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§ECTION r 
INTRODUCTION -.-

This t'epol't presents the work performed by Texas Instn1l11ents unde!" NASAl 

Goddard Space Flight Center Contract No. NAS5-23578 to develop intenslfled 

charge coupled deVlcas (ICCDs) for photon-counting applications. This contract 

cal led for the fabrication, characterization, and del Ivery of four electro

statically focused intenSified eeos (EFICCDs) and for a study of \.vays to 
diminish ceo degrRdatlon during tube processing_ 

An I ceo (',ons Is ts of a Ch~ll'ge coup I ed imager. malin ted on a Sll i tab I e header, 

Incot'pol'clted in C'I vacuum bottle with a photocathode and provision fat" aceelera .. 

ting and fo\,,:ustng the phat.oelectt'ons onto the CCO. The ceo imagers emplo~'ed 
tli this Contract \vere 100 x 160 Bnays featuring 2.2.9 ~I\n (0.9 mIl) x 22.9 ~Itn 
(Q.9 mil) pixels, but'led channel, and three-phase clocking using t",o ... level 

allllnimnn metallization. FlgllI'e 1 Is a photograph of this bal'. F'or electron 

input (EnS mode); the deVices must be backs ide ... I llumlnated to eliminate 

Chc\I'gln~J effects In the frontslde oxide layers, In addition, the deVice must 

be thll1t\ed to minimlZoe diffusion degnldatlon Qf ~\TF. Finally, due to the 

,-ecolllbtIU;\tion of electt'ons at the silicon 5lH'face; the backside mUst hcwe an 

e.\.cess 0\' accumulation of the dopant boron atoms to ct'eate an electl'ic field 

that \vill fot'ce eleclnms away ft'om this sUI'face. 1 Thinned ceo art'a}<s are 
shown In F'iHure 2. 

These arrays n\lIst: be U\ounted on headers that are Coolpatible with vacuum 

tube technology and that allO\\1 lead bonding on the ft"ontside at1cl Illumination 

at the backSide. figure 3 sho\l!t the de~d9n of the hearlet' emplOyed during this 

program. Aftet' alloyln.g and bonding the device to the h€ladet', an innet'cap 

is welded to the st:!tll flahge to pl'ovlde vacuum capability. The headet- Is then 
\Ve \ d€ld to the tube hody a t the edge of the tube 'Flange. 

The ICeDs Tabt'lcated Undel' th is Contract \'Vere fabdcated by Varo Elt:}ctron 

DeVices, Inc, This \vas accompliShed by I-epla.cing the output phosphot, on tht:} 

.. :1 
.. ,~~".-J 
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Tube Flange 

33 Connector Pins 

S ~al Flange 

Moly Alloy Stage 

Bond Pad Metallization 

Buried Metallization 

Ceramic Substrate 

Figure 3 Cutaway Drawing of Tube Header 
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Varo Model 2561 electrostatically focused image intensifier with the CCD header. 

Figure 4 shows a completed ICCD together with front and back views of the 

header employed. After completion of the processing, the tubes were potted, 

with three leads provided for accelerating and focus voltages. 

Under this contract, four ICCDs were fabricated. The characteristics of 

these devices before and after tube processing are presented in Section III 

of th i s report. 

Early work on ICCDs had indicated a potential problem caused by degradation 

of bond strength during the high temperatures encountered during tube pro

cessing. Under th:is contract a study was made to quantify this effect and to 
, 

develop a method of preventing this degradation. Results of this bond pad 

protection development are presented in Section II, toge~her with the results 

of a study of the accumulation process that has led to reproducible spectral 

response characteristics. Conclusions are given in Section IV. 

t " 
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Figure 4 25 ITlTI Electrostat ically Focused, Intens i fied Charge Coupled Dev i ce 
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A. Bond Pad Protection 

SECTION II 
PROCESS DEVELOPMENT 

I. Bond Strength Degradation 

Electrical interconnection is made between the array and the header 
using gold wire, thermocompression-bonded between the aluminum metallization 

" of the array and the gold meta,l I ization of the header. In early work on ICCDs, 
it was observed that occasiohally the gold metallization would separate from 
the aluminum bond pad after the high temperature (350°C) bake associated with 
tube pr'ocessing. This problem was found to be caused by intermetaJlic forma
tion which led to the introduction of voids in the aluminum-to-gold interface. 
This effect has been discussed by Philofsky.2 According to Philofsky, during 
the anneal of aluminum-to-gold couples, intermetallic compounds are formed. 
(Some of these ar~ purple, which leads to the term "purple-plague.") To form 
these compounds, diffusion of the two metals OCCl!rs. In the case of aluminum 

, 

bond pad, it is possible for enough aluminum to be absorbed by the gold wire to 
weaken the cont~ct to the array. This can result in bond failure. 

Experiments were performed to quantify this effect for typical bonds 
undergoing a 350°C anneal. To do this, bonding samples were prepared by 

° evaporating the standard thickness of aluminum bond pads (11,000 A) onto 
oxidized silicon sl ices and patterning the metal using the second-level metal 
mask of the 100 x 160 bar. Gold wire was then thermocompression-bonded from 
one bond pad to a neighboring pad to form loops of wire. Ten to twenty loops, 
per sl ice were prepared. Bond strength was determined by pulling on these 
loops with a calibrated force, increasing this force until either the wire 
broke or the bond failed. The minimum acceptable pull strength for a bond is 
generally accepted to be 2 dynes. Measurements on unannealed samples indicated 
pull strengths ranging from 6 to 14 dynes, all breaks occurring in the wire. 
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The initial experiment consisted of ::_·othermal anneals at 350°C, 

Figure 5 presents the results of the measurements of pull strength after 

anneals of two, four, six, and eight hours.' Open circles represent wire 

breaks, ~IS represent bond failure, and dark circles represent the numeric 

average. The data indicate the following: 

(1) There is a gradual degradation in bond pull strength with in

creasing anneal time; initially, all failures are wire breaks, and finally, 

all failures are bond separation; 

(2) Pu I I strength degradation seems to saturate wi t~ i ncreas ing 

annea I time; 

(3) Considerable scatter exists in the data; and 

(4) Only one value fal Is below the 2 dyne limit. 

Typical anneal ing results are illustrated in Figure 6. Figure 6 (a) 

shows a bond prior to anneal. Figure 6(b) shows this same bond after anneal. 

The dark area surrounding the bond is the intermetallic formation. Figure 

6 (c) shows a bond pad after pul I tests that resulted in bond separation. In 

the center of the bond area, the aluminum has been completE!ly absorbed,reveal

ing the underlying oxide. 

In an attempt to determine causes of the scatter in the data, anneal 

tests were performed on bonds with varying bond diameters. Small bonds (about 

~wice the wire diameter of I mil), medium bonds (about three times the diameter), 

and large bonds (about four times the diameter) were prepared. The results of 

the pull tests after anneal were significant. All the small bonds annealed 

failed the 2 dyne limit, all the large bonds passed the 2 dyne limit, and the 

medium bonds resulted in a mixture of passes and failures. All bonds displayed 

visual degradation similar to Figure 6(b). 
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(a ) 

(b) 

: ./::.;.?: .. : : :::~(::::. > 
. , • I ; .. ' . 

(c ) 

Figure 6 (a) Bond Appearance Before Anneal. (b) Bond Appearance After Anneal. 
(c) Bond Pad Appearance Af t er Bond Separa t ion. 
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This result seems to indicate that the pull strength after 350°C 
anneal is related to the periphery of the gold-aluminum coritact area. Since 
the pull strength degradation is due to the depletion of aluminum, this result 
can be understood by observing that the supply of aluminum for diffusion 
paral lei to the oxide surf.ace is not I imited compared to the aluminum for 
diffusion perpendicular to the surface. This means that as annealing continues, 
the aluminum under the central area of the bond is depleted by diffusion into 
the gold wire, whereas around the edges of the bond, aluminum is replenished 
by d i ffus ion f rom the unbonded pad a rea. I n the f ina I s ta te, the bond is 
attached only around the periphery, and bond strength should be directly 
proportional to the bond circumference. 

Assuming this analysi~ to be correct, the previously observed bond 
failures were caused by bonds with circumferences somewhat smaller than the 
normal. After these results were obtained, bonding procedures were changed to 
insure that all bonds were made with circumferences large enough to insure 
bond re I i ab iii ty. 

2. Bond Pad Protect ion Process 

In addition to efforts to determine the cause of bond failure and 
to quantify the effect, the contract also provided for the development of a 
process to eliminate bond strength degradation. Since the cause of this 
degradation is the formation of compounds of aluminum and gold, such a process 
must provide for bonds which provide sep.1ration of these two elements. EI imina
tion of one of the elements would be difficult. Aluminum is an integral part 
of the processing of CCD arrays, and its el imination would require extensive 
process development, beyond the scope of this contract. Gold is required on 
the headers for low contact resistance and for I ifetime and reliability con
siderations. Therefore, a process was required which would allow separation 
of the aluminum bond pads from the gold of the bond wire and header. 
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Aluminum wire was not considered because it required ultrasonic 
bonding techniques~ which could cause membrane fracture. Similar problems 
wou I d be expec ted a t the bond of the a I urn j num wire to the go I d header.' 

The process selected for development called for the insertion of a 
barrier metal (such as molybdenum, chrome, or titanium) between the aluminum 
and the gold. This could be done by depositing the barrier metal over the 
aluminum and patterning both metals at once. However, these metals are gen
erally too hard to allow thermocompression bonding. For this reason, gold 
must be deposited over the barrier metal to allow bonding. An additional 

o problem is that the barrier metals are deposited in thin layers (1000 A) to 
avoid cracking. The possibility exists for the thermocompression bond to 
penetrate th'is thin barrier metal during bonding. For this reaSQn, the bond
ing area must be offset from the original aluminum bond pad. 

This requirement for offset bond pads presents the final problem. o 
Since the aluminum is 11,000 A thick, a step coverage problem exists when the o 

1000 A barrier metal is deposited. It would be expected that the metal on top 
of the pads would be separated from the remainder of the offset pad and elec
trical continuity would not exist. For this reason, it is necessary to intro
duce a beveled edge to the aluminum bond pad. A process is used which allows 
con t i nuous me ta I f i I ms to be produced f rom the top of the a I urn inurn bond pad to 
the surrounding oxide. 'Figure 7 shows the results of the application of this 
prqcess to an aluminum bond pad. 

The steps in the bond pad protection process are illustrated in 
Figure 8. Figure 8(a) shows an aluminum bond pad after completion of standard 
pro~essing. The area of the bond pad is reduced and its edges are sloped as 
shown in Figure 8(b). The sl ice is then ready for deposition of the barrier 
metal and the gold. These two layers are patterned to form an offset bond 
struct~re as shown in Figure 8(c). Thermocompression bonding is performed on 
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Figure 7 Aluminum Bond Pad with Sloped Edges 
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(b) 

(c) 

(d) 
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Figure 8 Bond Pad Pro tection Proces sing Steps 
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the offset area of the pad as shown in Figure 8(d). This process was .success

fully implemented on CCD arrays as indicated in Figure 9. Tests were per

formed to determine if any electrical continuity problems existed. In no case 

was an electrical open observed between the offset bond area and the aluminum 

me ta IIi za t ion. 

Other potential problems involved with this process were investigated. 

One possibil ity is the introduction of metal shorts during the patterning pro

cess, and another is an increase in dark current caused by the metal deposition 

processing. Careful measurements of device yield before and after bond pad pro

tection processing indicated no loss of functional devices due to this process

ing. Dark current changes were monitored using test diodes. Measurements of 

the dark current before and after processing indicated an average increase in 

dark current of 10"10 of the initial value. This Was cOnsidered to be acceptable, 

and no attempt was made to eliminate this increase. 

Anneal tests were performed to verify that these new bond pads would 

eil iminate bond degradation during tube processing. Samples of the offset pad 

structure were prepared and bond loops constructed as shown in Figure 10. 

Thre~ barrier metals were tested: chrome, molybdenum, and a mixture of titan

iLm and tungsten. Pull tests were performed after anneals at various times 
I 

and temperature. Control samples of unprotected aluminum bond pads with 
I 

uncontrolled bond size were also annealed. Typical results for the case of 

titan i um-tungs ten are given in Tab Ie 1. S i mil a r resu 1 ts we re obta i ned for the 

case of molybdenum and chrome. 

As this table indicates, the protected bond pads exhibited no bond 

strength degradation introduced by anneal ing. In no case, for any of three 

barrier metals considered, did a bond separate; all failures occurred in the 

wire at pull force well above 2 dynes. 
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Figure 9 Bond Pad Protection Structure 
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Figure 10 Offset Bond Pad Structure for Anneal Tests 
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Table 1 
Anneal Test Results for Titaniulil-Tungsten..;.Protected Bond Pads 

Anneal Unprotected Pads Protected- Pads Temperature{OC) 

300 

Time (hrs1 

3 

Pull Strength(cfynes)- - Failure Mode Pull Strength(dynes)-----,=arlureTMode 

6 

8.5 

350 3 

6 

10 

400 4 

6 

9 

q50 3 

6 _ 

9 

7.0 wi re 7.5 
5.0 wi re 7.0 
6.5 wire 7.0 
9.·0 -bond 7~0-
3. 0 . wire 6c. 0 
6.0 wire 8.0 
7.0 bond 7.5 0.5 . bond-].O 
8.0 wi re --"].0 
7.0 wi re 9.0 
5:0 bond 6.5 
9.5 bond 8.0 
9.0 wire 6.0 
7.0 bond 7.0 
5.0 bond 9.0 
0.0 bond 7.0 
2.0 bond 7.0 
7.0 wire 7.0 
2.0 bond 6.5 
3.5 bond 6.5 
9.0 wire 7.0 
.0.5 bond b.O 
3 . 0 bOrld 7.0 5.0 bond 8.0 
1-.0 bond 7.0 
2.0 bond 7.0 
7.0 wire 7.5 b.O- ~- - --- bond _ 8.0 
6.0 wi re 7.0 
8.0 wire 9.0 

-7.0 bond 9.0 
6.0 bond 7.0 
6 .5 _ __ _ _ __ w Lre __ ~ ~ ~ 7 . 5 
7.0 wire 8.0 
8.0 bond 6.0 
6.0 bond 7.0 

wi re 
wi re 
wire 
wi re 
wi re 
wi re 
wi re 
wi re 
wire 
wire 
wire 
wi re 
wi re 
wi re 
wi re 
wi re 
wire 
wi re 
wire 
wi re 
wi:re 
wi re 
wi-r;e 
wire 
wi re 
wrre 
wtre 
wire 
wire 
wi re 
wi re 
wire 
wire 
wire 
wi re 
wire -

H 
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At higher temperatures, some intermetall ic formation was observed. 
Figure 11 shows a bond annealed at 450°C for nine hours. In this figure the 
area of overlap of the aluminum and the gold bond pads is purple. Even in 
cases like this, failure was observed to occur in the wire rather than at the 
bond. 

These tests indicated that all three barrier metals are acceptable. 
Titanium-tungsten was chosen for the remaining work since it is employedsgme-
what more often in semiconductor devices. 

At this point in the development, all evaluation had been performed 
using test structures. The remaining step was to process a functional device 
through the bond pad protection steps and then through the tube fabrication 
steps. The first time this was done, the device fai led to operate after the 
350°C tube bake due to the introduction of metal shorts in the parallel section. 
Optical inspection of the devIce revealed discolored regions in the paral leI 
sect ion. Other funct iona I dev ices wi th pr.otected bond pads were annea led at 
350°C with similar results. 

The cause of this problem was traced to the nitride overcoat. Bond 
pad protection processing for these devices had begun after the nitride had been 
deposited and patterned. The titanium-tungsten and gold were therefore depos-I 
ited over the nitride. It was postulated that for some reason related to the I 
nitride, patches of these metals remained after patterning the bond pads . . I 

T~ese patches would be isolated from the parallel section metal by the nitride 
and therefore would not be electrically observable. However, during the 
a~neal, these metals apparently diffused through the nitride, resulting in the 
observed discolored regions and in electrical shorts in the parallel section. 
This analysis was verified by taking functional chips, stripping the nitride t 

overcoat (and thereby the residual metal), and annealing. No failures were 
observed with these chips, and successful tube processing resulted. 
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F i gu re 11 Intermetal1 ic Formation at 450 °C 
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The problem was el iminated from existing chips by stripping the 
nitride. In future processing, the nitride overcoat will be applied after the 
bond pad protection process has been completed. The last two devices delivered 
under this contract had protected bond pads. 

3. Conclusions 

At the beginning of this contract, there was serious concern about 
the reliability of the bonding scheme for ICCDs. As a result of the work des
cribed here, two solutions have been obtained. One results from the observation 
that, despite some degradation, bond strength can be conserved in the aluminum
gold system by using bonds with sufficiently large circumferences. This pro
cedure was implemented during the development of the bond pad protection pro
cess. Approximately 30 ICCDs have since been fabricated using these bonds, 
with no indication of bond failure. The second solution completely eliminates 
bond degradation by inserting a barrier metal between the gold and aluminum. 
ICCDs have been fabricated with protected bond pads with no significant change 
in the CCD characteristics. 

In view of the equal success of these two solutions, it is recommended 
that the standard ICCD processing continue to be the gold-aluminum system due 
to the increased processing time and cost associated with the barrier metal 
prbcess. HowevEr, the development of this barrier metal process could have 
great significance in the future development of backside-illuminated CCD im~gers. It is a relatively simple matter to take the process as it now exists an~ extend it to allow the plating of gold on the bond pads to sufficient I 
thickness for the construction of beam leads. Beam leads would allow the bond-
inJ of devices frontside down, greatly simplifying the header design required. I 

In\addition, beam leads could provide a method of relieving the strain currently 
introduced by the different thermal expansion coefficients of the silicon and 
the molybdenum alloy stage (see Figure 3). 
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.f. B. Characterization bf the Accumulation Process
ft 

I. Characterization Requirements 

As discussed in the introduction, the thinned surface of a backside
illuminated imager must have an accumulation layer of boron atoms to minimize 
signal loss at this surface. This can usually be accomplished by diffusion 
of boron atoms at high teJTIperature (IOOO°C) after thinning. 3 However, this 
process cannot be used with the CCOs employed in this work due to the aluminum 
metallization. Texas Instruments has developed a process which allows this 
accumulation to be accomplished without the use of high temperatures after 
metallization. This process has been shown to be capable of producing spectral 
responses which are apparently not degraded by losses at the back surface, 
except for bptical reflectiot'l. However, resul'ts have varied from device to 
device as shown in Figure 12. Measurements were made, as described below, to 
characterize this process, with the goals of reproducibility of spectral 
response and determining the effects of the process on dark currents. 

2. Measurement Technigues 

The accumulation process was characterized with respect to its most 
critical variable "a," a controllable variable. The process was characterized 
by processing a device with sequential, monotonic changes in a, monitoring the 
device dark current and photoresponse before and after each step. To facilitate 
this sequential processing, all measurements were made on unmounted chips 
using a functional multiprobe. This multiprobe consists of a chuck with 
imbedded light sources for backside illumination and a probe card with individ
ual probes for each bond pad. Electrical signals are supplied to the probes 
as required to operate the chip. 

~\his work also supported by NASA/Goddard Contract No. NASS-22924 and NVL Contract No. DAAGS3-7S-C-OI91. 

22 

-" j 
t 
1 
1 

1 

~ 
j 

1 
j 

1 

I 
".;:::::'-:::::::;:::.;::;:,;';'-;"'.: ;;;:'7;C;::::::::"<"T''''''''~=:l:f~-",c.&,"~""",-~j 



CCD SPECTRAL RESPONSIVITY ~ 
, - Example of High Blue Response Device 

4 2 - Numerically Averaged Spectral Response of 20 Devices 

o • 3 - Example of Low Blue Response Device 
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3. Measurement Results 

o The first sets of measurements were made using a green 5600 A. light-
emitting diode for photoresponse measurements. Typical results are shown in 

o Figure 13, where dark circles represent the normalized photoresponse at 5600 A 
and the ~IS represent the dark current density for sequential values of the 
var iab Ie 0'. 

These data indicate the effectiveness of TI's accumulation pro-o 
cess. The photoresponse at 5600 A is increased by a factor of 550 as 
a result of this processing. The maximum response observed corresponds 
approximately to the reflection limit. The data also indicate, however, that 
the p:rocess can have a serious effect on the dark current level. For values 
of the variable 0' above an optimum value, the dark~urrent density increases 
rapidly, and the photoresponse is observed to decrease. Devices processed to 
this point sometimes display time-dependent dark current and photoresponse. 

These data indicate that the variable 0' must be closely controlled 
during the accumulation processing at a value that will maximize photoresponse 
while maintaining the initial dark current level. The bars on the horizontal 
axis of Figure 13 show the range of values of 0' typically employed prior to 
these measurements. These values lead to high pho_toresponse, but also produce 
increased dark current. 

The reproducibility of these data was investigated by taking other 
chips and processing them to various values of 0'. The results are s.hown in 
Figure 14. Each open circle indicates a different device. This figure 
indicates that reproducible spectral responses c~n be obtained if the variable 

Ci is maintained at a value at or below its optimum value. 

The light emitting diode was employed initially due to its availability 
andsimplicityof installation in the multiprobe chuck. To further investigate 
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the optimum value of a, it was desirable to use 4000 A illumination, since 

this radiation is more sensitive to the backside accumulation layer. This was 

accomplished by replacing the LED with a fiber optic light pipe. The backside 

of the chips could then be illuminated with photons of any wavelength through 

the use of narrowband optical filters between the light source and the input to 

the 1 ight pipe. 

Figure 15 shows results obtained using the light pipe. Data on 
o 0 

green response (5461 A), blue response (4000 A), and dark current for a single 

device are presented for sequential values of a. Incremental steps are smaller 

in these data than in Figure 13 50 that the optimum value of a can be defined 

more precisely. 

TWo important results are indicated in Figure 15: 

(1) Although the blue response and the green response show similar 

behavior, the blue response peaks at a lower quantum efficiency (- 2~1o) than 

the green response (N 7~1o); and 

(2) The maximum blue response occurs at the onset of dark current 

increase. 

The:magnitude of the blue response peak is a function of other variables in 

the!process which are normally held constant. Internal investigations are 

being made to determine the causes of this blue response limit. The increase 

in dark current can be avoided by choosing a value of a somewhat below the 

value ~or peak blue response. 

These results were immediately appl ied to device processing. Repro

ducible spectral response curves have been obtained, and dark current increases 

during the accumulation process have been el iminated. Typical data are pre

sented in Figure 16, showing spectral data for six recently processed devices. 
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4. Conclusions 

The accumulation process has been characterized with respect to its 

most critical variable. The results indicate that reflection-limited response 
o 

can be reproducibly obtained above 6000 A. Dark current increases during the 

accumulation process have been discovered and el iminated. The blue response 

is limited to about 15% to insure low dark current and stability . 
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A. ~CD Characteri~tics 

SECTION III 
DEVICE DELIVERIES 

Four ICCDs Were delivered under this contract. The CCDs selected for 
these devices were characterized before and after tube processing. Perfor
mance goals for the CCDs were as follows: 

Transfer Efficiency 
Functional Area for Imaging 
Dark Current (T = 23°C) 
Q.E. (~= 0.4 ~) 

Medium High 

> 0.999 > 0.9999 
> ~~Io > 95% 

. 2 2 < 18 nA/cm < 12 nA/cm 
> 10% > 20% 

Two medium-qual ity and two high-quality arrays were to be committed to tube 
processing. 

Copies of the charactefization reports for the four del ivered devices 
are presented in the appendix of this report. 

The medium quality devices were numbered 220-18-8 and 220-18-16. The 
high-qual ity devices were numbered 284-1-8 and 284-1-9. Significant differ
ences exist in the processing of these sets of devices and in the resulting 
characteristics. The first two devices were processed prior to the develop
ment of the process i ng improvements deta i led in Sect ion III. the second two 
devices after these improvements. 

Spectral response curves for the four devices are compared in Figu:e 17. 
illustrating the accomplishments of the process characterization. The response 
of the earlier devices is depressed compared to the later devices. The 
earlier devices show the variability of results as illustrated previously in 
Figure 12. The later devices show the reproducibility illustrated in Figure 
16. 
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CCO SPECTRAL RESPONSIVITY ~ 
• 220-18-8 
• 220-18-16 
A 284-1-8 o 284-1-9 
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Dark current and CTE for the later devices are also superior to the 
earl ier devices. The medium-qual ity devices had dark cutrents of III nA/cm2 
and 12 nA/cmi, ; the high-qual ity devices had values of 3.6 nA/cm2 and 4.3 nA/cm2. 
The CTE values were 0.9994 and 0.9995 for the medium devices and> 0.99995 for 
the later deviceS. Improved uniformity of blue response was also obtained on 
the later devices, as can be observed from the device reports in the appendix~ 

The differences between these two device sets are indicative of recent 
progress in processing of thinned CCD imagers. Devices with characteristics 
similar to the medium-quality devices no longer result. High-quality devices 
have been produced infrequently in the past (compare 166-3-2 delivered under 
Contract No. NAS5-22403), but are now obtained with regularity. 

The two sets of devices also had differences in bonding structures. The 
earlier devices were bonded using aluminum pads and large circumference bonds. 
The later devices had the protected bond pad structure discussed earlier. No 

I variations in CCD performance prior to tube processing were attributable to this 
bonding difference. 

B. Tube Processing Results 

Tube processing was performed at Varo Electron Devices, Inc., which is 
10lcated approximately ten mi les from TI IS Central Research Laboratories in 
Dallas. The tube processing consisted of four main steps: (I) heliarc weld 
the tube header to the tube body, (2) evacuate the tube body and bake at 350°C 
for 10 to 20 hours, (3) process the photocathode, and (4) seal the tube. After I 

pr9cessing, the ICCDs were characterized for dark current, imaging capability, 
and photocathode response. Detailed characteristics of each tube~are presented 
with the CCD data in the appendix. 

Tube processing has typically caused dark current increases. This also 
occurred for these four tubes. Dark current data before and after tube 
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processing is summarized in Table 2. The data indicate no significant differ-
ence between the two sets of devices with regard to tube-processing-induced 
dark current changes. However, the b~havior of th~ two later devices is not 
typical of tube processing results obtair;Jed since the improvements were made 
in the accumulation processing. Tubes produced for other programs have typi
cally resulted in 0 to 5~1o increases in dark current after similar tube pro
cessing. Two recent 250 x 400 devices proc7ssed under NASA Contract No. 
NAS5-22924 actually experienced a dark current decrease during tube processing. 

One possible reason for this atypical behavior could be related to the 
bond pad protection process. (Tubes 278 and 279 are the only two tubes pro-
cessed to date with protected bond pads.) Although this process causes no 
immediate dark current; increase, latent effects may be gene'rated which, when 
activated by the tube bake, may generate increased dark current. This possi-
bility will be investigated~ in future beam lead development. 

The photocathode characteristics obtained varied from tube to tube. o 
Broadband response and 8000 A response were measured for the central portion 
of the photocathode, corresponding to the active CCD area. Results are 
summarized in Table 3. 

Tab Ie 3 
Photocathode ,Characteristics of Del ivered Devices 

i 
Tubel No. 

I 
245 

246 

278 

279 

Broadband (2854 K) 
flA/lumen 

i 
240 

190 

410 

270 

o 

8000 A 
mA/W 

35 
18 

3 
not measured 

These data imply variation in the total response and in the spectral con
tent of the response. One possible contributor to these variations is the infre
quent application of the tube processing schedule used to fabricate ICCDs. 
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Table 2 

Dark Current Changes During Tube-Processing 

2 Dark Current (nA/cm ) Changes 

Tube # CCD #.. Before After nA/cm 2 % Conrnents 

245 220-18-8 12 33 21 175 

246 220-18-16 11 24 13 118 

278 284-1-9 3.6 10.8 7.2 200 1 ine defect 
introduced 

279 284-1-8 4.3 37 33 770 
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Additional characteristics of tube 278 were measured and are presented in 

Figures 18, 19, and 20. Photocathode properties are detailed in the first two 

figures. Figure 18 shows the measured spectral response of the 5-20 photo

cathode. Peak quantum efficiencies above 2~1o were obtained. This tube has the 

highest white 1 ight response obtained with a Varo ICCD. Figure 19 shows the 

uniformity of the photocathode as measured by making a spot scan across a 

diameter (spot size was approximately 25 ~m). The bars indicate the portion 

corresponding to the active CCO area. The response dips indicated in Figure 

19 would have serious effects on ICCO performance if a larger CCO were employed. 

These data were reported to Varo personnel, who modified the processing to 

eliminate the effect. Recently processed photocathodes do not display this 

nonresponsive ring, uniformities as good as ± 5% being indicated from spot 

scan data. Finally, Figure 20 shows the EB5 gain measured on Tube 278. 
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SECTION IV 
CONCLUSIONS AND RECOMMENDATIONS 

Significant pI-ogress was made in CCD imager processirg for intensified 
appl ications during this contract. The accumulatiori process req~ired for 
backside illumination has been characterized with respect to the critical 
variable. Reproducible spectral response characteristics have resulted. Dark 
current increases due to this process were discovered and el iminated. 

A bond pad protection process was developed which eliminated bond strength 
degradation during tube processing. It.was also found that bon.d failure could 
be el iminated using gold-to-aluminum bonds if sufficient ball-bond peri.phery 
were maintained. This procedure is recommended in the general case because 
the bond pad protection process requires additional processing time and 
expense. This process has potential importance, however, as the foundation for 
beam lead development for CCD imagers._ 

Four ICCDs were fabricated, characterized, and delivered. The progress 
made in CCD processing is evidenced by the difference in characteristics 
between the devices processed before the improvements in the accumulation 
process and the devi'ce$ processed after these improvements. The CCDs committed! 
to tube processing met all performance goals with the exception of quantum 
efficiency at 0.4 fl. The lower quantum efficiency results from· a tradeoff of 
quantum eff i ciency and da rkcurrent. 

Tube processing has pl-ogressed to the point that operational ICCDsare 
routinely obtained. Fu'ture development should lead to further reductions in 
the dark current introduced by tube processing and to improvements in the 
photocathode response and uniformity. 
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2. 

3. 

4. 

CCD OPTICAL AND ELECTRICAL CHARACTERIZATION 
TEST REPORT 

CCD DEVICE NUMBER 220-18-8 

DEVICE TYPE 100 X 160 [ 

Header type tube header with Varo flange 

Act i ve area 0, 08J6 
2 

pixel dimensions 0.9 mi Is X 0.9 cm , 

OPERATING LEVELS in volts 

mi Is 

SUBS (substrates) 
P CLK (parallel clocks) 
S CLK (serial clocks) 
SID (serial input diode) 
SOG (serial output gate) 

-1 
15 
15 
10 

V f(precharge reference} re 
Vdd (drain voltage) 

2 
V ( I oa d b i as) gg 

V (precharge pu I se amp I i tude) pc 19 

AMPLIFIER CONFIGURATION used for 

18 

21 

the tests in this report --------
simnle nrecharge with off-chin load 

5. SPECTRAL RESPONSE 

Quantum efficiency is~ at 0.4 microns 

~at 0,8 microns 

..Mat 1.1 microns. 

Frame readout mode, non shuttered, data rate 1.0 MHz, 
frame time 32 ms, temperature 24 °c, average well 
population 50 %. 

Note that quantum efficiencies are uncorrected for rt'!flection. 

6. DARK CURRENT 

Dark cur~ent measured by precha2ge current technique is 4. 2xl~ectrons/ pixel/sec ( 12 nanoamps/cm) at T = 24°C. 

Frame readout mode, data rate 1. ° MHz, 
frame time 32 ms. 

7. EBS GAIN 

Average EBS ga in i 5 ______ at ____ l"-O'--_.,....-..KV, 

8. Charge. Transfer Efficiency at 1.0 Mhz is 0.9995 

9. Membrane Thickness is 10.2 _ microns. 
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~CCD IMAGI NG PE RFORMANC E 

Device Number 220- 18- 8 Dev i c e Type 100 X 160 
s trobe 0 

Speclr-al Li ght Source K f i I te r none mic ro ns 
24 0 

1.0 Temperature C Data rate MHz 
Frame time 22 ms 

r .., 

L. .J 

45 



~CCD IMAGING PERFORMANCE 

Device Number 220- 1 8- 8 Devi ce Type 1 00 X 160 -------------------------
Li gh t Source J400 oK Spectral filter 0,4125 microns 

Temperature 24°c Data rate 1,0 MHz 

Frame time _ _ 92.... ___ ms 

r -, 

L. 
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~CCD DARK CUR RENT UNI FORMITY 

Device Number 220- 1 8- 8 De v ice Type 100 x 160 

r 

L .J 

VID EO MON ITOR DISPLAY 

Temperatu re __ ~24~ __ oC 

Data rate __ 1_, _0 __ MHz 

Frame time 1, 640 ms (50% Full Well) -----
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~ CCD DARK CURRENT UNIFORMITY 

Device Number 220- 18- 8 Dev i ce Type 1 00 x 1 60 

Tempe ra ture 24 °c Oat ra te 1.0 MHz 

Frame ti me 1,640 ms (50% 'ull We 11) 

r 

L 

r 

Oscilloscope presentation 

Video l ine number 50 -.;..--

Oscilloscope presentation 

Complete video frame 
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CCD UNI FO RM ITY OF RESPONSE 

Device Number 220-1 8- 8 
Dev ice Type 100 x 160 

r 

-

VIDEO MON ITOR o I SPLAY 

Li ght 
J~QQ • source 

K 
Spect ral fi Iter 0,4000 mic rons 
Ave ra ge we II population 50 % 

24 . Tempe rature 
C 

I- Data rate 1. 0 MHz 
Frame time 70 ms 
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J ~p ,0 CD UNIFORKITY OF RESPONSE 

Device Numbe r 220-1 8- 8 Device Type 100 x 1 60 
Li gh t sourc e 3400 OK Spe ctra l filter 0.4000 

Avera ge well populat i un _ ... 5~0~ __ % Temperatur e 

Data rate 1,0 t1lt L Frame ti me _ ~7...;0 __ ms 

Osci ll oscope prese ntation 
Video line number ~ 

Osci Iloscope presentation 
Complete video frame 

50 

., 

microns 

24 
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CCD SPECTRAL RESPONSIVITY ~ 
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FRAME TIME 32 

TEMPERATURE _2_4 __ 
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1. 

2. 

3. 

* 

ICCD CHARACTERISTICS 

Tube Number 245 

CCD Number 220-18-8 

Dark Current Changes During 'l'ube Processing 
Before Processing 
After Processing 
Change 21 

____ ~1~2 ____ nA/cm2, 
____ ~3~3 ____ nA/cm2 

nA/cm2 +175 % 

Photocathode Response Broadband 
Full Faceplate Illuminated 360 L/A/lumen 

I Central 0.16"xO.l0". Illuminated 2~Q J)A/lumen 
I Pin Functions 

Pin Number. Function Pin Number Function 
1 substrate 17 OP/GL 

2 %f 18 %~c 
3 %¥ 19 open 

4 %~ , 20' L Vref 
5 IPGU 

21 open 

6 IPDU 
22 open 

7 %U 
T 23 OpL 

8 %p 
3 24 open 

9 %p 
25 * L 

2 VDn 
10 %i 26 OpU 
11 %~ 27 open, 
12 IPD1 

28 open 

13 IPG1 
29 * U 

Vnn 
14 %~ 30 OF/GU 

15 %1 31 %~c 3 
16 %T 32 VU 

ref 
3J substrate 

Note changes in VDD bonding. 
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8000 A 

40 wA/w , 

35 wA/W 
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~ I CCD I .. A I G P ' RF R ".A C ' 

Device Number 2~ )- 18- 8 Dev i ce Type 100x1 60 EFICC 
Li ght Source 28 54 K Spectral filter none mi crons 

Temperature 24 C Data rate 1 . 0 MHz 

Frame time __ -,l .....;;.O....;;O __ ms 

Acce lerating Voltage 15 . 0 KV Focussing Voltage 14 . 6 KV 

r 

L ..J 
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CENTRAL RESEARCH LABORATORIES 

ICCD Characterization Report 

for 

NASA/Goddard Space Flight Center 
Contract No, NAS5-23578 

Device No, 220-18-16 Tube #246 
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1. 

2. 

CCO OPTICAL AND ELECTRICAL CHARACTERIZATION 
TEST REPORT 

CCO OEV ICE NUMBER 220-18-16 

DEV ICE TYPE 100 x 160 

Header type tube header with Varo flange 

Active area O. 08:26 
2 

pixel dimensions 0.9 milsXO.9 cm , ---- mi Is 

3. OPERATING lEVELS in volts 

SUSS (substrates) -1 
15 
15 
30 

I 
iV f(precharge reference) 
I re 

4. 

P elK (parallel clocks) 
S elK (serial clocks) 
SID; (serial input diode) 
SO~ (serial output gate) 
V (precharge pulse amplitude). 

p·c ; 

AMPLIFIER CONFIGURATION used for 

2 
1,9 

iVdd (drain voltage) 

V ( loa d b i as) 
gg 

18 

21 

the tests in this report --------
simnle nrecharge with Off-chin load 

5. SPECTRAL RESPONSE 

Quantum efficiency is--..!!:<P'tPt 0.4 microns 

~ at 0.8 microns 

--..!±2fat 1.1 'microns. 

Frame readout mode, non shuttered, data rate 1.0 MHz, 
frame ti me 32 ms, temper:,ature 24 °C,aYerage well 
population 50 %. 

Note that quantum efficiencies are uncorrected for reflection. 

6. DARK CURRENT 

Dark current m.easur~d by precharge current technique is) ?xl o~lectrons/ 
/ ( / L) 24 0C. • of-pixel sec .. 11· : nanoamps cm at T = _---'_iW,;_~,.---

Frame readout mode, data rate 1.0 MHz, 
frame time :3 2 ms • 

7. EBS GAIN 

Average EBS gain is ______ at _' __ l.;...O-----KV. 

8. Charge Transfer Efficiency at 1.0 lVlhz is 0.9994 

9. Membrane Thickness is 10.7 microns. 
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~CCD IMAGING PE RFO RMANC E 

Device Number 220- 18- 16 Devi c Ty pe 100 X 160 
Li ght Source strobe 

. 
K Sp clral f i Iter none microns 

24- • 
1 . 0 Temperature C Data ra te MHz 

Frame t ime J2 ms 

r 

L.. ..J 
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~C CD IMAGIN G PE RFORMANCE 

Device Number 220- 1 8- 16 Devi ce Type 100 X 16 0 

J400 
. 

Spec tra l 0 1 4125 
Light Source K f i I te r mi cro ns 

24 
. Temperature C Data rate 1,0 MHz 

Frame time 95 ms 

r 

L .J 
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~ CCD DARK CUR RENT UNI FORM ITY 

Dev i ce Numbe r 220- 1 8- 1 6 D v ice Type 100 x 160 

r 

L 
.J 

VIDEO MONITOR DISPLAY 

Temperatu re 2~ 
• 
C 

Data rate 1. 0 MHz 

Frame time 1, 640 ms ( 50~~ Full Well) 

58 



CCD DA RK CURRENT UNIFORMITY 

Device Number 220- 1 8- 1 6 De vice Type 1 00 x 1 6 0 

T 24 °c 0 1 0 emperature at a ra te • 

Frame time 1, 640 ms (50~~ Full Well) 

r 

r 

Ll 

Osci lloscope pre sentation 

Video l ine number 50 .-,;....--

Osci lloscope presentation 

Complete video frame 
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CCD UNI FORMITY OF RESPONSE 

Device Number 220- 1 8- 1 6 D v ice Ty pe 1 00 x 1 6 0 

r 

L 

VIDEO MO NITOR DISPLAY 

• 
Li ght source 3~QQ K 

Spectral f i 1 te r 0,4000 microns 

Ave ra ge we 11 population 50 % 

24 
. 

Temperature C 

Data rate 1.0 MHz 

Frame time 22l ms 
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r 

L 

r 

L 

De vice Numbe r 220- 18- 1 6 De vic e Type 1 00 x 1 6 0 
Li ght sourc e 3400 OK Spec tr a l fi l te r 0.4000 microns 
Ave ra ge w I I popula t iun 50 % Tempe ra lure 
Da t a rate ____ 1~,~0~_ HHz Fr ame t i lI1e _2.~9..;;:1;...-._ ms 

Osci Ilosc ope pr e sentation 
Video I in e numbe r ~ 

1 

-- ..J 

Osci Il oscope prese ntation 
Complete video frame 

61 
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CCD ~PECTRAL RESPONSIVITY ~ 

Device 220-18-'16 

II !.!I.t:lliIT+"T1 i 'L I r ,·1· ,'I"!" r·t ,TI:I iT'1 'i:: I.i,,,,::~, 'Til 
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Ii;! d:Ht'ftj iLI~ [!!I~rnii lUi I!!! LU·Hrrr: fl!H !UIllllJl:U~ !i: .... I:: 

I ncident Wavelength (Ilm) 

DATA RATE 1.0 MHz 

FRAME TIME ,22 MS 

TEMPERATURE 24 • c 
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1. 

2, 

3. 

ICCD CHARACTERISTICS 

Tube Number 246 

CCD Number 220-18-16 

Dark Current Changes During Tube ProceSSing 
Before Processing 
After Processing 
Change 13 

11 nA/cm2 ------
24 nA/cm 2 

-~;::-----

nA/cm2 +118 % 

Photocathode Response Broadband 
Full Faceplate Illuminated 

]10 -)lA/lumen 
Central 0.16"xO.l0" Illuminated 120 fA/lumen Pin Functions 
Pin Number Function Pin Number Function 1 substrate 17 OP/GL 

2 ,0¥ 18 L 
,0PC 

3 ,0U 
19 open 3 

4 U 
L ,02 ' 20 Vref 

5 IPG U 
21 open 

6 IPD U 
22 open 

7 ,0~ 23 OpL 
8 ,0P 

24 open 3 
9 ,0P 

25 * L 2 VDD 10 ,0i 26 OpU 
11 ,0~ 27 open 
12 IPDL 

28 open 
13 IPGL 

29 * U VDD 14 ,0L 
30 OP/GU 2 

15 ,0L 
31 U 

,0PC 3 
16 ,0f 32 VU 

ref 

* Note Changes in VDn Borlding 
33 substrate 
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~ ICCD I . .A I G P RFOR f-A CE 

Dev ice Numb er 220-1 8- 1 6 Device Type 1 00x1 60 
Li ght Source 28~4 

. 
K Spectra l f i I te r none microns 

Tempe ratu re 24 . 
1,0 c Data rate MHz 

Frame ti me 100 ms 

Acce l e r at ing Voltage 15 , 0 KV Focussing Voltage lli,. 6 KV 

r -, 

..... 
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CENTRAL RESEARCH LABORATORIES 
CCD Optical and Electrical 

Chara~terization Test Report 

for 

Customer NASA/GODDARD SPACE FLIGHT CENTER 

Contract No, NAS5-23578 

Device No, 284-1-8; Tube. #279 

Device Tyne 160 x 100 in Varo 25mm triode 

65 
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CCD OPTICAL AND ELECTRICAL CHARACTERIZATION 
TEST REPORT 

1. CCD DEVICE Nm..;BER, ..... 2:::.;8;...4:.,...--=1_-.:;.8 ________ _ 

2. DEVICE TYPE 160 x 100 with protected bond pads 

HEADER TYPE tube header with Varo flange 

Active area 0.836 cm2 , pixel dimensions 0.9 mils X 0.9 mils 

3. OPERATING LEVELS in volts 

Substrate; -.5 Lower reference 25 
Parallel clocks 11 Upper reference 23 
Serial clocks 15 Lower drain 32 
Input diode 30 Upper drain 32 
Otitp u t gate 2 Pre charge I:5 

4. AMPLIFIER CONFIGURATION used for the tests in this report: 

simple precharge wit~ external lo~d 

5. SPECTRAL RESPONSE (see accompanying graph) 

Quantum efficiency is 12.9 c1 
70 at 0.4 microns 

73.9 % at 0.7 microns 

22.7 % at 1,'0 microns 

6. DARK CURRENT measured by the pre charge method 

4.3 nanoamps/cm2 or 1.4xl0 5 electrons/pixel/sec 

T = 25 d
C , data rate 1.0 MHz , frame time 32 ms 

7. EBS GAIN (SEM measured) 

Average EBS gain is 635 at 10 KV' - . 1700 at~ ~KV 

8. AMPLIFIER RESPONSE: eX,ternal load, WlHz data 
(not measured) 

mV/nA" lower amplifier 

upper amplifier mV/nA 

9. CHAHGE TRANSFER EFF+CIENCY at L.O r/iHz is>0.99995 • 
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~CCD IMAGIN G PE RFORMANCE 

Device Number 284- 1- 8 Device Type _ 160 X 100 
strobe 0 

none Light Source K Spectral f i I te r mi crons 
0 Temperature 2S C Data rate 1. 0 MHz 

Frame time 32 ms 

r 

l. 



f~ CCD DARK CURRENT UNIFORMITY 

Dev ice Number 284-1- 8 -------- Device Type _1_6_0_x_1_0_0 _______ _ 

1 

JI 

VIDEO MONITOR DISPLAY 

Temperature __ 2...:;5 ___ 
o c 

Data rate _.........;;1:...: • ...;;0~_ MHz 

Frame time _--:.7 ..... 0 ___ ms 
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CCD DARK CURRE NT UNIFORMITY 

Device Number 284-1- 8 o vic Type _.:.1,.:;;6..;::O--:,;x:.....;:1;.,.:O:;.,;O:....-___ _ 

Temperatur 25 °c Da ta rate 1 . ° MHz 

Frame time 32 ms 

r 

Oscilloscope pre sentation 

Video line numbe r 50 

Oscilloscope presentation 

Complete video fr ame 

69 
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CCD UNIFORMI TY OF RE SPONSE 

Dev t ce Numbe r 2 4- 1- 8 Device Type 160 x 100 --------------------------

VIDEO MONITOR DISPLAY 

Li ght source 

Spec trell fi lter 

3400 oK ------------
0 . 4000 microns ------------

Average well population 

Temperature 

50 % 
,-~---

25 °c 

Data rate 

Frame time 

_______ 1 ~._0 _____ MHz 

____ 4..:;.,5..:;.,5 __ ms 

70 
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~ CCD UNIFORMITY OF RESPONSE 

Device Number 284- 1- 8 Devic e Type lOx 100 

Li ght source oK Spectral filter 0 . 4000 microns -...,I.;;I;~-

Average wel l population 50 % Temperature 25 0c 
Data rate 1 . 0 MHz Frame ti me 455 ----

Oscilloscope presentation 
Video line number ~ 

Osci iloscope presentation 
Complete video frame 

71 
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E 
n:s -

0.30 

CCO SPECTRAL RESPONSIVITY ~ 

Device 284-1-8 

o. Sa- o. 70 0.90 

I nddent Wavelength (IJm): 

DATA RATE 

FRAME TIME 

TEMPERATURE 

1.0 MHz 

32 MS 
25 0 c ---
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ICCD CHARACTERIZATION REPORT 

1. TUBE NUMBER. __ .=.27.1...9"--____ _ DEVICE NUMBER 284-1-8 

2. NlANUFACTURER Varo Electron Devices 

3. 

4. 

TUBE TYPE. __ ~2~5~m~m~e=1~e~c~tr~o~s~t~a~t~~~·c~a~1~1~y~-~f~o~c~u~s~s~e~d~t~r~i~o~de~ ________ __ 

TUBE PROCESSING EFFECTS 

Dark Current Changes 

Before processing 

After processing 

PHOTOCATHODE PROPERTIES 

Type S20 

Total 
(nA) 

0.51 

3.38 

Active Area ~ensity 
(nA/cm ) 

4.3 

37 

Responsivity (See accompanying graphs) 

Broadband (2854 K) 270 A/1m, 8000 A mA/W 

5. EBS GAIN 

Average EBS gain is __ _ at __ KV; 

6. COMMENTS_. ___________________ ~ ___________________ ___ 
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De vi ce Numbe r 

Li gh t Sou rce 

Tempera t ure 

Frame ti me 

Accelerating 

r 

L 

~CCD 
Tube #2 79 

IMAGIN G PERFORMANCE 

De v i ce Type __ 1_6_0_ x_l_0_0_V_a_r_o_T_r_i_o_d_e 

28~4 
. 

K Spec tra l f i I t e r none mic ron s 

25 
. 1, 0 C Data rate MHz 

. 1 - 4 100 ms Photocathode Illumlnance ~lx ° 
Voltage 12 KV Focuss ing Voltage 14 . 2 

fc 

KY 
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CENTRAL RESEARCH LABORA1'ORIES 
CCD Optical and Blectrical 

Characterization Test Report 

for 

Customer NASALGODDARD SPACE FLIGHT CENTER 

Contract No, NAS5-23578 

Device No, 284-1-9, Tube #278 

Device Tyue160 x 100 in Varo 2Smm triode 
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CCD OPTICAL AND ELECTRICAL CHARACTERIZATION 
TEST REPORT 

1. CCp DEVICE NWi;.8ER ___ 2"-8..;.4_-_1-....:9~ _______ _ 

2. DEVICE TYPE 160 x 100 with protected bond pads 
HEADER TYPE tube header with -Yaro -flange 

Active area 0.836 cm2 , pixel dimensions 0.9 mils X 0.9 mils 

3. OPERATING LEVELS in volts 

Substrate 
Parallel clocks 
Serial clocks 
Input diode 
Output gate 

-.5 
11 
15 
30 

2 

Lower reference 
Upper reference 
Lower drain 
Upper drain 
Pre charge 

25 
2~ 
32 

+ 
4. AMPLIFIER CONFIGURATION used for the tests in this reportl 

simole pre charge with external load 

5. SPECTRAL RESPDNSE (see accompanying graph) 
Quantum efficiency is 13.5 % at 0.4 microns 

72.5 % at 0.7 microns 

24.2 % at 1.0 microns 

6. DARK CURRENT measured by the pre charge method 
3.6 nanQamps/cm2 or 1.2xl0" electrons/pixel/sec 

T = 25 " C, . data rate 1.0 MHz, frame time B-ms 

7. EBS GAIN (SEM measured) 

8. 

I Average EBS gain is 890 

AMPLIFIER RESPONSE: (not measured) 
lower amplifier· mV/nA ---
upper amplifier ___ mV/nA 

a~ ~KV; 1950 at 12. KY 

external load, ___ MHz data rate 

9. CHANGE TRANSFER EFF+CIENCY at 1.0 MHz is)0.99995. 
76 
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~CCD IMAGING PE RFORMANCE 

Device Numbe 84-1- 9 Dev ice Type -.!..60 X 100 . 
Spectral fi Iter 

f Li ght Source §trobe K none mi crons 
22 

. 
1. 0 

Tempera t ure C Data rate MHz Frame time '22 ms 

r 
l 
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~CCD I MAGING PERFORMANCE 

Device Number28 4 - 1 _ 9 De v ice Type 160 x 1 00 
] 400 

. 
Spectra l f i I tel" 0 . 4000 

Li ght Source K 
mi crans 

2 ,2 
. 

1 . 0 
Temperature C Data rate MHz 
Frame t ime 4 ]0 ms 

r -, 

J 
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r~l CCD DARK CURRENT UN IFORM ITY 

Device Number 284- 1- 9 
""-""'"--=--------- D vic Type 1 60 X 100 

L. 
. 4 

VID EO MON ITOR DISPLAY 

Tempera ture 25 ·C - - ---
Data rate 1. 0 MHz -----
Frame time 70 ms -----

79 



CC D DARK CURRENT UNIFORM ITY 

Device Number 284- 1- 9 De vi ce Type _ ... 11.l601.:0~J)ox ...... l wQLlQ,,,-___ _ 

Tem pera tur 

Frame time 

L 

r 

25 °c Data rate ~1 .&., ~Q __ MHz 

_ 7.:....;.0 __ ms 

Osci Il oscope pre sentat ion 

Vi de o l ine number _5.1.:110,--_ 

Oscilloscope presentation 

Complete video frame 
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CCD UNIFORMITY OF RESPONSE 

Dev i ce Numbe r _2_4_-_1_--,9~ ___ _ Device Type i 60 x 1 00 ------------------

r 

VIDEO MONITOR DISPLAY 

3400 Li ght sou rce OK ---------
Spectral f ilter 0 , 4000 microns 

Average well population __ ,,5..;;,.0 _____ % 

Temperature 

Da"a rate 

Frame time 

25 °c 
___ ~l~.~O~____ MHz 

______ 1_0~8______ ms 
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~ CCD UNI FORMI TY OF RES PON SE 

Device Number 28 1- 9 Device Type 160 X 100 

Li gh t source 3400 oK Spectral fil ter O. 4000 

Average well popula tion 5 0 % Tempe rature 

Data r ate 1 , 0 MHz Frame t i me __ 1_0_8 __ ms 

. 
I 

• '1 I . ····1 ----I I I • ~ 

l "I11: ~~~ 
~-- .. . --, . 

it 
;;:;- ~·1· -1 

I 
-+++; 

L'lli. 
II 

I . 
I c. 

, 

.. . .. ·1 
. = ... 

Oscilloscope presen t ation 
Video line number 50 

Oscilloscope presentation 
Complete video frame 
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CCD SPECTRAL RESPONS IV lTV 

Device 284,-1-9 

t': •• ,,:.t:'.:~.'. :"t'Rl-r"ri',;,. ",:'. I:;;n· " .. , '::~y .,. ,. ~~ , ':,: .,:' '~~. ./v 

, ,; ::C; ;:: .v, ; , ::,' , .: I ..-' " , I , __ I-'"" , 'I '+ . ' .. "'L . . . , ,''JI' V-. . " , ,~~. 
','."- :::J'~,: .' "I~~," ,!"i~V·' ,; .. ' j. I ... ·.,. >.' v:, . ... ',~-. 0' ' ;r; .• 

O. 30 O. 50 O. 70 O. 90 1. 10 

I ncident Wavelength (J.lm) 

DATA; RATE 

FRAME TIME 

1.0 MHz 

32 MS 
TEMPERATURE 25 
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ICCD CHARACTERIZATION REPORT 

TUBE NUMBER. __ 2.-;7._8 ____ _ DEVICE NUMBER 284-1-9 

MANUFACTURER. __ ...;.V.::a=-r...;;.o_E=le;;...;:;.ct..;.:r:...o.;;.;:n;.;.....;;D.;;.;:e~v;..;;i:;.;;c:..;;e:...;;s:.....-__________ _ 

TUBE TYPE. ___ ~2~5~mm=.~.~e=1=_e=_c..;.:tr:...o~s:...t..;.:a~t..;.:i~c~a~1~1~y~-~f:...;;o:...;;c:...;;u~s~s~e~d~tr~io~d~e~ ____ _ 

TUBE PROCESSING EFFECTS 

Dark Current Changes 

Before processing 

After processing 

PHOTOCATHODE PROPERTIES 

Type S20 

Total 
(nA) 

D,S 

1.1 

Active Area 2ensity 
(nA/cm ) 

3,6 

10,8 

Responsivity (See accompanying graphs) 

Broadband (2854 K) 410 A/1m, 8000 A J mA/W 

5, EBS GAIN 

Average EBS gain is 1600 at .!LKV; . 3300 at ..!.L.KV 

6, COMMENTS a dark current bright spot increased into a bright .. 

line during tube processing 
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~ CCD I MAG I NG PE RFORMANCE 

Devi ce Number ube#278 Device Type 1 60 X 1 0 0 Varo ri ode 
2854 L i gh t Sou rce 0 

K Spec Lra l f i I te r none m jere , ' 5 
0 

1 . 0 C Data ra te MHz 
Temperat ~ r~ 25 
Frame t i me 1 00 ms Photocathode Illuminance 1 11 X 1 0 - 4 f c 

Acce l e rating Voltage __ ~~ __ 1 5 KV Focu s ing Voltage 14 12 KV 

r 

L .J 
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