was stored on cassztte tape
and also on computer printout. Anaiysais was made during the
testing to determine any trends in the parimetric changes.
Following the 1life tests end=tn-~epd  Gvaluations were
performed. Further data analysis was performed as indicated
by the above.
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Introduction to CChs

A

CCD Principles

The invention of the charge=-coupled device was announced by Bell
Laboratoriuy in March of 1970, There has baen a significant awount
of research on this unique device in the past ten years.

The CCD shift register is basically an array of closely spaced MOS
capacitors. The voltage on these capacitors, or electrodes,
produces an inversion layer within the silicon which is capable of
holding charge. By changing the voltage levels applied to these
electrodes in a systematic manner, the charge can be transported
along the GCD.

There arc many practical ways to construct a device so that it will
transfer a charge packet frowi input to output. These devices have
at times been referred to as Charge Transfer Devices (CTD's). They
include the Charge Coupled Devices (CCDs) and the Bucket Brigade
Devices (BBD's). Because of the apparent electrical superiority
and higher packing density of the CCDs these were selected for
ltUdy .

There are two basic types of CCDs. These are surface-channel
devices (SCCD) and buried-channel devices (BCCD). The difference
in physical constzuction between these two technologies is an.
additional diffusion fovr the BCCD. There is a laysr of material,
next to the surface, that is of opposite doping to the substrate.

In addition to the two different types of channels utilized in CCDs
there are many variations in the clocking modes utilizod, There
are two-phase, three-phase, and four-phase clocking schemes. There
are also several types of electrodes utilized including single
level aluminum, single level doped polysilicon, aluminum and
polysilicon gates, two levels of polysilicon, end three levels of
polysilicon. Some of these variations will be discussed in this
section,

Surface Channel CCD

The surface chanpel device is illustrated in the cross-section in
Figure III-1A. The energy band diagram with a positive bias
applied to the gate is shown in Figure III-lb, and with charge
present in Figure III~lc. It is evident that the charge resides at
the 8i-Si0, interface. This is the origin of the term surface
channel. When the c¢lock pulses the electrode the silicon beneath
this area is driven into deep-depletion. Charge can be stored in
this region for a time much shorter than the thermal relaxation
time of the capacitors. The CCD is therefore a dynamic device.
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Figure III-1 Surface Channel CCD:
a) Cross Section
b) Energy Band Diagram with Positive Gate Bias
¢) Energy Band Diagram with Charge Present
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c.

A three-phase clocking scheme is shown in Figure III-2. This
diagram has every third electrode connected to the same clock. ’I'he
charge resides bencath the electrode that is at a positive
potential. At time Tl the charge resides bencath the 4§l
electrode. At time T2 the charge is being transferred to the area
beneath the f2 electrode. e #1 clock is going low and the @2
clock is high. At time T3 t:he _charge is being transferred to the
area beneath the #3 electrode.

This process continues and ‘t:he charge is transferred along the
shift register. A very similar clocking method can be used for a
four-phase system. This system has one additional clock which is
connected to every fourth electrode.

A two-phase system requires an additional element to produce
directionality for the charge transport. The connections for a two
phase system are shown in Figure III-3. Two adjacent gates are
connected to the same potential, however, a different well
potential is produced beneath them. This can occur due to a
difference in the thickness of the insulator beneath the adjacent
electrodes or due to a difference in the work function of the
electrodes. Ilon~-implanted barriers along the channel have also
been utilized on two-phase CCDs. In Figure III-3 the difference in
the depth of the wells is diue to a work function difference between
the cross-hatched gates and the gates with diagonal 1lines. The
clock signals are as shown. With @2 high the charge w111 reside
beneath these electrodes. When @l goes high and g2 goes low the
charge will be transferred to the right. A variation on the two
phase clocking is to leave one voltage fixed at an intermediate
level and clock the second as previously shown. This will allow
the charge to move along the channel and will be discussed in more
detail for the CCD321A-2. ‘

Buried Channel CCD

The physics of operation;ofja BCCD are somewhat more complicated

than that of an SCCD: The operation of a surface-channel CCD is

closely related to the characteristics on an MOS capacxtor in deep--

depletion. The operation of a buried-channel CCD is related to the
characteristics of a depletion-mode MOS capacitor in punch-through
state. In this situation the gate is over an n-type material which
has been reverse biased with respect to the substrate. The
punch-through condition occurs when the depletion region created by
the reverse biased p-n junction merges with that beneath the gate.

An energy band diagram for a BCCD is shown in Figure III-4.
Figure III-4a shows the cross-section. Figure III-4b shows the
energy band diagram with a positive gate bias. Figure III-4c shows
the band bending which occurs when charge is stored. The area
shown by XCH is the area where charge resides. As is visible,
the chatge is removed from the Si-Si0» interface and 1losces due to
interaction with the surface are eliminated. If an excessive

amount of charge is stored, Xgy will reach the surface and losses
will occur.
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?1guro {IT-4 Buried Chamnel CCD:
a) Cross Section
b) Energy Band Diagram with Positive Gate Bias
¢) Energy Band Diagram with Charge Present
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A cross-section of a BCCD is shown in Figure IYI-5. The input and
output diodes are reverse biased to deplete the n-layer. The gates
again are coded as in Figure III-3, with the cross-hatched gates
having the lower flatband voltage. At time tl the high voltage on
#l will produce a large area in which charge can reside beneath
it, The low volt:age on #2 will pxnch-off the channel beneath it.
The equipotential field lines within the n-layer will appear
approximately as shown by the dotted lines in Figure III-5. The
charge will move down the channel in a manner that has been
compared to tha peristaltic process of moving something down an
enclosed canal in wavelike constrictions. .

Comparison of Surface and Buried Channel CCDs

The transfer efficiency of the BCCD is higher than the SCCL\. This
is related to strong fringing fields and also to an improvement in
mobility due to charge transfer within the bulk rather than at the
surface. Charge transfer mechanisms include drift due to
self-induced fields, fringing Eield‘a, and thermal diffusion. The
fnngmg field magnitude is very difficult to calculat:e, however,
it increases for thicker oxides, greater clock swings and smaller
electrode lengths. The channel on the BCCD is separated from the
gate electrode by a greater distance due to the fact that it is
buried bepeath the surface. This creates the higher fringing
fields. The fringing field is a very important factor for the
transfer of the last IZ of charge between adjacent electrodes. The
self-induced fields are more mporcant for the majority of the
charge transfer.

The operating fréquency of the BCCD is also higher. This is again
related to the fringing fields and bulk mobility. 100 MHz clock
frequencies are possible with the BCCD.

The BCCD has smaller charge handling capabilities than the S$CCD.
This is on the order of one third. The BCCD can however transport
a smaller charge packet so its dynamic range may be wider.

The BCCD can have a higher dark current because of large thermal
generation by the empty surface states. This can limit the
operating temperature range.

By eliminating the interactions of the signal charge with the
surface states the noise in the buried channel device is very low.

Applications

There are three categories of applications for CCDs. These are

Image Sensors, Digital Memories and Analog Signal Processors.

15
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The Image Sensors take a variation in the light intensity which
reaches the gensor elements, transfers this through a shift
register, and produces an electrical output which provides spatial
resolution of the image on the sensors (e.g., TV camera). These
chips are constructed as either a long single line of sensors or as
an area array.

The CCD is used in Digital Memory applications as a dymanic serial
type memory. They require periodic refresh because of the physics
of their operation and they are basically shift register in nature
which makes them serial rather than random access. They find
applications in such things as cache memory and bulk storage. They
are high density devices with low power consumption.

The area of interest for this study are the CCDs used as analog
shift registers. These shift registers are of various lengths and
can be operated over a range of frequencies. Applications in video
systems include time base correction, comb filtering and
signal-to-noise enhancing. Audio applications include variable
delay of &sudio signals, reverbration affects in stereo equipment,
and voice scrambling.
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Reticon R5101

A.

Physical Construction

The R5101 is & surface channel CCD. The following section will
discuss its' construction. This will include physical dimensions
and type of package, residual gas-analysis, circuit schematics,
microsections, and examination of the individual 1layers.
Reliability considerations relative to these areas will be
discussed.

1. Package

The R5101 is in a 22 pin ceramic dual-in~line package (Figure
IV-1). This is a multilayer side braze construction with a
braze sealed metal lid. Pin ! is marked by a dot on the top
of the ceramic. The metal 1lid on this package type is
normally electrically connected to Pin 1, however, this was

mechanically opened by the manufacturer on this part type. -

There are 11 leads on each side of this package at 0.1 inch
spacings. The package width is 0.4 inches. The serial number

was placed on the package to keep device identity during the

course of the testing.

2. Residual Gas Analysis

The long-term reliability of a device is affected by the
internal package ambient. This ambient was measured using a
CEC Mass Spectrometer Model Number 21-614 with a specially
dengned inlet system, This inlet system was designed to
optimize the detection of the moisture within the devices
being tested. The volume of the puncture tool and inlet line
are kept to a minimum so that packages with small internal
volumes can be analyzed. The Reticon package had a volume of
O.lcc and created a pressure rise of 500 microns within the
puncture tool. This is an adequate quantity of gas to perform
an analysis. The puncture tool with the device in place is
heated to approximately 110°¢ and kept at this temperature for
a minimum of 16 hours. The inlet line from there to the
analyzer is kept at an elevated temperature slightly higher
than that of the puncture tool. The gold leak immediately
before tha analyzer is at a vacuum level of 10-6 Torr durmg
‘this bakeout. This high temperature bake releases moisture
trapped in the inlet as well as preparing the samples for
analysis. .

Following the 16 hour bake a background run is performed and
recorded. This is used to substract the background gases from
the package gases following the package RGA run. The puncture
tool area is isolated and the pressure inside that chamber is
monitored while a hole is made in the device 1lid with a
puncture tool. When a pressure rise is indicated the device

19
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Figure IV=-1

ONE INCH

Overall View of Reticon R5101 Package; X4,
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has been punctured and the analysis can begin. A portion of
the gas is released into the inlet system to obtain
approximately a 100 micron pressure rise. The RGA is then
performed and recorded. The table below 1lists the gases
detected and their mole percentages.

“GAS 8/N35 S/N 0l
Nitrogen N, 99,12 99.03
Oxygen 0, .16 .50
Water “20 : <.01 <.01
Carbon Dioxide \:02 .54 .34
Methane CH“ <,01 02
Argon Ar .16 .09

This is an acceptable gas ambient and does not represent a
reliability concern for this device.

3. Capacitance Versus Voltage Plots

C-V Furves taken on an MOS structure cap provide information
on the presence of mobile ionic contamination within the
thermal oxide. This characteristic was measured on two R5101
devices. It was measured on Vyg and Vgog on serial number
4 and on Vog on serial number 3. These measurements
required mechanical isolation and probing of the die surfaces
Vic was accidentally damaged on S/N 3 and could not be
measured.

The input protect circuitry on the pins made it necessary to
isolate it from the gate area to obtain capacitance
measurements for both.a positive and negative gate bias. The
procedure used for these circuits was to bias the part to 15
volts with the gate of interest positive witn respect to the
substrate., This was then placed in an oven for 10 minutes at
300°c. The bias was maintained on the device after removal
from the oven until the part was cooled down. This will tend
to drive the positive ions away from the postively biased gate
toward the Si-Si0; interface. These ions will then exert a
larger influence on the¢ semiconductor and cause a shift in the
C-V curve. Since these are positive ions, the C-V curve will
shift toward a more negative gate potential. The voltage
level on the gate that is necessary to overcome the charge in
the oxide is the flatband voltage (Vpg), This voltage is
equal to: ‘

- - Qss
Vgp = ¥ms - G5
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# ms = Work function diffqrence bctwecn the gate and the
silicon. _

Qss = Pixe& surface - utacezcharge%deﬁsity per unit area.

Co = Oxide capacitance per unit area.

For a given gate, # ms and C, will stay constant so that a

change in the flatband voltage level will be equal to:

o OQss
AVep * ACo

A change in Qss then indicates a movement of charge to the

8i05-8i interface. This charge will be termed Qo, the
mobile ion impurity concentration per unit area. Therefore:

-39—‘
AVep " To

For a given gate oxide thickness this can be converted to Qo/q.

) - Qo
A Vs ™ co

Qo = A'Vgy Co
Qo 4 VrB co
q

Ko ¢o

where Co = Xo

and Ko = dielecbric constant of 510, = 3.9
€o = permittivity of free space = 8,86 x 10"14 F/CM

Xo = oxide thickness

q = magnitude of electronic charge = 1,6 x 10'19
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Hﬁtb the moblie ions now residing at the 8i-Si0y interface,
the part was mechanically opened and the aluminum
metallization between the gates and the input protect circuit
was scribed open. The measurements were then taken between
Vic and rhe channel input diode and between Vog and the
common n+ diffusion’ of 2, Q4 and 05 gate. These
measurements were taken using the mechanicul probing station
and are recorded in Table IV=l: These readings are taken with
the DC bias as shown in the Figure., A 50 mV AC signal at 1
MHz is superimposed on this DC bias. The capacitance readings
and the normalized readings are given in this table. The
parts were then baked at 300°C for 10 minutes to redistribute
the mobile chuige and the parts were rémeasured, These are
again listed in Table IV=I. The plots of thes2 normalized
values are given in Figure IV=-2. The dots are the readings
following bias and the X's are the readings following anneal.
There is no apparent shift between these curves indicating a
clean oxide process.

Schematic

The R5101 is a 2000-samplg analog delay 1line. It is on a
single chip with a  self-contained four-phase ¢lock
generator~driver and ipput and output cirecuitry. A functional
schematic from the Reticon data sheet is redrawn in Figure
IV-3. This shows the two MOS devices associated with the
input signal, a representation of the channel which is
overlapped by gates that are tied back to the clock and driver
circuitry and it shows the single channel splitting into twe
separate channels feeding into the output circuitry. The
sections will be covered in detail and their physical location
and structure discussed. An overall die photograph is shown
in Figure IV-4. The clock circuitry along the bottom edge
generates the four phases used on this device. The input
circuitry is in the lower right hand corner at the start of
the channel. The channel winds back and forth until it
reaches the output circuitry in the upper left hand corner.

a. Clock Circuitry - The clock circuitry is shown in Figure
IV=5. This shows the ¢lock generator and the four driver
circuits. The sync and clock inputs are labeled. These
clocks go through an input protect circuit and then to
the clock generator. Figure 1V=-6 shows a higher
magnification photograph of the clock generator
circuitry., The individual transistors are labeled. The
schematic for this is sh®wn in Figure 1IV-7, the logic
diagram in Figure IV-8, and the timing diagram is shown
in Figure IV-9. All of the transistors on this device
are n~channel enhancement mode silicon gate field effect

transistors.
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TABLE IV-1la C=V PLOT DATA, Vou, S/N 3, R510]
|15 v for 10 min. at 300 Annealed F
DC Blas k — , -
! Capacitance | Normalized | Capacitance | Normalized |
. (0401 pf) o (0,01 pf) _ wJ
-3 - 677 19.7 670
-2 22k 709 20,6 701
=0.5 25,6 810 23,9 813
(=0.1 27.2 . 861 5.2 .857
0 28,3 896 6.4 . 898
- 005 3905 093’4’ .?02 n925
1 1.6 1.0 9.4 1,0
1. b 99k 9.4 1,0
- 1.2 987 8.2 960
? ~ 29.8 s943 27,6 +939
b 29,4 «930 6.8 .912
5 28.8 911 5.8 . 878
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Figure IV=2b Vog? S/N 4; R5101
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This circuit takes the TTL clock and produces four
signals which go to the clock driver circuitry. These
signals ars labeled A, B, C, and D and ar. shown in the
timing diagram and also in the block diagram in Figure
IV=10. They are at half the frejuency of the TTL clock.
The clock driver circuitry is shown in the photographs in
Figure IV-ll and IV-12, The schematic is shown in Figure
IV=13., The signal from the clock generator that goes to
the phase input labeled 2 is equal in phase to the output
clock signal. Therefore #1 equals C, P2 equals A, #3
equals D, and P4 equals B, @l and #3 each have an extra
transistor pair which provides a clock for the output
amplifier (Figure IV-14).

The clock circuits on one chip can be synchronized to
those on other CCDs by the sync input. This input forces
C low when it goes high and due to the feedback in the
clock generator circuitry the other clocks follow C. The
timing for this sync pulse can be obtained from the #3
output available on Pin 19.

Input Circuit =~ The purpose of the input circuit is to
introduce charge into the CCD channel. The amount of
charge introduced is dependent wupon the difference
between Vyo and Vy. Vyg is the input bias gate
voltage and is kept at a ‘iixod potential, typically 2
volts. Vi is the analog signal input and this will
vary from about 3 to 6 volts. The largest signal being
introduced when Vy is at 6 wvolts, A schematic
representation of this input is shown in Figure IV-15.
This consists of a diode with the cathode connected to
the P2 clock and the anode connected to substrate. This
is the source for electrons to be introduced into the
channel. The transistors shown are only gates over the
channel as indicated in Figure IV-16 and the photograph
in Figure IV-17. These gates overlap as indicated. In
tlie schematic the gates which are solid lines are the
bottom layer polysilicon and the dashed lines are the top
layer polysilicon. The gates connected to Vppe, Vp,
P3 and f1 are the bottom nolysilicon layer (polyls and
Vig, Pl, and P4 are the top polysilicon layer (poly2).
The vertical row of transistors shown in the schematic,
Figure IV-~15, are the input section while the horizontal
row of transietors represent the shift register. From
Figure IV-16 it is evident that there is little physical
difference between these structures.

The input structure functions as indicated in Figure
IV-16. At time Tl with f2 1low, electrons fill the
potential wells created beneath the Vppe, Vig and
Vi gates. At the end of this injection period, the
surface potentials under these three gates will be the
same as the input diode voltage. At time T2, P2 goes
high creating a depletion region and electrons are not
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Figure IV=15 Schematic, Input Section, R5101
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available to the CCD array. The data is therefore
sampled on the f2 rising edge. Since #2 is now at a high
potential a deeper well is formed under this electrode
and the electrons which were under Vi yill move to the
area under f2. At time T3, #3 goes high and the charge
spreads out under the 2 and #3 electrodes. At time T4,
#4 goes high and #2 goes low. During this transition the
charge is transferred from under the #2 and #3 electrodes
to the area under the f3 and P4 electrodes. This process
continues until the charge is completely transferred
through the channel to the output section. Also
occurring at time T4 is the sampling of another signal.
The potential well under V; js shallower in this case
indicating a lower voltage on the gate.

Shift Register = The structure of the gates over the
shift register was shown in the input circut section.
The #1, #2, #3, and P4 gates alternate the entire length
of the channel with the exception of the corners. At
each corner there is a floating n+ diffusion. At the
input end of the diffusion is the P4 electrode, and at
the output end is a poly2 electrode (Figure IV-18). This
poly2 gate is connected to a dc bias of 3 volts and is
called Veg, or corner bias. A charge packet will
therefore reach the n+ diffusion when B4 goes high. When
#4 goes 1low, this charge will flow through the n+
diffusion to the area beneath Vog and the adjacent
electrode fl. The corner bias aids in the transfer
efficiency at each corner. It is at a high enough
potential to aid in the charge <collection without
retaining charge which should be transferred when @1 goes
high. The charge will then contirue down the channel in
the standard manner. A typical corner is shown in Figure
IV-19. There are 17 separate columns to the channel with
16 corners. At the end of the channel two separate
channels form and go to the output amplifier.

Output Amplifier = The output amplifier 1is shown
schematically in Figure IV-20a and in the photograph in
Figure Iv=-21. The timing diagram  showing the
relationship between the clocks and the output level is
shown in Figure IV-20b., In the discussion of the input
circuitry it was observed that the signal was sampled
when @2 was low and that the level was fixed at the time
of the @2 rising edge. This signal is then transferred
through the channel to the output amplifier. When the
channel splits half of the charge will go to each side at
the time Pl goes high. The charge is then transferred
along these -~.parate channels. At time Tl when @3 goes
high, an ¢qual quantity of charge will more under the two
gates labeled A and B. At this same time, with #3 high,
transistor Q4 will charge the gate capacitance of Q6.
Since these are n-channel devices, the addition of the
negative charge packet to the gate at time T2 will
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decrease the conduction of Qf. This results in the

output voltage being lowered an amount proportional to
' the charge packet, The identical size charge packet

which was at B at time Tl will be in the potential well

under P4 and Pl at time T2. The even output, V02, will

be at its high reset value at this time. At time T3, V02
| will be at a level equal to that of VOl at time T2. The

shape of the output waveform is a sampled sinusoid in
’ this Figure.

' A cross-section of a portion of the odd output is shown
) in Figure 1IV-22, This shows thu clock electrodes over
the channel, followed by the O0G electrode which
transports the signal into the n+ diffusion. This
diffusion is the common point between transistors Q2, Q4,
i and Q6 gate. The f3 clock applies the Vppy potential
to this common diffusion. As can be seen from the
i cross-section and schematic, the transistors indicated in
the channel and the O0G <(ransistor are only gate
. electrodes over a p-type material. The other four
transistors in the output, Q3, Q4, Q5, and Q6 are
l standard silicon gate n~channel FET's.

e. Input Protect Circuit - Each of the inputs on this device

which go to a gate has an input protect network. This is
b shown in the photograph in Figure IV-23 and schematically
in Figure 1IV-24, The circuit consists of a diffused
resistor which serves a combination of functions. It is
an n-diffusion in a p substrate so it is a diode to
ground, it is a resistive component to the signal that
goes to the gates, and it is the drain diffusion for the
FET shown. The FET has its source and gate tied together
and these go to signal ground. A negative signal on the
input would be connected to the substrate via the forward
] biased diode and also to signal ground when the FET
conducts.

5. Scanning Electron Microscope Examination

A Cambridge S-180 SEM was used to examine the various layers
on this device. The ntegrity of the metallization and the
polysilicon layers were judged utilizing MIL-STD-883B Method
2018 as the criteria.

The passivation layer was examined and is shown in Figure
IV-24, There was no evidence of cracking, peeling, or voiding
which would degrade the effectiveness of this layer. A
measurement of the passivation thickness was made at the edge
of an opening for a contact window. This was found to be
approximately 2 microns thick.
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Figure IV-24 SEM Micrograph, Passivatfon, R5101; X830
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Hydrofluoric acid fumes were used to remove the passivation to
allow examination of the metallization and polysilicon
layers. This etching process does not attack the
metallization nor did it appear to attack the polysilicon. It
did attack the oxide layer beneath the metallization and
therefore gave it the appearance of being lifted or separated
on the edge.

Examination of the metallization included the areas related to
the clock circuitry, input circuitry, channel, output
circuitry, and the input lines. All four directional edges
were examined. An example of the general metallization
appearance in the clock circuitry is shown in Figure 1V-25.
The metallization thickness was approximately | micron. This
photo inc ludes contact windows, step coverage over
polysilicon, and step coverage over changes in the thermal
oxide topography. There are no reliability problems evident
in this SEM micrograph. Two more examples of the
metallization coverage in the clock circuitry are shown in
Figures IV-26 and 1IV-27, These are a combination of contact
window and step coverage. There appears to be a relationship
between the direction of the step and the step coverage.
Figure 1IV-26 has very good coverage and Figure IV-27 has a
small crack or etch appearance along the edge of the bottom
step. The coverage on both is acceptable. The directional
effect showed up again in the channel metallization. Figure
IV-28 is the general metallization appearance and Figure IV-29
is the worst case contact window seen. The metallization step
over the polysilicon in this direction was found to have a
more noticable c¢rack along the edge. Referring to Figure
IV=-28 there are three metallization stripes which contact
polysilicon. The center stripe contacts the lower level
polysilicon (polyl) and the two outside stripes contact
poly2. If the contact windows on the poly2 had been shifted
slightly the contacts could have been made in an area without
a step. Thie would have alleviated the condition seen in
Figure 1V-29, There were no step coverage problems seen which
could be considered rejectable. The aluminum metallization
was then removed with commercially available Transene Aluminum
Etchant. The polysilicon layers on all areas of the chip were
then examined and documented.

Figure IV-30 shows the appearance of the general polysilicon
coverage. The large polysilicon stripe with the contact
windows on the left hand side of the picture is a poly2
layer. This is the layer which is connected to the P2 clock.
The step which occurs in approximately the center of the
photograph going from the top to the bottom is the edge of the
channel, with the channel being on the right. Starting at the
contact window on the polysilicon in the middle of the picture
the #2 clock can be fsilowed over to the channel region.
Proceeding downward the next clock is the #3 clock (polyl).
This comes from the left hand side of the picture and
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corresponds to the center metallization stripe seen in Figure
IV=28., The next polysilicon layer comes from the right hand
side of the photograph and is the P4 clock (poly2). The last
one in the series before they repeat is the #] clock (polyl).

Higher magnification documentation of the polysilicon layers
shown in the SEM micrographs in Figures IV-3l thru 1IV-34,
Figure 1V-31 is a photograph taken at 90 to Figure IV-30 with
an increased tilt angle. At the bottom of the picture is the
P3 clock line which is then traversed by the P2 clock line and
the P4 clock line is in the upper right hand corner. Note the
extreme ly good step coverage of the P2 line over the §3 line.
Figure IV-32 is of the P4 clock line at the edge of the
channel. This is a poly2 layer and it shows very good step
coverage over both the thermal oxide step and the polyl
layer. Figure IV-33 sghows several polysilicon steps as well
as the thicknesses of the layers involved. The top layer of
polysilicon (poly2) is approximately 0.4 microns thick. This
is separated from the bottom polysilicon layer Dby
approximately 0.5 microns of dielectric. The polyl layer is
approximately the same thickness as the poly2 layer. Again
note the extremely good step coverage and uniform film
thickness of the poly2 layer. Figure IV-34 is an example of a
polyl layer in the clock circuitry where a contact to the
aluminum metallization had been made. Note the uniformity of
the film thickness over the thermal oxide step.

During the SEM examination of the conducting layers on this
device there were no layers seen which were unacceptable.

Diffusions and Polysilicon Conductors

This section will discuss the diffusions used on this chip and
will show these diffusions and the polysilicon conductors in
cross-section.

There are five areas on the chip that are produced by an n+
diffusion. These are the clock circuitry, the input diode,
the corner diffusion, the output amplifier, and the input
protect circuit. The top view of these areas with all of the
conductor layers chemically removed and the diffusion stained
is shown in Figures I1V-35 thru IV-39, Figure IV-35 shows a
portion of the output on the clock circuitry. These are
alternating source and drain diffusions for the clock driver
transistors. Figure IV-36 shows the input diode. This diode
is connected to f2 and provides the source of charge for the
channel. Figure IV-37 shows the corner diffusion. This will
transport the charge from one column to the next. Figure
IV-38 shows the output amplifier diffusions. These are
identical for the two separate channels. Figure IV-39 shows

an input protect circuit. The contact windows on either end
of the long diffusion are the input and output for the protect
resistor. The smaller diffusion with the 5 contact windows

goes to ground.
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Figure IV=32 SEM Micrograph, Polysilicon Step Coverage, R5101; X10,000

. Polysilicon Step Coverage, R5101; X12,000

Figure 1IV=-33 SEM Mic




Figure IV-34 SEM Micrograph, Polysilicon Step Coverage, R5101; X6000
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Figure IV=35 Clock Circuitry Diffusions, R5101

Figure IV=36 Input Diode Diffusions, R5101
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Figure IV-=39 Input Protect Diffusions, R5101
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The n+ diffusion is shown in cross-section in the photographs
in Figures IV-40 thru IV-42. Figures IV-40 and IV-4]1 are on
the same die and are areas of the clock circuitry. Figure
IV=40 shows three diffused areas with polysilicon gates and
one metallization contact point. The diffusions are
approximately 5 microns thick., Figure IV-41 shows another
section in the clock circuitry. The two polysilicon
conductors on the right are transistor gates and the two
polysilicon conductors on the left are separated by additional
thermal oxide from the silicon and are not used as transistor
gates at this point. Figure IV-42 is on a different die than
Figures IV-40 and IV-4l. This shows a diffusion on a corner.
This has a different appearance due to a difference in the
angle of the microsection and the length of the etch. Lateral
confinement of the siift register channel is provided by a p+
diffusion. This could not be identified in the cross-section
analysis, however, the Reticon personnel supplied the
following information. The active areas are surrounded by a
pt diffusion with a surface concentration of about

3 x 1016/cm3,  This is approximately 3 microns wide and 1
micron dcep. The p substrate is approximately 2 «x

1015 /em3,

Figure IV-43 shows the overlapping structure of the
polysilicon in the channel region. This section is taken
almost parallel to the channel region. The right hand side of
the photograph where the polysilicon is close to the silicon
is the shift register channel. The left hand side is between
channels.

62




e — N

Lross Section, R5101: X120

tion, R5101; X1200




X1000

101;

ey




Electrical Characterization - General

The manufacturer's data sheet is included in the appendix. The
Reticon R5101 devices were obtained directly from the Reticon
Corporation in Sunnyvale, California. The first order of parts
arrived in non-hermetic epoxy packages. These were rveturned to
Reticon and were replaced with ceramic dual-in-line packages.

Operating Parameters

Upon receipt the R5101 circuits were electrically
characterized to determine their operating range. They were
operated in the test tool shown in Figure IV-44., This tool
was designed specifically to operate the R5101 and perform the
electrical tests to be described in this section. The
voltages and signals required to operate this circuit are
shown in Figure IV-44 and in the table from the data sheet,
Table 1IV-2,

In Table IV-2 the first function is the clock voltage. This
clock voltage is a square wave in Figure IV-44 with an
amplitude of 5.4 volts and a frequency of 125 KHz. This
voltage level is non-critical and can range from 5 volts up to
Vop. This clock controls the operating frequency of the
device. It is used to drive the four~phase clock and driver
section on the chip. The relationship of the timing on Cp and
the internal clocks was shown in Figure IV-9, The delay time
between the edge of the Cp input and the corresponding rise or
fall of the clock signal is specified in the data sheet as
typically 100 nanoseconds.

The sync pulse voltage is the next function in Table IV-2, In
the test tool the sync input, pin 22 in connected to ground,
This input allows several R5101 circuits to be operated with
the same relative timing between phase clocks. The timing
associated with the sync input is shown in Figure IV-9, There
should be a minimum of 100 nanoseconds betweer the time #3
goes hign and the time the sync input goes high. For
electrical test of a single circuit the sync input should be
checked for input leakage but for the remainder of the tests
it should be connected to ground.

The output bias, pin 15, is set at 3 volts in the test tool.
The bias is the gate voltage on the FET that transfers the
charge from the shift register to the output amplifier.

The corner bias, pin 10, is also set at 3 volts in the test
tool. This bias is connected to &« 2lectrode on each corner
of the shift register and allows charge to be transferred from
one row of the register to the next.
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TABLE IV-2 OPERATING SPECIFICATION, R5101

PARAMETER o

FUNCTION SYMBOL MIN. TYPICAL MAX. UNITS
Clock Voltage Vcp ] VoD Volis Peak
Sync Pulse Voitage VSYN 5 10 vbD Volts Peak
Output Bias VoG 1 3 4 Voltsde
Corner Biss Ves 1 3 4 Volts dc
Input Isoiation Bias Vic 3 Volts dc
Analog Input Biss A7 3 6 Voitsdc*
Signa! Vpp Voltage Vops 12 15 Volts d¢
Driver Vpp Volitage Vopo 12 16 Volts dc
Signal Vpp Current lpps 8 ma
Driver VppCurrent 10DO 8 ma
Reset Drain Voltage Odd VRDO 9 Volts dc
Reset Drain Voitage Even VRDE 9 Volts de
Reset Drain Current Odd IRDO 70 uamp
Reset Drain Current Even IRDE 70 uamp
Clock output 03
Signal Outputs Vo1 and Vg2 see text,
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The input isolation bias, pin 3, iu the third lead connected
to 3 volts on the test tool. This bias produces a potential
well of the correct depth to isolate the charge source on the
input from the analog signal potential well. This is
discussed in detail in the construction analysis section.

The analog input bias is applied to pin 4 on the R5101 and is
the device input signal. On the test tool this can be
switched to 5 different positions. The purpose of each
position will be discussed in the appropriate electrical
measurement section. For initial characterization of the
devices position 3 was wused and a D.C. signal from
approximately 3 to 6 volts was applied by adjusting the 1 kohm
potentiometerr The transfer characteristic for two devices is
shown in Figure IV-45. The output is close to linear over the
input range of 3.4 volts up to 5.8 volts. This information
vas used to establish the voltages levels used in the other
four input switch positions. In addition to the transfer
charactetxstxc, the output level on a number of circuits for a
fqud input level was measured. These values are illustrated

in the graph in Figure IV-46. The output voltage levels rarge

frmn 2.4 volts up to 3.6 volts with the largest number around
2.7 volts. ;

The mnext function -in Table IV=2 is the sxgnal Vpp voltage.
The typical value of 12 volts was utilized for the test tool.
This wvoltage is suppllgd to the drain of each of the two
output transistors via pin 9.

The driver V,, voltage, connected to pin 20, supplies the
power to the clock generator and to the four phase clocks that
go to the shift register. This was also set at 12 volts.

The signal Vp, current given in Table IV-2 is a typical
value of 8 mA. This value is dependent upon the output load
and the output voltage level. For the test tool with a 2 kohm
load connected to one of the two outputs at a time, a current
of 2 mA will flow when that output is not being addressed, and
} to 2 mA will flow when it is being addressed. This
corresponds to an output level of 2 to &4 volts.

The driver Vpp current is given as a typical value of 8 mA.
This value is frequency dependent and -also dependent upon the
load on @3 out (pin 19). Using the test tool this current

typically measured 13 mA.

The reset drain voltage is supplied to both the even (pin 13)
and odd (pin l4) reset drain pins. The typical value of 9
volts was utilized. This voltage is supplied to the output
transistor to reset the gate to its high level prior to the
addition of the charge to the gate from the shift register.
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The reset drain current is listed as a typical value of 70

uA. - The actual current flow is the current required ,to
recharge the output transistor gate (Figure IV-3) following

the addition of the negative charge from the channel. This
current flow is an exponentiaily decaying function related to
the output Bseries resistance, the resistance of the series FET
and the capacitance to be charged. The initial charging
current on ‘the test assuming the conditions which produce the
highest possible current is on the order of 9V/100 kohm = 90
uA. The time constant for this charging current is on the
order of one microsecond.

The clock output (pin 19) is a square wave output with a
maximum amplitude of Vpp, This signal is the same phase as
the @3 clock going to the shift register. In the test tool
this signal is utilized to provide the correct timing for the
sample and hold to accept the output level when it is valid.
In normal operation this signal can be used to generate the
timing to operate several of these circuits in synchronization.

The signal outputs on this device are pins 8 and 12. The test
tool utilizes the 2 kohm load specified in the data sheet.
The output voltage level for a given input was shown
previously in Figures IV-45 and IV-46. This output voltage
with the 2 kohm load is a square wave with the reset portion
being at approximately 4 volts and the signal portion ranging
from 2 to 4 volts. Vg5 (pin 12) has a valid output level
when #3 is low and Vo2 (pin 8) is valid when §3 out is high.

In addition to the pins listed in Table IV-2, the substrate
(pin 1), the clock ground (pin 2), and the signal ground (pin
11) are all held at ground potential.

Table IV-3 lists the electrical measurements made on the R5101
devices. The tem%eratures utilized for this testing were +2
C, -259C and +55°C. The high test temperature was selected
after characterizing the circuits for their minimum operating
frequency at a given temperature. In the test tool with the
clock input at 125 KHz the circuits would operate up to about
40 %c. To operate at 55°C a clock input of 350 KHz was
required and at 85°C, 0.5=1.0 MHz was required. The minimum
operating frequency is determined by thermal leakage effects
on the die. Since the thermal leakage doubles everyf8'-10°C,
the minimum operating frequency must also increase in a
similar manner. ‘The test tool was designed to operate with a
clock input frequency of 125 KHz for the various electrical
parameters measured. The only measurement that was_adversely
effected by the increased frequency necessary at 559 was the
noise measurement. This will be discussed in the electrical
parameter section. The initial electrical characterization
was utilized to provide in-depth information about the
electrical performance of these devices. The objective of the
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TABLE IV=3 ELECTRICAL TESTS, R5101

SEOUENCE TEMPERATURE | TEST TYPE
1) INITIAL CHARACIERIZATION 25, -25 & 55°¢  FULL
2) POST ENVIRONMENTAL SCREEN 25% INTERIM
3) POST 160 HR BURN=IN 25% o FULL
-25 & 55°% INTERIM
4) STEP STRESS 250 INTERIM
5) HIGH TEMP LIFE TEST @ 4, 25% INTERIM
8, 16, 32, 64, 128, 256,
500, 1000 & 2000 HOURS
6) POST HIGH TEMP LIFE TEST 25% FULL
7) TEMPERATURE CYCLING @ 20, 25°% INTERIM

50, 250, 500 & 1000 CYCLES

NOTE: Interim electricals = Reset Drain Current, Clock Current, Gain,

Full electricals = Interim Electricals plus = Noise, Bandwidth

Signal Current, Offset Voltage and
Input Leakage Current,

and Transfer Efficiency.
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post environmental characterization tests was to determine
delta shift information on each device. The interim
electrical tests were used to assure that the devices were
functional at the specified points in the test and also to
obtain additional parameteric data for delta shift analysis.

Electrical Parameter Measurements

b.

Device Power = Two current levels were measured for the
R5101. These were the current drawn by the clock
circuitry and the current drawn by the output

‘transistor. Both of these currents were measured on the

test tool by reading the voltage drop across a 14.7 ohm
resistor and calculating the current flow. A typical
value for the clock current reading was 0.1991 wvolts
which calculates out as 13 mA. A typical value for the
output signal current reading was: .0250 volts which
corresponds to l.7 mA. The data was taken on an HP9830
computer and stored on cassette tape. Shift in these

current levels would indicate possible threshold volt:ageqi
drift, shorting between the polysxhcon layers, or shorts
from the polysilicon up to the overlying metallization or

down to the silicon.

Input Gate Leakage -~ Input gate leakage is measured on
the test tool for the reset drain current., This is
measured across the 100K current limiting resistor as
shown. This test is utilized to indicate an increase in
the leakage current on the output transistor gate and is
not designed to measure the momentary charging currents.
A voltage mesurement of 1 volt would indicate a curreat
leakage of 10 uA, The remainder of the gates are
measured on the leakage current test tool shown in Figure
1V-47. The inputs measured were Vigy Vi, Sync, Cp,
and Vog. A constant 1l volts is apphed to each of
these inputs through a 100 kohm limiting resistor. The
voltage 1is then measured across each of these resistors
and recorded. Resolution down to .0001 volts was
utilized which provided a current sensitivity of 1
nanoamp. Another leakage current which could be measured
on this type of part with more than one polysilicon
conductive layer 1is the leakage between overlapping
layers. For CCD analog delay lines this would commonly
include gates in the input and output sections and on
devices without an on-circuit clock generator this would
include the transfer electrodes. For the R5101 the input
Vic to VI leakage should have been measiired. The
probable parametric result of this type of leakage would
be a shift in the transfer characteristic. The
significance of this type of measurement will be move
evident in the section on the CCD321A-2,
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Voltage Offset ~ This term describes the current that is
thermally generated within the bulk silicon. With no
charge input into the device the output voltage 1level
will approach that of the reset level, In the test tool
the input is taken to ground which eliminates any charge
input. As can be seen in the transfer characteristic in
Figure IV~45 the output does not change for inputs below
about 3 volts. This thermally generated current
increases with temperature and this is evident in the
electrical neasut;)ements. A girec: comparison can be made
between the =25"C and +25°C readings since they were

performed at the same operating frequency. A t:ypicsl '
C

device measured a V offset level of 4.01 volts at 25
and a level of 4.24 volts at =-259. The increased
frequency of operation at 559 produced an offset voltage
level of 3.87 volts. A more accurate measurement of the
offset level and one that would eliminate temperature
related changes in the output amplifier operating point
would require two readings for this measurement. This
would require the voltage reset level to be measured
followed by the output level with no charge being
transported. Subtracting the second from the firat would
provide the voltage level related to thermally generated
charge.

Voltage Cain - The voltage gain is performed by measuring
the output voltage level change for a known change in the
input voltage level. 1In the test tool, readings were
taken with the input switched to position 5 (5V) and then
with the input switched to position 4 (4V). The second
output level substracted from the first, divided by 1
volt is equal to the gain. A change in the gain would
indicate a shift in the input sensitivity, the transfer
efficiency, or the output amplifier gain. The input
voltage levels were selected by utilizing the
characterization data shown in Figure IV-45. The input
levels were selected within the linear portion of the
curve,

Noise Measurement = OCD noise is partially a functiin of
the magnitude of the dark current. It is also affected
by input circuit charging noise, reset circuit charging
noise, output amplifier noise, and surface and bulk state
trapping noise along the CCD shift register. Poor
process controls and poor grade material can seriously
affect the noise properties of CCDs. To take the noise
measurement on the test tool the input was put in
position 5, switch 6 was connected to U6~8, and switch 7
was connected to U8~6. The first sample and hold circuit
would acquire the output level at a valid portion of this
signal. The signal is sampled at the time when Ul5-8
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goes low with a sample time of 8 microseconds. The 5,000
pF holding capacitor provides accuracy to 0,1X in 6

microseconds on U9. The second sample and hold, UlO, is

held in the sample position starting at the same time as
U9 and remaining for 640 microseconds., With the 0,15 uF
cnpacicor this circuit will reach 0.)% accuracy in 700
us. With the higher value capacitor the drift on the
output is only 0.06 mV per second. These two sample and
hold circuits in series provide the necessary fast
a’ampling time as well as the slow output level drift to
read individual voltage levels on the R5101 outputs. In
this circuit configuration a new sample is read every 33
milliseconds while the computer accepts a sample every
250 milliseconds. To obtain an rms voltage reading, 125
samples are accepted and this value calculated.

5 125 -2
(RMS noise)” = 2, ( x, = x)
T

There were three problems associated with taking this
measurement, The first one was the system noise since
there were severdl A.C. signals in the test tool., This
could result in erroneous readings being taken by the
computer, The second problem was the change in the
ontput  voltage level as the chip heated up while
operatxns. The output: voltage level versus time is shown
in Figure IV-48, With this device in the test tool for
200 seconds the output level went from 1.7268 volts to
1.6998 volts. This in a change of 27 mV. This is one of
the larger changes seen, however, it illustrates the
problem. The third problem only affected the high
temperature re¢ading. Since the holding capacitors on the
test tool were adjusted for proper operation at a clock
frequency of 125 KHz, they were not optimized for the
higher operating frequency. ~There would also be an
increase in system noise at the higher frequency.

Bandwidth - The test tool was utilized for this test on
the R510l. The switches were connected to the bandwidth
po,sitions; as shown on the schematic. The DC voltage to
pin- 4 was set at 4.5 volts and an AC signal of 2 volts
peak to peak was applied through the capacitor to the
device. The clock pulse used was 2 MHz which is the
maximum specified in the data sheet. The procedure used
was first to measure the output peak to peak voltage
level ‘at 10 KHz to establish the device gain. The input
sine wave frequency was then increased while the output
level was monitored. When the signal had dropped off 3db
from the starting point the input signal frequency was
read and recorded. These devices typically had
bandwidths that ranged from about 140 to 180 KHz with the
exception of the circuits which were later identified to

78




..........

160

40

200

180

8C 100 120 140

60

20

1.73

1,72

SLT0A -

31,71

A

1.70

t = gec

Figure IV=48 Output Level vs Warmup Time

79

R G Ttn l e

PR SS  Sr et e

T




e e —— YT TN e AT

have shorts within the clock circuitry. These devices
had significantly lower bandwidths and often had
distorted output signals i.e., nonlinear gain or
decreased input signal range.

Transfer Efficiency ~ This is one of the fundamental
parametcors for CCDs since it is a measure of several
first and second order processing and material effects.
These are, in part:

1) Shift register gate overlap completeness;
2) Charge trapping losses;
3) Well discontinuity along the shift register;

4) Inconsistencies in the work function of the
polysilicon gate structure.

This wmeasurement is made by shifting a charge packet
through the device and measuring the output voltage (V1)
then switching to no charge being transferred through and
measuring this voltage level (V2) and finally measuring
the voltage level (V3) which occurs at the single pulse
following the change from V1,6 to V2. The transfer
efficiency is then equal to:

1 _' V2 = V3
V1 x no. of tranfers

The test tool circuitry was designed to perform these
measurements. Switches 8 and 9 control the input levels,
and the counter circuits, Ull, Ul2, and Ul3 control the
sample time for the sample and hold circuits to read the
voltage levels. The critical timing for this test is to
read the voltage level (V3) which occurs at the single
output pulse following the change from charge being
transferred through to no charge being transferred
through. In the test tool with switch 9 at ground and
switch 8 at 5 volts the input to the R5101 is 5 volts
DC, This provides the output level V1 of about 2.7
volts. To measure V2, with no charge being transferred
through, 3 volts dc is applied %20 the R5101 with both
switches 8 and 9 at 5 volts. This provides an output
level of approximately &4 volts. The V3 measurement is
taken by having switch 9 at 5 volts and switch 8 going to
U3-3. In this configuration the input to the R5101 is
switching between the 3 volt input level and the 5 volt
input level. When the input switches from 5 volts to 3
volts the counters reset and count to 2000, since this is
a 2000 stage delay line. The counter circuitry then
provides a pulse that is used to control the timing for
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the sample and hold circuit to take the correct voltage
reading. The R5101 output is shown in Figure 1IV-49,
This is 0.5 volts per vertical division and 2ms per
horizontal division, The rising edge of this output is
then expanded in Figure IV-50. The sample and hold
control pulse is also shown in Figure IV-50. The top
trace is at 5 volts per vertical division and the bottom
trace is again at 0.5 volts per vertical division. The
timing is 20 microseconds per horizontal diviaion.
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Figure IV-49 Output Voltage, 0.5 V/cm Vert,, 2 ms/cm Horiz,., R510]
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The top trace remains at 5 volts except for the wsingle
low which mput;a V3 to the umple and hold circuit. The
bottom trace is of thu circuit output. The upper level
on the square wave is the reset voltage level between
valid output times. This is about 4.2 wvolts. The
voltage level on the left hand side of the picture is V1
and the voltage level on the far right hand side of the
picture is V2; These are about 2.7 and 4.0 volts
respectively. e

The value of V3 which is read by the sample and hold is
about 2.9 volts. As can be seen in the photograph the
transfer efficiency cannot be calculated by using these
three values alone since there is additional charge being
transferred out over the next 5 or 6 pulses. This value
was used to track any changes in the transfer efficiency
during the  course of this test. This provides a
sensitive parameter for following these changes.

To calculate the actual transfer efficiency for this
device the total amount of charge has to be accounted
for. Readings of the volfage levels were ‘taken through
the transition period shown in Figure 1IV-50. These
readings are: VI = 2,69, V2 = 3,99, and in between 2.91,
3.31, 3.60, 3.84, 3,97, and 3.98. Assuming a linear
regsponse of the output amplifier with charge then the
transfer efficiency can ke calculated in the following
manner $

The inefficiency for the transfer of charge from input to
output

(3.99 = 3,98) # (3.99 = 3,97) + (3,99 = 3,84)
(3.99 = 2.69) x 2000

+ (3.99 = 3.60) + (3.99 - 3.31) + (3.99 - 2,91)

2,33 - -4 .
= T3 %2000 8.96 x 10

efficiency = 1 = inefficiency
‘= 0,999104

The mumerator in this formula is the summaticn of the
voltage differences at the output. The denominator is
the voltage difference caused by'a charge packet reaching
the output multiplied by the number of times this charge
is transferred. The efficiency calculated and recorded
during the normal testing of this device was:

3.99 -2¢9L = ‘
h- [moo] 0.999799
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This value is high for two reasons. The first is that
the additional charge on the 5 pulses nfter the 2,91 was
measured is neglected, and the second is the fact that
the 2.69 in the denominator is not proportional to the
size of the charge packet. A value of 3.99-2.69 would
have been more accurate. This would have given an
efficiency of: ‘ '

3.99 - 2,91
l- [( 799 ~2.69) x 200'0] = 999587

This is still high but is more nearly accurate. The
maximum and minimum values for transfer efficiency as
calculated during this test are:

At V3 = 3,99
Transfer eff = 1.0

At V3= 2,69
Transfer eff = .999758

Initial Electrical Characterization

The test flow is shown in Figure 1IV-51, 1Initial electrical
characterization on the R5101 devices was performed as described in
the previous section. The leakage current test found four parts
with leakage (Table IV-4). S/N 5 has the sync input shorted to
ground and this input is also leaky on S/N 25. The other two
devices have namoamp level leakage currents. ,

All fxfgy devices were electrically characterized at -25 C, +25°C,
and +55°C. A sample of the electrical readings are given in Table
IV-5. This provides the data taken on the test tool at the three
temperatures. The effect of temperature on these devices appears
to vary significantly. As an example, the offset voltage on serial
aumber 1 is the same at -2500 and +25°C and decreases by 0.15 volts
at +55°C. Serial number 3 decreases by 0.25 volts between -25 C
and +259C, and decreases by 0.42 volts between +259C, and +55 .
Other parameters also were affected to wvarying amounts by
temperature on the different parts. Delta calculations between
these initial measurements and later measurements will be discussed
in the data analysis section.
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TABLE IV-4 LEAKAGE TEST, INITIAL @ 25°G, R5101
[SERIAL NUMBER | PIN | CURRENT]

5 22 109 nA
13 | 15 92 nA
25 22 1,5uA

33 15 386 nA

3, 4
33 21, 22 2 nA
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Table 1IV-6 provides the clock current measurements at 25°¢ for each
of the devices. The serial numbers which had low bandwidth or high
leakage currents are glso indicated. All of the devices with high
clock current had low bandwidth or distorted output signals. These
devices were later analyzed and will be discussed in the failure
analysis section. The bandwidth readings for each of the fifty
devices at all three temperatures are given in Table IV-7.

Serial numbers 5 and 25 were removed from test and held for failure
analysis. These were the two devices with input leakage on pin
22, Serial numbers ! and 2 were held for control samples. These
namples are tested and recorded before each electrical test on the
remaining devices.

Environmental Screen

Forty-six devices were subjected to the environmental screening
tests of Table IV-8. These tests were selected from MIL-STD-883,

Method 5004, Class B. Internal visual was not implemented at this

point since parts will be examined for the construction analysis
and during the failure analysis.

The first screen test was high-temperature storage per Method
1008.1, Condition C. This is an storage temperature of 150°C for
24 hours in a nonpowered condition. This stress is used in the

screening sequence as a pre-conditioning treatment prior to the -

remaining tests.

The second environmental screen test was temperathre cycling per
Method 1010.2. qus is an automated test which exposes the parts
to -65°¢ and +150°¢C taking 30 minutes per temperature cycle. There
was a total of 10 cycles,

The third screen test was constant acceleration per Method 2001.2,
Condition E. This is a 30,000 g acceleration in the Yi axis. The
Yl orientation is defined as that one in which the element tends to
be removed from its mount. The parts were held in plastic carriers
to avoid bending of the external leads. :

The fourth screen test is a seal test per Method 1014.,2, The fine
leak test is per test condition Al, using helium tracer gas with a
bomb time of 2 hours at 60 PSIG. The gross leak test is per Test
Condition €, using fluorocarbon. .

Interim electrical tests were performed at this point. These tests
are used to verify the functionality of the devices and provide
information on the effect of the preceding tests on parameter
stability. These data were stored on tape and delta calculations
performed. The gain of S/N 23 side 1 was found to have shifted by
17%. This part was left in tést to see if any further change would
occur.

88

T
Y
Lo
:
3
.
T
i




it et i A L L A |

AT N L N S

TABLE IV-6 INITIAL CLOCK CURRENT AT 25°C, R5101
SN |Gonewr ™ |S/Y [comenr ™ [SAY |omamnr ™ [S/5 Gommenr
1 13,26 |13% 29,53 26 12.91 39% 29,47
2 12,84 14 13.06 27% 12,84 40 13,45
3 13.20 15 13,18 28 13.51 41 12,91
1 4 12.84 16% 13,04 29 13,11 42% 33,45
54 12,91 17 12,77 30 12,97 43 13.24
6 13.65 18 13.45 31 13.15 b4 12,57
7% 30.61 19 12,77 32 13.18 45% 13,92
12,97 20 13.31 33 12.70 46 13.31
12,77 21 13.04 34 13.24 47 13.65
10 12.84 22% 36,42 35 12.76 48 13.72
11 13.11 23 12.49 36 12,98 49 12,65
12 13.24 24 13,31 37zx 21,28 50 14.05
25%A  13.24 38%  33.48
* Low Bandwidth A High Leakage
89
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TABLE IV-7a BANDWIDTH (KHz) @ =25°C; R5101

e

s/N |vor | voz [s/N]vor]voz [s/[vor[voz [s/N vor vo2
1 170 180 | 13 *00 210 | 26 170 150 | 39 *150 140
2 200 210 |14 180 180 | 27 8 8 |40 150 150
3 180 180 |15 170 190 | 28 150 140 | 41 160 170
4 170 170 |16 9 90 | 29 160 150 | 42 *100 100
5 90 90 |17 170 170 | 30 170 180 | 43 150 160
6 170 170 |18 170 170 | 31 150 160 | 44 140 140
7 %00 100 |19 160 160 | 32 170 170 | 45 90 90
8 180 180 |20 150 150 | 33 170 170 | 46 150 160
9 180 170 |21 170 180 | 34 160 160 | 47 150 170

10 170 170 2 %Moo 110 | 35 160 150 | 48 100 100
11 130 130 |23 160 140 | 36 160 160 | 49 170 180
12 170 170 |24 140 130 | 37 100 110 | 50 160 160
25 100 100 38 ™00 110
* DISTORTED WAVEFORM
90
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TABLE Iv-7b BANDWIDTR (KHz) @ 25°C; R5101

i it

§/N | vol |vo2 S/N | volL |vo2 |s/N{vol |vo2z |s/N| vor] vo2
1 160 150 13 %150 170 26 170 160 39 %130 140
2 150 160 14 180 180 27 80 80 40 170 160
3 130 120 15 170 180 28 160 150 41 150 170
4 160 140 16 90 90 29 160 160 42 %100 100
S 80 80 17 170 170 30 160 170 43 150 170
6 170 170 18 170 170 31 160 170 44 140 140
7 *100 100 19 160 170 32 180 180 45 90 90
8 140 150 20 150 150 33 170 170 46 180 170
9 160 170 21 160 180 34 160 170 47 150 170
10 170 170 22 %70 90 35 180 180 48 100 100
11 130 140 23 130 140 36 160 160 49 160 160
12150 170 24 150 150 37 100 100 50 160 160
25 100 100 38 %100 100
% DISTORTED WAVEFORM
TABLE IV-7c BANDWIDTH (KHz) @ 55°C; R5101
s/N |vor [voz f[s/n]vor]voz [s/N]vor]voz [s/N wvor vo2
1 150 180 13 %120 150 26 160 170 39 %120 130
2 190 190 1% 180 180 27 80 80 40 160 160
3 170 170 15 180 190 28 160 160 41 160 150
4 170 180 16 90 90 29 170 180 42 %100 100
5 80 90 17 170 180 30 150 150 43 160 160
6 170 180 18 170 170 31 150 170 44 140 140
7 *110 110 19 170 170 32 170 180 45 90 90
8 170 180 20 160 160 33 160 170 46 170 190
9 170 170 21 170 180 34 180 190 47 160 180
10 170 170 22 %100 100 35 180 190 48 1100 110
11 130 130 23 150 150 | 36 160 160 49 170 170
12 170 180 24 150 160 37 100 110 50 170 190
25 100 110

* DISTORTED WAVEFORM

110 38 %90
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The fifth screening test was the burn-in per Method &pls.z. The
temperature was lowered from the specified 125% to 55°C. This is
the maximum test temperature used on these devices and the higher
temperature effects were not known until the thermal step stress
portion of the test was performed.

Pollowing this 160 hour burn-in the parts were again electrically
characterized, S/N 23 had again shifted. The gain values on Side
1 for the three electrical tests were 0.5606, .6551, and .5830.
One additional device, S/N 31 had a significant increase in clock
current. This device went from 14 mA to 34 mA. There two devices
were pulled from test and held for failure analysis. They will be
discussed in that section.

Thermal Step Stress Test

This test was performed to establish the temperatures to be used in
the 4000 hour life test. The circuit used is the same one as that
to be used for the life test. The test plan followed was:

1. Operate four circuits for 16 hours at +65°C. Monitor the
outputs for functionality and also record the power supply
currents at the start and end of test.

2. Perform the interim electrical tests at +25°c.

3. Increase the operating temperautre in 10 ° increments and
repeat the 16 hour operating test and interim electricals.

4. Continue 10 °C increments until malfunction or permanent
parameter shift occurs. Malfunction is defined as the point
where the output, which has previously reached saturation, no
longer exhibits a regular time sampled analog pulse train.
Other malfunction criteria is any significant shift in current
at temperature.

As mentioned the output will reach saturation. This occurs
because the register dark signal doubles every 8 to 10 degrees
centigrade. The circuit will operate normally with a
saturated output signal except that input signal control is
lost. The current flows on each of the 5 power supplies was
monitored at the start and end of each 16 hour period, There
was no change on any of the power supplies during the course
of the test except for the +12 volt line that supplied both
the clock current and the signal current to the R510l. The
variation in this current level with temperature é? shown in
Table IV-9. The current increased up to about 95 C and then
decreases above that gsmperature. There is a large decrease
between 185°C and 195°C. The appearance of the output over
the temperature range of interest is shown in Figures IV~52
through IV-57. The small white bar in the lower left hand
corner indicates the ground level. These photographs are all
taken with a vertical scale of 1 volt per centimeter and 100
microseconds per centimeter time base.
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Current
£1low Temp.
' (mA) 1
75 65°C
- 85 750¢
. 95 85°¢
1100 95°¢
90 1 1059C
. 68 1150C
- 66 125°¢
- 6h 12500
62 1450¢C
- 62 155°C
- 61 165°C
! 61 175°C
58 1859¢
- 51 195°¢
b7 205°¢
Lé 215°¢C
4s | 2259
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Figure

Figure

IV=56

IV=57

Output Waveform at lH')U(T, R5101

Output Waveform at ’HH\)(‘, R5101




F.

The output shown in Figure IV-52 illustrates the normal room
temperature characteristic. The reset voltage level is about
4.5 volts and the analog output level is about 2.8 volts. At
125°C the output has changed to that shown in Figure IV-53.
The clock pulse input is at twice the frequency of this output
pulse and the influence of it can be seen at 1259, Both
voltage levels have moved downward at_this point. In Figure
IV-54 the output characteristic at 150°C ia shown. The second
half of the reset level has flattened out at about 2.6 volts
and the first half of this level is slanting down toward that
value. : ‘

The analog output is moving closer to ground potential. At
1709¢ in Figure JV-55 the first half of the veset lavel has
almost reached the value equal to the second half. The analog
signal is almost completely at ground. At 1859C the rveset
level is again moving from one discrete level to the next
level (Figure IV=56). The change in the wav’eshng& appearance
is very similar to that which occurred between 125 C and
150°C.  When the temperature is further increased to 200°C in
Figure IV-57 the reset level is approaching about 0.8 volts.

The interim electrical rveadings taken after each 10 ¢
increase in temperature are shown in Table IV-10, Serial
numbers 43 and 44 exhibited erratic electrical characteriastics
in the 155% to 195°C range. Teom these erratic electrical
chagacteristics, the drop in clock current between 185°C and
1957C, and the reduction in the oeutput amplitude above 180°¢
the life test temperatures were seclected. 1he temperatures
were to be kept as high as practical so that eénough failures
would occur to obtain an activation eunergy and mean time to
failure information. The upper temperature seclected was 185°¢
and the lower temperature selected was 170%. The parts next
went into the high temperature 4000 hour life test.

High Temperature Life Test

The burn—-in circuit used for the 1life test is shown in Figure
IV-58, The voltages applied to the device are as shown., The clock
input, pin 21, receives a 6 volt square wave pulse at 5 KHz. The
clock monitor and the monitor on the remainder of the lines, allows
measurement of the signals which are reaching the devices under
test. If a part failure occurs this should be eviden; by a change
in the signal at one or more of these points. The nominal 3 volts

is applied to Vyg, Vop, and Vgg through a 10 kohm current

limiting vesistor. A 3 volt Zener is attached to the leads going
to the devices wunder test to avoid an inadvertant electrical
overstress. The analog input, VI, can have a voltage level from
3 to 6 volts applied to it. Five volts was selected since this
voltage is the supply voltage for the digital circuitry and it also
produces an output which can easily be observed to verify
functionality of the parts in the burn-in circuit. Again a current
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limiting resistor and a Zener diode are in this line. The sync
input requizas the majority of the control circuitry to drive this
device. 7The clock frequency drives an R5101 which supplies the §3
output signal to generate the timing through two miltivibrator
circuits to produce the sync input signal. This signal forces all
of the R5101 circuits under test to operate with the same phasing.
If the sync input occurs at the wrong time or for the wrong length
of time, current spikes within the clock circuit on the CCD can
result. The construction analysis section discusses the operation
of this input. Since there are numerous other gates which are
stressed by a dynamic test this input could be held at ground with
very little reliability information being lost., This would
significantly simplify the burn~in cirecuit. The 12 volt line going
to Vppg and Vppg has 4 Zener diode and a monitor point. There
is not a current limiting resistor in this circuit, however, the
power supply was set in current limiting when the devices reached

- the operating temperature. This is an effective way to limit the

current flow for this input. The reset drains were connécted to
the nominal 9 volts through a 10 kohm limiting resistor and with
Zenexr diode overvoltage protection. The three output circuits were
each connected to a 2 kohm load to ground with these resistors
being at each socket on the burn-in board. These resistors were

high temperatgte wire wound resistors which could operate at up to
1 watt at 200™C. N

The substrate, clock ground, and signal ground were connected
together and tied to a common ground.

The 5 KHz operating frequency was chosen so that the parts would be
stressed dynamically, however, stray effects velated to high
frequency operation were avoided.

The two groups of 20 parts each were placed in these burn-in
circuits and individually measured to verify proper operation. The
burn=-in circuits were then placed in the ovens and the 4000 hour
life test initiated. S/N 3, 4, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, and 41 were operated at 185°c. S/N 24,
26, 27, 28, 29, 30, 32, 33, 34, 35, 36, 37, 38, 39, 40, 47, 48, 49,
50, and 42 were operated at 170°C. S/N 41 and 42 were two of the
devices which had been subjected to the thermal step stiress test,
They were utilized to obtain 20 devices in each temperature group.
Electrical measurements were wmade at 4, 8, 16, 32, 64, 128, 256,
500, 1000, 2000, and 4000 hours cumulative. The output of each
circuit and the monitor points were checked daily. The current
level on each power supply was read and recorded at the beginning
and end of each %“.riod of test. The 12 volt supplies drew about
195 mA for the 170°C test and 150 mA for the 185°C test.

Only one device, S5/N 10, from the 185 ¢ temperature group was
removed from test during the entire 4000 hours. This part had 48
microamps of leakage current on pin 15 after 1000 hours of test and
will be discussed in the failure analysis section. The data
obtained will be compiled and discussed in the section on data
analysis, There was little significant shift in the device
performance during the course of the test.,
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Temperature Cycle

At the completion of the 4000 hour 1life test 6 devices weve
subjected to 1000 temperature cycles. Two devices were taken from
each of the 1life test groups and two were removed from test
following the envirommental screen, The temperature cycle test was
per srmed in accordance with MIL-STD-883, Method 1010, Conjition C
(150% to -65°C). .

Electrical measurements were taken before temperature cycling and
after 20, 50, 250, 500, and 1000 cycles.

Table IV-11 provides the electrical data on these 6 devices at
initial test aund following 1000 cycles. There appears to be a
slight de¢rease in the gain from these data, however, analysis of
the data during the test indicates that the gain fluctuates due to
changes in the room temperature at test and also to slight changes
in the power supply settings. Control samples were not measured
during this testing.

Overvoltage Test

Six units were subjected to overvoltage conditions on various pin
combinations to determine whether there were any combinations which
resulted in permanent damage to the devices. The pins seélected
included input gates to substrate and overlapping polysilicon
lgygggg The following pin combinations were stressad on each of
the six devices: 3 to 1, 3 to 11, 4 to 1, 4 to 11, 10 to 1, 10 to
11, 15 to 1, 15 to 11, 21 to 2, 21 to 11, 22 to 2, 19 to 11, 13 to
8’ 8 to 13, 110 to 12, 12 to 16’ 9 to 8' and 8 to 9- The flrat
number is positive with respect to the second. For all of these
combinations breakdown occurred between 25 and 45 volts and could
be repeated numerous times with no change in the level. The parts
continued to work properly following this test.

They were then subjected to output short circuit conditions to
determine if the analog output or the A3 output could be damaged.
The short circuit current on the analog outputs was appyroximately
7.4 mA. The current on the 3 output ranged from 84 to 107 mA.
With a short circuit condition on these outputs for up to 10
minutes each, no damage occurred.

Data Analysis

This section will include a discussion of the deltas which occurred
during the course of this testxng, and statistics on each of  the
parameters measured. Life regression curves were not generated due
to the small number of failures which occurred.

Electrical measurements were run at -25°b, +25 C, and +55% during
the initial characterization and following the environmental screen
tests. Test Control Numbers (TCN) were utilized to keep track of
the time of test. The TCNs of interest are shown in Table IV-12.
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TABIE V=12 TCN_LIST, R5101

TCN

SEQUENCE

TEST
TEMPERATURE

A A PN = O

117
217

INITIAL

INITIAL

INITIAL
POST

ENVIRON

POST
ENVIRON
POST
ENVIRON

YOST LIPE
TEST 185°C
POST LIFE
TEST 170°C

25%
-25%
55%C
25%
=25°
55%
25%
25%
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Table IV-1} lists the deltas between the initial measurements and
the post envirommental screen measurements at +25°C, Table IV-13a
shows the control part deltas, and the deltas for the devices which
will go into the 185 life test group., Table IV~13b shows the
control part_ deltas and the deltas for the devices which will go
into the 1707C life test group.

The average and standard deviation are given at the bottom. On
Table IV-13a S/N 3 was not utilized for taking this average. This
part was run three times for TCNO with none of the weasurements
repeatable, There was evidently a poor connection as this part was
very stable duripg the remainder of the testing.

The control average was subtracted from the average value of the
test parts and this value listed along with the percentage change.
The only large percentage change is for the noise measurement on
side 1. As discussed earlier this parameter was very sensitive to
system noise and device warm-up. This change is not considered to
be a change in the part's electrical characteristics.The percentage
change is not listed for the transfer efficiency due to the very
small number invelved. A change of 4 x 10-6 for this reading
indicates a change of about 10 mV on the voltage read to calculate
transfer efficiency., This equation was discussed in the electrical
section, As an example, to get the change of 4 x 10-6, v3 could
go from 1.80 volts to 1.81 volts with V2 = 3,3 volts and V1 = 1.7
volts,

This is too small of a change from which to draw any conclusions.

Table IV-13b provides the deltas for the control parts and the
parts to go into the 170°C life test., The magnitude of the changes
is similar to that of Table IV-13a.

Table IV-14 1lists the deltas between the initial measurements and
the post environmental screen measurements at -25°C. Control parts
are not listed because they were not recorded by the test engineer
at the same time as the remainder of the parts. They do not reflect
the same test conditions and are therefore invalid for comparison.
The comparison does not appear necessary since the largest average
delta is only l.l percent.

S/N 50 appears to have shifted or one of the two sets of readings
was in error. The 1 reading shifted by -4.5% and the gain on
side 1 shifted by ~3,54. The readings on this part during the life
test will be examined to determine if the part is changing with
operating stress.

Table IV-15 lists the deltas between the initial measurements and
the post environmental screen measurements at +557C., The control
parsa are not listed for this group for the same reason as the

~257C measurement. They were not recorded at the same time as the
remainder of the parts.
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; TABLE IV=13a MEASUREMENT DEL’I‘AS, INITIAL & POS’J; ENVIRON. @ 25 G' R5101,

~ ety
S [ - onsy }oﬁgxsxlog' 08 M
- pAro AvpcAbps Aorr Bz STy sxns IDE ,
nA [mA mA 15EFy LEAR (K18 TX&) sfﬂgb SERIAL NUMBER
2 1,08 03 | .02]62 | 100] & |5 -2,' 1 1-CONYROL
3 1,05 fos |,up|53 | gal g o [1 l. 2-conveor, |
2,50 1,065 1,04 | .02 | 57 92 1| 6 2 1-.5 1 —AVERAGE DELTA
~14.4l=,061-,03 | ,02 1 271t M3l 13 le l.o [.n 1 sreno NOT CORRECT
0 07 1,06 1,00} 70 | 110] -11] -5 |4 2 4
3.4 1,05 Lo6 {0 [41 | 57 | -B|-16]7 6 6
A f-17].04 [-010 23 [ 19 ] -21l-1502 o 7
7 01 Loa .01 |38 {73 | -14l32 Jo 1-2 8
-2 |-.001).051 0 56 |62 -15/-6 13 I3 9
1103 fo2 [o a3 |64 | -1070 4 I3 1
6.9 |-.05[.06 |-01l21 | 21| -1]24 |a 2 12
5 21 .04 01 1 36 52 =181 -7 1.4 =6 13
0 08  LO2 201135 12 =1341.26 .13 1 14
1.3 .1.07 LO7 01 1 61 1051 =11.139 14 K 15
-3 |-.10].03 |-,00}27 |28 | 0 -3 U4 4 16
2,1 1,03 103 10 30 1 43 =9 11 13 2 12
1,1 {-,03 405 0 130 g7 =181 6 1 18
o1 j.03 lor [-,01]8 28 | <6 | -4 |6 5 19
5.8 |-.01 Lo2 |-,01]-21} -13] -1 [-11 {8 8 20
-3 _{-.00to03 o 49 173 | -6 |43 15 4 21
-2 |-.55] 0 |-.03]-31] 54| -9 |12 |2 1 22
5102 tor |.ob {54 187 | -9 {5 14 3 Ll
0.96 {-.02 .06 |0 132 |40 | -jol6 134 122 | avemscroerza
3.37 1,15 02 01 126 ¢ 40 6 19 _1.g 131 STD. DEVIATLON et
-1.840-.09 1.0 1. 021 -28 1 -431 =16[=1 9 3.2 (-CONTROL AVERAGE
-2_1-0,7po -l-05}-03J-0,5) -32]-2 L .. | preces cuince |
80 {13 1.8 41 18500 8500 _s0.0 50 3 W TYBIQAL!ALHL___.L
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TABLE IV-13b MEASUREMENT DELTAS, INITIAL & POST ENVIRON. @ 25°C; R5101,

FOR 170°%C
o&se oas _E’E g‘b  LIFE TEST

RD v
DG/ "DDEME e pS1dert:

V' mV) : i
_(nA)] (mA) |(mA) [(v) | 1 i Side ﬁgde -gff Serial Number

2 .08 [.03 .02 |62 5 -2 {1, |1 - control

3 [.05{.05 [,02 [53 9 |1 -4 | 2 - Control

2.5 | .065].04 .02 |57 7 1=5 [-1 | Average |
4.4 .02 [.05 |.,01 |.10 -1 |7 |7 |24 - |
6.3 | -.07].06 F.0L |0 -12 (4 |2 |2 |
1.2 |-.13[.04 |.01 |48 53 (3 11 |27

1.9 |-.02[,02 F.01 |~24 15 |8 7 |28

3.5 |-.1 .05 .0l |24 70 |3 |2 [29

-1 {.07 |.04 [.03 {111 {144 [-2 -7 16 17 130

3.2 | .39 (.04 |04 {145 74 (17 {-2 |11 12 |32
3.9 1,05 1.02 o lara for lo 13 11 1o {33
3.2 1,04 1,06 10 65 183 -5 1-1 15 3 | 34
-2 lo l.os [-.02l100 155 l-7 {1 {2 [-3 [35
-2,8 .01 .04 |-.02087 99 [-15 [-31 [3 |4 |36
3.2 | .31 o2 |,02 |78 86 |9 [-38 |-4 |-10 |37
4,9 | .17 l.o6 j.o1 |81 o7 -2 .14 {-2 |-3 |38
-1 43 1,02 1,02 |79 1138  {-2 -1 =4 -8 |39
-3.4 .04 1.o4 .00 {14 [39 J-15 l-9 |8 |8 140
2 .09 [.o2 [.02 |57 B9 [0 [-2 |16 |18 {47
1.9 |.02 .09 |.01 |-24 |-64 |-14 |-64 |11 |16 |48
6.9 | .3 o6 |.01 (13 2 f7 [-1 |14 l16 Ja9
2,9 #,06 .03 |.03 [132 Jo6 J|-15 |22 o 13 {50
8.1 |.16 (.02 |.o1 {65 [13 |4 |-9 |-3 |-5 42 -
2.4 |.07 |,04 |00 |62 62 _|-5.5 |-1,4 |45 |3.9 |Average A
3.1 .15 1,02 102 155 166 10,5 [28.5 157 |7.8 |Standard Deviation |

-0,1.,005{0 |-.01{5 }|-30 -11,5|-8.4 |5 4,9 | Average = Control
-0.1 |<0.1j0  }-0.2 |<0.1}-0.4]-23 |-17 | = - | Percent Change

80 | 13 |1.8 | 4.1 8500 {8500 | 50 [0  [999510 &10 | Typical Value
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TABLE IV+#14a MEASUREMENT DELTAS, INITIAL & POST ENVIRON, @ =25°C

R5101, FOR
185°¢ LIFE TESY

ST RS T

2.1 11
.6 12
4 13
1 14
.5 .0 15
-2.1 ]-.0010 | o 4 |7 16
-4 |-01]o fo [ 2 |9 17
-1.0 (=20 [0 Foorn | 3 | 18
~1.1 | .03 | .0n{.0n |17 |26 19
-9 |.0L{0 |0 |83 [-83 20
-5 [=.15 [=.0L [~.0L]-13 |-16 2L
-1.0 |-.38 | 0 |-.01[-31 |-38 22
-4 |=.20 [=01}-01)3 |4 4
=7 |=.10 {<.00 ]| <01} =12 [-12 Average
75 (.10 [<.01] <01 22 25 Standard Deviation
-0.9 {=0.81 0 | o I|-0.1 {-0.1 Percent Change
80 13 J.~.8 4l 85()0 8500 Typleal Value
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TABLE =14b MEASUREMENT DELTAS, INTITAL & POST ENVIRON, @ =257 §
T | -/ R5101 FOR
170°C LIFE TEST
mA) - Sorinl Number

; -»452()‘ 1 0] 24
~1.4 (=115 .01 [-.02 |39 [-38 26
.5 (=131 0 =01 {=3 6 27 1
-1 |.01 [.01 ] 0 [-82 [-82 o8
-1 .03 [ o | o [as |25 20

O =3 k0L {0 |- |2 10

A =21l 0 [ o [-12 |9 a9

0 [-.03] 0 [.0L (<18 [-5 - .
A3l 0 |.02 |27 % " I
-3 [ .3{ 0 f.o1n] 3 |15 ax :

WL |- 15 | =01 ) =03] 2 |37 o L
~h (=3 ]=021 0 |- 0 17 i
-1.7 {=.28 |-.01[~.01i~16 [~18 18 ;
-9 (=320 0 |-.0nl-25 |-24 39 |
-1.0 [-.22 | 0 |~.01]-50 |~55 40 |
<10 |-.20 | 0 [=,01f-12 [-32 Wi
-2.5 [+.12 ] .01] 0 [-55 [-56 48
=1L (=02 0 | .0n]32 |18 9

13 |-.59 [-.06] .0al208 [129 50
2.0 |-.26 | 0 .01 =12 |15 42
-.05 |-.15 [~.00] <01}-0.9 |-10.1 Average

3.2 { 151 .01] OQLj 77 | 49 B tandavd Deviation

0 j=1.21-0.11 0 0 -0.1 Percont Change 1
lso {13 {a.8 | 4.1]8500 {8500 typieal Valug
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TABLE IVe-15a MEASUREMENT DELTAS, INITIAL & POST ENVIRON, @ 55%C

/7 R5101 FOR
185°C LIFE TEST

Serial Number

470 0 f.o1 |-51 [-39 N

.57 | .005 ] .001} .6 {-58 Average
.131.01 |.03 | 198 | 65 Standard Deviation
4.4 10.3 0 0 0,7 Percent Change '

13 1.8} 4.1 8500 |8500 Typical Value
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TABLE IV=15b MEASUREMENT DELTAS ; INITIAL & POST ENVIRON, @ 55°C

yayly RS5101
/o | FOR 170°C TEST
Serial Number
1.9 | .74 |.03 | .04 |~103 | 76 2
6.6 | .68 .00 | 0 20 [~141] 26
16.1 | .73 .00 | 0 [#162 |-24 27
2.5 | .64 .02 [.,02 [-34 -3 28
10,0 | .81 [.02 [.o1 [ 99 [199 | 29
21,2 | .60 0 .01 [~56 |-67 | 10
15.5 | 77002 Lo |5 [ 1
23.3 | 49| 0 .01 |34 {=40 a3
15.5 | .44 ] 0 0 [~11 |[-3 o
22,0 | 53] 0 0 =1L [-25 45
13.4 | (5L F0L .02 (23 [ 3 | a6
27.8 |-.45] 0 | 0 |-56 {~60 0y
22,2 | .13 {.0 98 | 61 a8
23,2 | 530,00 [ .00 [=17 [-18 | |4
5.8 .54 .00 | 0 [-24 [-14 40
5.4 | .54 .03 | .03 | 27 | 87 47
-25.7] .48 |.04 | .02 | 19 | 58 48
8| L4502 Jonf20 [ 35 1 {4
93] Lah | 0 .02 |21 [~42 | |5
23.2] .37 /.00 | 0 -8 [-25 |  fgo
12,91 .50 [ 0L [.007 [ 2.4 | 9.5 Averace
11.7{ .27 |.01 Lo | 60 79 Standard Deviation |
16.1(3.8 (0.6 {0.2 | O 0.1 Parcent Change
S [s0 | 13 [1.8 {4.1 [8500 |8500 Iypical Value
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There is more variation in these electrical readings. The fairly,
consistent change in Ipp, 1Ippg, and gain indicates that a'

slxght:ly different temperature was used for this measurement.
IRp and Ippe increase with temperature and gain decreases with
Eemprrnhurn. Calculations on several txgxcal parts indicace a
difference in the nspsutemenCs equal to 4 The second reading,
TCN6, was taken at 4°C higher than the first reading, TCN2,

Serial numbers 12, 22, 27, 29, and 32 have fairly large gain shifts
in the opposite direction. The percentage change are listed in
Table 1IV~16. These are pont:).ve changes while the normal change
was about -0.52. The changes in these readings is apparently due

to a device shift. The readings on these parts will be examined

during the life test for shifts with operating stress.

No conclusive shifts were evident during the environmental
testing. The life test offers a better data base to determine any
parametric shifts.

Table IV-17 providgs the delta shifts for the measurements prior to
the 4000 hour life test and following the life test. The percent
change has been calculated, however, witi the large standard
deviation this is not very mennmgful. The maximum and minimum
changes from Table IV-17 are given in Table IV-18. The deltas for
the 185°% group are generally larger than those for the 170 ¢
group. The Ipp changes and the noise chapges are the largest on
this table. They are also the least significant as described in

the electrical section. The Igp reading is the charging current

for the output transistor gate and was used to check for input gate
ledkage. Microamp level changes would have indicated a gate
breakdown condition. The changes seen in the low nanoamp level are
not considered failures. The noise measurements both increased and
decreased following the life test. This measurement «did not find a
general trend for an increase in noise with operating life.

There was in general an increase in Ippa, in, and transfer
efficiency with time. This may be due to a s%.xght shift in the
operating point along the transfer function.

The outliers from Table IV-17 are serial numbers, 6, 11, 13, 16,
20, 22, 29, 33, 40, 47, 48, 49 and 50.

The outliers seen prior to the life test were serial numbers 12,
22, 27, 29, 32 and 50.

The data sheets for the parts that are in both of these groups are
gshown in Table IV-19. These are S/N 22, 29 and 50. Also shown is
a control part, S/N 1.

The delta shifts on the control part are given in Table IV-19a for
the enitre life test.
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TABLE IV-16 PERCENT CHANGE(GAIN), R5101
SERIAL _PERCENT CHANGE
NUMBER SIDE 1| SIDE 2
‘12 1.1 1.8 ;
22 9,4 2.3 |
27 1.9 0,3 .
29 1.2 2.3 i
|
]
|
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’L‘ABLE 1V=17a MEASUREMENT DELTAS, PRE & POST 4000 HR LIFE TEST, @ 25 C R5101

f ; / - GainAain AoisgNoisy/CT TE 185°%
/R /1gADng SE£spfx10-5%10~4 4102 xlO“2 X10~-%/x10~

(o) [(ma) (mA) (v) [s1del[s1dezfidel ide2 (S1dor[sides] Sorial Number
[ |-.03F.01 7E7ﬁ”5?“7e45”§fmzjl_mmm1
9 [=.02F.05 | 0 [-22 [=24 -7 {-16 | 3 2 9 ~ Control
9 1,025 .03 [~,005(=32 |~30 [0 [-23 [2.5 [ 2 | Average

9,3 001,05 | 0 [-65 |-46 [=28 | 8 |2 0o | 3

6.0 | 03].03 { .00 | 2 [-47 [-4 1 |25 |24 4

16.4 | .06 (.07 | .01 {-342 {-348 | 4 2 165 |60 ‘

-2.9 | .51[.02 | .03 | 110 [-19 | 34 |23 |21 |23 ]
1.7 | ,03[.00 [.01 {74 |52 [-15 -4 [23 [13 | 8

1.3 200 2133 | 516 [1 N 2 |9
-20.8[-.01|.08 [0 |-aua [-253]-8 ] le7 |62 | 1

-5.9 | .301.03 | .02 {220 | s9{-1 |-2 |27 24 | 12

75.8] .65].01 | .03 |128 52 | 40 |22 |4 5 13

o .o J.02]6 | 4520 7 |1 |1 | 14

0 | 0601 J.01 f4h | 19} 2 | 4 f1 |2 |15

=9.4] .191.03 | 0 |-137/-300] 3 |-5 |25 |22 | 16

2.2| 09two0r {00 | 7 | 3 {-8 [-2 (-7 |-8 | 17

-5.3] 081,02 | 0 |17 |74 |3 | 7 |19 |19 | 38
1-4.91 .06/.02 |00 |49 |22 (-2 | 5 |33 |23 | 19

20.2 | .30 }.07 | .02 |372 | 338 {-2 |-4 {-71 |-67 | 20

15.0 | .22 F.o1 [ .02 [35 [ 26 [-10 12 [-12 [-20 | 21

1.7 [1.03].00 [.05 [a24 [ 69 [0 [8 J1o |12 [ 22

4.4 | .021-,02] .00 | -35(-57 | 0 |4 |11 [-12 | 41

3.0 j0.20] .01].015 | 22 [-6 2.8 |4.9 |11 | 10 AV¢rage

20.1 J0.27| .03).013 |158 [138 [15 | 7.8 | 20 | 27 | Standard Deviation

2.1 1.23 | .04] .02 | 54 | 24 |2.8 }17.9 | 8.5| 8 | Average-Control
2.6 /1.8 | 2.2{0.5 | 0.6 0.3/5.6 [36 | - | - | Percent Change
80 13 [1.8 | 4.1 18500 [8500 | 50 |50 H9961499961¢ Typical value
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f TABLE 1V=17b mmwmmwwmm,ma&mm«momnwsmﬂ,mscunm
' , - ain win MNolse ANolse/ATE /CTE 170%
| TRy ADnc Aoos 4f sepfl074 41074 410724102 5107951076
' (nV) m\r)‘ ‘
o (na) [(nd) | (md) | (V) 3ddel bidod Bidel |Side2]sidel] Sidez] Serial Number
S 9 $.03 [-0.1 |~0.1 {-42 |-36 | 7 |~10 | 2 2 |1 - Control
f | 9 [.02 |05 | o0]-22 [~24 |7 |-16 |3 | 2 |2~ Contral
) | .9 +.025[-.03 [-.005{-32 |-30 | 0 |-13 | 2,5]| 2 |Average
“ -5.3 | 0 |.02 | .0L|-65 |~54 [-2 | 7 |28 | 28 |24
: -9 | 131,01 § .02 | 93 | 49 |47 3 lo 0 126
| 5,1 .25].02 | .00 18| 69 k51 [-18 | 18 | 16 |27 |
f =421 241,03 1,03 ) 3af 418 | 6 |22 | 21 |28 |
f 6.6 .471.06 | 06| 1820006 | o | 4 |27 | 26 [% 1
. ~4,0 | ,04] .01 {~.00 | 59| 21 |20 |=5 6 |-91 |30 ‘
‘ 9.0 | ,00],02 |02 | 46|-18 |44 |-27 | 24 | 23 [
1.4 .20].00 | .02 | 194127 |-3 |6 |10 |32 |33
L -8,1 | .08).03 | .02 | 47 26 [19 310 |25 | 21 |34
* -3,7 | ,07] 0 |-.01 | 59| 54 f11 [=3 |15 | 12 |35
? -1.3 | 4,00 [ 03] 79] 29 |30 |7 4 | 3 |36
3.8 .26] 0 [.021 4| 5|0 |6 7 | 8 |3
41 .41 o 02| 65| 8 |81 |49 | 8 | 9 |38
-1.0| 18| o [.02| 53[25 Ja1 | 5 |4 |15 |39
-10.6} .06 .05 | .02 | 169 181 |30 | 1 |60 | 59 |40
r' ~10.5{-.10 {03 [-.02 | 143 (124 | 0 | 6 |23 | 22 |47
12,9] .06 .03 |-.03 | 326 |266 [90 |29 |28 | 22 |48
-1.9 [ .08].0L [.on [262[203 [~ | 9 | -7 | -5 |40
-16.9[1.41 [ .06 [-.00 [ 291 38 F34 [-2 [ 38 [ 54 |<
| o] 7601 ] 03] 42126 [0 |7 | 9 lu
~3.3 | .23].017 | .01 [ 107 | 64 |15 |44 | 18 |13 | Average Delta
‘ ]6.4| .341020 | .02 | 93] 75 {34 [15 |15 |29 |Standard Deviation
' 4.2 | .25].05 | .01 | 130 | 94 |15 J17.4 15,5 aa | Averase - Control °
-5.2 11,9 f2.8 0.2 1.6} 31.3/30 [35 |- | . |Percent Change
; 80 | 13 | 1.8 | 4.1 |8500 | 8500 |50 | 50 |99961 %9961) Typical Value
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TABLE IV-18a MAXIMUN SHIFTS, 185 ° GROUP, R5101

» Maximum Positive
Percent Change

~20.8}~0.01-0.07 |

Maximum Negative

"‘26 0 . "309

Percent Change ‘

80 | 13 | 1.8 | 4.1 |.85

1999610 999610 Typical Value

TABLE IV=-18b MAXIMUN SHIFTS 170°¢_GROUP, R5101

12.9|1.41 | .06 | .04 [326 | 266 | 90 | 49 | 38 | 54 |MAXIMUN POSITIVE
6 |11 | 3 | 1 | 3.8] 3.2/180 |98 | - | - | PERCENT CHANGE
-16.9/ =.10]-.03 [-.03 [-65 | -54 | -51 [-27 [-7 [-91 | MAXIMUN NEGATIVE
21 | .08| 1,7 | 0.7f 0.7/.06 | 100 | 54 | - ~ | PERCENT CHANGE
80 | 13 [1.8 [ 4.1| .85(.85 | .50 | .50 [ 999610 .999610 TYPICAL VALUE
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S/N 22 is given in Table IV-19b, The clock current on this device
is the highest on any of the 50 devices tested. This was about 36
wA. The change of 1.03 mA is a 2.9% shift. This device does have
a short between transfer electrodes and this will contribute to the
instabilities. The cause for the high current will be discussed in
the failure analysis section.

sS/N 29 is given in Table IV-19c. The instability of the gain is
envident. This is not a continual degradation but rather
fluctuates with time.

S/N 50, Table IV--19d, also exhibits instability with operating life.

The transfer efficiency does not show degradation with time as
postulated. There is a slight increase on most parts. The largest
change seen was a ~91 x 106 on serial number 30. This was a
change from .999660 to .999569. This represents a change of about
0.3 volts on the V3 reading.

Tablés IV-20 and IV-~21 contain statistics on each of the paramcters
measured ¢xcept for input leakage current. Table IV-20 covers the
parameters at +25°b, -25%, and +55°C at initial characterization.
The seven devices which had shift register shorts were not used for
the clock current statistics. The largest variation seen within a
parameter is the noise mecasurement. This variation was discussed
previously. The gain is also seen to vary about 25% from min to
wax. This is due to manufacturing differences. Table IV-21 covers
the same parameters following the life tsgt. These xnclude the
170°c 1ife test and the 185°C 1life test. There is very little
difference between the pre and post life test statistics,

The conclusion reached from this data analysis is that there is
little change with operating life on surface channel CCDs. The
larger changes seen are on parts that fluctuate during the testing
rather than changes that would indicate a temperature accelerated
shift in one direction.

Failure Analysis

A sumiary of all the RS5101 failures which occurred during the
course of this testing is given in Table IV~22. Failure analysis
was performed on these and is discussed below.

Serial numbers 5 and 25 failed due to leakage on pin 22 at initial
electrical test.

Serial number 23 was removed from test following the 160 hour, 55°%
burn-in. The gain was very erratic at the different measurement
points.

Serial number 31 was removed from test following the 160 hour, 55%

burn=-in. This device had an increase in clock current of 20 mA.
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Serial number 10 was removed from life test following 1000 hours at
185°C. Leakage current on pin 15 had increased to 48 microamps.

Serial numbers 38, 39, and 42 were analyzed folloﬁing the life test
to determine the cause for the higher clock current 1evels on 7 of
the 50 davices on this study.

The failure analysis reports were written as they were performed
and include the history, the cause of the failure, the conclusion,
and the test method and dxsclosure.

The five failure analysis reports follow:
1. R5101, S/N 5

History: Part failed initial leakage measurement on pin 22.
This pin measured 109 microampe, which 1is the current
limitation of the test tool.

Cause:  Cause of the leakage current was a dielectric
breakdown which caused a short between the polysilicon gate
and the silicon.

Conclusion: The cause of the dielectric breakdown was most
likely an electrostatic discharge during handling. This part
was fully functional as received except that it could not be
synchronized with other devices since the sync input was
shorted to ground. It is 1likely that this part was damaged
prior to receipt at MMC but is was not detected to be a
failure since the parametrics on it were acceptable.

Test Method and Disclosure: Pin to pin electrical measurement
found pin 22 (sync input) to be shorted to pin 2 (clock
ground). This was a resistive short of 1,000 ohms. The input

structure is as shown in Figure IV~59 and in the photograph in

Figure 1IV~60. A portion of the glass passivation was
chemically removed using hydrofluoric acid fumes. The part
was mechanically probed and the failure reverified. The
metallization was mechanically scribed open and the failure
was isolcted to tramsistor Ql. This is shown in Figure
IV-61. The aluminum metallization was chemically removed over
the polysilicon gate and the short was therefore isolated to
be between the polysilicon and the silicon., The part was
examined in the Scanning Electron Microscope and the failure
site was documented (Figures IV-62 and IV-63). This occurs at
the oxide step into the thin oxide region for the transistor,
This is the typical location and appearance for  an
electrostatic discharge overstress.
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CIRCUITRY
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(CLK GND)

—

PIN 11
(SIGNAL GND)

Figure IV=59 Schematic, Sync Input Circuit, R5101
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Figure IV=60

Sync Input Photograph, S/N 5, R5101; X400

Pigure 1V=61

Sync Input Photograph, S/N
Failure Isolated; X460
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Figure

IV=62

SEM Micrograph, Failure Site at Arrow, R5101; X6000

Fi pure

IV=63

SEM Micrograph, Failure

yite at Arrow, R5101; X15,000
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R5101, S/N 25

History: Part failed initial leakage measurement on pin 22.
This pin measured 1.5 microamps at the 11 volt measurement
point of the leakage test tool.

Cause: Cause of the leakage current was dielectric breakdown
which caused a short between the gate and the silicon,

Conclusion: The cause of the dielectric breakdown was most
likely an electostatic discharge during handling. This is an
identical failure mode to that seen on serial number 5 except
that it is not as severe. Again it is likely that this part
was damaged prior to receipt at MMC.

Test Method and Disclosure: Pin to pin electrical measurement
found pin 22 (sync input) to have 350 nanoamps leakage current
at ten volts to pin 2 (clock ground). This part was examined
on the light microscope and then a portion of the glass
passivation was chemically removed. Due to the low leakage
involved an attempt was made to view the failure site
utilizing the Electron Beam Induced Current (EBIC) mode on the
SEM. No site could be identifed. The input transistor was
then mechanically isolated and the gate probed. This
transistor was identified as Ql in the analysis on serial
number 5. The 350 nanoamps of leakage current was still
present with the transistor completely isolated. SEM
examination of the polysilicorn gate could not find the
location of the failure site.

R5101, S/N 23

History: S/N 23 was removed from the test program following
the 160 hour, 55%C burn-in. The gain on side 1 was very
erratic. The following values were measured for this gain?
initial = .56, post environmental screen test = .65, post 160
hour burn-in = ,58, at time of analysis = .67,

Cause: The cause for the shift in the gain was a shift in the
low level output voltage used to calculated the gain., This
voltage shifted from 1.87 to 2.0l. The upper voltage stayed
at about 2.55. :

Conclusion: The operating range on this device was narrower
than on most of the other circuits. This lead to a nonlinear
and very temperature sensitive: output voltage level for the
low level. This caused the gain to be erratic. The operating
range 1is affected by many manufacturing parameters and the
fact that this part is different does not mean that it is a
failure bhut only that there was a variation in its
construction.
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Test Method and Disclosure: Pin~to-pin eclectricals found no
leakage currents. It was then operated in the test tool and
the low level output uséd in calculating the gain was found to
be erratic and very temperature sensitive.

The input voltage was varied and the output level measured.
S/N 39 was used as a control, These values are given in Table
1V-23.

TABLE 1V-23 ELECTRICAL CHARACTERISTICS, R5101
Voin 5.7 5.5 5.2 5.1 5.0 4.9 4.8
| s/N 23} 1.94 1,94 1.9 2,00 2,07 2,14 2,20

Vour

S/N 39} 1.42 1.56 1.78 1.86 1.94 2.02 2.09

This shows that the lowest level the output can go to is 1.94
on S/N 23.

The part was opened and examined on the microscope with no
apparent problems noted.

RS101, S/N 31

History: Serial Number 31 was removed from test following the
160 hour, 55 degree C burn=in. There was an increase in the
clock current from 14 mA to 34 mA. The current measured
immediately prior to the failure analysis was 29 mA.

Cause: The cause of the inc:ease in the clock current was a
layer to layer short between the §3 and #2 clocks.

Conclusion: There was contamination present on the die
surface which occurred during the manufacture of the part
following the deposition of the first polysilicon layer and
before the second polysilicon layer. Due to the increased
surface relief and the 1location of this particle, the
insulating oxide layer did not provide adequate electrical
isolation between the two layers. A sight decrease in the
transfer efficiency from .99976 to .99969 on side 1 and from
+99977 to .99972 on side 2 was caused by this short. This and
the increased clock current were the only parameters affected
by this short. Additional analysis will be performed on the
other 7 devices which exhibited high current during this
testing. These parts did not shift during the course of the
program but the high current is likely indicative of a similar
type of condition. : :

Test Method and Disclosure: Electrical Measurement using the
test tool verified the high clock current. It was determined
that this high current could be produced by setting the sync
input, the clock input, the substrate and clock ground at
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ground and taking Vppe high. This DC configuration would
allow the part to be more easily probed to isolate the
failure. Utlilizing the schematic developed during the
construction analysis several points within the circuit were
probed, No abnormal readings were noted. = Voltage drop
measurements were then taken along the Vppe wetallization to
follow the current flow into the device. The $3 output
transistor was found to be drawing the high current. This
indicated that there was a short in the &hift register
section., The voltage levels on the output of #3 were then
measured. The high lavel was 3.0 volts and the louw level was
0.47 volts. It appeared that the output was supplying current
when the output level was high and was sinking current when
the output was low. Measurements between f3 and the other
three clocks found a resistive path of about 200 ohms to f2.
A control part was opened and probed at this point to verify
that this condition should not exist. @3 to the other three
gates measured open as expected. Voltage drop rtieasurements
were then made along the f3 metallization to find the point at
wvhich the high current f£flow stopped, This point will be
apparent when the voltage drop between two adjacent points
goes to zero. This point was isolated to be in the third
column of the shift register and the most likely site was
photographed and is shown in Figure IV-64, Further probing
was performed at this time and the failure site was verified
to be between the two probe marks seen in the SEM micrograph
in Figure 1IV-65., ‘The short is between the bottom layer
polysilicon which is conwnected to the center metallization
stripe and the overlying polysilicon which is connected to the
metallization on the right hand side., This area includes two
electrode pairs. Examination of these two electrode pairs
found the site shown in Figures IV-66 and 1V-67. This
contamination occurred during the manufacturing process
following the first polysilicon deposition and created a weak
point in the oxide isolating the two polysilicon layers.

R5101, S/N 10

History: Serial Number 10 was removed from the 185 % 1ife
test group following 1000 hours of test. Pin 15 measured 48
uA at this time. 1In addition to S/N 10, serial numbers 8, 13,
21, 37, 38, and 48 were analyzed at the end of the life test
for leakage conditions.

Cause: The cause of the leakage was junction degradation on
the input protect network.

Conclusion: The current leakage developed due to the high
temperature reverse bias operation of the input protect
transistor. The pins that were found to develop leakage
current were those which were physically closest to the output
amplifier. This area would be at the highest temperature on
the chip due to the power dissipation in the amplifier. The
increased die temperature would increase the leakage currents
in that area. This increase in leakage would then enhance any
current generation sites along the junction.
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Figure IV«66 SEM Micrograph, Failure ite, S/N 31, R5101;
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Test Method and Disclosure: Serial number 10 was analyzed
first. Pins 13, 14, and 15 were found to be leaky to pin 11,
The input structure is shown in Figure IV-68. Pin 13 is
identical to pin 14 except that it goes to the upper
transistor in the Figure. The package was opened and the die
was examined. No anomalies were noted. The input circuitry
was documented and is shown in the photograph in Figure
IV-69, Input pins 14 and 15 and the signal ground
metallization going to pin 11 are labeled. The metallization
was mechanically scribed open to isolate the input protect
circiutry from the gate and from the wsignal ground
metallization (Figure 1IV=70), The leakage current was
isolated to the input protect circuitry, The remaining
metallization was then stripped to isolate the input protect
gate from the input protect source. Mechanical probing found
no leakage to the transistor gate. The above analysis
isolated the Jleakage to be related to the junctions on the
input protect network. Work was then performed on serial
numbers 9, 13, 21, 37, 38, and 48,

Table IV-24 lists the leakage currents measured on pins 10,
13, 14 and 15 on these units. Electrical measurement on pins
2y 3, 2} and 22 found no leakage.

The following voltage levels were on these pins during
burn-in:  3-iv, 4-5V, 10-3V, 13-9V, 149V, 15-3V, 21~5VAC,
22-5VAC.  There 4s no apparent celationship between the
laokage current and the voltage stress. The 4 pins which had
the leakage current were all along one side of the I.C. chip
with pin 15 being physically closest to the output amplifier
and pin 10 being the furthest away, This appears to be a
contributing factor to the leakage.

The leakage current on two devices was characterized with
temperature. A control unit was measured up to 180°C and the
legkage current was found to double for approximately every
10°C increase. This part measured 104 nA at 180°C. $/N 8 was
measured up to 70°C. The leakage on it also doubled for
approximately every 10°C increase. This reached 160 nA at
707C. The indication from this is that the leakage of the
failures is related to junction leakage.

The conclusion is then reached that the leakage is temperature
induced junution leakage.

R5101, S/N 38, 39, and 42
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Figure IV-68 Schematic, Input Circuit, R5101
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TABLE IV-24 LEAKAGE CURRENT DATA, Failure ANALYSIS, R5101

|SERTAL NUMBER

8 13 21 37

38

PIN
10

13
14
19

e T e

ge

bt ol i L i e s .

b R RN . e s 2 v i o L e B a1 4 %

0 7 3 4
2 300 200 100
3 1400 1200 15
4 1400 300 45
ALL MEASUREMENTS IN NANOAMPERES
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25
35
50

90

40
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History: The clock current level on 43 of the 50 Reticon
R5101 devices was 13 *+ 1 mA, The other 7 devices had clock
currents as shown below. ‘

8/N Ippc (mA)

? 31
13 30
22 36
o 21
18 34
39 ' 30
42 33

»

The cause for this higher current level was analyzed by taking

voltage level measurements on S/N 7, 22, 38, 49 and 42,
Serial numbers 38, 39 and 42 were then chosen for failure
analysls.

Cause: The higher current levels were due to incomplete
etching of the lower poylsilicon layer which created shorts
between the il and @3 electrodes.

Conclusion: The lower level polysilicon is etched to form an
interdigitated pattern with the "fingers" going to one side
being attached to #l1 and the "fiigers" going to the other side
being attached to #3. When the polysilicon is not completely
etched a short results between these two gates. These were
found to be typically about 500 ohms. The circuit operation
did not seem to be parametrically degraded due to - this
condxtlon, except for a reduction in bandwidth. These
circuits had bandwidth that ranged from 50-140 KHz whlle _the
other parts were typically 160 KHz.

Test Method and Disclosure: Measurement of the #3 out signal
on devices which had the higher current flow found the high
level to be about one volt below normal and the low level to
be about one half of a volt above normal. This condition
existed on the five circuits measured, S/N 7, 22, 38, 39 and
42,

Mechanical probing of #3 on S/N 38 and 42 found both to be
shorted to fl. Voltage drop measurements along the g1
metallization allowed the failure sites to be located.

The photograph in Figure IV-71 is of the short on S/N 38.

This shorts the two fl electrodes to the @3 electrode between
them. ‘
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Figure IV=71 SEM Micrograph, Failure Site, S/N 38, R5101; X1400
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Figure IV=72 SEM Micrograph, Failure Site, S/N 42, R5101; X1000
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The photograph in Figure IV-72 is of the short on S/N 42,
This produces the same type of short as on S/N 38. The #3
electrode coming from the right hand side does not terminate
like the gates above and below it. It is continuous and

connects @3 o fl,

S/N 39 was opened and a small drop of temperature sensitive
nematic liquid crystal was placed on the surface. Power was
then appl1ed to the device using a curve tracer and the
failure site was observed (Figure 1IV~73). The change in
alignment of the liquid crystals allows the current path to be
visible. Figure IV-74 shows this same area with the lxquxd
crystal removed. The current flowed from fl1 to 3 via the
polysilicon connecting the two in the middle.

All three failure modes were identical and were due to a
masking or etching defect.

Conclusions and Recommendations

This section will address the objectives established for this study
and provide a summary of the results.

1.

Design Strengths and Weaknesses

The R5101 has an on-chip clock generator and driver circuit.
This eliminates timing difficulty associated with external
phase clocks. The voltage level required is only 5 volts for
the square wave clock input. This is in contrast to 13~15
volt clocks required on the CCD321A.

With an on-chip generator the phase relationship between the
clock input and the four clock drivers has to be established
by a separate sync clock input. This requires the development
of the proper timing for this input if synclironous operation

is required.

The R5101 has two output signals, however, one is only delayed
one~half of a sample time from the other and is identical in
magnuitude. These two signals can be summed by using an adder
circuit.  This does not change the available bandwidth
capability since the sampling frequency is set by f2.

The transfer function on the R5101 produces a low output for a
high input and vice-~versa. This may cause some confusion for

the user.

The R5101 is manufactured utilizing the surface channel charge
coupled device technology. The transfer efficiency and
bandwidth were found to be lower for this technology than for
the Buried Channel CCD. The transfer efficiency is still very
“high and is not likely to create a problem for most
applications. The bandwidth was on the order of 160 KHz.
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Figure IV=73 Failure Isolation Using Liquid Crystals; X200

S/N 39
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Failure Site Photograph, S/N 39, R5101;

Figure IV=74
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Failure Modes

The R5101 wutilizes MOS structures and therefore require
special handling relative to electrostatic sensitive parts.
Two devices were received with damaged gates on the sync

input, It is likely that this input is not properly tested

prior to shipping of the parts since it is not required to
test functionality. An input leakage test should be performed
by the vendor or at incoming test.

Current paths between the two polysilicon layers and between
adjacent electrodes in the same layer are also a prominent
failure mode. Two conditions were found to cause this on
these parts. One part had a large increase in clock current
due to & particle within the shift register section which
resulted in a current path between two c¢lock electrodes, one a
polyl electrode and the other a poly2 electrode. Incomplete
etching of the first polysilicon layer c¢reated high current
conditions on 7 devices due to current paths between the #1
and @3 clocks. These parts can be detected by their
abnormally high clock current or their low bandwidth. The
remainder of the parameters showed little difference.

Several devices developed low level leakage on the input
protect structure with operating ‘life. This is not considered
to be a vreliability concern as it is unlikely to cause device
failure with normal eperating life.

Parametric Measurements

The maunufacturers data sheet consists primarily of a list of

operating conditions at this time. The only performance
parameters listed are clock current and gain. The following
parametric measurements would have adequately screened the
defective and marginal parts received and are therefore
recommended for use in future procurement:

a. Device Power - A high reading of clock current indicates
a probable short within the clock circuitry or the shift
register electrodes from Table IV-20 it is recommended
that this wvalue be 15 mA at 25 % under the test
conditions specified therein. This value is about 5.4
stardard deviations above the mean value of 13.12 mA in
Table 1IV-20. Thus  indicating the probability of
rejecting a good part is extremely low, less than
.00001%. All "bad" parts would be rejected and were much
greater than 15 mA.

b. Input Gate Leakage - Leakage to a MOS input indicates a

degraded structure. All good parts tested was less than
0.1 microamps at 25°C.
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¢« Operating Point - This test would verify that the device
will mork with the input range required. This can be
performed by mon;tor;ng “the output waveform resulting
from a low frequency sine wave input, The good devices
which succeaa(ully performed under high stress test
passed an initial test of 1.0 volts peak to peak
operating around a 4.5 volt d.c. input, (VIG = 3.0V).

d. Gain - This parameter ahould be mcanurud in conjunction
with  the operating point. It is recommended that a
minimum value of 0.5 bé specified with an input per para.
c above:. Again;, this value is about 5.4 standard
deviations from the side 1 mean value of Table IV=20,
(Side 2 is 6.4 standard deviations.)

e. Bandwidth =~ The bandwidth, or a test to verify the
functionality of the device at the desired opprating
frequency should be performed, This type of test is a
necessity since the remainder of the parameters could be
acceptable but due to wmanufacturing variations some of
the parts may not work at higher frequencies. The
manufacturer's specification of 12.5% of the sampling
frequency should be used. At a 1 MHz sampling frequency,
good parts will have a bandwidth greater than 125 KHz.

Burn~In Circit

The burn-in circuit utilized for this study provides dynamic
operation of these circuits. A simpler circuit will be
adequate. This would consist of the circuit of Figure 1IV-58
except the sync input timing is not required.

Changes to Upgrade Reliability

These circuits are very temperature sensitive and operate in a
limited temperature range. The parts operate very reliably in
the range of =25 O to +55 %% when screened as recommended
herein. These limitations are inherent in the devices,
themselves and no recommendations can be made at this time to
improve performance in this respect. However, hess parts are
not damaged by operation at temperatures up to 125 and even
greater. Additional characterization to determine performance
parameters and operating limitations at higher temperature
will yield data which may be useful in specific applications.

Screening Recommendations
The electrical screening should be as discussed in para. 3
above Envirommental screening was performed per MIL-STD-883,

Method 5004. The results of the life test indicates that this
was adequate to provide reliable devices. The parts do not
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duude due to exposure to temperature extremes of -65 % to
#150°C., The 160 hour burn-in was performed at 559C. No
maximum operating  temperature was specified in the
manufacturer's data sheet. 55°C was utilized gince this was
the maximum temperature specified for the CCD32]A and this was
the temperature used for the 160 hour burn~in on that device.
The result 8 of this study 1nd*c|te that this can be increased
to the 125%C level specified in Method 1015,

Application and Derating Guidelines

The R5101 is an analog delay 1line intended for audio
lignal-delay applications. Some of these applications were
discussed in the introduction. New app11cationa are being
developed as the technology progresses.

There was mo evidence that device derating is required. The
outputs were operated for the 4000 hour life test at 2000 ohm
loading with no adverse effects.

Degradation of Charge Transfer Efficiency with High
Temperature Operation

There was no evidence of a decreaae in the transfer efficiency
with operation at up to 185 ©C. These parts are limited to
operating temperatures well below this point so this mechanism
is not expected to be a factor in the operation of these
circuits.
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FAIRCHILD CCD321A~2

A.

Physical Construction

The CCD321A-2 is a buried ¢hannel CCD. The following section will

discuss its construction. This will include physical dimensions

and type of packasge, residual gas analysis, C-V curves, circuit
schematics, microsections, and examination of the individual layers
on the die.

1.  Package
The CCD321A-2 is in a 16 pin ceramiz dual-in-line package

(Figure V-1), This is a multilayer side braze construction
with a braze sealed metal lid. Pin ] is marked by a B on top

of the ceramic, The metal 1lid is electrically connected to

pin 8, Vgg. There are 8 leads on each side of this package
at 0.1 inch spacings. The package width is 0.3 inches. The
serial number was placed on the package to keep device
identity during’the course of the testing.

2, Residual Gas Analysis

The RGA was performed as discussed in the R510l section., The
CCD321A-2 package is smaller than the Reticon package with an
internal volume of approximately 0.05cc. This is an adequate
quantity of gas to do an analysis and created a pressure rise
of 125 microns within the puncture tool.

The table below 1lists the gases detected and their mole
percentages:

Gas SN 17 S/N 0
Nitrogen No 99,26 99,35
Oxygen O, .50 17
Water Hy0 <, 01 <.01
Carbon Dioxide CO, .16 37
Methane CH, .04 .07
Argon Ar .03 .03

This is an acceptable gas ambient and does not represent a
reliability concern for this device.

PRECEDING PAGE BLANK NOT FILMER
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Figure V=1 Package, CCD321A; 5X
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3.

Capacitance Versus Voltage Plots

The phyum of the analysis of C-V curves was covered in the
R5101 section and will not be repeated here. On the CCD321A
the C=V Jplots were taken between pins 3 and 5 and pine 12 and

13, This was performed on sarial mumbera 8 and 45. Pin 3 =

ViAy Pin 5 = figp, Pin 12 = Vpp, and Pin 13 = Vg,
These pin co-binamonn allowed for C~V plots to be made
vithout the need for mechanical probing of the chip. figy

and Vpp are gates and Vypo and Vg aru contacts to n-ty
nnterinll beneath these gnt:quA. 18 pe

The shift in the transition point ranged from 0.15 volts to
0.6 volts, The thickness of the oxide in this area was
estimated to be approximately 800 Angstroms. The range of
values forQo/qis shown in the following equations:

AV = 0.15 to 0.6

Q
AV =
GD
%, 8,
g ﬂ 4
¢ w oo . (3.9)(8.86 x 107 r/em)
0 £ 800 x 10” %em
¢ = 4.32 x 10~8p
Q,  (.15)(4.32 x 1070 1) 10
min S =75 = 4 x 107
q 1.6 % 10 coulombs
Qy  (.60) (4.32 % 10°% 1) ,
max — = — —13 = 1.6 x 101l
q 1.6 x 10 coulombs

These values are in an acceptable range of mobile ion charge
density. The readings are shown in Table V-1 and the curves
are drawn in Figures V-2 thru V-5, The parts were biased at
15 volts and heated to 300°C for 10 minutes. They were then
allowed to cool down under bias and the C-V readings taken.
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They were then annealed at 300°% for 10 minutes without bias
and the final readings taken. From the Figures it is evident
that the transition peint for the pin 3-5 measurement is
different than that for the pin 12-13 measurement. This is
the work function difference between the two polysilicon
layers. Pin 5 is connected to the polyl layer and pin 12 is
connected to the poly2 layer. There is approximately three
volts difference in this flatband voltage and this provides
the directionality associated with cherge movement in the
channel as will be discussed in the following section.

Schematic

The CCD321A is a 455/910 bit analog shift register., It
contains two separate 455-bit shift registers which can be
connected in series to form a single 910-bit shift register.
A functional schematic from the Fairchild data sheet is shown
in Figure V-6. This shows the two separate shift registers
and output amplifiers. The analog inputs Vip and Vyg are
on the input to the channels, followed by the sampling gate
'“ and !33, the reference gate Vga and Vgg and then
the shift register channel. V; is a DC voltage which goes
to alternating pairs of gates in each channel and f), and
‘u go to the other alternating pairs of gates. The output
amplifier for both sides is identical. The sections will be
covered in detail and their physical location and structure
discussed.

An overall die photograph is shown in Figure V-7, The shift
register inputs are on the outside edges of the die. The
shift register then traverses back and forth across the die
until the output amplifier in the center of the die is reached.

a. Input Circuit = The purpose of the input circuit is to
introduce charge into the CCD channel. The amount of
charge introduced is linearly dependent wupon the
difference between V; 4nd Vg, These voltage levels
can vary from 3 to 7 voltu. A schematic representation
of this input is shown in Figure V-8, Since there are
two layers of polysilicon the gates are shown as solid
lines for the bottom layer, polyl, and as dotted lines
for the top layer, poly2. A cross-section representation
of this is shown in Figure V-9. Below the cross-section
is a vrepresentation of the potential wells produced
beneath the gates. A photograph of this area is shown in
Figure V-10. At time Tl with Pl high, there is charge
present beneath the f1 gate electrodes. The cascade
effect is produced by the work function difference of the
polyl and poly2 layers. V2 is at a fixed potential of
about 7.5 volts while Pl goes from 0 to 15 volts. This
produces the stair step condition seen with either #1
having the deepest well (T1) or V2 having the deepest

w
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well (T2). At time T2 the ctarge wh ¢ «as Simeath the
Pl polyl electrode moves to the area beneath the V2 poly!l
electrode. Also at this time #8 goes high which allows
the input charge to move into the area beneath the Vg
gate. The amount of charge which is introduced into the
shift register is then controlled by two voltages. These
voitages control the depth of the well under Vg, with a
higher potential! producing a deeper well, and the amount
of the reverse bias on the input diode, with a lower
reverse bias supplying more electrons. In the Figure,
VR is at 6 volts and Vy is at approx mately 3 volts.
When fS goes low the sample will be locked into the area
under the Vg electrode. This is shown at time T3. The
charge will then be transferred into the shift register
when M1 goes high (T4).

This Figure then shows how the input signal is sampled
each time #S is high, and that the Fl clock with the
fixed V2 electrodes, transfers the charge down the shift
register.

Shift Register =~ The structure of the gates over the
shift register was shown in the input circuitl section.
The V; and P! electrode pairs alternate the entire
length of the channel. A portion of the shift register
including the cormer structure is shown in Figure V-11,

Output Amplifier = The output amplifier is shown in the
schematic in Figure V-12 and in the photographs in
Figures V-13 and V-1l4. Figure V=13 shows the overall
amplifier section. Figure V=14 sghows the interface
between the channel and the output. A cross-gsectional
view of the interface between the shift register and
output amplifier i1s shown in Figure V-15, This shows the
Vo, ﬁl, Vs electrodes which transfers the charge into
the n+ source diffusion of transistor Ql. This diffusion
is precharged when #l goes high. The amplifier section
is more complicated than that of the R510l. Transistors
Q3, Q5, and Ql0 are resistive components to ground.
Transistors Q6 and Q8 are always biased on and therefore
are series conductors. The charge which reaches the
source diffusion of Ql will decrease the conductivity of
Q2 which lowers the voltage tc the gate of Q4. This
decreases the conductivity of Q4 and thus lowers the
voltage level that is tranferred to the gate of Q9 when
PR is high. The output voltage will decrease when the
input voltage decreases and increase when the input
voltage increases. The amount of charge transferred is
inversely related to the input voltage leve',

The transistors in this section are depletion mode field
effect transistors.
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Figure V=15 Output Cross Section, Typical, CCD321A

Figure V=16 Input Protect Circuitry, CCD321A; 500X
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5.

d. Input Protect Circui: = Toe inpute WMiich po to a single
gate on the chip have an input protect circuit as shown
in the photograph in Figure V=16 and in the schematic in
Figure V=17. These inputs include Vg, #s, and ’&
The other gate inputs are protected as shown .?n
photograph in Figure V-18. These inputs include f1 and
V2 ?\e first protect network includes a series
poiynil con resistor followed by a diode with the
substrate as the anode. The other inputs only have the
diode. The probable reason for this is that due to the
higher capacitance of the multiple gates a series
resistor would limit the operating frequency of the
device and the higher capacitance makes these inputs less
susceptible to ESD stress.

Scanning Electron Microscope Examination

The integrity of the metallization and the polysilicon were
judged utilizing MIL-STD-883B Method 2018 as the criteria.

The passivation layer was examined and is shown in Figure
V=19. This is the edge of the opening for the bonding pad
with the bottom right-hand side being exposed aluminum and the
tor and left-hand side being covered with passivation. This
passivation was seen to be quite thin with portions of the
aluminum being exposed along the traces. The passivation
covering hillocks along the aluminum traces could not be
adequately protected by photoresist and were etched during the
bonding window opening etch.

If there are particles present they may bridge between
metallization stripes and create shorts at these exposed
areas. The other concern is that the aluminum can now be
attacked by any corrosive chemical which may be encapsulated
within the package. One failure occurred during the life test
which may have been partly due to this condition.

Hydrofluoric acid fumes were used to remove the passivation to
allow examination of the metallization. A low magnification
view of metallization and polysilicon at a corner is shown in
Figure V-20. Metallization coverage in a portion of the
output amplifier is shown in Figure V-21 and for the contacts
to the shift register electrodes in Figure V=22, The
electrode contact windows were the worst case step coverage
seen on this device. They were acceptable per the
specification. A higher magnification view of these are shown
in Figures V=23 and V-24. Figure V-23 is the Ml contacts to
the polyl on the right and the poly2 on the left. Figure V=24
is the V2 contacts to the polyl at the bottom and the poly2 at
the top. The metallization is approximately 1 micron thick.
There is not a reliability risk associated with the coverage
on this part. The aluminum metallization was then removed
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Figure V=17 Schematic, Input Protect Circuit, R5101

Figure V=18 Input Protect Circuitry, CCD321A; 500X
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Figure V=19 SEM Mic rograph, Passivation Llayer, CCD321A;

10000X
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Figure V=20 SEM Micrograph, Cornel structure, CCD321A;
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Figure V=22

SEM Micrograph, Metallization Coverage,

CCD321A: 1600X
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using Transene Aluminum Etchant. The oxide layer between the
aluminum and the polysilicon was seen to be about 6,000
angstroms thick at this time. The area which was shown in
Figures V=22 through V-24 was again photographed and is shown
in Figure V-25. The oxide layer was then removed using
hydrofluoric acid fumes and the polysilicon layers documented.

Figure V=26 shows the output amplifier as well as the
surrounding areas. The poly2 layers appear darker in the SEM
micrographs. The interface between the shift register and the
output amplifier is shown in Figure V=27, This type of
examination was used to determine which layer of polysilicon
was used for the gates in the amplifier to develop the
schematic. An input structure is shown in Figure V-28. A
portion of the input protect circuit is visible in the upper
left and then the input gates and shift register. Step
coverage over thermal oxide steps for polyl is shown in Figure
V=29 and the poly2 coverage is shown in Figure V-30. The
poly2 coverage over the polyl is shown in Figures V=31 and
V=32, As is apparent this coverage is excellent. The
polysilicon layers are 3,000 to 4,000 angstroms thick and the
insulating layer between them appears to be about 1,500 to
2,000 angstroms thick. Two views of the polysilicon at a
corner are shown in Figures V-33 and V-34. Figure V-34 shows
the surface relief in this area.

The interconnections to the polysiicon gates are shown in
Figure V=28, The first gate, PS8, is the lower level
polysilicon (polyl). The second gate is VR and then the shift
register begins. The first gate in the shift register is a
polyl, Pl connection. The next two gates are connected to
V2. The first gate in this and each pair is a poly2 layer.
The next pair is then connected to PBl. This pattern repeats
along the entire shift register.

The SEM examination of the conducting layers found all to be
acceptable.

Diffusions and Polysilicon Conductors

This section will discuss the diffusions used on this chip and
will show these diffusions and the polysilicon conductors in
cross-section.

The input protect diode, the input diode, and the output
amplifier source and drain diffusions are produced by an n+
diffusion. The shift register diffusion for the channel is
produced by a shallow diffusion which is likely formed by ion
implantation. An overall view of the chip with the conductor
layers stripped is shown in Figure V-35. This shows the input
protect diodes, the shift register, and the output amplifier,
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Figure V=26 SEM Micrograph, Output Section, CCD321A;
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Figure V=27 SEM Micrograph, Polysilicon Coverage, CCD321A;
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Figure V=29 SEM Micrograph, Folyl Step Coverage, CCD321A;
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Figure V=30 SEM Micrograph, Poly2 Step Coverage, CCD321A;
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Figure V=31 SEM Micrograph, Poly2 Step Coverage, CCD321A;
19000X
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Figure V=32 SEM Micrograph, Output Section Poly2 Step
Coverage, CCD321A; 11000X
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Figure V=33 SEM Micrograph, Polysilicon at Corner, CCD321A;
500X
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Figure V=34 SEM Micrograph, Polysilicon Step Coverage,
CCD321A; 2500X
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} Figure V=35 Die Surface With Diffusions Stained, CCD321A;

Figure V=36 Input Diffusions, CCD321A: 500X
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Tre input to the shift rogister and ihe input protect diode
are shown in the photgraph in Figure V-36. The darker area at
the start of the shift register is the n+¢ diffusion. The
appearance of the shift register cormer is shown in Figure
V=37. The interface between the shift register and the output
amplifier is shown in Figure V-38, Again the darker areas are
the n+ diffusions. The overall amplifier is shown in Figure
V=39, A cross-sectional view of the shift register is shown
in Pigure V-40. The shift register channel is the area which
appears as the higher region between two tubs. This area has
a thin ion-implanted layer which is the lighter colored
material in the channel. This layer is on the order of 2,500
to 3,000 angstroms thick. A portion of the output amplifier
is shown in Figure V=41, Going from left to right on this
photograph are a non-diffused area, a drain diffusion, an
ion-implanted gete region, a source diffusion, and another
jon-implated gate region. The drain and source diffusions are
approximtely 1.5 microns deep.

Figures V=42 through V=44 show the polysilicon layers. Figure
V=42 shows the aluminum metallization above the polysilicon
and illustrates the dielectric isolation between these
layers. Figure V-43 shows the overlapping polysilicon
structure. The right-hand side of the photograph is the shift
area region and the left-hand side is the region between
channels where the polysilicon is well above the silicon
surface. Figure V-44 shows ore polysilicon layer crossing
over the other layer. This occurs between adjacent shift
register channels since the direction of charge flow reverses
itself at each corner and therefore the polyl and poly2 layers
that are connected together also have to reverse their order.

Electrical Characterization - General

The Fairchild CCD321A data sneet is given in the Appendix. These
parts were obtained through a local distributor.

The first group of parts failed due to poor bonds between the gold
interconnect wires and the die. Analysis of these bonds indicated
too low of a temperature during the thermocompression ball bonding
operation. Aluminum ultrasonic bonding was utilized on the second
group of parts, which were obtained at no cost from Fairchild.

The second group of parts had 32 out of 50 devices develop leakage
current during initial electrical and environmental screen tests.
These failures were due to breakdown between the two polysilicon
layers. Fairchild is aware of this problem and should be able to
solve it.

A third group of parts was obtained at no cost and were used for

this study. Failures occurred due to layer-to-layer breakdown,
however, not to the extent seen in the second group.
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Figure V=38 Shift Register to Output Amplifiex Interface
piffusions, CCD321A; 500X
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Figure V=39 Output Amplifier Diffusions, CCD321A; 250X
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Figure V=42 Cross Section of Polysilicon Layers, CCD321A;

1000X

CCD321A;

Figure V=43 Cross Section of Polysilicon lLayers,

1000X
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Operating Paramelers

Electrical characterization of each of the three groups of
parts was performed to determine their operating range. They
were operated in the test tool shown in Figure V-45. This
tool was designed specifically to operate the CCD321A and
perform the electrical tests to be described in this section.
The voltages and signals required to operate this circuit are
shown in Figure V-45 and in Table V-2.

In Table V-2, the first voltage given is the output drain
voltage, Pin 16. This voltage is supplied to the output
amplifier and to the output load. In the test tool with an
emitter follower load the current flow is primarily in the
output amplifier. The current level ranged from about 4 to 7
mA.

The DC transport voltage is typically given as 6 volts. This
level is dependent upon the level of the transport clock
voltage and should be approximately one half of its peak
value. This level was set at 6.5 volts in the test tool which
is one half of the clock voltage level. This voltage is
applied to alternate pairs of electrodes along both shift
tregister A and B.

The analog reference inputs can vary from approximately 3 to 7
volts. Signal charge injection is proportional to the
difference between the input DC level and this analog
reference input. In the test tool VR, going to pins 4 and 12,
was set at 5 volts.

The transport clocks, #lA and #1B are typically 13 volts. 1In
the test tool, an open collector output and gate was utilized
to provide this level. The frequency of operation and the
timing are provided by the oscillator and logic gates shown in
Figure V-45. #l is a square wave at 62.5 KHz. This clock is
connected to alternate pairs of gates in the shift register.
A full discussion of the transport clock is given in the
construction analysis section.

The input sampling clock and the output sample and hold clock
are given as typically 13 volts. In the test tool these two
clocks are connected together. The timing requirements
between #1 and P#S are given in the data sheet. In the test
tool #S an PR go high 2 microseconds after Ml goes low and
then goes low 2 microseconds before #l returns high. (Figure
V=46). The top trace is HFl and the bottom trace is #S. These
traces are at 10 volts per vertical division and 5
microseconds per horizontal division.
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TABLE V-2 OPERATING VOLTAGES, CCD321A

VOLTAGE RANGE
FUNCTION SYMBOL  ISAN" T 1YP | MAX
i OUTPUT DRAIN Voo 4.5 15.0. 15,5
DC TRANSPORT
ffi V2 6.0
ANALOG REFERENCE
— VRA, VRB 37
TRANSPORT CLOCK  @1A, ¢1B 12,0 13.0 15.0
INPUT SAMPLING |
g 5 #SA, 9B 12,0 13.0 15.0
OUTPUT SAMPLE &
o d GRA, RB 12,0 13.0 15.0
INPUT DC LEVEL VIA, VIB 37
P
|
|
f
}
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The input DC level can range from 3 to 7 volts typically.
There are five positions which can be connected to the input
on the test tool. The function of each of these will be
discussed in the appropriate electrical measurement section,
For initial characterization, position 3 was used and the
transfer characteristic was developed. Figure V-47 shows the
transfer characteristic for one device from the first lot,
Date Code 7901, and from the third lot, Pate Code 7952. Two
curves are shown for the same device from the D.C. 7952 lot
with VR at 5.0 volts and 6.0 volts. There was some variation
of this transfer characteristic within each lot. This is a
function of many manufacturing parameters.

The signal outputs on this device are pins 1 and 15, The
emitter follower output provides the output voltage levels as
given in figure V=47. The output level is valid when PR is
low. When ’: is high the charge on the output gate is reset
and the voltage present at that time is not related to the
analog level from the shift register. To avoid any transient
problems on the test tool the sample times on the sample and
hold circuits occurs when Ml is high. Thic is within the
valid portion of the output voltage.

Two pins on this device, Vg and Vgg were connected to
ground. These are pins 2 and 8 respectively.

Table V-3 lists the electrical measurement made on the
CCD321A-?bdevice6. The temperatures utilized for this testing
were +257C, =-25%C, and +55%C. The high and low temperatures
used are the maximum ratings specified for this part. The
initial electrical characterization was utilized to provide
in-depth information about the performance of these devices.
The objective of the post environmental characterization tests
was to determine delta shift information on each device. The
interim electrical tests assured that the devices were
funtional at the specified points in the test and also were
used to obtain additional parametric data for delta shift
gnalysis.

Electrical Parametric Measurements

a. Device Power - This is a measure of I,y which comprises
essentially all of the input current to the CCD. This
measurement provides information about the stability of
the output amplifier. There are three stages for the
amplifiers on each side of the device and each stage is
internally loaded with current "pull down" loads.
Depending upon geometry and drain and source diffusions,
the transistor channel resistance will vary somewhat
between devices. This will cause a difference in the
current measured for different parts. A change in this
current can be indicative of threshold voltage drift,
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TABLE V-3 ELECTRICAL TESTS, CCD321A

SEQUENCE TEMPERATURE TEST TYPE
1) INITIAL CHARACTERIZATION 25, =25 & 55°C  FULL
2) POST ENVIRONMENTAL SCREEN 25% INTERIM
3) POST 160 HR BURN=IN 25% 3 FULL

«25 & 55° INTERIM

4) STEP STRESS 25°% INTERIM
5) HIGH TEMP LIFE TEST @ ., 25°% INTERIM

8, 16, 32, 64, 128, 256,

500, 1000 & 2000 HOURS
6) POST HIGH TEMP LIFE TEST 25°¢ FULL
7) TEMPERATURE CYCLING @ 20, &

50, 250, 500 & 1000 CYCLES 25°¢C INTERIM

NOTE: Interim electricals = Output Drain Current, Gain, Offset Voltage

and Input Leakage Currents,

Full electricals = Interim Electricals plus - Noise,
Transfer Efficiency and Bandwidth,
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shorting (or leakage current paths) between the two
polysilicon layers, Dbetween the polysilicon and
metallization, or between the polysilicon gates down to
the silicon. This current was measured on the test tool
by reading the voltage drop across a 14.7 ohm resistor
and calculating the current flow. A typical value for
this reading was 0.0882 volts which calculates out as 6
mA.

Input Gate Leakage - Input gate leakage is measured on
the leakage current test tool shown in Figure V=48, The
inputs measured were OlA, FSA, VRA, FRA, V2 JRB, @SB,
VRB, and #1B. A constant 11 volts is applied to each of
these inputs through a 100 kohm limiting resistor. The
voltage is then measured across each of these resistors
and recorded. Resolution down to ,0001 volts was
utilized which provided a current sensitivity of 1
nanoamp. This measurement is important to CCDs since one
of the most prominent failure modes is leakage current
between overlapping polysilicon layers. The above
measurement will detect this type of layer to layer short
if one of the layers is connected back to Vpp vgg,
or Vgg. From the information gained through the
construction analysis and failure analysis portions of
this study, additional leakage ,aths should be measured.
These include any pin combinations which are connected to
adjacent polysilicon gates that overlap. For the
CCD321A-2 this includes: FSA to VRA, VRA to flA, FlA to
V2, @SB to VRB, VRB to M1B and F1B to V2. The failure
analysis section will discuss electrical parametric
shifts which resulted from leakage paths between some of
the above combinations.

Voltage Offset - This term describes the buried channel
"dark current”. This current is produced by thermally
generated minority charge in the bulk silicon (electrons
in the N doped buried channel which is depleted by
channel bias). This is a temperature sensitive
megsurement since the dark current doubles for every 8 to
10~¢.

In the test tool this measurement was made by setting the
input to position 2, 5 volts, and reading the output
voltage level. The output voltage read is the level
produced with no charge input to the shift register.

The output amplifier schematic was shown in Figure V=12,
With the clock circuits as indicated previously this
output circuit functions in a sample and hold mode. BR
goes high and applies a charge level to the output
transistor. The output voltage level with @R high is
related to the feedthrough of this signal and not to an

194




LTI T

A

4
C
T |
i
:
-
.
Foy
-
L
ol
=
ot
A

.
S

=

YELEN +

AL - O

A s = - = AT e =
VIzZeano €100z 3s9y o8eyeo] ‘oilrweyds gy~A 2In3Td
@ & —Q
>
1 QOﬂMM 00T 23 0NO0L MM OOMMM oo.mw
<
_ ]
L 2
*smyo Ut
-9 20uR3lSISaX IV
-®
£'23 4 11 0L 6
TA IA q1 a4
qasd ] @ mm> -8 O
G— 29 | 8
A
o ¢
ViA vSg Vi@ vug
B S 9 L
@
L %y c1 MN
®
d 00T A00T MM OOHMM 001 M
@ F L —& @ O
ATI +

[Ta
[=)9
i

C~3

T

o

TR

Ay el




ey

offsat voltage lavel, It is not possible in this
configuration to measure the vreset level and then
subtract the analog output level from it in order to
measure an offset value that is independent of the output
amplifier charactervistics, If FR was held at Vpp, the
output signal would then be a aquare wave with half of
its duration equal to the output reset level and the
othes half related to the charge from the shift
register. This would allow a measurement to be made
which would vemove any output amplifier wvariation Ffrom
tha value vead.

Thecfcadinga taken on a typical devige for Voffset are:
-257C = 9,93V, +25-C = 10.11V, +55°C = 9,99V, These
readings indicate that two conditions on the chip are
changing and they are changing with opposite temperature
coefficients. The dark current level will increase with
temperature which will cause the output level to
decrease., This appearg, to be the significant factor for
the decrecase dbove 250, Below 25YC the output level
also decreases. This is apparently due to a change in
the amplifier charasteristic with temperature.
Temperature character? zation of this phenomena found the
peak output level to be at about 25°C,

Voltage Gain - The voltage gain is performed by measuring
the output voltage level change for a known change in the
input voltage 1level. In the test tool, readings were
taken with the input switched to poeition 5 (3.9V) and
then with the input switched to position 4 (3.5V). The
second output level subtracted from the first, divided by
0.4 volts is equal to the gain. A change in the gain
would indicate a change in the input sensitivity, the
transfer efficiency, or the output amplifier gain. The
input levels were selected by utilizing the
characterization data shown in Figure V=47.

Noise Measurement - CCD noise is partially a function of
the magnitude of the dark current since random noise can
be produced due to the shot noise of the electronic
charge. It is also affected by input circuit charging
noise, vreset circult charging noise, output amplifier
noise, and surface and bulk state trapping noise along
the shift register, To take the noise measurement on the
test tool the input was set to position 5, switch 6 was
set to Ul8-6, and switch 7 was set to U9-6. The first
sample and hold circuit acquires the output level at a
valid portion of this signal. The signal is sampled at
the time when Ul8-6 goes low with a sample time of 8
microseconds, The 5000 pF holding capacitor provides
accuracy to 0.1% in G microseconds on Ul0. The second
sample and hold, Ull, is held in the sample position
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starting at tho same time as Ul0 and remaining for 720
microseconds. With the 0,15 wmicvofarad capacitor this
civeuit will reach 0.1% necuracy in 700 microscconda.
Thase two sample and hold civeuits in seriecs provide the
necessary fast sompling time as well as the slow output
level drift to wvead individual voltage levels on the
output. In this circuit configuration a wew sample is
vead every 8 milliscconds while the computor accepts a
sampla every 250 williscconds. To obtain an RMS voltage
reading, 125 samples ave acceptad and  this  value
caleulated,

, 128 \
S Nodse)™ = 5 Xy =~ X*
=]

There wore two problems associated with taking this
measurement. The Fievst one was the system noise since
there were geveral A,C. signals in the test tool. This
could vesult in errvoncous veadings boing taken by the
computer, The second problem was the change in the
output  voltage level as the chip heated up while
operating. ‘The output voltage dvift with time as the
chip is heating up is shown in Figure V=49, With this
device in the test tool for 140 seconds the output lovel
wont from 9.3750 to 9.4250. This is a change of 50 wv.
Since the amount of change decreases with time the output
noise level for the fivst side read will be higher than
the sccond side. This was evident during the electrical
testing on these devices, Side B was measured first and
wag consistently highar.

Bandwidth = A separate tost tool was constructed for tha
bandwidth measuvement (Figure V=50). The other test tool
had the necessavy intercounections to perfomm a bandwidth
test, however, due to the amount of wiring very poor wave
gshaping vesulted on the two clock signals. On the
bandwidth test tool both sides A and B are shown
connected at one time, however, during the actual testing
only one side was connected to the clock signals. AllL of
the devices wore tested on Side A and then the wires were
goldered to side B and it was tested. This provided
better clock pulse waveshape. ‘I'wo separate 9644 drivers,
which were obtained at wno cogt from Fairchild, were used
as the drivers. These circuits produced a 0 to 13 volt
gquare wave output of opposite polarity to the input.
The input timing was produced by an HP 8016b Word
Generator for Bl and by an HP 1900 Pulse Generator for #R
and #S. The Pulse Generator was driven by the Word
Generator., The analog signal input was supplied by a

197

g R et e

SR P

R N

3 pig s




A ARE ST AT, 58 \Mﬁ. tud b et - Ao ag? = ﬂ.ﬂﬁﬁwﬂ% i

ﬂ: TN T R RN e, 2 IR A STRER SRR AR SRR, Mt TN o TR oy T T B Yy e 1 2 e AT fok og A2 e BB e
s

ks A e 7 T e b aarnia v Asean it bttt EA s s

|
1

¥I2eaon ‘swrf dn-mieyM sA Ing 2823104 6Y-A IN3TL

DAL M e men e s -t et

SANO2AS - 3 ‘ENIL
O%1 OEI O0¢I OIf GO0I 06 08 oL 09 0¢ oY o€ 0¢ o1

R T

e}
o0
™M
.
o

198

sop - 26y

17°6

g

27°6

i £7°6

i ogor, ol L0 Feo o . e = A e e e e I a L - e e em g o Be L o



LAY R

%
1 «mﬁW
2 Ast

B NG

.
X

|

i

L ~
. m
i

Il

¥I1ZEaoD “jool 3SSL uapImpusg ‘oTjeuaydg (G-A 2andrg

smyo ufp —_— =

JOUBISTSAIT TIV

X 001
AS

[

st| 4 terg M . e: @

-+

Te1 4 ¢°g

za vig Ty | T

7T Inn 9 L

ﬁﬁ,mmb
o L 456

gip
Vb 7=

ca

199

L A A ey




variable frequency sine wave generator, Krohn-Hite Model
2000, The D.C. input level was variable but commonly was
set at about 3.3 volts. Vpp was adjusted to 15 volts
at the unit under test, and VR was set at 5 volts, V2
was originally set at 6.5 volts, however, adjustment of
this level was necessary on some of the devices, to obtain
an undistorted output signal. The outputs were again
emitter follower circuits,

The input clock frequency was adjusted to 14.32 MHz. The
output level was measured with a 1 volt peak~to~peak sine
wave at approximately 700 KHz on the input. The input
frequency was then increased until the Nyquist limit was
reached. In all cases this occurred prior to the 3db
point being reached. The Nyquist Llimit is equal to
one~half of the clock frequency. The sine wave must be
sampled at high and lew peaks to take this measurcment.,
By adjustment of the input frequency this condition could
readily be obtained on the oscilloscope and the output
level measured.

Tranafer Efficiency =~ This parameter measures the
efficiency with whiceh charge is transferred through a
device. It is a measurement which shows the difference
batwaen & burisd-=channel device and a surface channel
device &s discussed previously, It also provides
information on several first and second ovder material
and processing effects.

This measurement is made by shifting a charge packet
through the device and measuring the output voltage (V1)

then switching to no charge being transferred through and
measuring this voltage level (V2) and finally measuring

the voltage level (V3) which occurs at the single pulse
following the change from V1 to V2. The transfer

efficiency is then equal to:
2o W]
- [Vl X 455

The test tool circuitry was designed to perform these
measurements, switchas 8 and 9 control the input levels
and the counter circuits Ul3, Ul4, and Ul5 control the
sample time for the sample and hold circuits. The
critical timing for this test is to read the voltage
level V3 which occurs at the single output pulse
following the change from charge being transferred
through to no charge being transferred. In the test tool
with switch 9 at ground and switch 8 at 5 volts the input
of the CCD321A-2 is 2.87 volts. This provides the output
level V1 of about 8,40 volts. To measure V2 with no
charge being transferred through, 4,85 volts is applied
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to the CCD321A-2. This is accomplished by taking both
switeh 8 and swi‘ch 9 to 5 volts., The output level
produced is 9,80 volts. The V3 measuremeni is taken by
setting switch 9 to 5 volts and switeh 8 to Ul9~10. 1In
this configuration the input to the CCD321A-2 is
switehing between the 2,87 volt input level and the 4.85
volt input level. When the input switches from the 2.87
volt level to the 4.85 volt level the counters reset and
count to 455, since this is a 455-stage shift register.
The counter circuitry then provides a pulse that is used
to control the timing for the sample and hold circuits.
The CCD321A=2 output and the timing pulse for the first
gample and hold circuit is shown in Figure V=51, The
displays have a time base of 10 microseconds per
horizontal Aivision, the bottom trace is at 1 velt per
vertical division, and the top trace is 5 volts per
vertical  division, There is  little  perceptible
difference between this first 1level and subsequent
levels. This is approximately 30 mV.

Initial Electrical Characterization

The teat flow is shown in Figure V-52. The results described are
for the third Fairchild lot only.

Initial alectrical characterization on the CCD321A~2 devices was
performed as doseribad in the previous section,

Five devices were tested to determine if a 1lot related problem
existed with these devices. The following sequence of tests was
performed: electrical characterization, environmental screen, and
electrical characterization. Leakage current testing was performed
first with Serial Number 6 having 1.4 nA leakage. The remainder of
the electrical tests were then run followed by a repeat of the
leakage current test. S/N6 had increased slightly to 2.2 nA. The
parts were then subjected to the environmental screen tests,
interim electricals, 160 hour burn~in, and full electrical
characterization., The parts continued to operate properly with no
increass in leakage. The remainder of the parts were then tested.

Due to the leakage current problems experienced previously, the
first incoming electrical to be performed was a current leakage
test. S/N 19 was found to have Pin 9 shorted. No other devices
exhibited leakage current. The leakage current measurements taken
during the course of this testing are shown in Table V-4, These
readings are given as a voltage across a 100 kohm enrrent limiting
resistor. Therefore 1 volt is equal to 10 mieroamps.
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Figure V-52 Test Flow Diagram, Fairchild CCD321A/ Quantities Used
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The devices were then electrically characterized at ~25Cb, +25Cb,
and +55¥C. A sample of the electrical readings are given in Table
V-5, This provides the data taken at three temperatures on the
test tool. Delta calculations between these initial measurementa
and later mnocasurements will be discussed in the data analysis
sections General obsorvations from this Jdata include: an increase
with temperature of gain and nolsey a deercase with temperature of
device current and transfor efficiency, and the voltage offset was
highest at +250C as previously discussed,

The bandwidth test at all temperatures found the bandwidth only
limited by the Nyquist sampling limit. The clocks were operated at
14.32 MHz and the bandwidth measured 7.16 MHz,

Following the electrical tests the lcakage current was rvemcasured.
The vesults are again shown in Table V-4, Several more devices are
leaky at this point., TIf fallout were to continue at this rate the
test would be terminated.

Serial numbers 1 and 2 were held for controls. The remaining
devices were subjected to the envirenmental screcning tests.

Environmental Screen

The envirqnmontal screen tests were selected from MIL-STD-883,
Method 500%; Class 3, These tests were previously listed in Table
IV"B *

The f£irst screen test was high-temperature storage per Method
1008.1, Condition C. This is a storage temperature of 150°9¢ for 24
hours in a mnon-powered condition. This stress 1is used in the
screening sequence as a pre-conditioning treatment prior to the
following tests.

The second environmental sereen test was temperature cycling per
Method 1010.2. This is an automated test which exposes the parts
to -65°C and +150°C taking 30 minutes per temparature cycle. There
was a total of 10 cycles. ‘

At this point a current leakage test was performed. The results
are shown in Table V-4, No additional parts became leaky.

The third screen test was constant acceleratinn per Method 2001.2,
Test Condition E. This is a 30,000 g acceleration in the Yl axis.
The Y1 orientation is defined as that one in which the element
tends to be removed from its mount. The parts were held in plastic
carriers te avoid bending of the external leads.

The fourth screen test was a seal test per method 1014.2, The fine
leak test is per Test Condition Al, using helium tracer gas with a
bomb time of 2 hours at 60 PSIG. The gross leak test is per Test
Condition C; using fluorocarbon.
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Interim electrical tests were porformed at this time., This testing
is used to verify the fuactionality of the devices and provide
information on the aeffect of the preceding tests on parameter
stability. The data was stored on tape and comparicon was mada
with the initial weapurements.

Parts which exhibited high leakoge curvents and significant shifts
in their parameters were removed at this time. This inecluded
sarial numbers 8, 9, 14, 17, 21, 24, 43, 44 and 45. At this time
overvoltage testing was performed on some of these devices to
detormine the breakdown 1level of the oxide., In addition to the
above parts, S/N 1 was also tested. The voltage on pin 7 with
reapect to ground was raiscd to 28 volts. The oxide broke down at
this point and the part was now an clectrical failure, Due to this
overstress S/N 3 was relabeled as S/N 1 and used for a control
during the rcemainder of the test,

The £ifth screeping test was the 160 hour burn-in at 559¢, This is
the maximum specified operating temperature for this device and it
was used since the effects of higher temperature operation were
unknown at this point.

Following this 160 hour burn~-in the parts were again clectrically
charnctcrizcd. There was one additional part which was leaky on
pin 9, S/N 41, This device was removed from test. Serial numbers
23, 30, 38 and 46 had exhibited low level leaknge current, however,

als - PO . PRy VIR SN P, S

L)
it BhHange in their cleckrical paramcurics had been observed so they
3
were left in test.

Thermal Step Stress Test

This test was performed to establish the temperatures used in the
4,000 hour 1life test, The circuit used is the same ome as that to
be used for thz life test.,

The test plan is the same as that used for the Reticon devices and
is repeated below:

1. Operate four circuits for 16 hours at +659C, Monitor the
outputs feor functionmality and record the power supply currents
at the start and end of test,

2. Perform the interim electrical tests at *ZSOb.

3.  Tucrease the operating temperature in 10°C increments until
malfunction or permanent parameter shift occurs. Malfunction
is defined as the point where the output, which has previously
saturated, no longer exhibits a regular time sampled analog
pulse train. Other malfunction criteria is any significan%
shift in current at temperature.
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The power supply currents were monitored during the course of
this testing as noted. There was no change in the supply
currenis except for a gradual decrease in the current on the
15 volt supply. This is the output amplifier voltage source.
The cuarrent decreased in an approximately linear fashion from
23 mA at 65°C to 14.5 wA at 2159C. The appearance of the
output waveform over temperature is shown in Figures V=53 to
V=57, The small white bar in the lower left hand corner
indicates tite ground level, These photographs are taken with
the vertical scale at 2 volts per division and the time base
at 200 microseconds per division. From this series of
photographs it is apparent that the output which started as
basically a square wave degrades to a line with a short
duration pulse at 200°¢.

The interim electricals taken after each 10°C stress are shown
in Table V-6, All devices had a decrease in the supply
current with stress time. There was also a gradual shift in
the other parameters with stress, however, there were no
significant changes. One device with a leakage current
condition was subjected to the step stress test. The voltage
level readings related to the leakage current are shown in
Table V-6d. These levels decreased during the course of the
test.,

From the output waveform appearance, the electrical data, and
the failure rate experienced during the Reticon life test the
temperatures for the 4,000 hour life test were selected. The
luwer temperature selected was 150°C.  The output waveform ig
not flat at this point and higher current is flowing in 8pe
amplifier section. The upper temperature selected was 200-C.
This was the highest practical temperature which could be used
for a long term life test with the burn-in boards and ovens
available.

High Temperature Life Test

The burn-in circuit used for the life test is sghown in Figure
V-58. The voltages applied to the device are as shown. Pin 1 is
the side A output and it is wired to the outside for monitoring.
Pins 5, 7, 9 and 11 are connected to a 1.1 KHz waveform that is
identical in shape to that uged in the test tool. This input goes
high for 225 microseconds during the middle of the period that #@l
is low. #l1 is a square wave at 1,1 KHz and goes to pins 6 and 10.
Both of these waveforms go from Q to 15 volts. The monitor points
were checked daily to verify proper operation. The analog inputs,
pins 3 and 13 are at 3 volts. A zener overvoltage protection diode
and a 9 kohm current limiting resistor are in this circuit. The
voltage level monitoring points were also checked on a daily
basis. The reference voltage input, pins 4 and 12, are at 5
volts, This line is again protected with a zener diode and a
current limiting resistor, The charge input is related to the
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Table V-6a Step Stress Flectricals, S/N CCD321A
Offset ffoet Stress
Device/ Gain Gain oltagesVoltage
Current/ (V/V) (v/v) (V) (V)
(mA) o
10,01
S T € P T L ;
6.59 1.11 1.13 10.03 10,11 95
6.57 | 1.11 1.12 | 10.03 | 10.12 105
6.61 1.11 1.13 10,03 10.11 115
| 6.63 | 1.10 | 1.12 | 10.06 | 10.12 125
6.58 1.10 | 1.12 10,06 10,12 qﬁg
.0k 1,10 b 10.06 10, 1
.57 1,10 1.11 10.07 10,12 155
¢.53 1.10 1.12 10,07 10.13 165
6,53 | 1.10 1.12 10.09 10.12 175
[::éiéﬁ: 1,10 | 1.13 | 10.09 | 10.11 185
6,40 1.11 1.13 10,09 10,11 195
6,40 | 1.11 1.13 10,08 10.10 205
6,18 1,11 1.13 10,09 10,10 215

ro

ro
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R I = ™= m=—

evice Gain Cain
Current (V/V) (v/V)
(mA) Side A |Side B |Side A 3ide P (ocC)
e 21 1.25 1.23 | 9.90 9.91
.18 1.25 1.23 | 9.01 9,72 75
64,16 1.25 1.23 | 9.91 9,92 G
T 6.18 | 1.25 1.23 | 9.93 9,93 95
6,13 | 1.25 | 1.23 | 9.93 9,93 105
[ 6.16 | 1,25 | 1.23 [ 9,93 | 9.9 115
| 6,18 | 1.24 .23 | 9.95 9,93 125
| _6.16 | 1.23 | 1.23 1 9,95 9,93 135
6,18 1,24 1.23 1 9,9 9,92 145
6.16 1.23 1.23 | 9.95 9.92 155
4__£:9§_«, 1.24 1.24 | 9,96 2,94 165
6.12 24 1.24 | 9,95 9.92 175
6.14 | 1.20 | 1.25 | 9.0k 9,91 185
6,08 | 1.26 | 1.24 | 0.0 9,01 195
6,0l 1,24 1,25 | 9.0k 9,91 205
| 6.0% 1.7
6.073 1,24 1.25 | 9,04 9,90 215
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b V-6 esg Electricals CCD321A
Cffset
evice Cain oltag oltage emper-
Current (V/V) (v) (V) ature

(mA) | Side A SideA [side D (°c)
3.94 1.17 9. 9.75 5
3.93 1.16 0.48 9,76 75
3.91 1.16 9,50 9.77 85
3.91 1.14 9,56 9.80 95
7,92 | 1.15 9.55 9,80 105
3.91 1.14 9,57 9,81 115

) 9,6 9,87 ?

32148 S vig

3.93 1.12 9.60 9.81 145
3.92 .12 9,62 9,82 155
3.86 1.12 9,63 9,83 165
3,89 $1:.12 9,62 9,82 175
7.91 | 1.14 9,53 9,77 105
3,86 $:11 9,61 9,81 195
3,86 .14 9,61 9,80 205
3,86 1,11 0,61 0,80 215
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difference between the reference voltage input and the analog
voltage input. This voltage difference is two volts and therefore
there is charge being supplied by the input circuit. The V2 input,
pin 14, is held at one-half of the clock voltage level. This is
7.5 volts and again a zener diode and current limiting resistor are
in the circuit., The VDD line, Pin 16, is held at 15 volts. The
power supply is set in current limiting when the parts have
stabilized at temperature. There is a 20 volt zener protect diode
on this line. Signal ground and substrate ground pins 2 and 8 are
connected together and tied to a common ground.

With the fallout which had occurred prior to this point there were
38 parts remaining for the life test., Two of these were control
parts and the remaining 36 devices were divided into two groups for
the life test,

S/N 4, 5, 6, 7, 10, 11, 1zb 13, 15, 16, 18, 20, 22, 23, 25, 26, 27
and 28 were op.r.t.‘ at 150 . 8/' 29. 30. Jl. 32. 33. “.“?z' 36.
37, 38, 39, 40, 42, 46, 47, 4B, 49 and 50 were operated at 2007C.

Interim electrical measurements were made at 4, 8, 16, 32, 64, 128,
256, 500, 1,000 and 2,000 hours. PFull electricals were wade at
4,000 hours cumulative. The output of each circuit and the monitor
points were checked daily. The current level on each power supply
was read and recorded at the beginnjng and end of each period of
test. The 15 volt supply on the 1507C burn-in oven drew about 58mA
and the 200%C burn-in oven drew about 48mA initially and about 3

at the end of the test., The change in current level on the 200™C
burn~in test was due to device failures during the test.

The devices which were removed during the test were serial number
49 following 64 hours of operation, serial numbers 36 and 46
following 256 hours of operation, and serial number 40 following
500 hours of operation. A complete analysis of these circuits is
covered in the failure analysis section., A brief summary is given
here: S/N 49 and S/N 40 failed due to ionic contamination, S/N 36
failed due to a metallization fault, S/N 46 failed due to a
layer-to-layer short. S/N 46 had leakage from the start of the
life test and it finally degraded to failure.

The parts which exhibited leakage currenrt during the life test are
shown in Table V-7. §S/N 6 was the only device which became leaky
during the life test. This part had on the order of 2 nanoamps of
leakage. An additional pin on S/N 23 was found to be leaky after
1,000 hours of 1life test. The leakage on S/N 38 became
significantly worse during the last 2,000 hours of operating test.
The results of this leakage current change with long term stress
indicates that this is not a time-temperatu.e accelerated failure
mechanism.

Data analysis on these parte is included in the data analysis
section.
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TABLE V-7 DEVICE LEAKAGE (V); 321A

TEST SERIAL NO - PIN NO
HOURS | 6-9 [ 237 | 2329 | 30-7 | 387 1 46-9
4 - .0036 - 0004 ,0015  ,0037
8 - .0030 - 0004 ,0015 0035
16 - .0024 - 0002 ,0015 0033
32 - .0020 - 0002 L0014  ,0030
64,0003 L0017 - 0002 ,0014 0030
128 ,0002  ,0014 - 0002 ,0013 0033
256  ,0002  ,0011 - .0001 0012 10,9
500 ,0002  ,0011 - 0001 ,0011  PULLED
1000 ,0002  ,0008 ,0206 ,0001  ,0014 -
2000 ,0001  ,0006 ,0007 ,0014 .0000 -
4000 ,0001  ,0005 ,1071  ,0000 2,2 -




Temperature Cycle

At the completion of the 4,000 hour life test 6 devices were
subjected to 1,000 temperature cycles. Two devices were taken from
each of the life test groups and the two control parts were used.

The temperature cycles were ntlon% in ccordance with
MIL-STD~883, Method 1010, Condition C (150™C to -65™C).

Electrical measurements were cuken before temperature cycling and
after 20, 50, 250, 500 and 1,000 cycles.

Table V-8 provides the electrical data on these 6 devices and a
control part at initial test and following 1,000 cycles.

Overvoltage Test

Six units were subjected to overvoltage conditions on various pin
combinations to determine whether there were any combinations which
resulted in permanent damage to the devices. The pins selected
included input gates to substrate and overlapping polysilicon
layers. The following pin combinations were stressed on each of
the six devices: S to 3, 3 to 5, 4to 5, 5¢to 4, 4 to6, 6 to 4, 6
to 14, 14 to 6, 4 to 2, 4 to 8, 6to 2, 6 to 8, 14 to 2, 14 to 8, 7
to 16, 7 to 2, 7 to 8, 11 to 13, 13 to 11, 12 to 11, 11 to 12, 12
to 10, 10 to 12, 10 to 14, 14 to 10, 12 to 2, 12 to 8, 10 to 2, 10
to 8, 9 to 16, 9 to 2, and 9 to 8. These were stressed with the
first pin being positive with rcspect to the second. The breakdown
voltages on these pins was nowmaily 35 volts. Two devices did fail
during this test. S/N 30 failed at 20 volts between pins 7 and 2.
This is the type of layer-to-layer short which has been seen
previously on these devices. S/N 6 had approximately InA of
leakage going into this test. Tt failed at about 25 volts between
pins 9 and 2. Again this is the same type of failure.

The remaining four devices were subjected to short circuit output
conditions., The input was set to obtai: maximum output current and
then the output was shorted to ground. The current flow was
between 19 and 25 mA. One unit was left in a shorted condition for
45 minutes with no degradation occurring.

The final stress test was to apply overvoltage conditions to the
input and output circuits. The input circuits were taken to
greater than 100 volts with no failures occurring. The output
circuits would fail with streus applied between the output pin and

Voc or between Vpp and Vgg. These pin combinations went into
breakdown at about 30 volts and then a negative resistance type

characteristic similar to a BVopg curve occurred. The output
would fail at about B80mA current flow. The voltage at that porl'\t
was about 10 volts.
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The two devices which had their output circuitry overstressed were
opened and examined. There was no evidence of the failure sites,
This is due to the fact tlut the failures would be hidden beneath
the gate polysilicon. parts were not chemica'ly stripped to
view these sites since thh type of failure is no typical of that

expected.
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I. Date Analysis

This section will include a discussion of the deltas which occurred
during the course of this testing and statistics on each of the
parameters measured. Life regression curves were not generated due
to the small number of failures which occurred.

Electrical measurements were run at 02500, -25%%, and +55% during
the initial characterization and following the environmental screen
tests. Table V-9 lists the TCNs upon which data analysis was
performed.

Table V-~10 lists the deltas between the inlth& measurements and
the post environmental screen measurements at +25°C.

There was only one control device for these readings as discussed
in the envirommental screen test section. Two sets of deltas are
listed for serial number 2 in Table V-~10a. The first set was run
at the same time as serial numbers 4 through 7. The second set was
used for the remainder of the devices. Serial numbers 4-7 were in
the qualification group. Two sets of calculations are provided at
the bottom of the page. Tiere was less than 2% change in the
readings for Ipp, Gain, Offset Voltage and Transfer Efficiency.
The noise measurement does not lend itself to delta calculations
due to its random nature.

S/N 28 had a gain change of about 25% on side B, This was due to a
change in the transfer function on this side. Failure analysis was
performed on several similar units and layer-to-layer shorts were
identified. This part was left in the life test.

Table V-10b contains the deltas for the parts in the 200 % 1ife
test group.

e e e s e oo and i sk oo S 4 b L Sl i

The changes are again quite small except for the gain on side A on
} S/N33. Measurement found this part to have leakage between PRA and
' VIA.

The largest transfer efficiency change was 13 x 10-6 on §/N25.
This is a change of about 50 mv for the V3 reading for transfer
efficiency. With V2 equal to 9.8 volts and V]l equal to 8.4 volts
this would be a change from 9.52 volts up to 9.57 volts on V3., The
f available limits of the change which can be seen are 1.0 for V3 =
{ 9.8 and 0.9996 for V3 = 8.4. The change that was seen on this part
was from 0.999926 to 0.999939.

; Table V=11 contains the delta calculations for the =25 %%
measurements. The gain reading for serial number 28 side B, and
serial number 33 side A are not utilized for the calculations. The
average changes in Table V-lla are very small as are the average
changes in Table V-l1lb.
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TABLE V-9 TCN LIST, CCD321A

TEST
TCN SEQUENCE ..o
0 INITIAL 25%
1 INITIAL «25°%
2 INITIAL 55°C
POST o
4 ENVIRON 25°C
POST o
3 ENVIRON =25°C
POST 0
6 ENVIRON 33°C
POST LIF 0
117 — mﬂc 25%
POST LIF 0
217 ot zoogc 25%

"o
ro




TABLE V-10a MEASUREMENT DELTAS, INITIAL & POST ENVIRON, @25°C; 321A

% /ror 150° TEST

Serial Numbers

-,021-9 =36 | 51 -321,03 [=.25 ]| 0 0 2 = Control (for 4-7)
16|21 | 47 |-192 |-191].05 | .18 | 1 2 - Control(fer 10-28
=.08 | <86 | =71 | =41 | -28|.06 |-.09] 1 | o0 |4
-,02 | =197 -159 295 | 221 |-,61|0 4 3 5
.06 |=34 =34 | -60 | -133 ,01|.11 10 Jo |6
03 [=177-132 [ 140 | 69 [-,13-,23/5 '8 [7
04 |16 | -1 |-240 [-128 [0 [-.3101 Jo [10
01 [-249 =129 [ 24 | 2 [-,02]-,27] 5 3 |n
.05 [-196/-131 86 | 15 |01 |-,12/8 |5 |12
01 [-70 [-52 [ 20 | 10 [-.02]-,31]4 | -1 [13
A1 [-26 [ =61 [ -59 | =50 [-,22[-,35]2 |2 [15
0 |-116,-85 | 108 | 59 [-.31].00 |4 [3 [16
.06 |26 | 119 | =73 | -88 |-,05/.40 (O |0 |18
0 [-130-96 [ -97 | 75 [-.37]-10/4 [3 |20
12 -1 | 30 | -162]-201 .02 | .66 |1 | 0 |22
10 [-2771-271[236 | 211 | 0o |-.06] 20 | 10 | 23
.18 [-56 | -321) 372 | 318 [-.30)-.24[123 |10 |2
12 <149 | -115] & | =15 |.01 | .07 6 | 26
.01 [-239 | =157 535 | 376 [-,09 |-.40]9 |5 |27
=.02 |48 F2767, 5, 8 |=.01,0.10]¢ 2 |28
0 [-123/-99 [83 [ 32 [-.17[-.05]2,5 | 2,7 | Average (4-7)
06 |77 57 167 150 |.30 | .14 | 2,4 | 3,8 | Standard Deviation
0,3 |-1,0|-0,6/0 0 =40 40 - - % CHANGE (CONTROL)
.06 |-101|-288|61 | 23 [-.10|-.07]4.9 | 3.3 | Average (10-28)
L0060 |94 722 | 198 | 165 |.14 | .30 | 3.8 | 3,4 | Standard Deviation
-1,7 |-1,1 6,1 0,3 0.2 |=30 =50 - - Y. CHANGE (CHANGE)
6 [11000[11000/1000010000q .50 [.50 |99999 (999999 Typical value
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TABLE V-10b MEASUREMENT DELTAS, INITIAL @ POST ENVIRON, @ 25°C; 321A

CTE/ FOR 200°C TEST
Serial Number
.1 1 0 2 = Contrel
-.07]-6 | 41 -62 | 1 1 |29
. .06 | =65 |=72 % WY R
b .02 [~155 [-72 [304 [159 f.50 [-.31 ] 6 3 |3
i 05 175 |-51 | 53 |-56 .05 |=.15 | 5 1 |3
.09 £-2259-169 | 55 | 38 [.02 [-.01 ] 5 5 |33
' .10 -88 [-79 [-27 F148 | O [-.36 | 3 2 |1
0 69 [-7 153 | 80 }.03 | O | 2 1|3
0 k133 [-97 119 | 21 f.01 [-.10 |5 3 |ag
l 06 [133 [-68 [273 | 86 F.25 | .05 |4 | 2 [a
-.08 116 =217 [-13 | 14 [.02 [-.21 ]2 [ 1 [38
0 F129 [-67 [339 [232 }.03 | .01 | 4 E
.09 | -89 [-176 (190 | 89 [.03 |-.02 | 3 2 |40
121125 | 20 |-364 +192 | 0 | ,45 | 1 1[4
-,02 | =20 | «28 [-101 [107 [-.03[-.49 |1 2 la
.09 | ~205/-109 [434 (171 |-.06] .33 | 9 4 laz
: 01]-61 | -56 | 20 | 44 [~.03]~.62 |3 | 2 ]as
| -.03 | -246] =97 1499 [196 |-.25]-.40 | 8 3 |49
| -.08] 2 | -5 | =39 {-11 | .05 j-.41 | 1 0 50
[ 02 [-198]-73 [ 97 | 40 F1.0 |-.14 | 3.6 | 2.1 ]| average
D5 I3 L ST- 13 2. . 124 L.ttt haiatine
| -2.3 F2.0 |-1.1 [ 0.3] 0.2 |-30 | -64 | - ~ % CHANGE (CONTROL)
’ 6 11000 11000 10000100000 .50 | .50 [99999899999 Typical Value




TABLE V-1la MEASUREMENT DELTAS, INITIAL & POST ENVIRON, @ -25%

OR 150°C TEST

1DD _zn adin Offsepbifs
107 /%107 ¥x10™ 4

(mA) [SideA|SideB|Side Serial Number

08| =22 | =31 |~155 2 = Control (for 4-7)

131 52 56_l-46 2 = Control

07 | =72 |-84 ~190 4

05| =145 |-161 [~128 5

06 | =16 |-32 -170 6

04 | =141 | ~175|-221 7

05 54 61 ~80 10

03 | =2 38 [-28 11

05 | =29 4 56 12

04 33 |17 | 25 | 13

0o | 78 | 68 (-59 | 15

02 | -15 24 -12 16

04 | 114 | 274 |-8 | 18
-,02 | =5 24 4 { 20

.02 92 14 ~103 22

041 0 [30 [-103 29

02 (227 93 | 11 26
-,08 | =63 9 =224 26
-.03 -1 |17 [-526 27
=02 1177 [5823 |-186 28
06 =93 | -113/-177 Average (4-7)
.01 62 67 39 Standard Deviation
-0.3 |-0.6 | -0,7 0 % CHANGE (CONTROL)
.01 47 37 |-85 Average (10-28)
04 82 81 152 Standard Deviation
e 0 |-0.9 0 % CHANGE (CONTROL)

7 11000 {11000 [95000 Typical Value
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TABLE V=11b MEASUREMENT DELTAS, INITIAL & POST ENVIRON, @ -25°%

E 4 OR 200°C TEST
Db Gfln Ggl ffu Ei-
x107 Y %107 x107 %10
(mA) BideA [SideB [SideA|SideB Serial Number
13 | 52 56 |-46 |=32 2 - Control
-.02 | 30 88 ([~109 [~110 29
031 85 59 ~-183 [~-138 30
.03 | 81 165 |=333 | =243 31
03(-20 | -3 I-81 |-70 32
.01 BO37 | 30 |[-61 |=-22 33
0 52 | 34 |=133 [-104 34
0 75 | 250 | 98 |-48 15
.03 37 15 -103 |-79 36
-.03 1573 |42 [-371 |-33) 37
0 pF115 153 (=399 [-359 38
0 [ =33 20 (=409 [-437 39
-,02 | =115 154 |[-432 |-420 40
-.01 1172 | 34 [=577 |=364 42
-.03 | -81 -36 |-375 =320 46
04 | -182 | -137]-202 |-327 47
02 | =52 =109 [~364 |~363 48
0 [~-129 ] -95 [-312 |-333 49
.01 | -48 -51 |=329 |-325 50
005 19 [ =3 (=271 [-244 JFR——
02 1170 [108 151 [141 Standard Deviation
-1.8]-0.3| -0.5|-0.2 |-0.2 % CHANGE (CONTROL)
7 11000 {11000 {95000 ]95000 Typical Value
227




e 7 e

A ten percent change in each of these readings would be as
follows: Ipp = 0.7 mA, Gain = 1100 x 104, and Voffset = 95000
x 104, ywith the exception of serial numbers 28 and 33 none of
the parts approach these levels.

Table V=12 contains the delta calculations for the +55°% readings.
Again S/N 28 and 33 are not used to calculate the average changes.

The changes which occur in Tables V-10, V-~1l, and V-12 are small
and in no specific direction. The changes of the parts with
operating life will provide a better data base for information on
the stability of this technology.

For the 4000 hour life test there were two control parts utilized.
The deltas for these control parts and for the test units are given
in Table V-13.

A comparison of the data on Table V-13a and V-13b provides some
interesting information. The standard deviations on these tables
are very large which indicates a wide variation in the amount of
change vhichohu occurred. The average changes are fairly small,
with the 150°C test group, Table IV-13a being smaller than the

200 test group, Table IV-13b,

The numeric change in Ip, was small with approximately .Ql to .02
mA being the most frequently occurring value on the 1507 C group.

The change in Ipp on the 200 % group is most frequently in the
=0.10 mA range. This is larger and in the opposite direction.

The change in gain das commonly about =2 on the 150 °c group and
about +3% on the 200™C group.

The Voffset changes arg of about equal magnitude both positive and
negative for the 150 C group. This measurement was normally a
positive change of about 1X on the 200% group.

The noise measurements showed some shift in the positive direction,
however, this is a difficult measurement to obtain good statistical
data.

The last measurement, transfer efficiency, showed a consistent
increase for the 150°C group and a consistent decrease for the
200°¢ group.

It has been reported that hot electron injection causes a
degradation of transfer efficiency at high temperature. Since
there are two distinct characteristics shown by this data, there is
an effect on the CCDs related to high temperature. The ms'nimum
temgeruture required to produce this effect is between 150 C and
200%C
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TABLE V-12a MEASUREMENT DELTAS, INITIAL @ POST ENVIRON,

A @S?%;JNA
FOR 150°C TEST
Serial Number
-.03] 3 |-53 |-68 $207 |2 - control(for 4-7)
05| 0 |[-57 |-285 $470 |2 - Control(for 10-28
-.02|-15 |-20 [-161 |-95 |4
01 |-214/-146 | 71| 48 |5
0 |=-43 |-23 [-134 [-121 |6
.03 {-100 |-80 =362 | =195 |7
02 |~-11 | 55 l 64 11 | 10
£202 | -287|-90 |-740 | -902 [ 11
fa2 {-2001-100 | 255 | 167 L12
02 | =173]-114 | =78 |-143 | 13
01 [-131] -32 | 165 | 12715
0 [-202]-69 | 175 | 101 [,
0 -11] 122 | 289 | 217 |,q
.03 | =266]-160 | -61 [-118 | 59
r.01 | -11] 64! 52 [ s8],,
.03 | -234/-108 | 304 | 217 ] 23
0 | -13[-173 | 319 | 352 ,¢
06 [-187]-170 [ 89 [ 99
F.01 [ -276| -69 | 491 | 269 | 27
04 | -238(-22521 497 | 425 »g
+.01 | -93 | -67]-146 | =91 | pverace
.02 88 59| 177 102 | Standard Deviation
0.4 |=0.90-0.1 | 0 | 0.1 % CHANGE (CONTROL)
01 |-161| -66 | 130 | 61 | Average
.02 108 94 307 320 | Standard Deviation
0.8 F1.5 | o | 0.4 | 0.8 % CHANGE (CHANGE)
5 11000 [11000 [95000 (95000| Typical Value




321A
FOR 200°C TEST

Serial Number

l TABLE V-12b MEASUREMENT DELTAS, INI.IAL & POST EVIRON. @ 55°C;
i 4 4
| 2 - Control
} .01/-13 | so | 181 | 77 29
.09 | =104 | -94 | 58 | 146 30
i .02 | =320 | -143] 231 | -7 31
' -,01 (=237 | -10 | 15 [-222 ! 32
-.04 F1769 F220 | 127 | 121 | 33
-.04 +273 107 |-1633|=1943 34
-0.1 /=37 |=50 | 7 [ -17 35
-.03 $142 }125 |-112 [-233 36
.03 | 18 F134 | 375 | 121 | 37
02 $177 [224 [-32 [-59 | 18
.04 $260 160 | 515 (226 39
.01 +155 1140 | 225 | 194 | 40
-.01 | 45 k37 [-266 [-165 | 42
-.01 [ =94 }42 -7 73 46
r .01 [=209 }135 | 647 | 378 47
| .01 | =185 (183 |-112 | =121 48
.01 | =345 152 | 660 | 170 49
-.03 [-68 |128 | 277 | 107 50
| ,004 | =150 | =99 | 64 | =64 Average
| .03 116 91 496 496 Standard Deviation
-0.9 |-1.4 0.4 0.4 | 0.4 % CHANGE (CONTROL)

5 1100011100095000 95000 Typical Value




TABLE V-13a MEASUREMENT DELTAS, PRE AND POST 4000 HR LIFE TEST, @ 25°C; 321A

PATAT 150°C TEST
10 lg:‘ Xlg:i 10" 4/%10" Mo iseMoisg EIE CEE
V) Sy Ay Awn) £07° Mo
(mA)[s1deq Sidefsiden[s1den| side s1defsiden[siden Serial Number
07 -2 [-24 |-93 [-116].02 Fo.2 | 1 |2 1 - Control
4 | 37 | 62 |-197 [-252 |.12 .94 | 0 |1 2 - Control
20 | 17 | 19 [-145 [-184 | .07 | .46 lo.5s [1.5 Average
-0.1 +781 [32 [172 13 /.14 fao | 8 |7 4
0.6 +259 167 (750 491 | .08 |.22 | 13 | 10 5
.01 [125 |109 [-326 [-344 F0.1 [.04 | 1 |2 | 6
(0 522 1410 1294 1006 F.10 | .3 | 23 {22 | 7
.02 | 87 |19 |-293 [-392 1,02 |.47 | 2 | 2 10
-.01 |-68 17 1479 [ 195].07 |13 | 8 | 6 11
0 1473 F217 | 927 | 319 +.02 |.89 |22 | 13 | 12
.02 |-65 | 83 | 343 | 741.15 | .40 | 8 | 5 | 13
.02 | 20 |187 | -13 [-161 |.13 |.15 | s 15
09 |-469 F178 | 806 | 213 +.07 |.43 |16 | 9 116
.01 | 252 | 690 |-611 |-639 |.15 [.20 | o 0 118
01 [-139 k36 1617 1331 ] o |.13 |1 | 7 20
.04 | 209 | 238 |-575 |-645 j.09 [.52 | 1 | 1 22
-.01 |-815 F745 [1336 | 886 [.32 [.48 | 31 | 26 23
0 41244 F694 1874 | 959 | .14 [.48 |41 | 28 25
-.02 |-105 F164 | 69 | 59 [-.01[.64 | 8 | 9 26
.04 [-526 F301 [1527 | 737 | 0o [.23 [19 | 12 27
.01 |[-148 }206 | -36 |-268 | .02 |.45 | 9 5 28
.016 |-234 F94 [ 463 | 157 | .06 |.41 13 | 9 Average
03 | 382 | 336 | 734 | 517 | .10 [.27 | 11 < Stdtdenit Bovission
£1.4 |-2.3 F1.0 | 0.6 | 0.3 |-2 |-10 |- - % CHANGE (CONTROL)
6 11000 J11000 {10000Q 10000 .50 | .50 P99999p9%99 Typical Value
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TABLE V-13b MEASUREMENT DELTAS, PRE AND POST 4000 HR LIFE TEST, <m°ci 321A

off~ 0
[ op /S840 Gyin g‘o’ m“t olse Moise/CIE /CIE s
107 410" £10 wv) /(mv) A10 ° 410"
r mA) BideA [SideB|s 3; ) 35 ide A Serial Number
07 | 2 | 24| -93f116 | ,02 [-,02] 1 2 1 - Control
| 1 |37 |62 |-1970252 | .12] ,94[0 |1 2 - Control
10 | 17 | 19 145 184 | ,07 | .46 | 0.5 1.5 Averase
.18 | 506 | 565 | 655 52| .03 [-10] -3 | -4 29
| .16 | 394 | 656 718 1543 | .14 | 01| -6 | -8 30
L,04 | 293 | 261 | 763 | 468! .06 | .03 | -17 | -23 31
.06 | 373 | 568 | 1984 1285 | .07 | .37 | -5 | =9 32
L .11 2439(363 | 1888 1755! .01 | .64 | 1 1 33
08 | 329 | 380 | 3433, 204| .19 | .24 =21 =27 3%
-,11 | 335 | 158 (1406 1038 .01 [0 | 1 | 1 35
L.04 (=297 |-100 | 1699 | 921 ,02 | 02| -6 | =13 37
L.03 |-1464| 445 | -8931 1415] 02 | .47 -3 | -3 38
0 | 167 | 254 | 2093 1490] -, 11[,15 | -4 | -7 39
L.13 | 730 | 683 | 1426 | 1221 -,01| -.02 -8 | -10 42
| L.18 | 154 | 333 | 1487 | 1006| -.03 -.53 3 | -1 47
16 | 400 | 4311679 1437] L05 | 32| -1 | -3 48
L.01 | 661 | 675 | 992 1205] .08 | .80 -6 | -6 50
09 | 359 | 459 | 806 1108] .04 | .18 -5 | -8 Average
.06 | 804 | 261 v 2892 450, .07 | .33, 7 8 Standard Deviation
L3,2 | 3.1 4,0/ 1,0/ 1,3, -6,0| =56 | = | - % CHANGE (CONTROL)
6 11000 [11000/10000/100000,50 .50 999999 99999 Tvpical Value
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The electric field within the depletion region beneath a gate
electrode will cause the electrons being transported to gain
kinetic energy. If these alectrons have sufficient energy to
surmount the 8i-8i0; barrier they may be injected into the gate
oxide. A fraction of these are trapped which causes a shift in
device characteristics, This is a possible caure for the high
temperature degradation of transfer efficiency and may also have
affected the other parameters. This phenomena increases with
temperature and on a transistor also with drain voltage.

The changes seen for the transfer efficiency messurement were quite
small and would not be expected to cause any problems in a long
term application.

The change in gain on side A of S/N 33 was due to a resistive short
between PlA and Vg,., This is a layer-to-layer polysilicon short.

The shifts in the remainder of the parameters is due primarily to
shifts in the devices due to the high temperature operating
stress. Changes in the instrumentation will cause smaller changes
than those seen for these life test parts.

Examples of the deltas for specific parts during the course of the
life test are ;iann in Table V-14 through V-~19. The first thrge
are from the 1507C group and the second three are from the 200
group. The general trends covered above are evident on some of
these devices.

Tables V-20 and V-2l contain statistics on each of the paraaeters
measured except for the ingut leaka current. Table V-20 covers
the parameters at +25 “C, =25 ¥C, and +55 “C at initial
characterization. There is a fairly large variation in several of
these parameters indicating manufacturing differences. The
post-life test statistics are provided in Table V-2l. The trends
discussed in the above delta analysis are again evident. These
measurements were performed at +25°C and cover the 150°C and 200°¢
life test groups.

The stability of the CCD321A is very good as shown by this high
temperature long-term life test.

Assuming an activation energy of 1.0 eV the_ room temperature
operating time to correspond to 4000 hours at 200% is about
7 x 109 hours.

Failure Analysis

The first group of 50 devices tested failed due to bond wire
interconnect problems. The gold thermocompression ball bonds
lifted from the die surfaces during environmental screen tests.
These devices were replaced at no cost by Fairchild. The
replacement parts had aluminum wi “es rather than gold wires.
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The second group of parts failed due to dielectric breakdown
between the polysilicon layers and between the polysilicon and
substrate. The failure analysis report on these devices is given
in the appendix since it is not a part of the 4000 hour reliability
study, The two parts which are referred to in the Failure Analysis
Report which were sent to Fairchild for analysis, were found to
have the dielectric layer beneath the poly2 below specification in
thickness. This lead to the low level “reakdowns.

A third group of 50 parts was supplied by Fairchild at no cost. A
summary of the failures which occurred during the course of the
test is given in Table V-22, These are discussed in more detail
below.

1. CCD321A, Initial Fallout

History: The following parts were removed from test prior to
the 4000 hour life test. The times at which each of these
exhibited an electricl failure and the nature of the condition
are noted below:

Initial Electrical Leakage Measurement

S/N 19 Pin 9 Leakage
Post Initial Electrical Leakage Measurement
S/N 14 Pin 7 Leakage
S/N 24 Pin 9 Leakage
S/N 44 Pin 7 Leakage
S/N 45 Pin 9 Leakage

Post Envirommental Screen Test Electricals

S/N 1 Pin 7 Leakage

S/N 17 Pin 7 Leakage

S/N 21 Pin 12 Leakage to Pin 13 and to ground
S/N 43 Pin 12 Leakage to Pin 11

Post 160 hour Burn-in Electricals

S/N 8 Pin 9 Leakage

S/N 9 Pin 4 Leakage to Pin 6

S/N 41 Pin 9 Leakage

Cause: The cause of all of the above failures was electrical

breakdown of the dielectric separating the two polysilicon
layers.

Conclusion: These failures were due to a weakness in the
dielectric between the two polysilicon layers. The electrical
and environmental screen tests were adequate in screening out

this weakness. Only one additional device developed 1 nA of
leakage during the life test.




TABLE V=22 FAILURE SUMMARY, CCD321A

S/N FAILURE FAILURE EFFECTED PHYSICAL
TIME CLASS PARAME TER CAUSE

19  INITIAL ELECTRICAL CATASTROPHIC - LAYER TO LAYER SHORT
14  POST INITIAL ELECT CATASTROPHIC - LAYER TO LAYER SHORT
24 POST INITIAL ELECT PARAMETRIC L LAYER TO LAYER SHORT
44 L, I,

G, V

45 L

1 POST ENVIRON SCREEN  CATASTROPHIC - LAYER TO LAYER SHORT
17 POST ENVIRON SCREEN PARAME TR IC L LAYER TO LAYER SHORT
21 POST ENVIRON SCREEN  CATASTROPHIC - LAYER TO LAYER SHORT
43 | | - |

8  POST 160 HR 55°C B/I  CATASTROPHIC - LAYER TO LAYER SHORT

9  POST 160 HR 55°C B/1  PARAMETRIC L, G LAYER TO LAYER SHORT
4 | | L I

49  POST 64 HR/200°C LIFE CATASTROPHIC - TONIC CONTAMINATION
36 POST 256 HR/200°C LIFE CATASTROPHIC - MANUF DEFECT

METALLIZATION FAULT

46  POST 256 HR/200°C LIFE CATASTROPHIC - LAYER TO LAYER SHORT
40 POST 500 HR/200°C LIFE CATASTROPHIC - IONIC CONTAMINATION

NOTE: All parametric failures observed were due to layer to layer shorts
which may degrade to catastrophic with stress,

Parameter Code: L = Input Leakage Current

1 = Supply Current

C = Cain

V = Offset Voltage

1o
2
w
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Test Method and Disclosure: The pin 7 and pin 9 failures were
located in the output section with the leakage being to

Va. Refer to the failure analysis on Fairchild date code
7923 parts. This included serial numbers 14, 24, 44, 45, 1,

17, 8, and 41.
Analysis on serial numbers 9, 21, and 43 is given below.

The leakage related to pins 11, 12, 13, 4 and 6 are in the
input section. Pin 11 is PSB, pin 12 is VRB, pin 13 is VIB,
pin 4 is VRA, and pin 6 is Pl,, @S and Pl are bottom layer
polysilicon gates and VR is a top layer polysilicon gate cthat
overlaps them. (See Figure V-59).

§/N 9 was rejected due to a shift in the gain on side A. This
was found to be due to leakage between VRA and P;,. This
leakage had the appearance of a leaky reverse breakdown on a
junction for both applied polarities. The current leahage was
12 microamps at 2 volts. This leads to a modulation of the
amount of charge being introduced into the shift register and
results in a change in the gain measurements.

S/N 21 was rejected following the environmental screen tests.
The transfer function on this part shifted. An input on side
B caused a shifted output level. This is similar to the
condition on S/N 9. The VRB metallization (pin 12) was
mechanically opened and the failure isolated to be between the
VRB polysilicon and the fPIB polysilicon. There was also
leakage from these points back to VIB. The input is shown in
Figure V=60 with the metallization scribed open.

S/N 43 was rejected following the environmental screen tests.
There ,was again a shift in the input to output transfer
function. A leakage path was found between VRB and @SB. This
was 2 uA @ 1.3V one polarity and 1 uA @ 3V the opposite
polarity.

All of the above failures are related to dielectric layer
breakdowns.

CCD321A, S/N 49

History: S/N 49 was removed from the 200°C group undergoing
the 4000 hour life test following 64 hours of operation. Side
B on the device went to zero gain and the Voffset value
dropped from 9.8 volts down to 4.3 volts.

Cause: The failure was due to contamination on the die

surface with the heaviest concentration over the side B output
amplifier.
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V=59 SEM Micrograph, input Structure, CCD321A;

800X

Figure

CCD321A; 500X

V=60 Input With VR Isolated,

Figure




3.

Test Method and Disclosure: The device wus electrically
characterized and the side A output was found to be operating
properly while the side B output stayed at 4.3 volts, The pin
to pin measurements found no apparent problems. The package
was opened and the contamination was evident Figures V-6l and
V=62, The failure was reverified at this point.

The unit was set aside for further analysis and approximately
4 weeks elapsed., Retest at this time found the part to be
operating properly with only a slight shift toward a lower
voltage output., The offset voltage dropped from 9.8 to 9.1.
The gain was back to the original value of 1.1.

This indicates that there was mobile ionic contamination
associated with the side B amplifier.

The contamination was analyzed on the SEM and found to be
primarily chlorine, potassium, and phosphorous.

CCD321A, S/N 36

History: S/N 36 was removed from the 200°C group following
256 hours of life test. There was no output on the device.

Cause: Failure due t> open Vpp line.

Conclusion: The appearance of the Vpp metallization stripe
indicates that there was a masking or etching defect at the
point of the open. There was also mechanical damage in this
area which may have decreased the metallization
corss-sectional area.

Test Method and Disclosure: Electrical measurement found the
Vpp connection open. The package lid was removed and the
open in the metallization stripe was apparent. This was
documented on the SEM (Figures V=63 and V-64).

A probe was used to reconnect the metallization stripe by
mechanically smearing the aluminum. The part was then
retested electrically, however, due to the SEM exposure the
unit no longer functioned. Another Fairchild CCD was
subjected to the SEM examination and identical electrical
characteristics resulted. This is not conclusive but
indicates that the only failure on the unit was the open Vpp
line.

CCD321A, S/N 46

History: S/N 46 was removed from the 200°¢ group following
256 hours of life test. This part had current leakage
associated with pin 9 from the beginning of the testing.
Initially this was on the order of 1 uA however it degraded to
a short with testing.
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Figure V=63 SCM Micrograph, Open VDD Line, S/N 36, CCD321A;
900X
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Figure V=64 SEM Micrograph, Voltage Contrast of Open,
S/N 36, CCD321A; 150X
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5.

Cause: The cause of this failure was a short between the
lyl and poly2 layers. This is identical to other layer to
ayer shorts analyzed, Refer to 7923 date code failure
analysis for detailed discussion of this failure mode.

CCD321A, S/N 40

History: S/N 40 was removed from the 200 % group following
500 hours of life test. The gain on both sides went to zero
and the offset voltage dropped from 9.5 volts down to 5.9
'o‘t.-

Cause: Cause of the failure was ionic contamination.

Conclusion: Electricai measurement found channelling present
on most of the pins., This indicates a surface charge.

Following a 10 minute 350°C bake the part functioned normally.

Test Method and Disclosure: Pin to pin electrical measurement
found channelling in the 100 nanoamp range on most pins. The
part was opened and examined with no apparent cause for ¢t
problem being determined. The unit was then baked at 350
for 10 minutes and the part returned to normal electrical
readings. The gain was about 1.2 on both sides and the offset
voltage was 9.6,

Conclusions and Recommendations

This section will address the objectives established for this study
and provide a summary of the results.

1.

Design Strengths and Weaknesses

The CCD321A-2 has two clocks required for operation. One is
the sampling clock and the second is the fl shift register
transport clock. ‘This is fewer than some 3 and 4 phase
systems. The clocks are in the 13 to 15 volt rarge which
makes them more difficult to generate at the higher clock
frequencies.

The CCD321A-2 can be used as a single 910 bit delay ine or as
two separate 455 bit delay lines. With two separate registers
it is possible to produce a full-wave output signal if desired.

The transfer function on this device is in the conventional
manner with a lower input producing a lower output. This is
in contrast to the R5101.

The CCD321A-2 is manufactured utilizing the Buried Channel
Charge Coupl ' Device technology. This provides very good
transfer effi. ency and high bandwidth.
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3.

This device does requirr sevaral volty . levels to operate,
including, a 15 volt Vpp, a 5 to 8 volt V3, a 3 to 7 volt
VRer, and a 3 to 7 volt input level.

Failure Modes

The prominent failure mode on this part was dielectric
breakdown. This can be caused by electrostatic discharge
overstress, however, on these parts it was due to an
inadequate thickness for the dielectric layer separating the
polyl and poly2 layers. The manufacturer is aware of this
problem ad it should be solved for future lots.

The other failure mode experienced was contamination of the
die surface which created an inversion layer. This was not at
an excessively high level and could be eliminated with cleaner
processing. One of the two devices which failed due to this
would have been rejected if a 1002 precap visual had been
specified for these parts.

Parametric Measurements

For use in a specific application the following electrical
parameters should be measured:

a. Input gate leakage - All input gates should be measured
for leakage to ground. Leakage between overlapping
polysilicon layers in the input, output and shift
register circuitry should be measured. All good parts
tested were less than 0.l microamps at 25%. On a sample
basis, parts should be destructively tested to determine
if a weak dielectric layer exists. This can be performed
by taking all of the inputs on several devices to the
input protection diode breakdown.

b. Operating Point - This test verifies that the devices
will work over an adequate operating range. This can be
performed by monitoring the output waveform resulting
from a low frequency sine wave input. The good devices
which successfully performed under high stress test
passed an initial test of 0.4 volts peak to peak
operating around a 3.7 volt d.c. input. (VR = 5.0 volts.)

¢. Gain - This parameter should be measured in conjunction
with the operating point. It is recommended that a
minimum value of 0.7 be used with an input per para. b
above. This is about 5.4 standard deviations above the
mean values in Table V=20, thus indicating the
probability of rejecting a good part is very low, less
than .00001%.
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d. Bandwidth -~ The bandwidth on these devices has been
excellent, limited only by the clocking rate. This
should be measured or the parts should be measured at the
frequency at which they are to work to verify the
per formance of each lot. The manufacturer's
specification of 4.5 MHz can be utilized, however, from
this study a bandwidth equal to one half of the clock
frequency is practical.

e. Device Current = From Table V-20 it ino recommended that
this value be specified at 9 mA at 25 °C under the test
conditions specified therein. This value is about 4.1
standard deviations from the mean value of 5.69 mA, thus
indicating the probability of rejecting a good part is
less than .002%.

Burn=in Circuit

The burn-in circuit utilized for this study provides dyunamic
operation of these circuits. The voltage levels utilized
provide adequate stress to properly determine the reliability
of the parts in a burn-in test.

Changes to Upgrade Reliability

The oxide thickness and qualit, needs to be carefully
controlled and monitored during the manufacturing process.
Since the dielectric layers which failed were in the input and
output circuits the use of these dielectric layers for a mask
during the n+ diffusion needs to be evaluated.

These circuits are very otemperatur sensitive and the
manufacturers 1'mits of =25"C to +55°C are reliable limits
when parts ar. screened as recommended herein. These

limitations are inherent in the device themselves. However,
these parts are not damaged by operation up to 125 9% and
above. Additional characterization to determine performance
parameters and operating limitations at higher temperatures
will yield data which may be useful in specific applications.

Screening Recommendations

The electrical screening should be as discussed in the
parametric section. Environmental screening was performed per
MIL-STD-883, Method 5004. The results of the 1life test
indicates that this was adequate to provide reliable devices.
The 160 hour burn-in was performed at 55 . This is the
maximum operating temperature as specified in the
manufacturers' data sheet. The results of this study indicate
that this can be raised to the 125°C level specified in Method
1015.




7.

Application and Derating Cuidelines

The CCD32l1A-2 is an analog shift register intended for video
signal-delay applications. Some of these applications were
discussed in the introduction. New applications are being
developed as the technology progresses.

There was no evidence that device derating is required. The
device as used with an emitter follower output will operate at
the levels specified in the data sheet.

Degradation of Charge Transfer Efficiency with High
Temperature Operation.

'l‘rlaofor efficiency was seen to decrease slightly for the

200°C life test group. This type of change can occur if there
is an increase in the silicon defect density, an increase in
fixed charge loss or a change in the charge density within the
oxide. This latter effect can be due to hot electron
injection as discussed in the data analysis section.

The electric field within the depletion region beneath the
gate electrodes will cause the electrons being transported to
gain kinetic energy. If these electrons have sufficient
energy to surmount the silicon-silicon dioxide barrier they
may be injected into the gate oxide. A fraction of these are
trapped which causes a shift in device characteristics. This
phenomena has likely contributed to the shifts seen. It is
important to note the acceleration factor related to high
temperature opension. Assuming an activation energy of 1.0
eV, 1 hour at 2007C is equal to 2 milli%\ hours at 25°C. The
device shifts with 4000 hours at 200 C are therefore very
small for the amount of stress.
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Appendix

1. CCD321A Failure Analysis Report
2. R5101 Data Sheet

3. CCD321A Data Sheet
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FAILURE ANALYSIS
REPORT a

Fonw DEN 384580(11.89) 04 Dec 1979 |of 14
ANALYSIS FACILITY FAILURE LOCATION LOT NO, SERIAL NO. CODE DATE
[eic/F/A Lab 7923

UFACTURER
Fairiild
NUM

CCD 321A DCCD 10/29/79] cCD

18 report presents the (1) History, (2) Cause, (3) Conclusion, (4 Teot Equipment Utilised, (5) ?nt
Method and Drulouu

HIS TORY
Three CCD's were selected for failure analysis, The history of each is given here:

S/N 2 passed initial elcctrscal testing at room temperature, The next test was
the same electricals at +55 C., S/N 2 failed at this time and electrical testing
found pins 6,7, 9 and 10 to be excessively leaky. The current measured llpA,
18pA, 73pA, and 1lpA respectively,

S/N°43 pasged the tcgtlng at which 8/N 2 failed, and also bandwidth testlng at
+25°C, =25°C and +55 C, 1t then passed leakage current testing at +25°C but
failed when the temperature was raised to +55°C, Pin 7 measured 100pA and pin 9
measured 2pA,

S/N 7 passed all initial electrical characterization, It then went Lhrougg an
environmental screen test including, 24 hours of stabilization bake at 150 °C,

10 temperature cycles from =565°C to +150°C, constant acreleration at 30,000 g
and fine and gross leak testing, Electrical testing at this time found side A

to be nonfunctional and both pin 7 (side A) and pin 9 (side B) to be leaky. Pin
7 measured 26pA and pin 9 measured 0,1pA,

In addition to these three devices, 2 parts were returned to Fairchild for their
analysis,

CAUSE

The cause of the failures was a breakdown of the dielectric isolating the poly-
silicon layers from each other and/or the polysilicon from the silicon,

CONCLUSION
The test cquipmcziiutilizcd to excerise these CCD's had been used previously with
ORIGINATOR S TITLE ISTRIBUTION
D. Wilson e Senior Engineer

CORRECTIVE ACTION & RE ENDED DISPOSITION

IHSMEC TIVE ACTION ENGINEER

- ; . ; TE NGINE
ORIGINATING GROUP TITLE mtfd 7 PRODUCT INTEGRITY ENGINEER

T,M, Wilson, Lead Engineer, F/A Lab
SOURCE QUALITY

MISSTON SUCCESS/MISSION ASSURANCE

APPROVAL
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CONCLUSLON COrT'D
50 other parts of the same type with no failures occurring, The equipment was
also carefully checked following these failures to verify that no spiking or
other electrical stress was being applied to the parts, Handling precautions

were observed due to the electrostatic sensitivity of these devices, It is not
believed that the parts received any abnormal electrical stress.

All of the failures analyzed were {solated to the output amplifier section on
the CCD, The leakage currents seen on all of the devices are shown in Table I.
Note: 1 volt =10 microamps, Pins 7 and 9 are the most common leakage path, The
structure associated with these pins is shown in photos 1 and 2, There are two
polysilicon layers. The top layer is connected to pin 7 or 9 and the bottom
polysilicon layer is connected to VDD (pin 16)., The appearance of this area on
S/N 43 is shown in photos 3 and 4, The other area found to be shorted is shown
in photos 5 and 6, This is the gate of the MOSFET identified as Ql and Q9 in
Figure 2, The external connection to this point also goes to numerous other
polysilicon gates along the channel, however, only the gate in the output
section experienced a failure,

It appears that there is a weakness associated with the dielectric in the out-
put section of this CCD, The polysilicon in this area is used as the mask for
the source and drain diffusicens, It is not understood at this time how the
diffusion process can degrade the dielectric strength, Consultation with
Fairchild will continue until the cause of the failures can be better understood.

; IEST EQUIPMENT UTILIZED
]

Tektronix 576 Curve Tracer EQ529108

Zeiss Stereomicroscope EQ526435

Zeiss Universal M Microscope EQ527339

Cambridge S-180 SEM EQ534953

Micromanipulator Probing Station SIN 795812

TEST METHOD & DISCLOSURE

|
) Pin-to-pin electrical characterization was performed on a good device and on
| serial numbers 2,7, and 43, VGG, VSS, and VDD were measured to each of the other

pins,

The packages were then carefully opened by mechanically grinding the lid until
it was very thin and then peeling it back to expose the die cavity, Visual
examination found two anomalies however, these were not associated with the
failures, S/N 2 had a silicon particle »n the surface which was present during
l the manufacturing process (photo 7)., The aluminum metallization is seen to be
delineated over the top of the particle, S/N 7 had a metallization stripe
connected to pin 4 which had been mechanically scraped (photo 8), There was
adequate metal to provide electrical continuity, however, failure may have occurred
at this point with time,

The first device analyzed was serial number 43 since its failures were the most
severa, Pins 7 and 9 were shorted to VDD, The shorts were isolated by mechan-
ically scribing open the metallization stripes as shown in photo 9, This isolated
the failures to one side of the overlapping polysilicon structure, By chemically
removing the oxide over this polygilicon structure the sites of the failures were
visible (photo 3 and 4). These type of appearances have been seen previously on
Fairchild devices but never fully explained, Copies of these photographs were

sent to Fairchild for their comments,
App. 1=2




IEST METHOD & DIS"LOSURE CONT'D

S/N 7 had leakage associated with pins 7 and 9, With pin 7 positive and VDD
negative the leakage was 10 microamps at 11 volts, With pin 7 negative and
VDD positive the leakage was 10 microamps at 14 volts, Pin 9 measured 10
microamps at 16 volts both polarities, These were once again isolated to the
overlapping polysilicon structure, The electrical characteristic of these

two leakage paths were documented with the sites isolated (photo 10 and 11),
Chemical stripping and careful examination on the SEM could not locate a fail-
ure site,

S/N 2 had leakage associated with pins 6,7,9 and 10, The leakage on pin 9

was once again isolated to the overlapping polysilicon structure, The leak-
age on pin 7 disappeared before it could be isolated, The leakage on pins

6 and 10 was more difficult to isolate due to the large number of polysilicon
gates to which these pins connect, By stripping the metallization, a current
was forced through the polysilicon layer and the voltage drop along it was
measured, The location of the short was then isolated to a small portion of
the polysilicon, An ultrasonic cutter was then used to open the polysilicon
as shown in photo 12, This isolated the leakage path to the polysilicon gate
of transistor Ql, This area and that area on transistorQ9 were documented on
the SEM (photos 13 and 14), These areas were chemically stripped and the fail-
ures sites seen, They appeared to be small holes in the dielectric which were
dilated by current flow (photos 15 and 16),

App. 1-3




TABLE I POST SCREEN LEAKAGE MEASUREMENTS

////////’ Jolt
s/N |pin [Readi

-

oltagge oltagfe
S/N Readid adi
4 | 7 |[.009 28 .029 7 0.8
9 029 3,96 9 9,97
7 | 7 R.61 29 . 506 4 |.0002
9 014 | 058 5
9 | 7 l|o2 130 | 7 lo.e 9 tﬁiﬁ
9 038 I 9__Lo1s '
10 7 L169 31 7 1,050
116 ;sao 9 500
7037 ' L 2__LOlS
9 10,7 Zli | o loje A%
10 iaa 2 28
11 . 195 : 10,4
12 |,005 _%1;: 7__L0l4 4
13 .74 | |9 282
9 1,50 128 9 L045
11 L206 39 1 2 Loio
15 12 k.23 | 9 lLow
9 027 L1 |6 6.98 ?
17 | 7 (840 ‘ 7 __.003 |
19 b.74 | 9,069 | |
18 | 9 13000 | 10 1429 L
!
2041 Y 260 42 9. 155
21 | 7 ho.9 44 7 [o.s
22 | 7 Lo3 9 10,8 |
[ 9 p.s1 45 4 1,980
23 | 7 |10.2 5 |.188
26 | 7 |.142 71,009
9 1,040 9 k.57
2s | 7 ]10,3 47 7 __Dho,s
a7 | 7 |3.49 9 }.007
9 |.094
App. 1-4
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J
Photo 1 Overlapping polysilicon structure with pin 9
and \'m, marked: 500X,

Photo 2 SEM micrograph, same area as photo 1: 1300X.
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Photo

| |
| %

3 SEM micrograph, #RA polysilicon to poly=

ilicon short: 11,000,

1UM 908, B8

SEM micrograph, PRB polysilicon to poly=-
silicon short: 11,500X.
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Photo 6 SEM micrograph, same area as ,hoto 5 with
metallization stripped: BOOX,
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Photo

13 SEM micrograph, transistor Q1 Bate: 4500X,

Photo 14 SEM micrograph, transistor Qg gate: 4500X,




Photo 15 SEM micrograph, transistor Q with arrows
indicating failure sites: 10,000X,

Photo 16 Sem micrograph, transisto:

Qg with arrow
indicating failure site: 15,000X.
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NTRODUCTION

he R5101 is a monolithic four-phase Charge Coupled Device
2CD) which provides first-infirst-out storage for 2000
quential samples of an analog input signal. It is intended
» audio signal-delay applications and is self-contained with
1 internal four-phase clock generator-driver combination
hich can be slaved for serial operation, The R6101 is avail-
dle in a 22 pin dip package with connections as shown in

ig. 1.

EY FEATURES

2000 samples of audio delay in a single DIP
On-chip driver requiring only single phase 5V clock
Charge-Coupled Device technology

Wide dynamic range S/N > 70 dB
Clock-controlled variable delay

Sample rates from 4 KHz to 2 MHz

Delays from 1 msec to .5 sec

On-<chip output circuit provides full-wave output

SUBS TRATE
(CLOCK COMMON) € GO (|2
NPUT BIAS) Vig (|0

ANALOG INPUT) v,

-

z

X K
ALALALTI LT
® - o

OUTPUT EVEN) Vo,
(SIGNAL DRAINS) Voos [|*

I\ " R6101 2000-SAMPLE ANALOG DELAY LINE

SYN (SYNC INUT)
| cP (cLock eyT)
) Yooc Voo CLOCKS)
|y OUT (SYNC OUT)
'S
NG

w N
| Vog IOUTPUT GATE)
"F Yaoo (RESET DRAIN OOON

(CORNER BiAS) v(.mr ™ Vape (RESET DRAN EVEN)

(SIGNAL COMMON) § GND || 2| voy (OUTPUT ODDX

Figure 1. R5101 2000 Sample Delay 2in Configuration,

TYPICAL APPLICATIONS

« Reverberation effects in stero equipment
« Sound effects for musical instruments
« Data buffering

« Variable speech control — pitch correction

ENERAL DESCRIPTION

e Reticon R5101 is a self-contained monolithic charge-
upled delay device which consists of a charge-transfer
annel controlled by a series of gates driven from an on-chip
ir-phase driver, The four-phase clocks drive four arrays of
juential gates which form potential wells in the channel
'eath them. The signal is sampled at the rate of one-half
r%he input clock frequency and these wells carry the
arges (which represent samples of the input signal) sequen-
Illy through the device, advancing one stage for each two
wt clock period:. Figure 2 shows a simplified schematic
gram of the device.

though there is only one delay line, two outputs are pro-
ed, labeled odd and even signal outputs. At the output
1 of the device, the signal is divided into two paths, one
ssessing an extra one-half sample time of delay. The extra
ayed output is labeled the even signal out and the other
nal, taken from the 2000th stage, is labeled odd. This
tput arrangement as shown in Fig. 2 gives the user the
tion of multiplexing the two outputs through a simple
fer circuit to obtain a single full-wave output

jure 3 shows the timing relationship of the signal outputs
itive to the external clock input. Two of the internally

-
- . -
3

8

ik

y". 2. Equivalent Circuit for R5101 2000 Sample Delay

generated four-phase clocks are also shown, Since @3 is com-

plement to @y and @4 is complement to @ only @3 and @,
are shown,

'RIGINAL PAGE IS
+ POOR QUALITY

The output signals as seen in Fig. 3 are produced through @
gated charge amplifier during the alternate low-level portions
of @y and @3. The odd sampled signal is produced at the out-
put of the odd source follower when the odd reset FET is
opened by @3 going low, then when @3 rises it resets the gate
node of the odd source followver, Simultaneously with the
rise of @4, @y falls and the even reset FET's gate is pulled low
thereby producing a signal at the output of the even source
follower. On the next following half clock cycle this source
follower node is reset and the cyclic pattern is repeated while
producing a sequence of negative going pulses with the
sampled signal super-positioned on the low half cycle as
shown in Fig. 3.

OUTPUT SIGNAL

The reset level is determined by the reset voltage applied to
the reset FET drains. These inputs are seen in Fig. 2.

¢, \ \
¢
-t
MA D A e ED beael VT
\
X v —
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]
'
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Figure 3. R5101 Relative Timing Disgram,

ETICON CORPORATION 910 Benicla Avenue, Sunnyvale, Callfornia 94086
hone: (408) RET-ICON, (408) 738-4266, TWX: 910-339-9343
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OUTPUT ISOLATION GATE

In additon to the reset and source follower FETs there is »
control FET in the signal line of each of the gated charge
amplifiers. These gates are externally biased (Vg ) to isolats
the reset node from the output of the CCD gates.

INPUT ISOLATION GATE

This gate is used to isolate the input from the CCD channel
and is operated with a fixed bias (Vg ).

INPUT SIGNAL

The analog signal is introduced into the device by modulating
the quiescent input bias condition with the analog input gate.
A signal charge proportional to the analog signal voltage at
the gate is accepted under the gaté and is sampled into the
CCD potential well terminating with the rising edge of the
@, clock cycle, thus locking the analog data into the CCD on
the rising edge.

Another function served by the input gate is the adjustment
of the input bias V. Nominally this gate operates with & 4.5
volts dc bias; however, 2 volt adjustment should be provided
to allow for variations in the optimum bias for each device,
This arrangement is normally achieved by coupling capaci-
tively into the input and providing bias through a 100 Kn
isolation resistor, using a potentiometer to ...y the bias
potential over the desired range.

THE CLOCK AND DRIVER

The four-phase clock is generated by driving an internal J-K
flip-flop from an external sguare-wave clock with non-critical
amplitude of from 5 volts to Vpp. The output of the internal
flip-flop is isolated from the clock lines by means of buffer
drivers. Timing for the flip-flop is controlled by each transition
of the input clock, so this latter must be a square wave, as

shenerated by the circuit of Fig, 9.

SYNCHRONOUS OPERATION
OF MULTIPLE DEVICES

In order to ensure synchronization between multiple devices,
either in a serial or parallel configuration, the internal flip-flops
of the on-chip clock drivers must be in phase. In order to
easily accomplish this, the @3 clock (see Fig. 5) is brought as
an output to Pin 19 and this signal can be used to generate
the synchronization pulse., The requirement for the SYNC
pulse is that it be high during the time that @3 is low (Figure
3). A possible circuit to generate the SYNC pulse is shown in
Figure 4 in which the @3 output is used as an input to a dual
monostable, The first monostable generates a delay to assure
that the pulse will occur while @3 is low and the second one
generates the synchronization pulse. The minimum SYNC
input level is 5 volts, which can be generated from a CMOS
one-shot or a TTL device with a pull-up resistor. When not
used, the sync input should be grounded.

Figure 4, Typical circuit for cascading RE101 devices.

PARAMETER
FUNCTION SYMBOL MIN. TYPICAL MAX. UNITS
Clock Voltage Ver ] vDD Volts Peak
Sync Pulse Voltage VSYN 6 10 VDD Volts Peak
Output Bias vVoe 1 4 Volts de
Corner Bias Ves 1 4 Volts de
Input Isolation Bias Vig 3 Volts de
Analog Input Bias V) 3 6 Volts dc*
Signal Vpp Voltage Vpos 12 16 Volts de
Driver Vpp Voltage Vooo 12 15 Volts de
Signal Vpp Current pDS ma
Driver VppCurrent IppoO ma
Reset Drain Voltage Odd VRDO Volts de
Reset Drain Voltage Even VRDE Volts dec
Reset Drain Current Odd IRDO 70 uamp
Reset Drain Current Even IRDE 70 uamp
Clock output 03 See Fig. 6
l Signal Outputs Vo1 end Vo2 See Fig. 6
Clock Input Capacitance cep pF
l Analog Input Capacitance Vi 4 pF

*See text under Applications, for optimum bias adjustment.




TIME
SYMBOL MIN. TYPICAL | MAX, UNITS
b

‘0 50 100 160 nanosec
.D' 100 nanosec
lm 100 nanosec
150 nanosec

kg 150 nanosec

Teble for Timing Disgram,

} ———_: ¢ o st
PONT
| ) RS101 llm 120 pt

Figure 5. 0, Output st Maximum Permissible Loading.
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ELECTRICAL SPECIFICATIONS

1/0 specifications are listed in the Table on the preceding
page: All input terminals (with the exception of Vpp and
VRp are gate inputs of an MOS device, therefore essentially
capacitive. Protection is provided on all inputs against damage
by static charge; however, the normal precautions applicable
to MOS devices should be followed.
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Figure 7. Transfer Characteristic.

APPLICATION

A cirguit schematic is shown in Fig. 9 to provide the user
with a rapid evaluation of the device. This circuit provides
the clock and the biases for the device. It contains an output
adder amplifier, CA3127; filter amplifier, 4739; oscillator,
one-halt of 4013; and a square-wave clock generator, other
half of 4013. A circuit similar to the one in Fig. 9 is available
on a circuit card from Reticon. Its designation is RC5301,

The circuit is operated from a single power supply of 12 volts
at 60 ma. The mid-frequency gain is approximately 0.5. The
cutoff frequency of the filter is approximately 20 KHz. As
seen in the schematic, there are three potentiometers: (1)
input signal bias control, (2) odd and even gain, and (3)
frequency control,

The input signal bias control is used to obtain the specified
bias setting at the input; however, it may be used to optimize
the bias condition by inputting a sine wave of 2 volts p-p
signal at 2 KHz and adjusting the potentiometer to obtain an
output signal at Pin 8 or 12 with a minimum distortion,

The odd and even gain control is used to adjust the gain dif-
ferential between the two sides. This is performed by apply-
ing a sine wave of & 2 volts to the input and adjusting for
balanced gain through the signal swing of the combined
output,
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Figure 8, Typical Frequency Response with Various

Sampling Frequencies.
Figure 6B. Output Impedance.
PERFORMANCE CHARACTERISTICS o T
'3 - Pt 1"
PARAME TERS LIMITS UNITS T xS
o . .y - |
MIN. TYPICAL MAX. PRI .. - *o I-t"*' .
voy ) st
Sample frequency 0.004 2 MH2z !--'_ -'%.3' 3 - :
| 4one 1 e N p
Dynamic Range See Fig. 7 - | ** === -
N { - N ...- — TS -
| = 1 TIRSEIT]
Nole See Fig. 7 . RN O 408 My B B .
wape-q - .o '

» 30 Bandwidth % of frequenicy I B ! ..,.. b
(see Fig. 8) 125 14 sample ':" = et i\__
Transfer Gain 06 Volts/Volit* f - i: ~"-‘: o ) ‘;‘ R oo
Distortion at 1V p-p input 1 % w4 o218 IR e v

1

*The transter gain was n:easured with test circuit conditions

as shown in Fig. 6A, Figure 9. Typical External Circuit for Control of R5101,
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The frequency control adjusts the driving oscillator frequency
from .02 to 2 MHz. This oscillator drives the 4013 flip-fiop
which generates the external square-wave clock input. It is to
be noted that since there are two flip-flop dividers, one
extenal and one internal, the sampling rate is 1/4 of the
oscillator frequency, or in the range of approximately 5 KMz
to 500 KHz. The range may be modified by changing the
value of the 50-pf frequency-control capacitor at the oscillator.

In general, sampling should be at as high a rate as permitted
by the desired delay. More frequent samples give a finer-
grained representation of the analog signal, make filtering
easier, and permit a wider analog passband. This situation
holds true until sampling rate becomes so high that there is
insufficient time per sample to readjust charges internally,
meaning that sampling rates must be 1 MMz or higher before
significant limitations are observable.

Attempts to obtain very long delays face two limitations:
(1) The very low sample rate means coarse-grained represen-
tation of the analog signal, and a restricted bandwidth,
A maximum bandwidth of less than fgample/2 obtains, be-
cause filters are not ideal; otherwise interference occurs from
the folded components (fsample = fsignal). (2) Storage time
is limited by internal leakage current. Leakage is worse at
high operating temperatures, doubling every 7—10°C increase
in temperature. The leakage affects bias levels and introduces
noise, because of the additive nature of the leaked charge.

FREQUENCY COMPENSATION CIRCUIT

The bandwidth of an ideal device would be limited by
sampling considerations. Input frequencies must be limited
to less than half the sample frequency and filtered outputs
will have a SIN X/X envelope. In & real charge transfer de-
vice there is an additional factor which comes from the
charge transfer inefficiency; that is, some signal charge is
left behind at each transfer and comes out as a trailing
signal. The exact amount of transfer inefficiency varies from
device to device. The block diagram for a circuit which com-
pensates for this and which tracks with changes in the sample

of sampled data fiiter circuit Is that it cancels the trailing
signal which comes out during sample periods later than the
one to which it belongs. With a single loop (n=1), the cireuit
only cancels the trailing charga in the next sample period.
In the detailed circuit shown in Figure 12, n=2 and this allows
the 3db point of the R5101 1o be set at .26 f sample, Figure
11 shows the output of an R5101 device uncompensated and
compensated in the circuit of Figure 12.

In the Figure 12 circuit each S/H of the block diagram is
realized with two sections, each section produces one-half
sample of delay.-A section consists of a SD5000 switch, a
001 u storage capacitor (Cg), and a CA 3127 buffer ampli-
fier. The feedback resistors (Rg,) are potentiometers which
can be optimized for a particular device, The output from
the second section of the second sample-hold is further
processed through a single additional sample and hold section
to produce an optimized rectangular box-car output. This
circuit will produce slightly more noise than the circuit of
Figure 9 as the high frequency noise is peaked as well as

the signal. e TR
- =
ars(L S n:}» -0 &;::.} N
BRI -

Figure 10. Block disgram for n loop sampled data filter,

! 2 y 25 I BN S
UNCOMPENSATED
E >
. :' { cowensareo Nt ’
BHAREEES:
5_ I ¢ * 50K
¥ 0 20

SIGNAL FREQUENCY  (xiz)
Figure 11, Comparison of the frequency response of RE101 using

frequency is shown in Figure 10. The concept for this type different output circuits.
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GENERAL DESCRIPTION — The CCD321A is an electricaily variable analog delay line
intended to be used in analog signal processing systems that include delay and tempor-
ary storage of analog information. The CCD321A consists of two 455-bit analog shift
registers, each with its own charge injection port. transport clock and output port allow-
ing the device to be used as two 455 or one 910-bit analog delay line

The CCD321A can be used in applications ranging from video frequencies all the way
down to audio frequencies A complete TV iine of 63 5 us can be stored with a four times
color subcarrier sampling frequency of 14 318 MMz Applications in video systems in-
clude time base correction, comb filtering and signal-to-noise enhancing Audio
applications include vanable delay of audio signals, reverberation effects in stereo
equipment, tone delay in organs and musical instruments as well as voice scrambling
applications The CCD321A also finds applications in time base compression and
expansion applications where analog data can be fed at one rate to the device, the
clocks can be temporarily stopped and then data clocked out at a different rate

The CCD321A is an improved pin-for-pin replacement for the CCD321. The CCD321A
" comes i four different classes as follows

DEVICE APPLICATION
CCD321A-1 Broadcast quality video delay line
CCD321A-2 high quality video delay line
CCD321A-3 Time base compression and expansion delay line
CCD321A-4 Audio delay line

® ELECTRICALLY VARIABLE ANALOG DELAY LINEFORAUDIO AND VIDEO APPLICATIONS
® 1 HVIDEO DELAY LINE CAPABILITY WITH BROADCAST QUALITY PERFORMANCE.
® EXCELLENT BANDWIDTH AT VIDEO AND AUDIO RATES DUE TO BURIED
CHANNEL TECHNOLOGY.
® WIDE RANGE OF DATA RATE: FROM 10 MMz TO 20 MHz PER 455 SECTION.
® HIGH SIGNAL TO NOISE RATION — VIDEO: 58 db, AUDIO: 65 db.
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FAIRCHILD CHARGE COUPLED DEVICE » CCD321A

FUNCTIONAL DESCRIPTION — The CCD321A consists of the following functional elements illustrated in the Block
Diagram:

Two Charge Injection Ports — The analog information in voltage form is applied 1o two input ports at Via (or Vig). Upon the
activation of the analog sample clocks ¢sa (Or ¢sp) & charge packet linearly dependent on the voltage difference between
Via and Vaa (Or Vig and Vae) I8 injected into analog shift register A (or B)

Two 455-Bit Analog Shift Registers — Each register transports the charge packets from the charge injection port to its
corresponding output amplifier. Both registers are operated in the 1-1/2 phase mode where one phase (¢1a Or ¢ip) is a
clock and the other phase (V;) is an intermediate dc potential. Phases ¢1a and ¢ ure completely independent. V; is a dc
voltage common to both registers

Two Output Amplifiers -~ Charge packets from each analog shift register are delivered 1o their corresponding output am-
plifier as shown 10 the circuit diagram. Each output amplifier consits of three source follower stages with constant current
source bias A sample and hold transistor is located between the second and third stage of the amplifier. When the gate of
the sample and hold irarsistor is clocked (P of @) 8 continuous output waveform is obtained as shown in the timing
diagrams. The sample and hold transistor can be defeated by connecting @ and/or g 1o Vpp. In this case the output
is a pulse modulated waveform as shown in the timing diagram

MODES OF OPERATION — The CCD321A can be operated in four different modes:

455-Bit Anslog Delay — Either 455-bit analog shift register can be operated independently as a 455-bit delay line. The
driving waveforms to operate shift register A is shown in Fig. 10. The input voltage signal is applied directly to Via. The input
sampling clock ¢sa samples this input voltage and injects a proportional amount of charge packet into the first bit of
register A. The input voltage Ay which is sampled between t = 0 and t = & appears at the output terminal Voa att = 910t If
the sample and hold circuit is not used then the output appears as a pulse amplitude modulated waveform as shown in the
diagram. In that case ¢na (pin 7) should be connected to Vpp (pin 16) . If the samp'e and hold circuit is used than the output
appears as a continuous waveform. Here ¢ra (pin 7) should be clocked coincident with ¢sa (pin 5) and the two pins can be
connected together.

Anaiog shift register B can be operated in an analogous manner with Vig as the analog input, 18 as the transport clock, ¢sg
as the input sampling clock and ¢nre as the output sample and hold clock.

910-Bit Analog Delay In Serles Mode — The two analog shift registers A and B can be connected i series to provide 910
bits of analog delay as shown in the schematic below. The analog signal input voltage is applied to Via. The output of
register A is connected to the input of register B with a simple emitter follower butfer stage. In order to insure proper charge
injection of register B, Vap should be adjusted. The timing diagram shown in Fig. 10 applies in this mode of operation. Here
G1A = 18, #SA = ¢58, dAA = VDD, and ¢ap I8 clocked

esap-ty [ Lo J
\ \

[
w| [ seenrene ]

SruNal
our

910-Bit Analog Delay In Multiplex Mode — The two analog shift registers can be connected in parallel to provide 910-bit of
analog delay as shown in the schematic below. The analog signal input voltage is applied to both Via and Vig. The outputs at
Voa and Vog should be combined in order to recover the analog input information

The necessary waveforms 1o operate the device in this mode is shown in Fig. 11.In this case ¢sa samples the analog input
A1 at Via betweent=0andt = tc. ¢sA samples the analog input B, at Vig, between t = tc and t = 2tc. The output corresponding
to Ay appears at Voa att = 910tc. The output corresponding to By appears at Vop att = 911tc. This mode of operation results
in an effective sampling rate of twice the rate of @14, ¢18, #SA and ¢ss
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FAIRCHILD CHARGE COUPLED DEVICE « CCD321A

Stop/Start Mode Operation — The charge packets in the two analog shift registers can be held stationary by stopping ¢1a
and ¢1p in their LOW state #sA, 88, #RA. And dnp Can also be stopped in the LOW state or kept clocking as usual. The two
shift registers should not be connected in series in the stop-start mode of operation.

The CCD321A comes in four different classes depending on the particular application. The CCD321A-1is basically a high
quality broadcast 1 H delay line for video systems with 1% differential gain and 1° differential phase The CCD321A-2isa
high quality video delay line with 3% differential gain and 3° differential phase The CCD321A-3 is tested in the START/
STOP mode of operation and parameters guaranteed in this mode The CCD321A-4 is tested at audio speeds and aud'o
type parameters are specified and guaranteed. The dc and clock characteristics of the four classes are the same. The ac
characteristics vary as shown below.

Caution: The device has limited built-in gate protection Charge build-up should be minimized Care should be taken to
avoid shorting pins VOA and VO to ground during operation of the device

DC CHARACTERISTICS: T, 55°C Note 16

SYMBOL CHARACTERISTIC CONDITIONS
Voo Qutput Drain Voltage
Analog Shift Register DC Transport

V2 Phase Voltage 60 v Note 1
VRA.VRB | Analog Reference Inputs Voltage 37 v Note 2
VGG Signal Ground 00
vss Subsiraie Giound 00 Note 3

) Resistance from Pins 3. 4 12 0r 13 10
RiN AC Input Resistance 10 MQ Vss VIA = Vig 3V

Capacitance from Pins 3.4 120r 13 10

CiN AC Input Capacitance 10 ok VEs VIA - Vig 3V
Rour AC Output Resistance 250 Q Vpp =15V

CLOCK CHARACTERISTICS: T 55°C Note 16

SYMBOL CHARACTERISTICS — UNITS CONDITIONS
MIN TYP MAX
VoiaL, VeiaL Analog Shift R;amov Transport Clocks LOW 0 05 08 v Note 4
V_Ov:n. Voo An;lod_sr_':0| Register Transport Clocks HIGH 120 130 150 v Note 4
Vésa., Vosa Input Sampling (iloch LOW 0 05 08 v Note 5
Vésan. Vésan | Input Sampling Clocks HIGH A 120 | 130 | 150 v Note 5
Vaa,, Vona Output Sample and Hold ™' ks LOW 0 05 08 v Note 6
Vnan, Vonan Output Sample and Hold Clocks HIGH 120 130 150 v Note 6
Via. Vig Input DC Level 3-7 v Note 2
VoaVos | Output DC Level 611 v Voo = 15V
feiatde Analog Shift Register Transport Clock Frequency 002 20 MHz See Note 17
fosa.ldse Input Sampling Clocks Frequency 002 20 MHz See Note 17
fona. ldnp 5‘:. ;n Sample and Hold Clocks Frequency 0.02 20 MH2z See Note 17
ODM O;J;;.:ul‘- DC Mismatch Between A & B Registers +1 v
OAM : QL;put AC_\fusmalch Between A & B Registers +20 %
e
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FAIRCHILD CHARGE COUPLED DEV'CE « CCN321A

ABSOLUTE MAXIMUM RATINGS
Storage Temperature ~26°C 10 100°C
Operating Temperature ~26°C 10 55°C
All Pins with Respect to Vgg “03Vw20V

CCD321A-1 AC CHARACTERISTICS: 7. ~ 55°C Both registers in the multiplexed mode. Clock Rate = 7 16 MHz Sampling
Rate = 14.32 MMz Vout « 700 mV_ (See Test Load Configuration, Figure §)

SYMBOL CHARACTERISTIC e — UNITS | CONDITIONS
Signal Bandwidth (3 dB Down) 50 MMz Note 7
Insertion Gain 0 a8 Note 8
Differential Gain “~ Note 9
Differential Phase degrees | Note 9

Signal-to-Noise Ratio a8 Note 10

Maximum Input Signal Voltage

CCD321A-2 AC CHARACTERISTICS: 1. = 55°C Both registers in the multiplexed mode, Clock Rate = 7 16 MHz, Sampling
Rate = 14.32 MHz Vout = 700 mV. (See Test Load Configuration, Figure 8)

SYMBOL CHARACTERISTIC Bee UNITS | CONDITIONS
MIN TYpP MAX
Bw Signal Bandwidth (3 dB Down) 42 50 MMz Note 7
G Insertion Gain 0 30 60 d8 Note 8
AG Differential Gain 30 S Note 9
A¢ Difterential Phase 30 degrees | Note 9
S/N Signal-to-Noise Ratio 58 d8 Note 10 =5
Vi (mas) Maximum Input Signal Voltage 10 Vpk - pk

CCD321A-3 AC CHARACTERISTICS: T, = 55°C. Both registers in the multiplied mode, Clock Rate = 7 16 MMz, Sampling
Rate = 14.32 MHz. Clocks are stopped for 300 us. Vout = 700 mV after 4 2 MHz low pass filter. (See Test Load Configuration, Figure 8)

RANGE

SYMBOL CHARACTERISTIC UNITS | CONDITIONS

MIN TYP MAX
BW Signal Bandwidth (3 dB Down 42 50 MHz Note 7 —c
G Insertion Gain 0 30 60 a8 | Note 8
AG Ditferential Galr, T 30 % Note §
Ad Differeritial Phase =l 3o degrees | Note 9
S/N Signal-to-Noise Ratio 55 — : dB8 Note 10
SN Spacial Noise = 100 | 200 | mv | Note 11, 12 =
Vi (max) Maximum Input Signal Voltage 10 Vok-pk
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FAIRCHILD CHARGE COUPLED DEVICE » CCD321A

CCD321A-4 ACCHARACTERISTICS: 1. - 45°C Foreach register. Data Rate = 50 KMz  See Test Load Configuration Figure 9

Vout =1V
RANGE
SYMBOL CHARACTERISTIC UNITS CONDITIONS
MIN TYp MAX
Aaw Signal Banawidth 3 48 Down 23 25 LU Note 7
G Insertion Gain 0 30 60 a8 Note 8
™D Total Harmonic Distortion 0s 1 -~ Note 13
S/N Signal-to Noise Ratio 60 65 a8 Note 4
Vi (mas) Maximum Input Signal Voltage 10 Vou - ph
RSO Rate of Average Signal Offset 15 mv/ms | Note 1§
NOTES
1 Vg level should be 1/2 of the ¢1a O aaa MIGH level Ad,ustment in the range of *1 V may be necessary 10 maximize signal bandwidth
2 Signal charge injection is proportional to the difference Vi and Vi Adjustment of either Vi of Vi is necessary 10 assure proper operation
3 Negative transients beiow ground of fast rise and fall times of the clocks may cause charge injection form substrate 10 the shift registers A negative bias on

4
5
6
7
8
L]

10

"
12

Vss of -2 010 -8 0 Vac will eliminate the inection phenomencun
Coia ~ Corp ~ 30 pF ~ Capacitance with respect 10 Vs,
Cona ~ Cosp = 19 pF ~ Capacitance with respect 10 Vs
Cona = Conp = 10 pF = Capacitance with respect 10 Vas
Signal Bandwidth is typically 1/3 10 1/2 of the sampling rate See Fig |
insertion Gain ~ 20 Log Vour Vi
Difterential Gan and Differential Phase are measured with Tektronia NTSC Signal Generstor (147A) and Vector Scope (520A) See Figure 2
Video S/N is defined as the 1atio the peak 10 peak output signal to AMS random (temporal) nose The peak 10-peak signal is the maximum oulput level
that satisties the AG and 3¢ specs See Fig 3
in the start/stop made of operation it is recommended that the rise and fall imes of 14 and $1p exceed 20 ns 10 eliminate charge iInjection
Spacial Noise 18 the peak to-peak spacial vanation (fixed pattern nowse’ in the device output after clocks have been stopped 118 usually caused by the
veriation of leakage current gensity in the shift registers Spacial noise is a function of the clock stop period and tempearature See Figure §
input Signal ~ 1KMz sine wave See Figure 6
Augio S/N is defined as the ratio o' AMS noise at 23 KMz bandwidth Both are measured with an HP3400A RMS Voltmeter See Figure 6
Rate of Average- Signal Offset is caused by leakage current in the registers It is a function of temperature See Figure 7
Devices are tested using the values shown in the typical columns
Devices can be operated beyond 20 MMz without damage The minimum clock rate can be lower than 10 KMz shown in Figure 4

TYPICAL VIDED PERFORMANCE CURVES
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FAIRCHILD CHARGE COUPLED DEVICE » CCD321A

TYPICAL AUDIO PERFORMANCE CURVES

TOTAL HARMONIC DISTORTION (THD) RATE OF AVERAGE SIGNAL
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TEST LOAD CONFIGURATION FOR SINGLE REGISTER OPCRATION IN AUDIO AND VIDEO

ccoana

AEEEEE

B xS TR R

App. 3-6




L T i W —— - ——r

FAIRCHILD CHARGE COUPLED DEVICE » CCD321A

TIMING DIAGRAM
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Fig. 11 Analog Shift Register A and B Operation in the Multiplexed Mode
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ORDERING INFORMATION

To order the CCD321A specity the “device type" as shown below

CLASS, APPLICATION DEVICE TYPE
CCD321A-1, Broadcast quality video CCD321A1
CCD321A-2, High quality video CCD321A2
CCD321A-3, Time base compression and expansion CCD321A3
CCD321A-4, Audio delay line CCD321A4

Also available from Fairchild are two fully assembled modules that contain all the necessary circuitry to operate the
CCD321A These modules are designed to help the system designer beceme familiar with the oparation of the devic
and for use in OEM systems

The CCD321VM is a video module using a CCD321A-3. The module includes the necessary electronics to perform tim
base compression and expansion, and variable video signal delay. The module requires a single power supply for
operation.

The CCD321AM is a module using three CCD321A-4 which are connected in series to provide delay times of up to 100 ms
for audio frequency signals. A filtered output tap is provided at each 455 bit delay increment for flexibility. The modulo
requires a single supply for operation

Schematics and component layouts are included in the shipping packages for the CCD321VM and CCD321AM. For
further information on the CCD321VM or CCD321AM please contact your nearest Fairchild sales office or distributor
or call 415-962-3941

PACKAGE OUTLINE
16 Pin Side Brazed

- oo 00 =
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L1 100
. e
we " -
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! s LI ' NOTES
' i Y ) s ”"e All dimensions in inches (bold) and milhimeters (parenthesos)
i} 8 ( (¥
\ { I Header 18 black ceramic ‘A'ZO]'
g L - ST LR .‘:.r. L d Pins are gold plated kovar
v -4 Top cover connected 10 pin 8 (Vss substrate
"~ o0 (11 “

A i

PP. of -

Farchild cannot assume responsibility 1or use of any circuitry described other than circuitry entirely embodied in & Fanohild product NO other circuil patent hcenses are /mg
Manutactured under one of the following U S Patents 2981877 3015048 3064167 3108358 3117260 other patents pending
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