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SECTION I 

I NT RODUCTI ON 

This report presents the results of a program to design, fabricate, and test 

eeD imager arrays suitable for operation in an electron-bombarded mode. These 

devices have potential as photon-counting arrays. 1 The imager chosen for this 

development was a modification of an existing 250 line by 400 column imager. 

The modifications required elimination of a portion of the on-chip amplifiers 
and redesign of electronic drive circuitry to allow the option of simultaneous 

readout of two halves of the parallel array. In the performance of this devel­

opment and device delivery, significant improvements were made in the processing 

of large area thinned CCD imagers. 

The program included the processing and delivery of intensified charge 

coupled devices (ICCDs). Characterized imagers were delivered directly to tube 

manufacturers for incorporation in vacuum intensifier tubes. The resulting 

tubes were characterized for CCD degradation and intensified operation. 

Twenty-three imagers were delivered under this contract. Eighteen of these 

were 250 x 400 CCD arrays mounted on tube headers compatible with ITT image inten­

sifier tubes. Four of the imagers were 250 x 400 IceDs, two of which were based 

on Varo electrostatically focused triode intensifiers and two on ITT magnetically 

focused intensifiers. One device was a 100 x 160 ICCD based on the Varo intensifier 

(the CCD was furnished to NASA-Goddard under a separate contract). Two sig~al 

conditioning boards for use with existing electronics were also supplied. 

Section II of this report describes the 250 x 400 array employed in this 

development. Section III describes the processing of these devices and the prob­

lems encountered, along with improvements achieved in yield and device character­

istics. The testing and characterization of the delivered eCDs are discussed in 

Section IV. Device failures occurred early in the development work, and devices 

were returned to Texas Instruments by Goddard for failure analysis. Section V 

presents the results of these analyses. The tube processing results are discussed 

in Section VI. Section VII describes the signal conditioning electronics. Con­

clusions resulting from this work and recol1J11endations for further deve'lopment 



effort are presented in Section VIII. Appendix A contains the characterization 

reports for the 22 delivered deviceS. Appendix B is a discussion of bond pad 

protection developments. 
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SECTION II 

250 x 400 DEVICE CHARACTERISTICS 

A. Device Design 

At the beginning of this program the CCD imager technolog'y of Texas Instruments 

was based on three-phase, two .. 1 eve I aluminum architecture2 wi th backs ide ill umina­

tion,3 operated in a buried-channel mode. 4 A schematic representation of this 

technology is presented in Figure 1. As shown in the figure, an array of metallic 

transfer electrodes is formed over a Si02 gate oxide on a s-i 1 icon substrate to 

allow charge to be transferred along the array. Charge packets (electrons) are 

held in depletion regions of each MOS capacitor as it is pulsed into depletion. 

Signal charge can be injected into the array by a~ n+ diode or by optical or 

electron radiation fall ing or the backside of the array. After a period of time 

sufficient for the collection of signal charge (the integration time), the packets 

are transferred by appropriate clocking p.ulses to the depletion region of a reverse­

biased (n+) output diode. The diode is connected to an on-chip amplifier. The 

sil icon itse.1f must be thinned over the CCD electrode region as shown in Figure 

for high resolution, since an excessive thickness of silicqn will allow image 

electrons to diffuse in a lateral direction before collection in the potenti~l 

wells of the CCD. Charge transport occurs at the Junction of a shallow n layer 

and the p substrate to avoi-d surface state transfer loss (buried channel mode). 

Three sizes of arrays were avai lable for implementation of this program, 

a 100 x 160, a 250 x 400, and a 400 x 400. The 250 x 400 array was chosen because 

the size of the 400 x 400 made it difficult to build -and led to problems in data 

handling. The 100 x 160 array was too small. 

The 250 x 400 array consists of 250 lines with 400 pixels per line. Each 

pixel is 27.4 ~m (l.OB mils) by 22.9 ~m (0.9 mi0. The maximum spatial frequency 

expected to be resolved by this sampled imaging system is IB.2 line pairs per 

mi 11 imeter parallel to each 1 ine and 21.9 1 ine pairs per mi 11 imeter perpendicular 

to each line. The array is organized as indicated in Figure 2. The 250 lines 

comprise the parallel array. Seria-l registers are provided at the top and bottom 

3 
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of the parallel array. Each serial register has an output amplifier and provision 

for electrical input. The amplifiers are placed at diagonal corners, providing 

1800 rotational symmetry. The parallel section is divided into four s~gments, 

each with separate connections to the three phases. This feature allows operation 

of 1/4, 1/2, 3/4, or the complete parallel array and allows simultaneous readout 

through the two amplifiers by clocking sections A and B toward the lower amplifier 

and sections C and 0 toward the upper amplifier. 

A photomicro,graph of the 250 x 400 imager is presented in Figure 3. To 

complete the rotational symmetry provided by the dlagonal amplifiers, redundant 

connections to the parallel array are provided. A set of test structures (MOSFETs 

and capacitors) is provided at the top of the a~ray. 

B. On-Chip Amplifier 

As originally configured, the 250 x 400 array had balanced sample-and-hold 

amplifiers4 at the end of both serial registers. The load transistors associated 

with these amplifiers were located away from the edge of the array to avoid heating 

effects that were observed when these amplifiers were located over thin silicon. 

A photomicrograph of this amplifier is shown in Figure 4. As indicated in this 

figure, .an option existed to delete the sample-and-hold portion of the amplifier, 

allowing this critical 'processing to be done off-chip. The on-chip arilplifiertheri 

becomes a balanced precharge amplifier. This option was implemented to provide 

additional flexibility. The on-chip amplif~er as fabricated for this program is 

shown in Figure 5. 

A schematic of the precharge output is shown in Figure 6. The output diode 

of the CCO is connected directly to the gate of a source-follower MOSFET. Video 

output is taken directly from the source, and an external load resistor (typically 

4.7 ~) is connected between source and ground. The output node is precharged 

to a voltage close to VRef by turning on Ql with a precharge pulse of ¢PC' When 

¢PC is removed, the voltage at the gate of Q2 falls to a new level, VRef - Vc = V 

6 



ORTGINAL PAGE IS 
OF POOR QUALIT~ 

7 

L.. 
Q) 
O'l 
ro 
E 

a 
o 
..::t 

x 
o 
LI\ 
N 

Q) 

.r::. 
-I-' 

4-
o 

.r::. 
c... 
co 
L 
O'l o 
L.. 
U ...... 
E o 
-I-' 
o 

.r::. 
a.. 



Figure 4 On-Chip Balanced Sample-And-Hold Amplif i er of 250 x 400 I mage r 

8 

.. 



9 

L. 
Q) 
01 
co 
E 

o 
o 
...::t 
X 

o 
U"\ 
N 

L. 
o 

4-

...... 
4-...... 
a. 
E 

<l: 

...... 

.!: 
U 
I 
C 
o 
"C 

<Ll ...... 
4-

"C o 
4 

U"\ 

<Ll 
L. 
:::J 
01 ...... 

l.L. 

1 

----:1 



r--~ 

r 

r 
r 

a 

-- --- -------

~~~ 

+ n 

¢ pC 

+ 
n 

Q2 

:i-VRef 
Ql 

VDD 

Q2 

Figure 6 Schematic o f Precharge Ampl ifier 

Video Out 

RL Off-Chip 

Dummy Out 

RL Off-Ch ip 

---.---~-~---------. -- - ----~---~ .•.. "'---"-~- -. ---~.~-- --- ~----- --~-- - --.J ___ __ ._ _ __ 

'-



I - ~~,~--~-- - "-'-- - - --- -~- -

due to the gate-source capacitance of Q2. Charge appears at the fall of the ¢2 

pulse on the CCD register and appears as a further decrease in the voltage level 

V at the follower gate. The dummy output is used to allow off-chip reduction in 

common mode noise. The sensitivity of this precharge amplifier is about 0 . 50 ~ v/ 

electron. 

C. Device Fabrication 

The imagers employed in this program were fabricated using processes des­

cribed in detail elsewhere. 4 No significant changes were required in this 

processing as it relates to slice processing. However, a number of problems 

were encountered in chip processing related to thinning, accumulation, and alloy­

ing to headers. These problems and their solutions are described in Section III. 

D. Header Redesign 

This program called for the first delivery of large area imagers on tube­

compatible headers. Previous electron-bombarded silicon studies had employed the 

smaller 100 x 160 array. A tube header had been designed to accommodate this 

device. Figure 7 is a schematic of this header. To accommodate the larger 

250 x 400 array, it was necessary to enlarge the hole in the molybdenum alloy 

stage and in the ceramic substrate. However, it was desired to keep the diameter 

of the ceramic substrate constant so that it would be compatible with the existing 

tube flanges. 

With this constraint a new tube header was designed. The basic design was 

that of Figure 7 with the pin circle diameter increased, the seal flange diameter 

increased, and the holes in the ceramic substrate and molybdenum alloy stage made 

rectangular and large enough for the 250 x 400 chip. In addition , the surface 

area of bare ceramic on the vacuum side of the header was minimized . Figure 8 

shows the resulting tube header compared to the original design. Also i l lustrated 

is an example of the difference in tube flanges required for different tube manu­

facturers. 
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This straightforward extension of the basic design led to heade r f abrica tion 

problems due to the reduced ceramic thickness between the hole and the outer 

edge . These problems are discussed in Section III. 

The pin connections for the 250 x 400 tube header are shown i n Figure 9. 
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Tube Pin Tube Pin 
Number Symbol Funct ion Number 

'" U T 
Upper Transfer Phase 21 

2 VOO 
U Upper Drain Vo l tage 22 

3 Open 23 

4" SUB Substrate 24 

5 
U 

OUT (DUM) Upper OUIl1T1Y Output 25 

6 U 
OUT (SIG) Upper Signal Output 26 

7 OG
U 

Upper Output Gate 27 

8 V
REF 

U Upper Reference Voltage 28 

9 "' PC 
U Upper Precharge Gate 29 

10 
"'3S 

U Upper Serial Phase 3 30 

11 Open 31 

12 
"' 1 S 

U Upper Serial Phase 32 

13 ¢ZS 
U Upper Serial Phase 33 

14 IOU Upper Input Diode 34 

15 
"' 3D 

Parallel Phase 3 Sect i on 0 35 

16 
"' 10 

Parallel Phase 1 Section 0 36 

17 <1> 3C Paralle l Phase Section C 37 

18 
"' 1 C 

Parallel Phase 1 Section C 38 

19 
"' 3B 

Parallel Phase 3 Section 39 

20 SUB Alloy Stage 

* Open if the device is not diode protected . 

F igu re 9 Pi n Connec t i on s for 250 
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"'IB 

"'3A 

'li lA 

VDD 
L 

L 
OUT (DUM) 

L 
OUT (SIG) 

OG
L 

VREF 
L 

"'PC 
L 

"'3S 
L 

SUB 

"' 1 S 
L 

"'2S 
L 

IOL 

'" L T 

"'2A 

"'2B 

"'2C 

"' 20 

x 400 
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Func t ion 

Parallel Phase 1 Sec t ion B 

Parallel Phase 3 Section A 

Parallel Phase Section A 

Lower Drain Voltage 

Lower Dunvny Output 

Lower Signal Output 

Lower Output Gate 

Lower Re Ference Vo 1 tage 

Lower Precharge Vo 1 tage 

Lower Serial Phase 

Substrate 

Lower Ser i a 1 Phase 

Lower Ser i al Phase 2 

Lower Input Diode 

Lower TransFer Phase 

Parallel Phase 2 Section A 

Parallel Phase 2 Section B 

Parallel Phase 2 Section C 

Parallel Phase 2 Sect i on 0 

Tube Header 



SECTION II I 

IMPROVEMENTS IN THINNED CCD IMAGER PROCESSING 

A. Outline of Thinned CCD Imager Processing 

The fabrication of thinned CCD imagers begins with slices of silicon and 

prog resses through a standard set of processing steps involving photoli thography , 

oxidati ons, diffusions , metallizations, and etches. 4 The fabrication of a slice 

of CCD imagers varies little in fundamental detail from the fabrication of other 

MOS semiconductor devices . However , the remaining processing requ ired to produce 

t he final device is nonstandard and requires development specifically for backside­

illuminated CCD a rrays. The remaining processing steps a re (1) thinning , (2) accu­

mul ation, and (3) alloy and bond to a tube-compatible header. Discussion of these 

processes follows. 

(1) Thinning. CCD imagers are backside-illuminated to improve spectral 

response and to a l low electron-bombarded operation. These backside-illuminated 

imagers must be thinned to provide adequate resolution. Resolution i s degraded 

when charge carriers diffuse laterally while diffusing toward the CCD s t o rage 

wells. The degradation is maximum for blue light and for electron in put , si nce 

these radiations are absorbed near the silicon surface . Th i nning brings this 

surface near the CCD wells and minimizes lateral diffusion. 

(2) Accumulation. An unoxidized silicon surface is a region of rapid 

electron recombination. Signal electrons that recombine at the back su rface are 

not detected by the CCD. Since most signal electrons generated by bl ue light and 

by energetic elec t rons are created near the back surface , this recombinat ion must 

be inhibited to achieve adequate CCD response . This is accomplished by building 

into the CCD an electric field that forces signal electrons away from the back 

surface. The electric field is generated by enhancing the boron doping density 

of the silicon at the surface compared to the bulk dop i ng density. Since boron 

atoms in silicon are negatively charged, this accumulation of boron introduces 

a fixed space charge that repels signal electrons from the silicon surface. 
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(3) Alloy and Bond. Intensified charge coupled i maging requires the incor­

poration of the CCO in a vacuum bottle with a photocathode and provision for 

electron focus. Tube processing requires high vacuum, high temperature (~350 ° C) 

bakes~ and photocathode processing. The CCD header must be compatible with this 

tube processing and must allow frontside bonding with backside imaging. The 

high temperature bakes and vacuum requirements prohibit the use of epoxies to 

attach the chip to ' the header. Alloying of the chip to the header is therefore 

required. The chip and header are then interconnected by the thermocompression 

bonding of gold wire between the gold pads on the header and the aluminum pads on 

the CCD. 

Basic procedures for these processes existed at the beginning of the program. 

Early experiences with these procedures during the course of the program indicated 

the need for improved device yield and performance. The next section presents a 

discussion of (1) problems encountered with yield loss experienced during the 

thinning of large arrays, (2) a study of the accumulation process that ind i cated 

problems of unpredictable photoresponse and increases in dark current, (3) problems 

in the alloy and bond that led to yield loss and dark current increase, and 

(4) problems in header manufacture and reliability. 

B. Characterization of Critical Processing Steps 

1. Thinning Process 

The thinning process developed at Texas Instruments3 had been applied 

primarily to the 100 x 160 devices pr ior to the beginning of the program. Thinning 

of 400 x 400 imagers had been accomplished , but because of the low number of these 

devices, little had been learned about the problems of extending this progress 

to larger imagers. The results of the thinning process were described as " va riable"
4 

immediately prior to the start of this contract. 

When the thinning process was applied to the 250 x 400 array, excessive 

yield loss resulted. The mechanism of this yield loss was that the membranes 

17 
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th i nned nonuniformly , the edges of the membrane etching much more rap i d ly than 

the central portion. This could be tolerated on the 100 x 160 membrane , bu t not 

on t he larger membranes. Device loss occurred when holes were etched comp l ete l y 

through the membrane. When the imager was removed prior to this e t ch - th rou gh, 

the central portion of the device was still too thick to allow adequa t e imag i ng 

performance. These problems are illustrated in Figure 10, a photograph of a 

back-l i ghted membrane (without CCD) improperly etched so that holes were produced. 

The dark area is thick silicon. Circular regions in the membrane are bubbles 

i n t he underlying wax. 

This accelera t ed etching near the edges of the memb rane is caused by flow 

effects in the rotating beaker used in this process . Analysis of t hese e ffec t s 

allowed modifications of the process to be chosen that have eliminated yie l d 

loss due to etching t hrough the membrane . Figure 11 illustrates the i mprovements 

achieved . No indication of etch-through is observed in this photograph . Through 

these modifica t ions the thinning process has been developed so that it is now 

a geometry-independent, high yield process. Equally good results are ob t a ined 

if the chips are ind i vidually thinned or whole-slice thinned . 

-'-
2. Accumulation Process " 

a. Characterization Requirements 

As discussed earlier, the thinned surface of a backside- illumin a t ed 

imager must have an accumulat i on layer of boron atoms to minimize signal loss 

at this surface. This can usually be accomplished by diffusion of boron at oms 

at high temperature (IOOO°C) after thinning. 5 However, this process cannot be 

used with the CCDs employed in this work due to the aluminum metalliza t ion . 

Texas Instruments had developed a process that allows this accumulat i on to be 

accomplished without the use of high temperatures after metallization . Thi s process 
i I, 

This work also supported by NASA-Goddard Contract No. NAS5-23578 and NVL 
Contract No. DAAG53-75-C-OI91. 
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has been shown to be capable of producing spectral responses that are apparen tl y 

not degraded by losses at the back surface, except for optical reflection. However , 

results 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 determination of the effects of the process 

on dark currents. 

b. Measurement Techniques 

The accumulation process was characterized with respect ' to its 

most critical variable IIQ',.I a controllable variable. The process was character­

ized by process ing a device with sequential, monotonic changes in Q' , mon itoring 

the device dark current and photoresponse before and after each step. To facilitate 

this sequential processing, all measurements were made on unmoun ted chips using 

a functional multiprobe. This multiprobe consists of a chuck with imbedded light 

sources for backside illumination and a probe card with individual probes for 

each bond pad . Electrical signals are supplied to the probes as required to 

operate the chip . 

c. Measurement Results 

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

in Figure 13 where dark circles represent the normalized photoresponse at 5600 A 
and the 6 1 s represent the dark current density for sequential values of the 

variable Q'. 

These data indicate the effectiveness of TI's accumulation process. 

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 process can have a 

serious effect on the dark current level . For values of the variable Q' above 

an optimum value, the dark current density increases rapidly , and the photoresponse 
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is observed to decrease. Devices processed to this point sometimes display time­

dependent dark current and photoresponse. 

These data indicate that the variable a must be closely control led 

during the accumu lation processing at a value that will maximize photoresponse 

while maintaining the initial dark current level. The bars on the horizonta l 

axis of Figure 13 show the range of values of ~ typically employed prior to 

these measurements. These values lead to high photoresponse, but also produce 

increased dark current . 

The reproducibility of these data was investigated by taking 

other chips and processing them to various values of~. The results are shown 

in Figure 14. Each open circle indicates a different device. This f i gure 

indicates that reproducible spectral responses can be obtained if the variable 

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

The light emitting diode was employed initially due to its ava il­

ability and simplicity of installation in the multiprobe chuck. To further in­

vestigate 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 t o 

the light pipe. 

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

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

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

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

more precisely. 
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Two i mportant results are indicated in Figure 15: (I) A I though 

the blue response and the green response show similar behavior , the blue response 

peaks at a lower quantum efficiency (~ 20%) than . the green response (~70%); and 

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

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

that are normally held constant. Internal investigations are being made to deter ­

mine 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 for peak blue response . 

These results were immediately applied to device process ing. Repro­

ducible spectral response curves ha~e been obtained, and dark current increases 

during the accumulation process have been eliminated. Typ ical data a re presented 

in Figure 16 show ing spectral data for six recently . processed dev ices. 

d . Conc 1 us ions 

The accumulation process has been characte rized with respect to i ts 

most critical variable. The results indicate that reflection-lim ited response 

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

accumulation process have been discovered and e limin at ed. Th e blue response is 

limited to abou t 15% to i nsure l ow dark current and stabil ity. 

3. Alloy and Bond Process · 

a. Mechanical Buckling 

Thinned CCDs are attached to the header usin g a gold-silicon 

eutectic al loy. The eutectic temperature is 370 ° C. I n the alloy process the 

header is heated to about 390°C and a gold preform is placed on the molybdenum 

alloy stage (see Figure 7). The device is scrubbed against the preform until the 

melted eutectic results. The header is then cooled to room temperature. As 

this cool i ng takes place, both the sil i con and the molybden um contract , the 

molybdenum more than the silicon because of its larger therma l coefficient of 

expansion. This results in compressive stres~ on the silicon after the eutectic 
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solidifies, and the membrane buckles t o accommodate this stress. This effect 

is evident, but not critical, on 100 x 160 arrays; however, on 250 x 400 arrays 

the stress can be large enough to cause membrane fracture. 

Several variations in the alloy procedure and in the dev ice con­

figuration were investigated in an ef fort to diminish the buckling of t he membrane. 

Variations in the cooling rate were ineffective. A wider or thicker supporting 

rim around the membrane reduces the buckling on the 100 x 160 arrays, but is not 

effective for the 250 x 400 arrays. Th ese investigations indicated that a 

permanent solution to the problem would require implementation of an alternative 

attachment method (beam lead) or redesign of the header to compensate for 

temperature-induced stresses. 

To continue progress in other areas ; a temporary solution to the 

buckling problem was sought. It was found that when the device was alloyed 

only at one corner, the membrane did not buckle. This was implemented to avoid 

device loss at the alloy step. This attachment method is adequate only for 

laboratory evaluation of the leeDs. Under moderate shock the device will separate 

from the header . Effort has begun at TI under other contracts to develop a 

reliable attachment method that does not result in membrane buckling . 

b. Dark Current Changes 

Du r ing the characterization of the accumulation process , the dark 

current of the ar r ays was monitored after each step. It was found that the process­

ing could be performed so that no significant dark current change occurred from 

that observed on-slice to that observed after accumulation . However, it was 

found that the dark current increased during the alloy and bond process. Tabl e 

illustrates this effect. It can be seen that this increase in dark curren t at 

alloy is the dominant source of dark current in leeDs. It can also be seen that 

the increase is reversible to some extent , as indicated by device 7. This device 
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Table 

Alloy Effects on Dark Current 

2 Dark Current (nA/cm ) Change , 

Device Pre-Alloy Post-A 11 oy (%) 

1.8 7.9 +340 

2 2.5 18.9 +660 

3 2.2 8.7 +300 

4 1.3 12.0 - +820 

5 1.3 11.4 +780 

6 1.2 5.5 +360 

7 2.0 16.6 +730 
"k 

16.6 7.5 -550 7 

8 2.8 22.4 +700 

-'-"Re-alloy 
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was alloyed to one header, then removed and alloyed to a second header. During 

the first cycle, the dark current increased by 730%. During the second cycle, it 

decreased by 550%. 

Experiments were immediately begun to determine the cause of this 

dark current increase. Stress effects versus heating effects were investigated 

by heating imagers to 390°C without alloying. It was found that heating without 

alloying produced the same dark current increase indicated in Table 1. The 

dark current is therefore not stress induced. Thinning and accumulation effects 

were investigated by heating unthinned devices. The results were again similar 

to those in Table I. Ambient effects were investigated by heating chips in 

air, nitrogen, and forming gas. No differences in results were observed. 

Temperature effects were investigated by heating unthinned devices in nitrogen 

for ten minutes at various temperatures. The results are shown in Figure 17. 

Little change is observed for temperatures below 300°C. 

These initial results indicated that the dark current increase 

was not a problem unique to thinned CCD imagers and that minor modifications of 

the alloy procedure would n6t be eff~c ti ve in eliminating this increase. More 

detailed studies of the effects of heat treatments on the properties of silicon 

would be required to understand and el imi nate the dark current increase. 

Gated diode test structures are very useful for studying dark 

currents in silicon devices6 and were applied to this problem. These structures 

are included on each CCD imager. On the 100 x 160 imager, two gated diodes 

exist, one with buried channel under the gate and one without the buried channel. 

After the imager chips were subjected to isochronal anneals , the I-V character­

istics of the gated diodes were determined. 

Measurement of the gated diode I-V characterist ics allows the dark 

current contributions from various regions of the silicon to be determined . 

These regions are the bulk region near the metallurgical junction, the Si-Si02 
interface region, and the bulk region below the gate, either implanted ' or unimplanted. 
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Figure 18 shows an implanted gated diode under three different 

gate bias conditions. A constant reverse bias is applied between the n + 

diffusion and the substrate; leakage current is also monitored in this circuit. 

For large, posit ive gate potential, V
G

, the surface under the gate is accumulated 

[Figure 18(a)]. Dark current is generated through the depletion regions of the 

metallurgical junction. The metallurgical junction now includes the implanted 

n region as well as the n+ diffused reg i on. As VG is swept less than zero, 

the buried channel region under the gate starts to deplete. As soon as the 

surface is depleted, the surface generation contributes to the leakage current 

through the diode [Figure 18(b)]. Further decreases in gate voltage increase 

the depleted volume in the buried channel, and the leakage current increases 

correspondingly. 
-', 

surface, V", the 

[ F i gu re 1 8 ( c ) ] . 

When VG becomes less than the voltage necessary to invert the 

surface inverts and the surface generation is el imin a ted 

Typical I-V curves for implanted gated diodes are shown in 

Figure 19. The steps in these curves can be used to determine the dark current 

contributions from the unimplanted bulk region, from the Si-S i 02 interface region, 

and from the implanted bulk region. 

A similar analysis can be made for the case of uni mpl anted diodes.
6 

Anneal i ng experiments on these devices , however , revealed no sign ifican t change 

in dark current. This indicates that the dark current changes are related to 

the implanted region of the devices. The remaining data reported here deal with 

results from implanted diodes. 

Figure 19 presents the results of I-V measurements made on an 

implanted diode after various anneals. Two types of behavior have been ob­

served . Type I behavior is illustrated in Figure 19. Important points to note 

from Figure 19 are that (1) relatively little change occurs between 25°C and 

300°C, (2) a large change is observed between 300°C and 350°C, (3) most of the 

350°C change occurs i n the portion of the curve related to the implanted region, 

(4) the 400°C anneal reduces the dark current , and (5) the 400°C reduc tion in 

dark current resul t s from decreased dark current under the gate and increased dark 

current from the remainder of the diode. 
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The leakage current relevant to CCD operation is the pea k current 

t hat occurs at about -14 V. This leakage current is plotted i n Fi gu re 20 as a 

f unction of anneal temperature. Anneal time is ten minutes unless ot herw i se 

noted. These data are similar to those of Figure 17, which shows CCD dark current 

rather than diode leakage current. Figure 20 indicates the effect of f urthe r 

anneals at 400°C. The dark current continues to decrease with further annea ls . 

However, prior to achieving the original level, the aluminum gate shor t s to the 

diode due to the extended 400°C annealing. 

The other type of behavior , Type II, is illustrated in Fi gure 21. 

I n this case the dark current starts high, decreases toward Type I d i odes in the 

200°C to 300°C range, and then increases at 350°C like Type I. However , da rk 

current reduction with further heat treatment does not seem to occur with Type II 

diodes. 

In summary, a dark current increase has been observed when CC 

i magers are heated to between 300°C and 400°C . This i s the dominant source of 

dark current in completed reCDs. This dark current has been found to be a s so­

ciated primarily with the implanted region of the devices. Two types of behav­

i or have been observed. Further studies will be required to determine t he cause 

of this increase and eliminate it. 

4 . Header Manufacture 

The header for the 250 x 400 device is shown in Figure 8 together with 

the or i ginal design fo r the 100 x 160 device. As discussed previously , t he primary 

changes involved 'increasing the size of the holes and inner flanges to accOl1l1lo­

date the larger chip. When attempts were made to manufacture this dev i ce , i t 

was found that other changes would be necessary. The increased hole s i ze , 

together with the constant diameter of the ceramic , caused inc reased stress t hat 

produced cracks at the inside corners of the ceramic. These c racks resulted in 
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1 vacuum leaks. Three structural changes were required to relieve these stresses: 

1 (1 ) The ceramic thickness was doubled. (2) The corners of the hole were rounded. 

(3 ) The back molybdenum plate was decreased in area. The original redesign is 

compared to the final header configuration in Figure 22. With these modification s 

crack-free headers could be produced. 

The first attempts at tube processing using these headers revealed 

a reliability problem . The thermal processing caused cracks to develop in 

some headers, resulting in the loss of good imagers . The remaining stoc k of 

headers was subjected to simulated tube processing and rechecked for vacuum leaks. 

All leaking headers were returned to the manufacturer for replacement . The header 

manufacturer instituted a postprocessing temperature bake to screen for these 

unreliable headers. Since this screening has been in effect, no addit i onal 

device losses have been caused by header failures. 

Another problem was encountered in the implementation of these 

redesigned headers. The preparations for tube processing require the chip to 

be alloyed and bonded to a header and then a Kovar cap welded to the inner 

flange to provide vacuum compatibility. This had previously been accompl ished 

using heliarc welding. Device losses occur during this step unless the pins are 

carefully wired together and grounded and adequate heat sinking is provided. 

These precautions had been developed during earlier 100 x 160 imager processing. 

Initially, the same procedures were applied to the welding of the larger Kovar 

cap on the 250 x 400 header. It was found, however , that vacuum-t ight welds were 

sometimes not obta i ned. Bubbles formed in the melt that resulted in holes in 

the weld. The p roblem was thought to be related either to the increased power 

required for the larger cap or to impurities left on the inner flange during tube 

processing . 

As a result of this problem, alternative welding techniques were con­

sidered. A laser welder had recently been installed at Texas Instruments. This 
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40 

-- --------- ---------- ---- ------



--- .. ---' --- -- ---

technique was investigated and found to be superior to heliarc welding in several 

respects. Reliable welds were obtained in all cases. Significantly less heat 

is generated so that no oxidation of the Kovar is noticeable. In addit i on , 

the high voltages associated with heliarc welding are absent, greatly reducing 

the likelihood of CCD damage. Laser welding has been implemented at Texas 

Instruments, eliminating the vacuum leaks and CCD risks associated with heliarc 

welding. Heliarc welds and laser welds are compared in Figure 23. 

C. Conclusions 

At the beginning of this contract, processing procedures existed for small 

area (100 x 160), thinned CCD imagers, but experience with these procedures 

was not sufficient to allow evaluation of their effectiveness for larger area 

devices. As this experience was developed during this program, severe yield 

problems were observed. Thinning yields were about 50%. The accumulation process 

produced variable results. Yields at the alloy step were about 30%. Losses due 

to header welding and reliability amounted to about 50%. As various problems 

were encountered, solutions were generated as previously described . As a result , 

the overall yield of the chip processing has been increased by over an order of 

magnitude. Systematic yield losses associated with thinning, accumulation , alloy, 

and headers have been eliminated. The accumulation process has been characterized 

and now results in reproducible spectral response without dark current increase. 

A header has been produced that will allow laboratory evaluation of ICCDs. Pre­

liminary work has begun to develop an alternative bonding technique (beam leads) 

that has the potential to eliminate the remaining buckling problems while 

providing a reliable chip attachment method. The major source of dark current 

in completed imagers has been identified, allowing detailed studies to be made 

to reduce the dark current magnitude. These developments allow large area 

intensified charge coupled devices to be fabricated reproducibly and with good 

yield. 
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Figure 23 Header Welds by (a) Heliarc Welding and (b) Laser We l di ng 
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SECTION IV 

DEVICE TESTING AND CHARACTERIZATION 

A. Multiprobe Evaluation 

The evaluation of completely processed slices begins with a high speed 

multiprobe test for shorted metallization and oxide pinholes. Devices without 

catastrophic physical defects are then subjected to functional mUltiprobe analysis . 

The functional multiprobe can be used to determine CTE, dark current signa­

tures, and potential imaging performance. The electrical properties are deter­

mined by ' contacting each bond pad with a probe . The required electrica l signals 

are then supplied to these probes. This allows operation of the device to deter­

mine CTE and dark current signatures. 

Examples of CTE measurements made on-sl i ce on 250 x 400 arrays are shown 

in Figure 24. In one case, the CTE is too large for accurate measurement on 

this equipment. In the second case, the CTE indicated is 0.9996 . 

The dark current signatures of a ll devices with CTE > 0.999 were obse rved 

by operating the devices at a 2-to-1 integrate-to-readout frame time. Examples 

of these dark current signatures are given in Figure 25. (The horizonta l lines 

are electronic artifacts.) In one case, only a small number of dim spots are 

observed. In the other example, many spots and lines are observed. Devices 

with excessive dark current magnitude or blemish counts were not processed 

fu rther. 

The device dark current nonuniformity can be used to evaluate the eventual 

imaging performance with the functional multiprobe. This is accomplished by 

integrating the dark current until the nonuniformity can be observed on the 

monitor. Discontinuities in the CTE caused by open metal lines in the serial 

or parallel array can be detected by observing this monitor display . Figure 26 

is an example in which a discontinuity in the eTE of the parallel section is 

revealed. The dark current pattern is sharp on the output side of this discon­

tinuity, blurred above. This effect would be observed in the imaging perfor-

mance at any frame time. 
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(a) CTE > 0.9999 

(b) CTE = 0.9996 

Figu re 24 Examples of On-Slice CTE Measurement Results 
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(a) Low Blemish Count 

(b) High Blemish Count 

DltrGINAD PAGE IS 
DE POOR QUALITYi 

Figure 25 Examples of On-Slice Dark Current Signature Photographs 
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Figure 26 Observation of Open Parallel Clock Li nes 
During On-Slice Device Operation 
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The results of the functional multiprobe analysis were used to select 

imagers from each lot that were suitable for further processing. After thinning, 

accumulation, alloy, and bond, the devices were characterized as discussed in 

the foilowing section. 

B. Optical and Electrical Characterization 

I. Dark Current Density and Uniformity 

At room temperature, dark current can be reliably measured by . pre­

charge current measurements. The precharge current method is accomplished by 

measuring the precharge current I (1) of the CCD under normal operating con­pc 
ditions and subtracting the precharge current I (2), measured with the serial pc 
register operating in reverse so that array dark current is shifted to the input 

diode. I (2) is amplifier and header leakage. The dark current density is pc 

(1) 

where A is the active array area: 

A Nd d + N I d ' d ' . 
x y x Y 

N number of pixels In the parallel section; d , d are the p ixel x y 
d i mensions in parallel section; N' = number of pixels in the 

seria l register; and d;, d; are the pixel dimensions in the 

seria l register. 

It has been assumed that the serial register and parallel array generate the 

same average dark current density. For three-phase arrays , reverse operat i on 

of the parallel section is possible with dark current being removed via the 

upper serial register. In that case, the dark current contribution of the serial 

register can be isolated and measured. 

The dark current uniformity is indicated in the device character i zation 

reports through monitor photographs produced with the imager in complete darkness 
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and through oscilloscope photographs of a single line and a complete frame of 

video signal producing this monitor display. 

2 . Spectral Response and Uniformity 

The responsivity K can be measured in the following manner. The i mager 

i s uniformly illuminated, and the precharge current I is measured as a function 

of incident photon power P. Under the assumption 

a plot of In (I - 10) versus InP should result in a straight line of slope y . 

(K is called the responsivity and 10 is the dark current, including all leakage 

contributions.) 

For cu r rent levels below nominal saturation it is expected that Y 

is a constant having a value ~ 1.0. The constant K is termed wideband responsivity 

(K) or spectral responsivity ('\.), depending on whether the I ight source is 

wideband, or narrowband centered about A. The responsivities obtained a t a 

given well population (i.e., given I - 10 and frame time ~F) by the prescription 

(I - Io)/P are defined as wideband sensitivity (S ) or spectral sensitivi t y (SA)' 

It should be pointed out that if y is not unity , then S = (I - I )/P o 
depends on P. I f K is measured in units of amperes/wattY, then if Y is sli ghtly 

different from unity, K can be significantly different from S at the ~W level. 

For example, suppose Y = 0.95 and K = 0.100 ampere/wattO. 95 . At the W level 

S = 0.100 x (1.00)°.95 /1 .00 = 0.100 A/W , but at the 1 ~W level , S = 0.100 

x (10-6)°.95/10-6 = 0.200 A/w. Thus , to make K more representative of S a t the 

incident power levels of interest, the units of K are chosen as nanoamperes / 

microwattY. In this case, at the 1 ~W level, Sand K are i dentical. However, 

Y ~ I should be regarded as an experimental problem. Recent data on many arrays 

at Texas Instruments show Y = 1 within better than 1% for a large numbe r of arrays 

tested. 
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Once ~ has been obta i ned at each wavelength , it can be pl otted a s 

a function of A. However, to avoid this tedious bit of data tak ing , we plot, 

instead , spectral sensitivity , SA ' measured at a fixed well popu lati on, i. e. , 

fixed precharge cur rent level, where 

The quantum efficiency (QE) of the device is defined as the number of 

charge carriers accumulated in the depletion wells per incident photon, at a 

given photon wavelength. From this definition we have 

QE (4) 

where SA is in amperes/watt and A is in micrometers. 

For purposes of rapid comparison, the spectral sensit ivity of the i mager 

is plotted together with curves of constant quantum efficiency. Note that from 

the above definit i on of QE, reflection losses lower the QE , and these losses are 

not corrected for in the data that are presented. 

The experimental setup for spectral sensitivity is the following. 

A 3400 K source is provided by a tungsten halogen lamp. The light beam passes 

through a set of neutral-density filters mounted in sl ides at 45 degrees to the 

beam in a light-tight box. Light reflected from the filters is tra pped by a 

parallel array of t hin, blackened plates . This prevents light from bypassing 

the filters and makes the filters additive to a good approximat ion. The fi Iters 

have densities of 0.1, 0.3, 0.5, I, 2, 3, and 4, so that light can be attenuated 

up to a factor of '0 "0.9, ignoring l i ght leakage and multiple re flections . A 

spectral filter wheel is interposed between the neutral density fi Iter box and 

the environmental camera. The spectral filters are thin-film interference 

filters. The lens is removed from the camera for all nonimagin g tests. 
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The light level is varied by the neutral density f i lte rs t o keep 

th e CCO wel l population roughly the same for each wavelength selected by the 

fil t er whee l. The total filter density used is recorded for each wavelength, 

an d the CCO precharge current is measured by a Keithley 616A a uto rangin g d ig i t al 

pi coamme t e r . The integration time must be reduced to a near-zero val ue in al I 

tes ts i nvol ving precharge current measurements so that t he devi ce i s continuously 

cloc ki ng out charge into the picoammeter. Otherw i se , the picoammeter doe s no t 

prov i de an accurate time-average current measurement. When these measurements 

are compl ete, the CCO i s removed from the light beam , and a s i licon detecto r 

probe is placed in exactly the same position for l ight intensity meas urement s . 

A Tektronix JI6 radiometer and J6502 silicon detector probe are current l y being 

used. 

The wideband sensitivity,S, can be computed from the measu r ed 

spectral sensitivity, SA' by numer i cal integration of the relation 

(5 ) 

where dPA/dA is the blackbody spectral power distr i bution for t he source t empera­

ture T desired: 

(6) 

The integrated wi deband sensitivity S( i t g) can be compared to the di rectl y 

measu red wideband seniitivity S. S(itg) and S usually agree wi thin 10%, g ivi g 

confidence in predicting the response t o radiation sources not easily adapt ed 

t o the laboratory , but for which the numerical values of dPA/dA versus A have 

been tabulated . 
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Response uniformity is indicated through monitor and oscilloscope 

photographs. 

3. Full Well Capacity 

Various definitions of full well capacity in a CCD have been proposed 

by different workers. One relatively common definition is based on the measure­

ment of wideband signal transfer of the imager. In this measurement, the imager 

is uniformly illuminated with a wideband light source and precharge current I is 

measured as a function of incident photon power P. If I - ID is then plotted 

on log-log paper, the resulting curve will be a straight line over a certain 

part of the range, with slope approximately unity. If the relation 

I = K P Y + I D (7) 

is assumed, the slope on log-log paper is y. Thus, Y is constant and approxi­

mately unity over part of the range. For higher values of P, Y will begin to 

decrease as the CCD becomes so saturated with charge that carrier recombination 

(or removal at some point other than the precharge terminal) increases faster 

than carrier photogeneration. Full well capacity is then defined as the power, 

charge, or current level at which Y reaches some arbitrarily selected value, 

for example, O.S. 

The definition of full well should reflect the upper limit of the 

useful operating range of a sensor. The definition in terms of y does not 

always meet this criterion. For example, in many CCD imagers, blooming of 

charge from one pixel to the next will occur before y begins to decrease appre­

ciably. In such a case, full wei I should be defined as the level at which 

the onset of blooming occurs. Unless certain special design and operational 

steps are taken to control blooming, the useful range of virtually all CCDs 

will be limited by blooming rather than by y decrease. For this reason the 

maximum well population at the onset of blooming has been adopted as the definition 

of full well capacity for the measurements made under this program. 
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The procedure by which this level is determined is as fol lows. A 

Nyquist frequency bar pattern, oriented so the bars are perpendicular to the 

preferential blooming direction, is focused on the device, and the resulting 

video is observed on an oscilloscope. The intensity of the light is increased 

until the output level of illuminated pixels suddenly stops increasing , and the 

output level of unilluminated pixels begins to increase. At that point the 

output voltage corresponding to the peak of the bright bars is measured on an 

oscilloscope. From this voltage is subtracted the output voltage obtained in 

the absence of an optical input. The resulting signal voltage, VS' , is then 
19 

converted to the equivalent well population using an amplifier conversion factor 

k. This factor k is determined by inputting a spatially uniform optical or 

electrical signal and measuring the resultant precharge current (I) and output 

video voltage (V). This, together with the frame time T
F

, determines k (N = 
number of pixels in a frame, e = electronic charge) 

k = (::1) Ne 
I T F 

(8) 

4. Noise and Dynamic Range 

Measurements of temporal noi5e are made by feeding the signal output 

into an off-chip double-sampling circuit. This circuit removes noise resulting 

from presetting the output node, which would be the dominant temporal noise 

source on these devices. Only one pixel is sampled per frame, so that fixed 

pattern (spatial) noise sources will not affect the measurement. The rms noise 

level on this single pixel is determined by amplifying the noise level with 

a low-noise preamplifier (gain = 100) and after further amplification , storin g 

this level in a multichannel analyzer. After repeated samples have accumulated 

in the MCA, the variation of this level is analyzed using an HP 9820 calculator 

to determine the standard deviation of the resulting Gaussian amplitude distribu­

tion. Usually, the video channel is low-pass filtered prior to the double­

sampling circuit, to a bandwidth of about twice the clock frequency , or about 

four times the Nyquist frequency. This reduces the amount of wideband amplifier 

noise aliased into the measurement by the sampling circuit, which is not an 

intrinsic noise source in the CCD. The resulting rms voltage determined from 
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the MCA data is then converted to an equivalent rms number of noise electrons 

per charge packet using the total measured video gain, and the relation between 

signal voltage (at the CCD output node) and well population. 

Operation of a clamp-sample-and-hold circuit (C5H) is shown schemati­

cally in Figure 27. The circuit is composed of three M05FET switches , 51 ' 52 ' 

and 53; three buffer amplifiers, AI' A2 , and A
3

; and two intentionally intro­

duced capacitors, Cc and CSH ' Also shown in the figure is a low-pass filter 

following amplifier AI' which, for simplicity in analysis, is a simple single­

pole, low-pass filter characterized by Rl , C
l

. 

Operation of the circuit begins at time to by the switch 51 clos i ng 

(Figure 28 shows a typical waveform) and charging the stray capacitance C to 
o 

th 1 t 1 I V The lIonli hI· t f· t h 5 . t d e vo age eve Ref' c anne reSIS ance 0 SWI C 1 In ro uces 

a thermal noise voltage component on the final value of voltage attained at node 1. 

The equivalent number of noise electrons resulting from this operation is 

(kTCo)iq- l . In terms of the waveforms shown in Figure 28 this is manifested as 

an instantaneous uncertainty in the voltage of the waveform from time tl to t
3

, 
.1. 

which is given by (kT!C )2. This uncertainty which appears at nodes 2 and 3 
o 

of Figure 27 is eliminated by closure of switch 52 at time t 2 . This sets node 3 

to a known reference, VCl . amp 
The uncertainty in initial preset voltage at 

node I is stored on Cc and is, therefore, effectively removed from node 3. 

5ignal charge is then sensed as a shift in the voltage at time t3' For further 

signal-to-noise improvement, the signal level is sampled and held at node 4 at 

For a number of devices, the noise was estimated from the dark current 

magnitude and an average readout noise of 30 electrons. The shot noise on the 

dark current was calculated by taking the square root of the average number of 

dark current-generated electrons in a pixel. This dark current shot noise 

was added in quadrature to the 30 electrons readout noise to provide an approxi­

mate noise value. A significant reduction in characterization time resulted 

from using this procedure. 
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Figure 28 Waveform Observed at Nodes 1, 2, and 3 of Fi gure 27 
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Dynamic range is defined as the ratio of full well capacity to rms 

number of noise electrons. 

5. Charge Transfer Efficiency 

Charge transfer efficiency (CTE) measurements for the serial register 

are made by electrical input of a square pulse at the serial input diode. It 

can be shown that the charge transfer efficiency is given by 

eTE = 1 - € (9) 

where e is the transfer inefficiency given by 

(10) 

N = number of transfers, VT is the steady-state signal voltage, and Vi 

(i = I, 2, 3, ... ) is the voltage decrement in the ith pulse of the output 

signa I packet. 

C. Sumnary of Delivered D"evice Characterization 

Twenty-two 250 x 400 imagers, mounted on tube headers, were delivered 

under this contract. (Four of these devices were committed to tube processing.) 

Each device was characterized as described in the preceding section. A copy of 

each characterization report is presented in Appendix A. These reports are 

summarized in the following. 

Charge transfer efficiency ranged from 0.9995 to > 0.99996, improving as 

the program progressed. Sixteen of the eighteen delivered devices had CTE > 0.9999 . 

2 2 
Dark current densities at room temperature varied from 4.4 nA/cm to 90 nA/cm . 

Figure 29 shows the distribution of dark currents, the percentage of devices 
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with dark current below a given value being plotted against the given dark current. 

Some of the higher dark current devices were processed befo re the improvements 

discussed in Section III were developed. All the devices exper ienced a dark 

curren't increase at alloy and bond. 

5 6 Full well charge capacity ranged from 6.0 x 10 to 2.0 x 10. Dynamic 

range was determined from these values and the dark current noise assuming a 

100 ns frame t ime. Dynamic range values of 480 to 11900 resulted . Twelve 

devices had a dynamic range exceeding 3000 , nine exceeding 4000 , and fi~e 

exceeding 5000. 

The spect ra l response characteristics of the delivered devices are summarized 

in Figure 30. The open circles represent the numerical ave rage of the eighteen 

dev i ces with the rms deviation indicated by the bars. The dark circles represent 

the highest and lowest values at each wavelength. Figure 30 shows greater devi a­

tion than Figure 16 because seven of t he e i ghteen devices were not processed 

opt i mally. 

The image qual ity achieved is il l ustrated in Figure 31 , using strobed 

illumination. This is device 395-10-5 with a eTE of 0 . 99995 and no bright 

blemish. Th e uniformity achieved is i llustrated by device 367-10-2 in the next 

two figu res . Figure 32 represents the background dark current uniformity. The 

device was in teg rated in the dark for 1.6 seconds to achieve an average 50% 

ful l wel l population, excluding the line blemishes. Figure 33 represents the 

4000 A photoresponse , again at 50% full well. The frame time required was 0.34 

seconds. 

There were three classificat i ons for the performance goals for these devices. 

Four dev i ces were to be A type , fourteen B type, and four e type. The goals for 

each classification are given in Table 2, together with the resul ts of this 

program. In this table inactive area is defined to include regions of degraded 

57 



---"' ~ 
V'l 
~ 

E 
"' 10 -->--.s; 0-
V'l 
C 
0 
~ 
V'l 
Q.) 

~ 

CCO SPECTRAL RESPONSIVITY 

~ Average with rms deviation 

• Extreme values 

0.30 0.50 O. 70 O. 90 1.10 1. 30 

I ncident Wavelength (J,lm) 
Figure 30 Summary of Spectral Response Characteristics of 

the Delivered Devices 

58 

-- -- --- --.. ---~-- ---



i 
t_ 

ORIGINAl: PAGE IS 
OE POOR QUALITYJ 

Figure 31 Image Quality Achieved 
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Figure 32 Background Dark Current Uniformity Achieved 
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Figure 33 Blue Response Uniformity Achieved 
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Table 2 

Imager Performance Goals 

TYEe A -TYEe B Type C 

Parameter Goal Times Achieved Goal Times Ach ieved Devices Not A or B 

Active Area 95% 18 85% 20 2 

Noise (electrons/pixel) 300 8 600 17 

Dynamic Range 1500 21 1000 21 

Q. E. (0.4 I-Lm) 40% 0 10% 17 5 

0'\ Operable Channels 2 13 22 
N 

o 
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eTE due to open parallel electrodes. I noperable channels include ser i al registe r s 

with open elect rodes and those near an open parallel electrode. 

The only performance goal not achieved was 40% quantum effic iency a t 0 . 4 ~m . 

As indicated in Sect ion III, this value cannot be achieved reproduc i b l y with t he 

ex i sting technology . 
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SECTION V 

CCD IMAGER FAILURE ANALYSES 

A. Fai lure Modes 

Prior to the beginning of this contract, NASA-Goddard had received 

100 x 160 imagers for evaluation . In the course of these evaluat i ons a numbe r 

of device failures were observed. Failure occurred as a cessation of operat i~n , 

an overwhelming increase in dark current, or intermittent operation. Fa i lures 

occurred during periods of operation and during inactive periods. These fail­

ures were a source of major concern both to NASA and to Texas Instruments . The 

devices were returned to TI for determination of the cause of failure . The 

returned devices were tested electrically and subjected to optical and SEM eva l­

uation. Two systematic failure mechanisms were observed, static electric dis·· 

charge damage and bon.d pad degradation. These fa i 1 u re mechan isms were e 1 imina­

ted by providing appropriate protection as discussed below. 

B. Static Electric Discharge Damage 

Electrical evaluation of the returned devices indicated that most had 

experienced damage to the gate oxide. This damage usually occurred under a 

small gate connected directly to a header pin (such as the precharge ga t e) . 

Optical examination revealed small dark spots near the periphery of these gates. 

Figure 34 illustrates these results. Figure 34(a) shows a curve trace of the 

gate-to-substrate characteristics, illustrating the flow of current from the 

gate through the gate oxide into the substrate. For an undamaged dev i ce no 

such current should flow. Figure 34(b) is an optical microphotograph of th i s 

gate. The small circular spots near the periphery of the precharge gate indi­

cate oxide breakdown. 

This oxide breakdown can be caused by high voltages impressed between the 

gate and the substrate. Small currents are indicated by the limited phys i cal 

size of the damage site. A common source of high voltage, low current pulses 

is static electric discharge. 
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(a) 

(b) 

~i gu re 34 High Voltage Damage to Amplifier Gates 
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High voltage, low current damage to CCDs was investigated by d i schargi ng 

a Tes l a coil through a CCO. The damage incurred by the test CCD wa s compared to 

that observed on the devices returned for failure analysis . SEM photogra phs 

of the" two devices are shown in Figure 35. Figure 35(a) indicates t he dama ge 

to a returned device and Figure 35(b) the damage generated by the Tes l a co i l. 

The physical damage is remarkably similar. 

The voltage required to cause this damage was invest i gated. It was as s umed 

that the source of this voltage was human body capac i tance . This capac i t a nce 

was simulated by a 10 pF capacitor. The 10 pF was charged to various vo l t ages 

and conn~cted between a precharge gate and substrate for a number of devi ces . 

The voltage was increased until oxide breakdown occurred . The result s of t h is 

test are indicated in" Figure 36. Damage begins to occu r at capacitor vo l ta ges 

of 600 V. Static voltages of this magnitude are difficult to avoid . (Note that 

damage to gates can occur at dc power supply voltages as low as 50 v. ) 

Since high voltages are required in ICCD operation , high static cha r ges 

must be assumed to exist. Therefore, the vulnerable gates must be protect ed 

against damage. The vulnerable gates are those with small capac i tances, such as 

output gates and precharge gates , which are connected to externa l pins. Ser i al 

gates and parallel gates are ganged together and present relat i vely la rge capac­

i tance to the external pins. Static voltages impressed on these pins a re divided 

down by the ratio of capacitances on and off chip. No systematic damage t o 

these clocks has been observed. 

The problem of protecting against static discharge damage is theref ore 

reduced to protecting the two output gates and two precharge gates on the 250 

x 400 device. This protection can be achieved by shunting the p i ns t o subs t ra t e 

using external Zener diodes. High voltages can then be discharged by f o rwa rd 

conduction or reverse breakdown of this diode. The reverse breakdown mus t be 

small enough to prevent damage to the oxide , but large enough to sus t a in nor al 

l __ ""_ ""~" -----~ 
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(a) 

(b) 

Fi gure 35 SEM Comparison of (a) Damage to Returned Devices 
and (b) Tesla Coil Damage 
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CCD operating voltages. In addition, the diodes must survive the tube processing 

cycle, including the 350°C bake. The Zener diode chosen was a JANTX IN973B 

because of its glass packaging and 33 V reverse breakdown . These diodes are 

connec"ted externally using a wire-wrap technique to allow for replacement if 

diode failure occurs. Experience indicates that static damage is eliminated 

if these diodes are connected between the precharge pin and the VRef pin and 

between the output gate pin and the substrate pin. Figure 37 shows the implemen­

tation of the protective diode on a 250 x 400 header. 

C. Bond Degradation 

A few of the devices returned for examination showed indications of open 

connections between the chip and the header. Optical examination revealed that 

the gold wire had separated from the aluminum bond pad. Under Contract 

No. NAS5-23578 this problem was investigated and el iminated. A discussion of 

bond pad protect ion development was given in the final report for that contract 

and is included as Appendix B of this report. 

D. Unidentified Failure Modes 

Most of the devices returned failed due to stat i c d i scharge damage and/or 

bond failure. No s ystematic cause was identified for the remai ning failures. 

These failures are thought to have been caused by isolated incidents detrimental 

to CCDs . 

One occasional failure mode without a systematic cause is the opening of 

V
DD 

or V
Ref 

lines on-chip due to excessive current flow. Figure 38 shows such 

an open aluminum line. Causes could be excessive dc voltage or inadvertent 

forward biasing. The problem can be eliminated by putting current limiters in 

all dc voltage supplies. 
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Figure 37 Diode Protection on a Tube Header 
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Fig ure 38 High Current Damage to CCD Ampl ifiers 
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One device failed in an apparently unique manner . It ceased to opera te 

after being cooled to below O° C. Electrical evaluation indicated no prob lems 

wi th the precharge or output gates, but that the parallel gates were shor t ed to 

substr~te. The results of optical and SEH evaluation are presented i n Figure 39. 

Figure 39(a) shows an optical microphotograph of the device indicatin g ex t end ed 

regions of degradation. The SEH photograph reveals that the pa rallel metal li za­

tion has been separated from the bar. The cause for this damage coul d not be 

ascertained. Chips from the same slice as this bar were cooled withou t being 

damaged. This effect has not occurred again. Apparently this damage was caused 

by some particular, unusual event in the dev i ce's history pr ior to coo ling. 

E. Surrmary 

Two systematic causes of CCD failure have been identified and protect i ve 

measures developed. The implementation of these measures has all but e lim i nated 

the catastrophic loss of imagers. 

72 

--- - - ---- -- -----~--



'-----------·- ---·-1 

(a) 

(b) 

Figure 39 Unusual Failure Mechanism 
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SECTION VI 

INTENSIFIED CHARGE COUPLED DEVICE FABRICATION 

A. Tube Processing Steps 

Fi ve CCD imagers were committed to tube process i ng under th i s con tract. 

One was a 100 x 160 imager originally delivered to NASA-Goddard unde r Cont ract 

No. NAS5-22403; the remaining four were 250 x 400 imagers. Vacuum tubes were 

fabricated by two manufacturers, Varo Electron Devices, Inc . and I TT , El ec tro 

Optical Products Division. 

The main steps in the tube processing are as follows: (1 ) heli a rc'-we ld 

the header to the tube body, (2) evacuate the tube body in a tube processing 

station, (3) vacuum bake , (4) form the photocathode, (5) e l ect ron scrub, and 

(6) seal the tube . These processes ' are similar to those used t o man ufac t ure 

intensifier tubes with phosphor outputs, but modifications are required due t o 

the properties of the CCD. The temperature of the vacuum bake is limi ted t o 

about 350°C by the gold-silicon alloy used to attach the chip to the header . 

Heliarc welding must be done carefully to avoid damage to the CCD. (Las e r 

welding would be preferable, but is not readily available to the tube manufa c­

turers.) The electron scrub must be reduced or e l iminated to protect the CC D. 

These process modifications have been incorporated by the tube manufacturers 

with varying degrees of success . I n the best case the CCD is not deg raded an d 

the properties of the photocathode seem unaffected . I n the worst case the ph()t o­

cathode response is degraded and/or the CCD is inoperative. 

B. Tube Processing Results 

I . Varo Resul ts 

Three ICCDs were fabricated at Varo Elect r on Dev i ces , one 100 x 160 

device and two 250 x 400 devices. All tube starts produced operat i ng I CCDs . The 

tube was based on the Varo Model 2561 electrostatical l y focused tr iode intensif i er 

wi th an S-20 photocathode. A photograph of this tube i s gi ven in Figure 40 , 

together with front and back views of the 100 x 160 header. All tube s were 

potted prior to delivery. 
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The results of the tube processing are presented in Tab l e 3. (The 

t est reports on the CCDs prior to tube processing can be found in Appendix A.) 

Dark current changes occurred in all cases. The 100 x 160 dev i ce , proce ssed 

before the improvements discussed in Section III , experienced an 83% i ncrease in 

dark current. The 250 x 400 devices, processed late r , experienced dec rease s i n 

dark current of 30% and 18%. The dark current of tube #299, 9 nA/cm
2

, i s the 

lowest dark current achieved in a NASA ICCD. The gain curves for the three 

devices are given in Figure 41. 

Photocathode response varied as indicated i n the table. The unifo rm i ty 

of the photocathodes was examined by making a spot scan across the d i ame t e r 

of two of the tubes. Good uniformity was indicated as shown in Fi gures 42 a d 43 . 

The imaging capabil i ty of tube #243 is illustrated i n Fi gu re 44. The 

tube was operated at 15 kV. The light source was a 2854 K tungsten lamp . In­

tensity was measured at the faceplate of the tube . 

2. In Results 

Two 250 x 400 imagers (321-4-8 and 321-3-7) were committed to tube 

processing at ITT. Test reports are given in Appendix A. The tube was a mag ­

netically focused intensifier wi th a bialkali photocathode . The t ube process i ng 

resulted i n seve re physical damage to the CCDs. One CCD was inoperable , t he 

other had very high dark current. 

Device number 321-4-8 , tube #8, had inoperative amplifiers. Curve 

tracer analysis of the device revealed the protective diodes were shorted. When 

these were removed, it was found that the precharge gate was also shorted t o 

the VRef diffusion. The device was removed from the tube and exami ned unde r an 

optical microscope. Damage characteristics of high voltage , low current d ischarge 

similar to that shown in Figure 34 was observed. Apparent l y , both the prot ective 
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Table 3 

Varo ICCD Processing Results 

2 
Tube Device Device Dark Current {nA/cm } Gain Photocathode Response 

Number Number Type Before Af"ter 15 kV 2854 K Wideband 

243 166-3-2 100 x 160 18 33 2400 200 

287 367-2-6 250 x 400 35 27 2550 260 

299 367-4-4 250 x 400 11 9· 2500 250 

........ 

........ 

-------~- ----



Vl 
IX) 

UJ 

EBS GAIN 

3000 ~I -r:-_ r-:--:-! ~1~~~' I " ~I ~I~I ~~!t 

1·1- 11 ! -/ 'j '. 
i 'l' 

- . -- - " .- - . 
.. . -

~ . 
...I 

... 

I · ,. I II I 
2000 rrl~++rH~++~~++~HH++~HH~~~H44+~HH~-. 

i 

t- i . II 

f .. 
\ .\ ! 
i . I ' 

11 

I 
I 

I I 

: I I I I 
1 ; ! : 

'1- - 1- - ~ 

Irl1 
I " 

., 

I 
-ID . _ I I 
iJ ' 

.1 . . 

·· Icp -., 
~ 

I ~ 1 
. 1 1 I 
, I : ' 

i 
: I • i 

5 10 15 

Accelerating Voltage (kV) 

Figure 41 EBS Gain for Delivered rCCDs 

78 

_ . ... - f- -

-r -- . 

.-. 
- - ' 

_ . . ~ -

- -. -

i , 

-----

- ..... ~ 

( 

-I 

I 
. 1 



I.J.J 
V> 
Z o 
a... 
V> 
I.J.J 
0:: 

I.J.J 
> 
r-
:5 
I.J.J 
0:: 

,. 

. I 

- --- - -- '-- '-'-' ._--

PHOTOCATHODE SPOT SCAN 

TUBE 287 

. . ., . ~ . ~ ~ _ ~ i : : :.: 
• . • I 1 I . 

, • I • 

. ; 1 . , 
: ~ J . ;_ 

i : : i : . 
• • I ! 

DIDGlNAL P G£ IS 
"'~ OOR QlJAUTY. 

] --' .. -,--;-t --:- ! ~~-~-Tl -~"~~+ -i'~f 
I '. ,i .. . 

.• . ~ 1 ! .. "-r 
., ! i ' 1 

• 1 , 
, ! 

.'. :- :"T 
I , 

, i 

• • • • J , . 
; I , 

I I . 

1 : 

I ' 

, 
: ' 
i : 

~ ___ f_' __ ~~~~ __ ~_' .~_~~~ __ - I I o 0.5 

POS ITI ON (in) 

; . ! I 

" .~ -. 
I : , 

. ·1 
I 

; I 
i 

I I I I . : ; 
"'"'1 ' . "'t , • • .....--r ._.-

: ~ i . 1 
I 
! 1 

I \ . J __ '.--'-~--L-""' __ ~ 

1.0 

Fi gure 42 Spot Scan of Tube #287 Photocathode 

79 

.. --- - --



L..r..J 
Vl 
Z o 
a... 
Vl 
L..r..J 
e:::: 

- ------

PHOTOCATHODE SPOT SCAN 

TUBE 299 

POS ITI ON (in) 

Figure 43 Spot Scan of Tube #299 Photocathode 

80 



ORIGINAL PAG~ IS 
OF POOR QUALlT~ 

(a) 
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Figure 44 Imagi ng Capa bility of Tube #243 
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diode and the precharge gate were damaged simultaneously. Otherwise , t he shorted 

protective diode would have prevented damage to the precharge gate . 

Oevice 321-3-7, tube # 7, did not experience amplif i er damage . HOINeve r , 

very large dark currents existed after tube processing. The origina l dar k current 

of 4.4 nA/cm
2 

increased to 122 nA/cm2. Curve tracer analysis of th i s dev i ce 

revealed that three parallel phases were conductive to substrate, ¢ IB' ¢20' and ¢30 . 

This is likely to be the source of the increased dark current. Since the CCD was 

operable, it was delivered to NASA without further analysis. 

The damage incurred seems to have been caused by an unusua l type of 

high voltage pulse. Normally, the precharge gate is p rotected against such 

spikes by the protective diodes; the parallel phases are protected by the large 

capacitance. Since damage to the protective diodes and to the precharge ga t e 

must be simultaneous, a fast rise time of the pulse compared to the tu rn-on t ime 

of the protective diode is implied. Damage to the parallel gates implies s uffi­

cient charge to raise the parallel phase voltage above about 20 V. Th i s type of 

pulse is not ordinarily observed during processing at TI or Varo. 

The origin of the damaging pulse cannot be determined. I t most l ikely 

occurs during the heliarc welding of the header to the tube body or du r ing th e 

electron scrub. Monitoring of the CCD during tube processing should be don e to 

locate the source of this high voltage. 
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SECTION VII 

SIGNAL CONDIT I ONING ELECTRONICS 

Basic drive electronics for CCD i magers had been suppl ied to NASA-Goddard 

under Contract No. NAS5-22403. The original electronics were capable of driving 

the 100 x 160 imagers only, but had provision for expansion to other imager 

s i zes. To operate the 250 x 400 imagers, a new signal cond itioning board was 

required. This board was designed and delivered under this contract. The board 

provided the options of running the parallel register toward the upper amplifier, 

toward the l ower amplifier, or in a split mode with half the parallel register 

running up and the other half running down . This board replaces the signal 

conditioning board required for the 100 x 160 in the original electronics. A 

photograph of the completed board is shown in Figure 45. A schema tic of the board 

was supp l ied when the boards were delivered. 
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Figure 45 Signal Conditioning Board 
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SECTION VIII 

CONCLUSIONS AND RECOMMENDATIONS 

Under this contract significant progress has been made in the process i ng 

of thinned CCD imagers for intensified operation. The processing yield from on­

slice to to on-header has been improved by more than an order of magnitu~ . 

Reproducible spectral response characteristics have been achieved. Major dark 

current sources have been identified; one has been eliminated and another sub­

jected to study. A header suitable for laboratory investigations has been designed 

and implemented. Bond reliability problems have been eliminated. Development 

of beam leads for attachment of the chip to the header has begun to elfminate 

buckling problems and simplify header manufacture. CCD failure due to static 

electric discharge has been eliminated through the implementation of protect i ve 

Zener diodes. 

Twenty-two 250 x 400 imagers have been delivered: eighteen directly to 

NASA-Goddard and four to tube manufacturers. Three ICCDs have been successfully 

fabricated at Varo Electron Devices. Damage to CCDs processed at ITT has been 

related to high voltage, low current discharge. All performance goals have been 

met individually with the exception of 40% quantum efficiency at 0.4 ~m. 

A signal conditioning board has been designed and fabricated to operate the 

250 x 400 devices, providing the option of operating in a forward mode, a reverse 

mode, or a split mode through both amplifiers simultaneously. 

Further development of large area CCDs for intensified operation is recommended . 

The development of beam leads should be completed. Beam leads should be evaluated 

for effects on the buckling problem and for effects on the cooled operation of 

CCD imagers. A new header employing beam leads should be developed. The source 

of the dark current induced in the implanted buried channel region during heat 

treatments should be investigated. Elimination of this effect is the most important 

problem limiting the ultimate capability of ICCDs. Finally, application results of 

ICCDs should be pursued. 
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APPENDIX A 

CHARACTERIZATION REPORTS FOR 

22 DELIVERED DEVICES 



CENTRAL RESEARCH LABORATORIES 
CCD Optical and Electrical 

Characterizat ion Test Report 

for 

Customer NASA/Goddard 

Contract No . NAS5-22924 

Device No. 238-6-5 
--~~~~--------

Device Type 250 x 400 
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4PCCD OPTICAL AND ELECTRICAL CHARACTERIZATION 
TEST REPORT 

----- ~~~.~ .. _. --I 
I 
1 

I 

I 

I. C C D DE V ICE NUMB E R---=2:..:::3-=-8.....;-6:::....-..:::5~ _________ DAT E __ 8..;...1_19::;..:/--'7_6 ______ _ I 

2. DEVICE TYPE 250 x 400 
--~~~~~------------------------------------------------

Header type circular tube 

2 Active area 0.63 cm , pixel dimensions 0.9 milsX 1.08 
----~~------ --~~----

3. OPERATING LEVELS in volts 

' SUB (substrate) -0.2 
P ClK (parallel clocks) 12.5 
S ClK (serial clocks) 12.5 
SID (serial input diodes) 30 ----'------

SOG (serial output gate) 2 
Vpc (precharge pulse) --~1~9 

, Vref (reference voltage) 17 
Vdd (drain voltage) 21r-

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

precharge with off chip load 

mi I s 

5. QUANTUM EFFICIENCY at 0.4 microns is 7.7 %, uncorrected for refl ecti on. ----.,;---..:.----'=-

Uniformity of response is represented by the accompanying photographs. 

6. DYNAMIC RANGE 

Full well charge capabil ity, determined from the saturation exposure level, 

is 1.2 x 10
6 electrons 

R.M.S. noise electrons/pixel, measured with an output bandwidth of 

7.5 MHz, at a 1.0 MHz data rate, and a --------------------- -------------
120 ms frame time is ---------------

for the lower ampl ifier, and --------------------
210 for the upper ampl ifier. ------------------------

The dynamic range is thus computed to be 

for the lower ampl ifier, and 

5700 for the upper ampl ifier. 

7. DARK CURRENT 

The array dark current at room temperature is nA/cm2. ----------------
15 

8. CHARGE TRANSFER EFFICIENCY at lMHz data rate is 0.9995 
----~-------------

9 T (I) vacuum leak in the tube header, (2) lower transfer gat e . COMMEN S ____________________________________________________ _ 

s horted to ; forward operation possible, however. 
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~CCD IMAGING PERFORMANCE 

Device Number 238-6-5 Device Type 400 x 250 

Light Source STROBE 0 

Spectral fi Iter N/A K microns ----
25 0 3.0 Temperature C Data rate MHz -------

Frame time 35 ms 
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~CCD DARK CURRENT UNIFORMITY 

Dev i ce Numb e r -=2:...::c3-=-8~-6~-..z!.5:..-.-__ _ Dev ice Type _4-'-'0::..,::O'--'-'-x--'2==..5<...::0:..-.--------

1 

J 

VIDEO MONITOR DISPLAY 

Temperature __ 2::...5~ __ oC 

Data rate _~3.:...... 0:..-..-__ MHz 

Frame time 110 ms --.;.....:...--
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~ CCD UNIFORMITY OF RESPONSE 

Device Number 238-6-5 Device Type 400 x 250 

Light source 3400 oK Spectral filter .4000 

Aver age well population __ ~5~0~_ % Temperature 

Data rate 3.0 MHz Frame time 110 ms 
---~--

Oscilloscope presentation 
Video line number 50 

.., 

Osci Iloscope presentation 
Complete video frame 
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~CCD UNIFORMITY OF RESPONSE 

Dev j ce Numbe r -=2::...3~8~-.=..6_-:!...5 ___ _ Device Type 400 x 250 
-------~------------

-, 

l 

VIDEO MONITOR DISPLAY 

Li ght source __ 3~4~0.:::..0 ___ ·K 

Spec tral filter .4000 mi crons 

Average well population _.:....50 ____ % 

Temperature 25·C 

Data rate 3.0 MHz 

Frame time 110 ms -------
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CENTRAL RESEARCH LABORATOR IES 
CCD Optical and Ele ct~ical 

Characteri zat ion Test Renort 

f or 

Custome r NASAl Goddard 

Contract No , NAS5-22924 

De vice [\'0. 278- 2- 2 
--~----------------

Device Tyne 250 x 400 

93 

---~------.---- -------------

I 



I 
I 

I 
I 

L 

- - - - - --_.- - ._--- - ------ --- ------- -- - ---- --.-------"1 

~CCD OPTICAL AND ELECTRICAL CHARACTER IZATION 
TEST REPORT 

1. CCO OEV I CE NUMBER-----"'2...!..7...;;.8_-.;:::;2_-.;:::;2 _________ D.ATE 12/28/76 

2. DEV I CE TYPE __ .;:::;2-'-5~0_'x~4-_0.:.....0 __________________ _ 

Header type Circular tube header with Varo flange; tab alloyed 
--~~~~~-----~--------~------~~~~~~~~---

Active area ____ 0~._6=J _____ cm2, pixel dimensions ___ l_._0_8 ____ milsX _____ 0_._9 mils 

3. OPERATING lEVELS in volts 

. SUB (substrate) •. 5 
P ClK (parallel clocks) 9 
S ClK (serial clocks) 12 
SID (serial input diodes)_---L3 ..... 2 __ 

SOG (serial output gate) 2 
----"''----

Vpc (precharge pulse) 19 
Vref (reference voltage) 20 ----=='-"=-_. 
Vdd (drain voltage) 30 

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

pre charge with offchip load 

5. QUANTUM EFFICIENCY at 0.4 microns is 3 %, uncorrected for reflec ti on. 

Uniformity of response is represented by the accompanying photographs. 

6. DYNAMIC RANGE 

Full well charge capabil ity, determined from the saturation exposure l evel, 

is 3,15 X 105 electrons 

R.M.S. no i se electrons/pixel, measured with an output bandwidth of 

_______ ~7~.~5'-_______ MHz. at a 1.0 MHz data rate, and a 
-----'-'-'-----

120 ms frame times is -------------
650 (estimated) for the lower ampl ifier, and 

---~--~--------~----

650 (estimated) for the upper ampl ifier. 
--~--~--------~----

The dynamic range is thus computed to be 

4-80 for the lower ampl ifier, and 

4-80 for the upper amplifier. 

7. DARK CURRENT 

The array dark current at room temperature is 
2 90 nA/cm . 

------~----

8. CHARGE TRANSFER EFFICIENCY at IMHz data rate is 0.9993 

9. COMMENTS _________________________________ _ 
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~CCD IMAGING PERFORMANCE 

Device Number 278-2-2 Device Type 250 X 400 

Light Source 

Temperature 

Frame time 

r 

strobe 0 

Spectral fi Iter K 

25 

40 

0 

C Data rate 

ms 

ORlGINAD. PAGE IS 
OE POOR QUALITY.i 

95 

none microns 

3.0 MHz 
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~CCD DARK CURRENT UNIFORMITY 

Device Numb e r 278-2-2 
--~------------

De vic e Ty pe __ ---=2:::..5""-°"'--~x___=4~0'__'0"__ ________ _ 

r 1 

L 

VIDEO MONITOR DISPLAY 

Temperatu re __ ~2.:..5,,--____ o C 

Data rate J,O MHz 

Frame time ___ 8_0 ____ ms 
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~CCD UNIFORMITY OF RESPONSE 

Dev i c e Numbe r ...;;;2 ...... 7....;.8_--"'2;....-...;;;2'--__ _ Device Type 250 x 400 
--~~-=~~--------

r ..., 

...J 

VIDEO MONITOR DISPLAY 

Li ght source 3400 

Spectral filter 0.4 microns 

Average well population ---'5 ..... 0 ____ % 

Temperature 25 °c 
Data rate 3. 0 MHz 

Frame time 80 ms 
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~ CCD UNIFORMITY OF RESPONSE 

Dev ice Number278-2-2 Device Type 250 X 400 

Li ght source 3400 oK Spectral filter 0,4 

Ave rage well population 50 rip Temperature 

Data rate 3 0 MHz Frame time 80 ms ----"-----

Oscilloscope presentation 
Video line number 50 

Osci Iloscope presentation 
Complete video frame 
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CENTRAL RESEARCH LABORATORIES 
CCD Optical and Electrical 

Characterization Test Report 

for 

CustornerNASA/GODDARD SPACE FLIGHT CENTER 

Contract No.NAS5-22924 

Device No. J21-J-7 
--=---=-~----------

Device Tyne 400 x 250 

ITT Tube Start 
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CCD OPTICAL AND ELECTRICAL CHARACTERIZATION 
TEST REPORT 

1. CCD DEVICE Nur@ER_~J_2_1_-..;..J_-_7 ________ _ 

2. DEVICE TYPE,_4_0_0_X_2_5_0 ____________________ _ 

HEADER TYPE tube header with ITT flange 

, Active area 0.63 cm2 , pixel dimensions 0.9 mils X 1.08mil s 

3. OPERATING LEVELS in volts 

Substrate -.5 Lower reference 20_ 
Parallel clocks 11 Upper reference 20 
Serial clocks 15 Lower drain 2"8-
Input diode 32 Upper drain 213-
Output gate 2 Pre charge -1.2_ 

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

simnle precharge with external load 

5. SPECTRAL RESPONSE (see accompanying graph) 

6. 

7. 

8. 

9. 

Quantum efficiency is 14.8 % at 0.4 microns 

73.9 ~ at 0.7 microns 

23.7 % at 1.0 microns 

DARK CURRENT measured by the pre charge method 

4.4 nanoamps/cm2 or 1.5x105 electrons/pixel/sec 

T = 25 C, data rate 3.0 MHz, frame time ~ms 

EBS GAIN (SEM measured) (not Measured) 

Average EBS gain is ___ __ 

AMPLIFIER RES PONSE: 
(not measured) 

lower amplifier mV/nA 

upper amplifier ___ mV/nA 

at __ KV: 

external load, 

at __ KV 

I'vlH z data r ate ---

CHAHGE TRANSFER EFFICIENCY at 3, ° r,'iHz is 0« 99998 

I 
1 
~ 

I 

I 
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I 
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Device Number 

Li ght Source 

Temperature 

Frame time 

r 

L 

~CCD IMAGING PERFORMANCE 

321-3-2 
340Q 

25 
15Q 

Device Type 400 
0 

K Spectral f i Iter 
0 

C Data rate 

ms 

fJRIGIWAC PAGE IS 
DE POOR QUAUTY 
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3.0 

x 250 
none mi crons 

MHz 



~CCD IMAGING PERFORMANCE 

Device Number321- J-7 Device Type 400 x 250 

3400 
0 

Spectral f i 1 te r 0.4000 Light Source K microns 

25 
0 

3.0 Temperature C Data rate MHz 

Frame time 675 ms 

r 

L 
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Device Number 321-3-7 

r 

L 

~CCD DARK CURRENT UNIFORMITY 

De vice Type __ 4_o'-o'----=x~2:::.,,5::...0_'__ ______ _ 

AD PAGE~ 13l 
J 

QUAIJTjJ 

... 

VIDEO MONITOR DISPLAY 

Temperatu re ___ 2..::,5 __ ° C 

Data rate 4.0 MHz --...=..-.;;..--
Frame time __ 1_1-",,"5 ___ ms 
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~ CCD DARK CURRENT UNIFORMITY 

Device Number 321-3-7 Device Type 400 X 250 
Temperature 25 °c Data rate 4.0 MHz 

Frame ti me 115 ms 

Oscilloscope presentation 

Video line number 50 

Oscilloscope presentation 

Complete video frame 
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~CCD UNIFORMITY OF RESPONSE 

Devi ce Number _.::;.3_2_1_-.::;.3_-.!-7 __ _ Devi ce Type 400 X 250 
---------~-----------

r 

t.. 

VIDEO MONITOR DISPLAY 

Light source 3400 oK 
--::::-.........;...---

Spectral filter 0.4000 microns 

Average well population 59 __ % 

Temperature 

Data rate 

Frame time 

25 

__ --'3~.:....O ___ MHz 

___ ---'25:;...0 ___ ms 

105 
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~ CCD UNIFORMITY OF RESPONSE 

Device Number 321-3-7 Device Type 400 x 250 

Light source 3400 oK Spectral filter 0.4000 

Ave rage well population 50 i Temperature 

Data rate 3.0 MHz Frame time 250 

Oscilloscope presentation 
Video line number 50 

Osci Iloscope presentation 
Complete video frame 
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0.30 0.50 O. 70 O. 90 1. 10 

I ncident Wavelength (~m) 

DATA RATE 4.0 MHz 

FRAME TI ME 64 MS 
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TEMPERATURE C 
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CENTRAL RESEARCH LABORATORIES 
CCD Optical and Electrical 

Characterization Test Report 

for 

------- --- - ---_._---

Customer NASA/GODDARD SPACE FLIGHT CENTER 

Contract No, NAS5-22924 

Device No, 321-6-6 _ 

Device Tyue 400 x 250 
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CCD OPTICAL AND ELECTRICAL CHARACTERIZATION 
TEST REPORT 

1. CCD DEVICE NUMBER 321-6-6 ---------------------------
2. DEVICE TYPE 4-00 x 250 ---------------------------------------------------

HEADER TYPE tube header with ITT flange 

-Active area 0.63 cm 2 , pixel dimensions 0.9 mils X 1.08 mils 

3. OPERATING LEVELS in volts 

Substrate -.5 Lower reference 20 
Parallel clocks 11 Upper reference 20 
Serial clocks 15 Lower drain 2S 
Input diode 30 Upper drain 28 
Output gate 2 Pre charge 1,2 

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

simple precnarge with external load 

5. SPECTRAL RESPONSE (see accompanying graph) 

Quantum efficiency is 12.2 % at 0.4- microns 

75. 9 ~ at 0.7 microns 

25.4- % at 1.0 microns 

6. DARK CURRENT measured by the pre charge method 

4-6 nanoamps/cm2 or 1, ,2x106 electrons/pixel/sec 

T = 25 C, data rate J. 0 MHz, frame time J:L..ms 

7. EBS GAIN (SEM measured) (not measured) 

Average EBS gain is at KV: at ------- KV 

8. AMPLIFIER RESPONSE: external load, IVlH z data 
(not mea~ur,.d) lower amp l. l.er mV/nA 

upper amplifier mV/nA 

9. CHANGE TRANSFER EFFICIENCY at 3.0 f{iHz is o. 99996 . 
109 
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~CCD I MAGI NG PERFORMANCE 

Device Number 321-6-6 Device Type 400 X 250 
Light Source strobe 0 

Spectral fi 1 ter mi crons K none 
-y."' ....... ...- . 

25 0 3.0 Temperature C Data rate MHz 

Frame time 40 ms 

r 

110 



~CCD DARK CURRENT UNIFORMITY 

Device Number 321-6-6 Device Type 400 x 250 

r 

L ... 

VIDEO MONITOR DISPLAY 

Temperature 25 °c 

Data rate 3, 0 MHz 

Frame time 70 ms 
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~ CCD DARK CURRENT UNIFORMITY 

Device Number 321-6-6 Device Type 400 X 250 
Temperature 25 °c Data rate 3.0 MHz 

Frame time 70 ms 

r 

L 

r 

L 

Oscilloscope presentation 

Video line number 50 

Oscilloscope presentation 

Complete video frame 

112 

- ... - ------ --



~CCD UNIFORMITY OF RESPONSE 

Device Number 321-6-6 Device Type 400 X 250 
--------~---------------

r 

VIDEO MONITOR DISPLAY 

3400 Li ght source OK 
-------

Spectral filter 0,4000 microns 

Average well population 50 % 

25 °c 

3,0 MHz 

Temperature 

Data rate 

Frame time ____ 7_2 ___ ms 
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~ CCD UNIFORMITY OF RESPONSE 

Device Number 321-6-6 Device Type 400 X 250 

-- ~·----~--I 

I 

Li ght source 3400 OK Spectral filter 0.4000 microns 

Average well population _,,$.101.0 __ ~ Temperature _--:;2 ... 5,-_ °c 
Data rate J.O MHz Frame time __ 7_2 __ ms 

Oscilloscope presentation 
Video line number 50 

Oscilloscope presentation 
Complete video frame 
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CCD SPECTRAL RESPONS IV ITY ~ 

Device 321-6-6 

100 r; ~fll~: lr.i~~I ~Hn.!, rrl rrllnrr;l~·lfm! I~IIH~f~n'1rr,rr!il mll ~'l!ml ~~~,i~ rro lrrfr, rrl;~~iImll~"~IIrrl rrl!~II~!il~:~I~~fI~I~!' ~I~~i .~;~: ~­
: :. >:; ',; i : i I! Ii I! ! ~ I lJ Lj , ! !! I1I1I !! i i III; I ~ II ' ! ! Ii !!!! ~~ ';': :: 

li,i ill: ,~ll 11j: I':fj [I I, ' 1J!i jill !li jl lll il~n !II ' \:!,I, :':: 1'1:: '0; ... ,..,iII . .. .. " .. , P I t 1:1 :11. ,!. "~rr :l! I, :1,. to, :Il 

,. ., • 0 r' , ' . I it 411 r:~ Ii 0 I· • I I,' , ~i"'Fl 1 • • • 

. ;, :,1: :: ' I :i ;"i),'j' , : I ,,! .u.. r . ...... I ~I I!', il~! : " ". ,,,;,, ' 
.,.; .. ,'" ,ill L.>!"'r .,: - .. .....r:F,~Ioo!":' . . ~ , '''' I : .' I IJ l.;..-r-- ' 

5C 
. · .:. I-:-:-.·:~ fy;~:-~' :z~ . ";. , ;: l:)V 'j: I, . 

V . . 0 • I ; . ~,. . ! I' ..' I ~ 0 !....V ." '\. ; ;;, , . 
. ~. '1.' ~.' , •. 1 ~ ' ••• ,,: ' :'.'! . 

30 

I -:---- -..;.. -- -- l ~ - - .- ~ _..,..1 . L. l.,7 ~ - ~ : . '" : ' . t;;Z' . i 'ff- .';. .; i " " . , I --.... ..,. , .• ~ 
''':.'- _. ~ -- - ~, ." .,: v ' · '.~: '-:; -~ ~ . -- , 20 

7 

.. -

: ~~,.~ .. ', ., I ~ .. , ;' V 
:.~_~l-i:"-! . .:.:: v- : ,' :: : L~ .. 

0.30 0.50 o. 70 0.90 1.10 1. 30 

I ncident Wavelength (IJm) 

DATA RATE 3.0MHz 

FRAME T I ME 40 MS 

TEMPERATURE 25°C 
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CENTRAL RESEARCH LABORATORIES 
CCD Optical and Electrical 

Characterization Test Report 

for 

CustomerNASA/GODDARD SPACE FLIGHT CENTER 

Contract No. NAS5-22924 

Device No. 321-4-8 
--~----------------

Device Tyne 400 x 250 
ITT Tube Start 
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CCD OPTICAL AND ELECTRICAL CHARACTERIZATION 
TEST REPORT 

1. . CCD DEVICE Nuri.BER 321-4-8 
~-------------------------

2·. DEVICE TYPE, __ 4_0_0---=.x-=----2...,::5_0 _________________ _ 

HEADER TYPE tube header with ITT flange 

Active area 0.63 cm2 , pixel dimensions 0.9 mils X 1 .. 08 mils 

3. OPERATING LEVELS in volts 

Substrate -,5 Lower reference 20 
Parallel clocks 10. Upper reference 20 
Serial clocks 10 Lower drain 29 
Input diode 30 Upper drain 28 
Output gate 2 Pre charge 1,2 

4. AMPLIFIER CONFIGURATION used for the tests in this reportl 

simple precharge with external load 

5. SPECTRAL RESPONSE (see accompanying graph) 

Quantum efficiency is 20.0 % at 0.4 microns 

73.2 ~ at 0.7 microns 

25.9 % at 1.0 microns 

6. DARK CURRENT measured by the pre charge method 

9.2 nanoamps/cm2 or 3.0xl05 electrons/pixel/sec 

T = 25°c, data rate 3.0 MHz, frame time ~ms 

7. EBS GAIN (SEM measured) (not measured) 

Average EBS gain is 

8. AMPLIFIER RESPONSE: 
(not meas\lr~d) 

lower amulJ.fJ.er mV/nA ---
upper amplifier ____ mV/nA 

at __ KV: 

external load, 

at __ KV 

MHz data rate ----

9. CHAHGE TRANSFER EFFICIENCY at 3« 0 MHz is 0.9995 (lower serial) 
)0.9999 (upper serial) 
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~CCD IMAGING PERFORMANCE 

Device Number 321-4-8 Device Type __ 4_0_0_x_2..::.5_0 _____ _ 

Light Source 

Temperature 

Frame time 

r 

strobe oK Spect ra 1 f i 1 te r none microns 
~::..=~.:.....:...-

_--<2"-5.J--__ ° C Da ta ra te __ ...... 3'-.&"-"0'--__ MHz 

__ 4..I...;Q>L-__ ms 

J 
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~CCD DARK CURRENT UNIFORMITY 

Devi ce Number ~21-4-8 De vice Ty pe _--=4~O.uO'--J.x~2,,-5J..j,Ol.--_____ _ 

L 

VIDEO MONITOR DISPLAY 

Temperatu re __ .... 2.,1..5 __ • C 

Data rate --..;..3 ...... :u..D __ MHz 

Frame time --....... 7.:;1.9-- ms 
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~ CCD DARK CURRENT UNIFORMITY 

Device Number 321-4-8 Device Type 400 % 250 

Temperature __ ..;;2;;..5:..- °c Data rate 3.0 

Frame ti me 79 ms 

r 

L 

L 

Oscilloscope presentation 

Video I ine number _ ... 51..:.0~_ 

Oscilloscope presentation 

Complete video frame 
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~CCD UNIFORMITY OF RESPONSE 

Device Numbe r 321-4-8 -------- Dev i ce Type __ 4_0_0_x __ 2=-5_0 ______ _ 

, 

L 

VIDEO MONITOR DISPLAY 

Li ght source 3400 OK 

Spectral filter 0.4000 mi crons 

Average well population _.-;5;:;...0 ___ % 

Temperature 25 ° C 

Data rate 3. 0 MHz 

Frame time 79 ms 
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~ CCD UNIFORMITY OF RESPONSE 

Device Number 321-4-8 Device Type 400 X 250 
Li ght source J400 oK Spectral f i Iter 0.4000 

Average we 11 population ~O cJ, Temperature 

Data rate :1.0 MHz Frame time 

Oscilloscope presentation 
Video line number 50 

Oscilloscope presentation 
Complete video frame 
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CCD SPECTRAL RESPONSIVITY ~ 

Device 3 21-4-8 

. -V<., ,; ,:' " i ,J.i\:1t' ill: !. i : I ; u....~ I,·' i ~i: !;.' .;. .. 
. :!-.: ' ': L~ ' ~AIJ' ;' ';: ~ 1,',:,', ',~, ;',' 1: . , . 

.. , r'- ~.r .. ..,.r " f/''"-'-"' ' I ,;"i""" ,., .......... ;, II " . 
:;. ~ ... : ,'. - ;. ,: .. ),,!~.:! ::.; ~ . I': . .:. 'I' ;-;,: T;; r\ :-~ ... I -...:. 30 
.. - .. ---:-- -- 1 - --..., T-~ :! T.j ',' ~,I ' --...- ... -; ... , I ~\-I: :. ' ~ 

I ncident Wavelength (11m) 

DATA RATE 3.0 MHz 

FRAME T I ME 40 
TEMPERATURE 25 ---
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CE NTR AL RES~ARCH LA BORATORIES 
CCD Optical and Electrical 

Characterization Test Report 

for 

Customer NASA/GODDARD SPACE FLIGHT CENTER 

Contract No.NAS5-22924 

Device No. )61-6- 6 

Device Tyne 250 x 400 
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CCD OPTICAL AND ELECT~ICAL CHARACTERIZATION 
TEST REPORT 

1 . CCD DE VI CE NUIVIBER ___ 3L::.6:...1-=--~6-=--6!oL-_______ _ 

2. DEVI CE TYPE __ -,-2",-5_0 -'x:..:.-4.....:0:....,;0'--__ _ HEADER TYPE ITT tube header 

Active area 0.636 cm2 , pixel dimensions 1.08 mils x 0.9 mils 

J. OPERATING LEVELS in volts 

Substrate 
Parallel clocks 
Serial clocks 
Input diode 
Outuut gate . ' 

-.5 
14 
15 
J2 

2 

Lower reference 
Upper reference 
Lower drain 
Upper drain 
Pre charge pulse 

4. AMPLIFIER CCNFIGURATION used for the tests in this report·, 
nrecharge amplifier with off-chip load 

5. SPECTRAL RESPONSE (see accompanying graph) 

6. 

Quantum efficiency is 13.5 % at 0.4 

81.4 % at 0.7 

26.0 ~ at 1.0 

DARK CURRENT measured by the pre charge 

microns 

microns 

microns 

method 

JO,5 nanoamps/cm 2 or 1,2 x 106 electrons/pixel/sec 

T = 25 C, data rate 4.0 . MHz, frame time 100 

7. R,M.S, NOISE ELECTRONS/PIXEL 

ms 

20 
20 

9 

Dark current shot noise J50 (lOOms) electrons added in quadrature 

8. 

9. 

10. 

11. 

to a readout noise of 30 ---- electrons gives a calculated 

R,M.S. no~se of __ -,3-,5--:.0 __ electrons/pixel 

FULL WELL CHARGE CAPABILITY, determined from the saturation 

exposure level, is 6.0 x 105 

DYNA~IC RANGE is computed to be 

CHARGE TRANSFER EFFICIENCY at 4.0 

electrons. 

1700 : 1 

r,':Hz is 

COM!'v:ENTS vacuum leak in header due to ceramic crack 
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~CCD IMAGING PE RFO RMANC E 

Device Number J61-6-6 Device Type 250 x 400 . 
Light Source s:tr:Q12e K Spectral fi 1 ter none microns . 

41 0 Temperature 2S C Data rate MHz 

Frame time JJ ms 

r 

L .J 
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~CCD DARK CURRENT UNIFORMITY 

Device Number 361-6-6 De vice Ty pe __ 2_5_0_x_4_0_0 _______ _ 

r 1 

J 

VIDEO MONITOR DISPLAY 

Temperatu re __ 2.::;.5 ___ ° C 

Data rate 4 . ° MHz 

Frame time 100 ms 
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~ CCD DARK CURRENT UNIFORMITY 

Device Number 361-6-6 De vice Type 250 X 400 
------~------------Temperature ---.,;2=.....:...5 __ Data rate 4.0 MHz 

Frame time 100 ms 

L 

r 

L 

----

Osci lloscope presentation 

Video line number 50 

Osci Iloscope presentation 

Complete video frame 
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~CCD UNIFORMITY OF RESPONSE 

Device Number )61-6-6 Dev ice Type __ 2.:..:5::,....0 _____ x-=--4_0:.-.0 _ ____ _ 

VIDEO MONITOR DISPLAY 

Li ght source 3400 

Spectral filter 0.4000 microns 

Average well population 50 

Temperature 25 

Data rate 

Frame time 

___ 4...:..,._0 ___ MHz 

_______ 1:...,,:3:...=5:...-__ ms 
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~ CCD UNIFORMITY OF RESPONSE 

Device Number 361-6-6 Device Type 250 X 400 
Li ght source 3400 oK Spec tra 1 f i 1 ter 0 r 4000 mi crons 

Average well population __ 5J.;0~_ ~ Temperature _...;;;,.2~",-_ 

Data rate 4.0 MHz Frame time 135 

Oscilloscope presentation 
Video I ine number 50 

Oscilloscope presentation 
Complete video frame 
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CCD SPECTRAL RESPONSIVITY ~ 

Device 361-6-6 . 

0.50 o. 70 O. 90 

I ncident Wavelength (jJm) 

DATA RATE 

FRAME TI ME 

TEMPERATURE 
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CENTHAL RESEARCH LABORATORIES 
CCD Optical and Electrical 

Characterization Test Report 

for 

Customer NASA/GODDARD SPACE FLIGHT CENTER 

Contract No.NAS5-22924 

Device No. _____ J~6~1~-~6~-~8 ______ __ 

Device Tyne __ ~2~5_0~x~4_0_0 ______ _ 
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CCD OPTICAL AND ELECT~ICAL CHARACTERIZATION 
TEST REPORT 

1. CCD DEVICE NUMBER ___ 3:.....6_1_-_6_-_B ____ ~---

2. DE VI CE TYPE __ -""25o::....0---"-x~4....;.0_0 __ _ HEADER TYPE Yaro tube header 

2 Active area~_0~._6~3....;.6_cm pixel dimensions l,OB mils x 0,9 

J. OPERATING LEVELS in volts 

Substrate 
Parallel clocks 
Serial clocks 
Input diode 
Outuut gate 

-.S 
10'-

15 
32 

2 

Lower reference 
Upper reference 
Lower drain 
Upper drain 
Pre charge pulse 

4. AMPLIFIER CONFIGURATION used for the tests in this report, 
nrecharge amplifier with off-chip load 

5. SPECTRAL RESPONSE (see accompanying graph) 

Quantum efficiency is 14 % at 0.4 

75 % at 0.7 

25 ~ at 1.0 

microns 

microns 

microns 

6. DARK CURRENT measured by the pre charge method 

21.1 nanoamps/cm2 or B.5 xl05 electrons/pixel/sec 

T = 25 
---"--

C, data rate 4.0 MHz, frame tim~ 100 

7. R.M.S. NOISE ELECTRONS/PIXEL 

ms 

mils 

20 
20 

9 

Dark current shot noise 292 (lOOms) electrons added in quadrature 

to a readout noise of 30 
~---

electrons gives a calculated 

R • 1fJ • S. n 0 ~ se 0 f --'2_9 ..... 4"--__ _ electrons/pixel 

8, FULL WELL CHARGE CAPABILITY, determined from the saturation 

exposure level, is 

9, DYNA~IC RANGE is computed to be 

10, CHARGE TRANSFER EFFICIENCY at 4.0 

electrons. 

11 

f,':Hz is 0.99993 

11. COMN.ENTS ____________________________ _ 
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~CCD IMAGING PERFORMANCE 

Device Number 361-6- 8 

Light Source strobe 

Dev ice Type ___ .s..2...,15..)J.O---'lx-...:::I4~0~0,--__ _ 

Temperature 

Frame time 

L.. 

OK Spectral filter none m i c rons 
o 

__ -'2 .... 5.L--_ C Da ta ra te __ ...;.4 ....... ...=..0 ___ MHz 

__ -=J:;...:J::....-----:m 5 

1 

..J 

134 



I 
I 

Device Numbe r 361-6- 8 

r 

L 

~CCD DARK CURRENT UNIFORMITY 

Device Type ------------------------250 X 400 

1 

VIDEO MONITOR DISPLAY 

Temperature __ 2~50--__ oc 

4.0 MHz --'----Data rate 

Frame time 100 ________ ms 

135 
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~ CCD DARK CURRENT UNIFORMITY 

Device Number 361-6-8 Device Type ___ 2::;..5_0_x_4_0_0 __ _ 

T 25 °c empera ture -'~"'--__ Data rate 4. ° MHz 

Frame time 100 ms 

r 

L 

Osci lloscope presentation 

Video line number 50 

Osci lloscope presentation 

Complete video frame 
136 
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~CCD UNIFORMITY OF RESPONSE 

Device Numbe r 361-6-8 Device Type 250 X 400 

-

1-

VIDEO MONITOR DISPLAY 

Li ght source 3400 

Spectral filter 0.4000 microns 

Average well population 50 

Temperature 25 

Data rate 4. 0 MHz 

Frame time 239 ms 

137 
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~ CCO UNIFORMITY OF RESPONSE 

Device Number 361-6-8 Device Type 250 X 400 

Light source 3400 oK Spectral filter 0,4000 

Average well population 50 i Temperature 

Data rate 4.0 MHz Frame time _2_3 __ 9 __ ms 

Oscilloscope presentation 
Video line number 50 

Oscilloscope presentation 
Complete video frame 

138 
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CCD SPECTRAL RESPONSIV ITY ~ 

Device 361- 6- 8 
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O. 30 O. 50 O. 70 O. 90 

I ncident Wavelength (~m) 

DATA RATE 3 . 0 MHz 

FRAME T I ME 50 MS 

TEMPERATURE 
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CENTRAL RESEARCH LABORATORIES 
CCD Optical and Electrical 

Characterization Test Report 

for 

Customer NASA/GODDARD SPACE FLIGHT CENTER 

Contract No.NAS5-22924 

Device No. 361-8-4 
--~~~~----------

Device Tyne 250 x 400 
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CCD OPTICAL AND ELECT~ICAL CHARACTERIZATION 
TEST REPORT 

1, CCD DEVI CE NUlVJBER __ --==-36.;:..1.;:..-_8.;...-_4~ ________ _ 

2. DEVICE TYPE 250 x 400 HEADER TYPE Varo tube header 

Active area 2 0,636 cm ,pixel dimensions 1.08 mils x 0,9 mils 

3. OPERATING LEVELS in volts 

Substrate 
Parallel clocks 
Serial clocks 
Input diode 
Outuut gate . -

-.5 
10 
10 

32 
2 

Lower reference 
Upper reference 
Lower. drain 
Upper drain 
Precharge pulse . 

4. AMPLIFIER CONFIGURATION used for the tests in this report I 
precharge amplifier with off-chip load 

5. SPECTRAL RESPONSE (see accompanying graph) 

Quantum efficiency is 12.2 % at 0.4 microns 

2512 % at 0.7 microns 

22.2 % at 1.0 . microns 

6. DARK CURRENT measured by the pre charge method 

26.4 2 nanoamps/ cm . or 1.1 x 106 electrons/pixel/sec 

T = 25 C, data rate 4.0 MHz, frame time 100 ms 

7. R.M.S. NOISE ELECTRONS/PIXEL 

20 
20 

9 

Dark current shot noise 320 (lOOms) electrons added in quadrature 

to a readout noise of 30 ----- electrons gives a calculated 

R.M.S. no~se of _~J_2_0 ____ _ electrons/pixel 

8. FULL WELL CHARGE CAPABILITY, determined from the saturation 

8.8 x 105 
exposure level, is electrons. 

9. DYNAMIC RANGE is computed to be 

10, CHARGE TRANSFER EFFICIENCY at 4,0 

11. COMl'v;ENTS open parallel electrode 
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~CCD IMAGING PE RFO RMANC E 

Device Number 361-8-4 Device Type 250 x 400 
0 

Light Source str:QQe K Spect ra 1 f i 1 ter none microns 
0 

4.0 Temperature 25 C Data rate MHz 

Frame time 33 ms 

r 

I.. 
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Device Number 361-8-4 

fY ~CCD DARK CURRENT UNIFORMITY 

Dev i ce Type __ 2..:..5_0_x_4_0_0 _______ _ 

VIDEO MONITOR DISPLAY 

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

Data rate 

Frame time 

_--.:.4...!.o..:..0__ MHz 

100 _____ ms 
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~ CCD DARK CURRENT UNIFORMITY 

Device Number 361-8-4 Device Type 250 x 400 
------~-------------

Tempe ra ture --:2:::,.5"'--__ 
Frame time 100 ms 

Data rate 4. a MHz 

r 

----

Osci lloscope presentation 

Video line number 50 

Osci lloscope presentation 

Complete video frame 
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~CCD UNIFORMITY OF RESPONSE 

Dev i ce Numbe r J;,.;;:6;..::1'--...::8:--..,.:4 ___ _ Dev ice Type _--.:2:.::5::....;0=---=x~4..:....0=_0=__ _____ _ 

r 

-

VIDEO MONITOR DISPLAY 

Li ght sou rce 3400 

Spectral filter 0.4000 

Average well population 50 

Temperature 25 

Data rate 4. 0 

Frame time 135 
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~ CCD UNIFORMITY OF RESPONSE 

Device NumberJ61-8_4 Device Type 2 50 x 400 

Li ght source 3400 

Average well population 

Data rate 4.0 MHz 

OK Spectral filter 0,4000 

50 % Temperature 

F r arne t i rne 1 3 5 ms 

Oscilloscope presenta t ion 
Video line number 50 

Oscilloscope presentation 
Complete video frame 
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CCD SPECTRAL RESPONSIVITY ~ 

Device 361-8-4 

- -..... ,. , 
~ ..... 

(0 -
~ >. 
VI u 
Co. c 
E CD 

(0 ·u - ;: 
>. -..... LJ.J . :; E .-VI ::::::s 
c: ..... 
0 c 
Co. (0 

VI ::::::s 
CD 0 

0::: 

0.30 0.50 O. 70 O. 90 1.10 1. 30 

I ncident Wavelength (IJm) 

DATA RATE J.O MHz 

FRAME T I ME 50 MS 

TEMPERATURE 25 ·c 
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CE NTR AL RESEARCH LABORATORIES 
CCD Optical and Electrical 

Characterization Test Report 

for 

Customer NASA/GODDARD SPACE FLIGHT CENTER 

Contract No.NAS5-22924 

Device No. __ ~3~6~1~-~8~-~7 __________ _ 

Device Tyne 250 x 400 
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CCD OPTICAL AND ELECT~ I CAL CHARACTERIZATION 
TEST REPORT 

1. CCD DE VI CE NUlVIBER ____ 3_6_1_-_B-_7 _____________ _ 

2. DEVICE TYPE~ __ ~25~0~x~4~0~0 ______ _ HEADER TYPE ITT tube header 

Active area 0.636 cm2 , pixel dimensions 1,OB mils x 0.9 mils 

3. OPERATING LEVELS in volts 

Substrate 
Parallel clocks 
Serial clocks 
Input diode 
Outnut gate 

-.5 
14 
15 
32 

2 

Lower reference 
Upper reference 
Lower drain 
Upper drain 
Pre charge pulse 

4. AMPLIFIER CONFIGURATION used for the tests in this reportl 
nrecharge amplifier with off-chip load 

5. SPECTRAL RESPONSE (see accompanying graph) 

Quantum efficiency is 12. 6 % at 0.4 microns 

73.9 Yo at 0.7 microns 

26.7 ~ at 1.0 microns 

6. DARK CURRENT measured by the pre charge method 

36.0 2 nanoamps/cm or 1.4 x 106 
electrons/pixel/sec 

T = 25 C, data rate 4.0 MHz , frame time 100 ms 

7. R.M.S. NOISE ELECTRONS/PIXEL 

20 
20 
28 

9 

Dark current shot noise 3BO (lOOms) electrons added in quadrature 

to a readout noise of 30 ---- electrons gives a calculated 

_R . M.S. no~se of _~3~B~0~ __ electrons/pixel 

B. FULL WELL CHARGE CAPABILITY, determined from the saturation 

exposure level, is 1.7 x 106 
electrons. 

9. DYNAfHC RANGE is computed to be _4---'5:0-0_0 __ :_1 ______ _ 

10. CHARGE TRANSFER EFFICIENCY at 4.0 ~Hz is 0.99993 

11. COMflillNTS ouen electrode in the lower serial register, reverse 
----------------------------------------------

operation best 
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~CCD IMAGING PERFORMANCE 

Device Numbe r 361-8-7 Device Type 250 x 400 

L i gh t Source 

Temperature 

Frame time 

r 

L 

--"s.l....:t\l.,\r~QL..!b~e"--_o K Spec t r a 1 f i 1 t e r 

_ _ -t2 .... 5.L--_oC Data rate 4 , 0 

_ _ ....::3:;....::3"-----.;ms 

150 

none microns 

MHz 

..J 



~CCD DARK CURRENT UNIFORMITY 

Devi ce Number 361-8-7 De vice Type __ 2..:..5_0_ x_ 4_O_O ______ _ 

r 1 

L 

VIDEO MONITOR DISPLAY 

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

Data rate __ 4~. _0 __ MHz 

Frame time 100 ms 
--~--

I 151 
l 
t __ _ 
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~ CCD DARK CURRENT UNIFORMITY 

Dev i ce Number 361-8-7 De vice Type 250 X 400 ---------------------
Temperature ~2~5~ ___ °C, Data rate 4. a MHz 

Frame t ime 100 

r 

L 

..... 

ms 

Osci lloscope presentation 

Video line number 50 

Osci 11oscope presentation 

Complete video frame 
152 
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~CCD UNIFORMITY OF RESPONSE 

Device Number )61-8-7 De vice Type _______ 2::..::5::...0:........,:x:..::.....-4...:..0.:....0-=---_____ _ 

r 

L 

VIDEO MONITOR DISPLAY 

Li ght source )400 

Spectral filter 0 . 4000 

Average well populat i on 50 

Temperature 25 

Data rate 4. ° 
Frame time 250 

153 

·K 

microns 

% 
·C 

MHz 

ms 

., 
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~ CCD UNIFORMITY OF RESPONSE 

Dev ice Number 361-8-7 

Li ght source 3400 

Ave rage well population 

Device Type 250 X 400 

Data rate 

oK Spectral filte r 0 ,4000 

50 ~ Temperature 

4.0 MHz Frame time 250 ms 

Oscilloscope presentation 
Video I ine number 50 

..J 

.., 

Oscilloscope presentation 
Complete video frame 
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Device 361-8-7 
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I ncident Wavelength (IJm) 

DATA RATE 3.0 MHz 

FRAME TI ME 50 MS 

TEMPERATURE 25 • c 
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CENTRAL RESEARCH LABORATORIES 
CCD Optical and Electrical 

Characterization Test Report 

for 

Customer NASA/GODDARD SPACE FLIGHT CENTER 

Contract No.NAS5-22924 

Device No. 367-1-5 
~~~~~----------

Device Tyne 250 x 400 
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CCD OPTICAL AND ELECT~ICAL CHARACTERIZATION 
TEST REPORT 

1, CCD DEVICE NUMBER 367-1-5 

2. DEVICE TYPE 250 x 400 HEADER TYPE ITT tube header 

Active area 0.6)6 cm 2 , pixel dimensions 1.08 mils x 0.2 mils 

J. OPERATING LEVELS in volts 

Substrate 
Parallel clocks 
Serial clocks 
Input diode 
Output gate 

-.5 
-il_ 

10 

2 

Lower reference 
Upper reference 
Lower drain 
Upper drain 
Pre charge pulse 

4. AMPLIFIER CONFIGURATION used for the tests in this reports 
precharge amplifier with off-chip load 

5. SPECTRAL RESPONSE (see accompanying graph) 

Quantum efficiency is 11.4 % at 0.4 

77.7 % at 0.7 

31. 5 ?0 at 1.0 

microns 

microns 

microns 

6. DARK CURRENT measured by the pre charge method 

50 nanoamps/cm2 or 2,Oxl06 electrons/pixel/sec 

T = 25 C, data rate 4.0 MHz, frame time 100 

7. R.M,S, NOISE ELECTRONS/PIXEL 

ms 

20 

9 

Dark current shot noise 450 (lOOms) electrons added in quadrature 

to a readout noise of )0 ---- electrons gives a calculated 

R.M.S, no~se of 450 electrons/pixel 

8. FULL WELL CHARGE CAPABILITY, determined from the saturation 

exposure level, is 1,ox10
6 

electrons. 

9. DYNA~IC RANGE is computed to be 2200 s 1 

10. CHARGE TRANSFER EFFICIENCY at 4,0 f.':Hz is > 0.99996 

11, COMfv:ENTS ____________________________ _ 
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~CCD IMAGING PERFORMANCE 

Device Number ]62-1- 5 Device Type 250 x 400 
0 

Light Source str:Qbe K Spect ra 1 f i 1 ter none microns 
0 

41 0 Temperature 25 C Data rate MHz 

Frame time 2J} ms 

1 

L 

158 



~CCD DARK CURRENT UNIFORMITY 

Dev i ce Number 367-1-5 De vice Ty pe __ 2~5_0_x_4_0_0 _______ _ 

·r l 

L J 

VIDEO MONITOR DI~PLAY 

Temperatu re __ 2..:::.5 ___ C 

Data rate _--.-:.4..!. • ...:.0__ MH z 

Frame time ___ 8--,7 __ ms 
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~ CCD DARK CURRENT UNIFORMITY 

Devi ce Number 367-1-5 Dev ice Type 250 X 400 -----------------
T t 25 °c em pe r a u r e ----:;;;..._"--__ Data rate 4.0 MHz 

Frame time 87 ms 

-

r 

Osci lloscope presentation 

Video line number 50 

Osci 11oscope presentation 

Complete video frame 

160 
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~CCD UNIFORMITY OF RESPONSE 

Device Number367-1- 5 
~:----'~----

Dev i ce Type 250 X 400 
--~-----------

\ 

r 

L .J 

VIDEO MONITOR DISPLAY 

Light source 3400 8 K --..:.-----
Spectral filter 0.4000 microns 

Average well populat ion 50 % 

Temperature 25 ·C 

Data rate 4.0 MHz 

Frame time 223 ms ---.:::..----
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~ CCD UNIFORMITY OF RESPONSE 

Device Number 367-1-5 Device Type 250 X 400 

Li ght source 3400 oK Spec tra' f i 'ter 0,4000 

Average well population 50 % Temperature 

Data rate 4. 0 MHz Frame time 223 ms 
--~-

Oscilloscope presentation 
Video I ine number 50 

Osci Iloscope presentation 
Complete video frame 
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DATA RATE 
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TEMPERATURE ,25 ·c 
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CENTRAL RESEARCH LABORATORIES 
CCD Optical and Electrical 
Character~zation Test Report 

for 

Customer NASA/GODDARD SPACE FLIGHT CENTER 

Contract No,NAS5-22924 

Device No, 367-2-6 Tube # 287 

Device Tyne 250 x 400 
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CCD OPTICAL AND ELECT~ICAL CHARACTERIZATION 
TEST REPORT 

1. CCD DE VI CE NUlVIBER ___ 3'-=6:....1.7_-.=,2-_6=--_______ _ 

2. DEVI CE TYPE . ....--_2...;;.,S"-O--""xo..--4....;...0-'-O __ _ HEADER TYPE ___ V~a=r~o~t~u=b=e~h=e~a=d=e=r~ __ _ 
2 Active area. __ ~0~.~6~J~6 __ cm ,pixel dimensions 1.08 mils x 0.9 

3. OPERATING LEVELS in volts 

Substrate -.,:2 Lower reference 
Parallel clocks 10 Upper reference 
Serial clocks 10 Lower drain 
Inpu,t diode 32 Upper drain 
Outuut gate 2 Pre charge pulse 

4. AMPLIFIER CONFIGURATION used for the tests in this reporta 
nrecharge amplifier with off-chip load 

5. SPECTRAL RESPONSE (see accompanying graph) 

Quantum effici~ncy is 9.4 % at 0.4 microns 

73.6 % at 0.7 microns 

25.9 ~ at 1.0 · microns 

6. DARK CURRENT measured by the pre charge method 

35 nanoamps/cm2 or 1.4 x 10
6 

electrons/pixel/sec 

'f = 25 ---- C, data rate 4.0 MHz, frame time 100 

7. R.M.S. NOISE ELECTRONS/PIXEL 

ms 

mils 

20 
20 
28 
28 
9 

Dark current shot noise 380 (lOOms) electrons added in quadrature 

to a readout noise of 30 ------ electrons gives a calculated 

electrons/pixel R.M.S. no~se of ___ ~J_8_0 __ __ 

8. FULL WELL CHARGE CAPABILITY, determined from the saturation 

exposure level, is 9.5 x 105 electrons. 

9. DYNA~IC RANGE is computed to be 2500 :1 -----------------------
10. CHARGE TRANSFER EFFICIENCY at 4.0 f":H z is 0.99995 

11. COMrv~NTS _____________________________ _ 
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~CCD IMAGING PERFORMANCE 

Device Number )62-2-6 Device Type 250 x 400 
0 

Light Source S:tr:QQ~ K Spectral f i 1 ter none m i c rons 
0 

4 1 0 Temperature 25 C Data rate MHz 

Frame time JJ ms 

r 

L.. .J 
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Devi ce Number 367-2-6 

.r 

~CCD DARK CURRENT UNIFORMITY 

Device Type __ 2_5_0_x_4_0_0 _______ _ 

VIDEO MONITOR DISPLAY 

Temperatu re __ 2..::.5 ___ ° C 

Data rate 

Frame time 

__ 4....:..._0 __ MHz 

100 _____ ms 
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~ CCD DARK CURRENT UNIFORMITY 

Device Number 367-2-6 De v ice Type ___ 2..:;.5_0_x_4_0_0 __ _ 
Tempera ture ---=2;::..5~ __ Data rate 4. ° MHz 

F r arne time 100 ---=-=- ms 

L 

Osci lloscope presentation 

Vi dec line number _...J.5~0~_ 

Osci 11oscope presentation 

Complete video frame 

168 
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~CCD UNIFORMITY OF RESPONSE 

Dev ice Numbe r ..:::3:....;:6:...J.7_-:....!:2::...:-~6~ __ _ De vice Type --'-_2~5::....0=----=x:.=..-4..:....0.:..0-=--_____ _ 

r 

L ..J 

VIDEO MONITOR DISPLAY 

Light source 3400 

Spectral filter 0.4000 microns 

Average well population 50 % 

Temperature 25 ·C 

Data rate 4.0 MHz 

Frame time 224 ms 

169 
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~ CCD UNIFORMITY OF RESPONSE 

Device Number3 67-2-6 Device Type 250 X 400 

Li ght source 3400 oK Spec tra 1 f i 1 ter 0 ,4000 mi crons 

Average we 11 population __ 5.,.0 ___ % Temperature ___ 2"",,5 __ 

Data rate 4.0 MHz Frame time- 224 

Oscilloscope presentation 
Video 1 ine number 50 

Oscilloscope presentation 
Complete video frame 
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CENTRAL RESEARCH LABORATORIES 
CCD Optical and Electrical 

Characterization Test Report 

for 

Customer NASALGODDARD SPACE FLIGHT CENTER 

Contract No,NA~5-22924 

Device No, 367-4-4 -------------------
Device Tyne 250 x 400 
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CCD OPTICAL AND ELECT~ICAL CHARACTERIZATION 
TEST REPORT 

1. CCD DEVICE NUNlBER. __ --=3:...6.....:.7_-_4_-_4 ________ _ 

2. DEVI CE TYPE __ 2..;...,5 ...... 0-"-x"---4....:;.0....:;.0 __ _ HEADER TYPE Varo tube header 

3. 

4. 

5. 

2 Active area. __ ~0~.~6~3~6 __ cm , pixel dimensions 1.08 mils x 0.9 

OPERATING LEVELS in volts 

Substrate 
Parallel clocks 
Serial clocks 
Input diode 
Output gate .. 

-.5 
14 
15 
32 

2 

Lower reference 
Upper reference 
Lower drain 
Upper drain 
Pre charge pulse 

AMPLIFIER CONFIGURATION used for the tests in this report, 
nrecharge amplifier with off-chip load 

SPECTRAL RESPONSE (see accompanying graph) 

Quantum efficiency is 13.2 % at 0.4 microns 

74.6 % at 0.7 microns 

27.2 ~ at 1.0 · microns 

6. DARK CURRENT measured by the pre charge method 

5.5 nanoamps/cm2 or 2.2 x 105 electrons/pixel/sec 

T = 25 
----"---

C, data rate 4.0 MHz, frame time 100 ms 

7. R.M.S. NOISE ELECTRONS/PIXEL 

mils 

20 
20 
28 

9 

Dark current shot noise148 (lOOms) electrons added in quadrature 

to a readout noise of 30 ---- electrons gives a calculated 

R.M.S. no~se of __ 1=5_0 ___ _ electrons/pixel 

8. FULL WELL CHARGE CAPABILITY, determined from the saturation 

exposure level, is 1.8 x 10
6 

electrons. 

9. DYNAlnC RANGE is computed to be _1_1_9_0_0 __ ,_1 ______ _ 

10. CHARGE TRANSFER EFFICIENCY at 4.0 r~:Hz is 0.99995 

11. COMN£NTS open parallel electrode, reverse operation best 
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~CCD IMAGING PERFORMANCE 

Device Number 367-4-4 Device Type 250 x 
0 

Light Sou rce S:t;r:QQ~ K Spectral fi 1 ter none 
0 

4 1 0 Temperature 25 C Data rate 

Frame time 33 ms 

L 

174 

---- --- - -- ------ - - -- -

-----------

400 

microns 

MHz 
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~CCD DARK CURRENT UNIFORMITY 

Device Number -------
367-4-4 Dev i ce Type __ 2_5_0_x_4_0_0 ______ _ 

r 1 

L .J 

VIDEO MONITOR DISPLAY 

Temperatu re 25 C --""----

Data rate __ 4~. _0 __ MHz 

Frame time 100 _____ ms 
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~ CCD DARK CURRENT UNIFORMITY 

Device Number 367-4-4 De vice Type 250 x 400 ---------------------
Temperatu re ~2~5~ __ _ Data rate 4.0 MHz 

Frame ti me 100 ms 

r 

r 

----

Osci lloscope presentation 

Video line number 50 

Osci lloscope presentation 

Complete video frame 
176 
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~CCD UNIFORMITY OF RESPONSE 

Dev ice Numbe r _3_6_7_-_4_-_4 __ _ Dev i ce Type _--=2:..::5::.....0:.........::x-=--4.:....:0:....:0~ ____ _ 

L 

VIDEO MONITOR DISPLAY 

Li ght source 3400 

Spectral fi 1 ter 0,4000 microns 

Average well population 50 % 

Temperature 25 ·c 
Data rate 4, 0 MHz 

Frame time 330 ms 

177 
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~ CCD UNIFORMITY OF RESPONSE 

Device Number 367-4-4 Device Type 250 X 400 
Li ght source 3400 oK Spec tra I f i Iter o! 4000 

Ave rage well population 50 i Temperature 

Data rate 4.0 MHz Frame time 330 

Oscilloscope presentation 
Video line number 50 

Oscilloscope presentation 
Complete video frame 
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CCD SPECTRAL RESPONSIVITY ~ 

Device 367-4-4 

I·! 

0.90 1.10 

I ncident Wavelength (~m) 

DATA RATE 3.0 MHz 

FRAME T I ME 50 MS 

TE M PE RA TU RE 25 • c 
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CENTHAL RESEARCH LABORATORIES 
CCD Optical and Electrical 

Characterization Test Report 

for 

Customer NASA/GODDARD SPACE FLIGHT CENTER 

Contract No.NAS5-22924 

Device No. 367-6-5 
-------------------

Device Tyne __ ~25~O~x~4_O_O ______ _ 
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CCD OPTICAL AND ELECT~ICAL CHARACTERIZATION 
TEST REPORT 

1. CCD DEVICE NUjVJBER_~J6_7_-_6_-..;...5 _____ ~:--__ 

2. DEVICE TYPE 250 x 400 HEADER TYPE ITT tube header 

Active area 2 0.6)6 em , pixel dimensions 1.08 mils x 0,2 mils 

J. OPERATING LEVELS · in volts 

Substrate 
Parallel clocks 
Serial clocks 
Input diode 
Outnut gate 

-. S 1O-
15 
)2 

2 

Lower reference 
Upper reference 
Lower drain 
'Upper drain 
Pre charge pulse 

4. AMPLIFIER CCNFIGURATION used for the tests in this reportl 
nrecharge amplifier with off-chip load 

5. SPECTRAL RESPONSE (see accompanying graph) 

Quantum efficiency is 16 % at 0.4 microns 

75 % at 0.7 microns . 

34 1& at 1.0 microns 

6. DARK CURRENT measured by the pre charge method 

10.7 nanoamps/cm2 or 4.3 x 105 electrons/pixel/sec 

T = 25 C, data rate 4.0 r.1Hz, frame time 100 ms 

7. R.M.S. NOISE ELECTRONS/PIXEL 

20 
20 

9 

Dark current shot noise 207 (lOOms) electrons added in quadrature 

8. 

to a readout noise of 30 ---- electrons gives a calculated 

electrons/pixel R. PfJ. S. no::'se of __ 2_1_0 __ _ 

FULL WELL CHARGE CAPABILITY, determined from the saturation 

exposure level, is 1 x 106 
electrons. 

9. DYNAIHC RANGE is computed to be _4_7_6_0 ___ '_1 ______ _ 

10. CHARGE TRANSFER EFFICIENCY at 4.0 f":Hz is>. 99996 

11. COM~mNTS 
--------------------------~----------------
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Device Number 

Light Source 

Temperature 

Frame time 

L 

~CCD IMAGING PERFORMANCE 

367-6-5 Dev i ce Type 250 X 400 
0 

s:t:r:Q:Qe K Spectral fi 1 ter none microns 
0 

25 C Data rate 2 1 0 MHz 

--2!± ms 

.... 
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~CCD UNIFORMITY OF RESPONSE 

Dev i c e Numbe r __ 3_6_7_-_6_-_5 __ _ Devi ce Type 250 X 400 
---~-~~~------

r ..., 

l.. .J 

VIDEO MONITOR DISPLAY 

Light source __ ...:J;..,.4_0_0 ___ ·K 

Spectral fi Iter __ 0_._4_0_0_0 ___ microns 

Average well population ___ ~5_0--- % 

Temperature 25·C 

Data rate ___ 4...:: • ...:0~ __ MHz 

Frame time __ 1_7_9 __ ~_ ms 

183 
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~ CCO UNIFORMITY OF RESPONSE 

Device Number 87-6-5 Device Type 250 X 400 

Ligh t source 3400 oK Spectral filter 0.4000 

Average we 11 population __ 5,,-O~_ ~ Temperature 

Data rate 2 • .5 MHz Frame time 179 ms ----

Oscilloscope presentation 
Video I ine number 50 

Oscilloscope presentation 
Complete video frame 

184 
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J ~ o 
~CCD DARK CURRENT UNIFORMITY 

Devi ce Number 367-6-5 Dev i ce Type __ 2-=-5_0_x_4_0_0 ______ _ 

l 

J 

VIDEO MONITOR DISPLAY 

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

Data rate 2.5 MHz --
Frame time 87 ms ---

185 
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~ CCD DARK CURRENT UNIFORMITY 

Device Number 367-6-5 Device Type 2.50 X 400 
----~~-----------

Temperature ---:2;:;..5.1--__ °c Data rate 2 • .5 

Frame time 87 ms 

L 

r 

L 

-----

Osci lloscope presentation 

Video line number 50 

Osci 11oscope presentation 

Complete video frame 

186 
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CCD SPECTRAL RESPONSIVITY ~ 

Devi ce 367- 6-5 
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0.30 0.50 o. 70 o. 90 1. 10 

'ncident Wavelength (~m) 

DATA RATE 3.0 MHz 

FRAME TIME 50 MS 

TEMPERATURE 25 ·c 
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CE~ THAL RESEARCH LABORATORI ES 
CC D Optical and Electrical 

Characterization Test Report 

for 

Customer NASA/GODDARD SPACE FLIGHT CENTER 

Contract No.NAS5-22924 

Device No. __ 3~6~7-~8-~6 __________ _ 

Device TYDe 250 x 400 

188 
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CCD OPTICAL AND ELECT~ICAL CHARACTERIZATION 
TEST REPORT 

1. CCD DEVICE NUlVJBER. __ ~3;::..67J....-....:B~-...::6:...--_______ _ 

2. DEVI CE TYPE:~_..;:.2.:<..5..;...0.....;x=--4.....;0:....;0:.--__ _ HEADER TYPE ITT tube header 

2 Active area._..;:.0...:.. . ..;:.6....::.3..;:.6_cm , pixel dimensions l,OB mils x 0,2 

3. OPERATING LEVELS in volts 

Substrate -.,2 Lower reference 
Parallel clocks 1lj: Upper reference 
Serial clocks 15 Lower drain 
Input diode 32 Upper drain 
Output gate 2 Pre charge pulse . -

4, AMPLIFIER CCNFIGURATION used for the tests in this reports 
nrecharge amplifier with off-chip load 

5. SPECTRAL RESPONSE (see accompanying graph) 

Quantum efficiency is Z. Q % at 0.4 microns 

63 !± % at 0.7 microns 

2B. 6 ~ at 1.0 microns 

6. DARK CURRENT measured by the pre charge method 

49.5 nanoamps/cm2 or 2.0 x 10
6 

electrons/pixel/sec 

T = 25 
-~-

C, data rate 4.0 MHz, frame time 100 ms 

7. R.M.S. NOISE ELECTRONS/PIXEL 

mils 

20 
20 
28 
28 

9 

Dark current shot noise 440 (lOOms) electrons added in quadrature 

B. 

9. 

to a readout noise of 30 ---:..--- electrons gives a calculated 

electrons/pixel R.M.S. no:se of ____ ~4.....;4..;:.0 __ _ 

FULL WELL CHARGE CAPABILI'TY, determined from the saturation 

exposure level, is 1.6 x 10
6 

electrons. 

DYNA~IC RANGE is computed to be 3600 a 1 

10. CHARGE TRANSFER EFFICIENCY at 4.0 f,':Hz is 0.99995 

11. COMfv~NTS open parallel electrode 

189 
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Device Number 

Li ght Source 

Temperature 

Frame time 

L 

~ CCD IMAGI NG PERFORMANCE 

· .. ,' .- .-~~ ~ l 
367-8-6 De vice Type ___ -.A2_S ..... OloL.-.."x--"'4""'Ow,O'------

0 

s:ta::Q12e K Spectral filter none microns 
0 

25 C Data rate __ ~4~,~O~ ___ MHz 

JJ ms 

190 
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~CCD UNIFORMITY OF RESPONSE 

Devi ce Number 367-8-6 Device Type 250 x 400 

r 

L --' 

VIDEO MONITOR DISPLAY 

Light source ___ J_4_0_0 ___ oK 

Spectra I fi Iter __ 0_0_4_0_0_0 ___ mi crons 

Average well population ___ 5_0 __ % 

Temperature 25 °c 
Data rate ___ 4"':;0_0 ___ MHz 

Frame t ime ___ 1=-5~9 ___ ms 

191 
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~ ceo UNIFORMITY OF RESPONSE 

Device Number 367-8-6...... Device Type 25 0 X 400 

Li ght source 3400 oK Spec tra 1 f i 1 ter 0,4000 

Average we11 population 50 ~ Temperature 

Data rate 4.0 MHz Frame time 159 

Osci11oscope presentation 
Video'ine number 50 

Oscilloscope presentation 
Complete video frame 
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Device Number 367-8-6 

r 

L 

~CCD DAR K CURRENT UNIFORMITY 

Device Type 250 X 400 

VIDEO MONITOR DISPLAY 

Temperatu re __ 2---,,5 ___ C 

Data rate 

Frame time 

__ 4........;.'-0 __ MHz 

100 _____ ms 
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~ CCD DARK CURRENT UNIFORMITY 

Device Number 367-8-6 De vice Type 2.50 x 400 -------------------
Tempera tu re --'2-.5"--__ Data rate 4.0 MHz 

Frame time 100 ms 

r 

L 

------

Oscilloscope presentation 

Video line number 50 

Osci Iloscope presentation 

Complete video frame 

194 
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0.30 

CCD SPECTRAL RESPONSIVITY 4P 
Device 367-8-6 

0.50 O. 70 O. 90 

I ncident Wavelength (tJrn) 

DATA RATE J. 0 MHz 

FRAME T I ME 50 MS . 

TEMPERATURE 25 
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C£~TRAL RES~ARCH LABORATOR I ES 
CC D Optical and El ectrical 

Characterization Test Report 

for 

Customer NASA/GODDARD SPACE FLIGHT CENTER 

Contract NO, NAS5-2 2924 

Device No, J 67- 9-2 
--~~------------

De vice Tyne 250 x 400 
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CCD OPTICAL AND ELECT]ICAL CHARACTERIZATION 
TEST REPORT 

1 , CCD DE VI CE NUNJBER __ .J,.;36~7,--...... 9,--..!::2,--____ --:-.,.--__ 

2, DEVICE TYPE ___ =2S~0~x~4~0~0~ ____ _ HEADER TYPE ____ ~I~T=T~t=u~be~h=e~a~d~e~r~ ___ 
2 Active area. __ =0~.=6~3=6 __ cm , pixel dimensions 1,08 mils x 0,9 

3. OPERATING LEVELS in volts 

Substrate -.S Lower reference 
Parallel clocks 1!j: Upper reference 
Serial clocks IS Lower drain 
Input diode 32 Upper drain 
Outuut gate 2 Pre charge pulse . -

4, AMPLIFIER CONFIGURATION used for the tests in this report: 
pre charge amplifier with off-chip load 

5. SPECTRAL RESPONSE (see accompanying graph) 

Quantum efficie.ncy is 9.1 % at 0.4 microns 

66.1 % at 0.7 microns 

30,1 % at 1.0 ' microns 

6, DARK CURRENT measured by the pre charge method 

40,6 nanoamps/cm2 or 1,6 x 106 electrons/pixel/sec 

T = 25 ----:;..- C, data rate 4.0 MHz, frame time 100 

7. R.M.S, NOISE ELECTRONS/PIXEL 

ms 

mils 

20 
20 
28 
28 

9 

Dark current shot noise 400 (lOOms) electrons added in quadrature 

to a readout noise of 30 ---- electrons gives a calculated 

electrons/pixel R.M.S, no~se of ____ 4 __ 01 ___ _ 

8. FULL WELL CHARGE CAPABILITY, determined from the saturation 

exposure level, is 1.6 x 10
6 

. electrons. 

9. DYNA~IC RANGE is computed to be 4000 : 1 

10, CHARGE TRANSFER EFFICIENCY at 4,0 r.':Hz is 0.99995 

11, COMN.ENTS open parallel electrode; reverse. operation best 

197 
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~ CCD I MAG I NG PERFORMANCE ! 

Device Number 367-9-2 Dev i ce Type __ ---'2~5,.L-lO"'----'x""--4L...>OL>.O'-----
0 

Li ght Source S:t:r:Q:Q~ K Spectral filter none microns 
0 

Temperature 25 C Data rate 4 « 0 MHz ---<----
Frame time 3J ms 

.J 
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~CCD DARK CURRENT UNIFORMITY 

Device Number -------367-9-2 250 x 400 Device Type -----------------

r l 

L .J 

VIDEO MONITOR DISPLAY 

Temperatu re __ 2.:=..5 ___ ° C 

Data rate __ 4"':"0_0 __ MHz 

Frame time 100 5 ______ m 
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~ CCO DARK CURRENT UNIFORMITY 

Device Number 367-9-2 De vice Type ___ 2~5_0_x_4_0_0 __ _ 
T 25 °c D 4 0 MH emperature _ ata rate • z 

Frame time _.::.1..::;0..::;0 __ ms 

r 

Osci lloscope presentation 

Video line number 50 

Osci 11oscope presentation 

Complete video frame 

200 
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~CCD UNIFORMITY OF RESPONSE 

Dev i ce Numbe r _ ...... J::...;6:;..J7'--......;9'-.:._2 __ _ Dev i ce Type _---.:2.:..:5::..,.0-=--.;x=-=-4..:....:...0.:,.0 _____ _ 

r 

...J 

VIDEO MONITOR DISPLAY 

Li ght source J400 

Spectra.l filter 0.4000 microns 

Average we1, p~pulation 50 % 

Temperature 25 ·C 

Data rate 4. ° MHz 

Frame time 175 ms 

201 
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~ ceo UNIFORMITY OF RESPONSE 

Device Number 367-9-2 Device Type 250 X 400 
Ligh t source 3400 oK Spectral filter 0, 4 0 0 0 micr ons 

Average we 11 population __ 5",-0~_ ~ Tempera t ure _....;;;.2"",5 _ _ °e 
Data rate 4.0 MHz Frame time" __ 1_7_5 _ _ 

Oscilloscope presentation 
Video I ine number 50 

Oscilloscope presentation 
Complete video frame 
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CCD SPECTRAL RESPONSIVITY ~ 

Device 367-9-2 

10

0 

~111111111111111=t:J-~j#1 ~ I I L .L.I...,., 'Ilt-
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t' I!! ~ J 

-10 

0.30 0.50 o. 70 O. 90 1.10 1. 30 

I ncident Wavelength (~m) 

DATA RATE J. 0 MHz 

FRAME TI ME 50 MS 

TEMPERATURE 25 • c 
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CENTRAL RES~ARCH LABORATORIES 
CCD Optical and Electrical 

Characterization Test Report 

for 

~-----. -~ -- ------, 

Custome r NASA/GODDARD SPACE FLIGHT CENTER 

Contract No .NAS5-22924 

Device No. 367-10-2 

Device Tyne __ ~2~5~0~x~4~0~0 ______ _ 
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CCD OPTICAL AND ELECT~I CAL CHARACTERIZATION 
TEST REPORT 

1 . C CD DE V ICE N UJVjBER ___ J~6_7_-_1_0_-_2 ________ _ 

2. DEVI CE TYPE.~ __ 2~5_0_x;.c....-4_0_0 ___ _ HEADER TYPE ITT tube header 

2 Active area __ ~0~.~643~6 __ cm ,pixel dimensions 1.08 mils x 0.9 

3. OPERATING LEVELS in volts 

4. 

5. 

6. 

Substrate 
Parallel clocks 
Se rial clocks 
Input diode 
Outuut ga te 

-.5 
14 
15 
32 

2 

Lower reference 
Upper reference 
Lowe r drain 
Upper drain 
Pre charge pulse 

AMPLIFIER CONFIGURATION used for the tests in this reports 
nrecharge amplifier with off-chip load 

SPECTRAL RESPONSE (see accompanying graph) 

Quantum efficiency is 12.6 % at 0.4 microns 

74. 8 5"~ at 0.7 mlcrons 

27.4 ~ at 1.0 microns 

DARK CURRENT measured by the pre charge method 

20.8 nanoamps/cm 2 or 8. 3 x 105 electrons/pixel/sec 

T = 25 C, data r~te 4.0 ' MHz , frame time 100 ms 

7. R.M.S. NOISE ELECTRONS/PIXEL 

mils 

20 
20 

28 
9 

Dark current shot noise 288 (lOOms) electrons added in quadrature 

to a readout noise of 30 ----- electrons gives a calculated 

R. r~. S. no::'se or' __ 2_9_0 ___ _ electrons/pixel 

8. FULL WELL CHARGE CAPABILITY, determined from the saturation 

exposure level, is 1.6 x 10
6 

electrons. 

9. DYNA~IC RANGE is computed to be 5500 :1 

10. CHARGE TRANSFER EFFICIENCY at 4.0 f..:Hz is 0.99995 

11. COMfl-:ENTS ------------------------------------------------------
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~CCD IMAGING PERFORMANCE 

Dev i ce Number 367-10-2 Device Type 250 x 400 
0 

Li ght Sou'rce sja:':Q:Qe K Spectral f i I te r none microns 
0 

4 1 0 Tempera tu re 25 C Data rate MHz 

Frame time 33 ms 

r 

L .J 
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~CCD DARK CURRENT UNIFORMITY 

De vice Numbe r __ 3.£.:;6~7L---=1~0~-:...:2,,--_ Device Type __ 2_5_0_x_4_0_0 ______ _ 

L 

VIDEO MONITOR DISPLAY 

Temperatu re __ 2--=5'--__ ° C 

Data rate 

Frame time 

__ 4-=.~0 __ MHz 

100 _----...: ___ ms 

207 
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~ CCD DARK CURRENT UNIFORMITY 

Device Number 367-10-2 Device Type 250 X 400 
------~------------

T em pe rat u r e --.,;2_.5"--__ Data rate 4.0 MHz 

Frame ti me 100 ms 
--~-

Osci lloscope presentation 

Video line number 50 

Osci lloscope presentation 

Complete video frame 
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~CCD UNIFORMITY OF RESPONSE 

Device Number 367-10-2 Device Type 250 X 400 

L 

VIDEO MONITOR DISPLAY 

Li ght sou rce 3400 

Spec tral filter 0.4000 microns 

Ave rage well population 50 % 

Temperature 

Da ta rate 

Frame time 

25 ·c 
____ ~4~.~0 _____ MHz 

330 ___________ ms 
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~ CCD UNIFORMITY OF RESPONSE 

Device Number 367-10-2 Device Type 250 X 400 

Light source 3400 oK Spectral filter 0,4000 

Average well population 50 i Temperature 

Data rate 4.0 MHz Frame time __ 3_3_0 __ ms 

Oscilloscope presentation 
Video line number 50 

Oscilloscope presentation 
Complete video frame 
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CCD SPECTRAL RESPONSIVITY ~ 

Device J67-10-2 

I ncident Wavelength (Ilrn) 

DATA RATE J.O MHz 

FRAME TIME 50 MS 

TEMPERATURE 2,2 
0 

C 
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CE~THAL RES~ARCH LABORATORI~S 

CCD Optical and Electrical 
Characterization Test Report 

for 

Customer NASA/GODDARD SPACE FLIGHT CENTER 

Contract No.NAS5-22924 

Device No, 367-11-2 
----~~-----------

Device Tyne 250 x 400 
--~~------------
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I .. 

CCD OPTICAL AND ELECT~lCAL CHARACTERIZATION 
TEST REPORT 

1. CCD DEVICE NUlVIBER __ ~3::-..6_7:......-_1_1_-_2 _______ _ 

2. DEYI CE TYPE ___ 25"'-0_x-'--4-_0_0 ___ _ HEADER TYPE ITT tube header 

3. 

2 Active area __ ~0~.~6~3~6_cm ,pixel dimensions 1,08 mils x 0.9 

OPERATING LEVELS in volts 

Substrate 
Parallel clocks 
Serial clocks 
Input diode · 
Outuut gate 

-.5 
14 
15 
32 

2 

Lower reference 
Upper reference 
Lower drain 
Upper drain 
Pre charge pulse 

4-, AMPL IFIER CONFIGURATION used for the tests in this report ·: 
nrecharge amplifier with off-chip load 

5. SPECTRAL RESPONSE (see accompanying graph) 

Quan tum efficiency is 11.0 % at 0.4-

75. 5 7~ at 0, 7 

26. 7 ~ at 1.0 

microns 

mlcrons 

microns 

6. DARK CURRENT measured by the pre charge method 

17.9 nanoamps/cm2 or 7.1 x 105 electrons/pixel/sec 

T :::: 25 C, data rate 4-.0 · MHz, frame time 100 

7. R.M.S. NOISE ELECTRONS/PIXEL 

ms 

mils 

20 
20 
28 

9 

Dark current shot noise 267 (lOOms) electrons added in quadrature 

to a readout noise of 30 ----- electrons gives a calculated 

R. JVj . S. no::'se of __ 2_6_9 ___ _ electrons/pixel 

8. FULL WELL CHARGE CAPABILITY, determined from the saturation 
6 

exposure level, is 1,6 x 10 electrons. 

9 . DYNA~IC RANGE is computed to be 5950 : 1 

10. CHARGE TRANSFER EFFICIENCY at 4.0 r .. :Hz is 0.99995 

11. COMfvillNTS ------------------------------------------------------------
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~ CCD IMAGI NG PERFORMANCE 

Device Number J6Z-11-2 Device Type 250 x 400 
0 

Light Source str:QJ2e K Spectral f i I te r none mi c rons 
0 

4 , 0 Temperature 25 C Data rate MHz 

Frame time 33 ms 

r 

L ..J 
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l Y ~CCD DARK CURRENT UNIFORMITY 

Dev i ce Numbe r __ 3_6_7_-_1_1_-_2 __ Dev i ce Type __ 2_5_0_x_4_0_0 _______ _ 

r 

L J 

VIDEO MONITOR DISPLAY 

Temperature __ 2.::.5 ___ 
o c 

Data rate _--.:..4..!... • .:..0__ MHz 

Frame time 100 s _____ m 
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~ CCD DARK CURRENT UNIFORMITY 

Device Number 367-11-2 De vice Type ___ 2..:;5_0_x_4_0_0 __ _ 

Tempe r a ture ---:2:::.,5"--__ °c Da ta ra te __ 4.,;....=-0=:..-_ 

Frame time 100 ms 

r 

Oscilloscope presentation 

Video line number 50 

Oscilloscope presentation 

Complete video frame 
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~CCD 
Dev i ce Numbe r __ 3L::6.:....71.....-:;..:1:.,;1:..;-:;..:2:...-. __ 

UNIFORMITY OF RESPONSE 

Devi ce Type 250 X 400 
---~--~~--------------

r 

'- .J 

VIDEO MONITOR DISPLAY 

Light source 3400 oK ---...;;.-.------
Spectral filter __ 0_._4_0_0_0 _____ microns 

Average well population ___ --==5_° __ % 

Temperature 25 °c 
Da ta rate _____ 4..,.:.;,..0 ____ MHz 

Frame time ___ 4~2~4 ______ ms 
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~ CCD UNIFORMITY OF RESPONSE 

Device Number 367-11-2 Device Type 250 X 400 

Li ght source 3400 oK Spec tra 1 f i 1 ter 0 r 4000 mi crons 

Average we 11 popu I ati on __ 5J.;0~_ 10 Temperature _-.;;;.25",,--_ °c 
Data rate 4.0 MHz Frame time-__ 4_2_4 __ ms 

Oscilloscope presentation 
Video 1 ine number 50 

Osci lloscope presentation 
Complete video frame 
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CENTRAL RESEARCH LABORATORIES 
CCD Optical and ~le~trical 

Characterization Test Report 

for 

Customer NASA/GODDARD SPACE FLIGHT CENTER 

Contract No.NAS5-22924 

Device No. 395-5-2 
--~~~=----------

Device Tyne 250 x 400 
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CCD OPTICAL AND ELECT~ICAL CHARACTERIZATION 
TEST REPORT 

1. CCD DEVICE NUMBER. ___ 3_9_5_-_5_-_2 ________ _ 

2. DEVICE TYPE ____ ~25~0~x~4~0~0 ______ _ HEADER TYPE ITT tube header 
2 Active area __ ~0~.~6~3~6 __ cm pixel dimensions l,OB mils x 0.9 

3. OPERATING LEVELS · in volts 

Substrate 
Parallel clocks 
Serial clocks 
Input diode 
Output gate 
• 

-.5 
14 
15 
32 

2 

Lower reference 
Upper reference 
Lower drain 
Upper drain 
Pre charge pulse 

4, AMPLIFIER CONFIGURATION used for the tests in this reports 
nrecharge amplifier with off-chip load 

5 . SPECTRAL RESPONSE (see accompanying graph) 

Quantum efficiency is 24.6 % at 0.4 

69,1 % at 0,7 

20,6 % at 1.0 

microns 

microns 

microns 

6. DARK CURRENT measured by the pre charge method 

66.4 nanoamps/cm 2 or 2.7x106 electrons/pixel/sec 

T = 25 C, data rate 4.0 MHz, frame time 100 

7. R.M,S, NOISE ELECTRONS/PIXEL 

ms 

mils 

20 
20 
28 
28 
9 

Dark current shot noise 520{100ms) electrons added in quadrature 

to a readout noise of 30 ------ electrons gives a calculated 

electrons/pixel R.M.S, noise of 520 

B. FULL WELL CHARGE CAPABILITY, determined from the saturation 

exposure level, is 1.Bx10
6 

electrons. 

9. DYNAfr:rC RANGE is computed to be --"-3_5_0_0 ____ ,_1 _______ _ 

10. CHARGE TRANSFER EFFICIENCY at 4.0 r,':Hz is )0,99996 

! 11 , COMflmNTS __ o_p_e_n_e_l_e_c_t_r_od_e_i_n_t_h_e_l_o_w_e_r_._s_e_r_i_a_l_r_e_g~l_· _s_t_e_r ______ _ 
I . 

I 
I 

I 
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~CCD IMAGING PERFORMANCE 

Device Number 395-5-2 Dev i ce Type ___ ..... 2_5 ..... Q~x""--4 ....... Q""-Q ____ _ 
° Light Source strobe K Spec t ra 1 f i 1 te r none microns 

Temperature 

Frame time 

___ 2..J.5 __ OC Data rate __ ....;..4~, ...;;..O ___ MHz 

54=-_ _--.:ms 

r 

L. J 
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~CCD DARK CURRENT UNIFORMITY 

De vic e Numb e r ~J./-9,,-5-_5L..--=2==---__ _ Dev ice Type 250 x 400 

r 

L 

VIDEO MONITOR DISPLAY 

Temperature __ 2-:5'---__ C 

Data rate 

Frame time 

__ 4-.:.:.....:0~_ MHz 

_---'-8-'-7 __ ms 
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~ CCD DARK CURRENT UNIFORMITY 

Device Number395-5-2 Device Type 250 X 400 
------~-------------

T 25 °c emperature ~~~ __ _ Data rate 4,0 MHz 

Frame time ___ 8_7~_ ms 

Oscilloscope presentation 

Video line number 50 

Osci Iloscope presentation 

Complete video frame 

224 
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~CCD UNIFORMITY OF RESPONSE 

Dev j ce Numbe r 395-5- 2 Device Type 250 x 400 
~--~-------------------

VIDEO MONITOR DISPLAY 

Li ght sou rce __ ...::3_4_0_0 ___ ° K 

Spectral filter ,..-_0....;._4_0_0_0 ____ microns 

Average well popu l ation __ ~5...,..? __ % 

Temperature 25·c 
Data rate ___ 4.;:.. • ..;..0 ___ MHz 

Frame t I me --.-_1_7.:...1 ____ ms 

225 
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r 
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~ CCD VNIFORMITY OF RESPONSE 

Device Number 395- 5- 2 Device Type 250 X 400 

Li ght source )400 OK Spec tra 1 f i 1 ter 0 r 4000 microns 

Average we 11 popul ation __ 5",-0~_ ''% Temperature _...::.2"",5 __ 

Data rate 4.0 MHz Frame time _..;;1;.,:7_1 __ ms 

Oscilloscope presentation 
Video 1 ine number 50 

Osci 11oscope presentation 
Complete video frame 
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CCD SPECTRAL RESPONS IV ITY ~ 
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O. 30 O. 50 O. 70 O. 90 1. 10 

I ncident Wavelength (~m) 

DATA RATE 3. 0 MHz 

FRAME T I ME 50 MS 

TEMPERATURE 25 ·c 
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CENTRAL RESEARCH LABORATORIES 
CCD Optical and Slectrical 

Characterization Test Report 

for 

Customer NASA/GODDARD SPACE FLIGHT CENTER 

Contract No,NAS5-22924 

Device No, 395-10-3 

Device Tyne 250 x 400 
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CCD OPTICAL AND ELECT~ICAL CHARACTERIZATION 
TEST REPORT 

1, CCD DEVICE NU!VJBER. __ ----'3:....:9~5~-...:::.1..:::.0_-..J.3 ________ _ 

2, DEVI CE TYPE. ___ ~2~5-=-0 -:x::.::.-4.;,..0:....;0=---__ _ HEADER TYPE ITT tube header 

2 Active area~~0~,~6~J~6 __ cm , pixel dimensions 1,08 mils x 0,9 

3, OPERATING LEVELS in volts 

Substrate -,~ Lower reference 
Parallel clocks 14 Upper reference 
Serial clocks 15 Lower drain 
Input diode 32 Upper drain 
Outuut gate 2 Pre charge pulse 
• 

4. AMPLIFIER CCNFIGURATION used for the tests in this report: 
nrecharge amplifier with off-chip load 

5, SPECTRAL RESPONSE (see accompanying graph) 

Quantum efficiency is 16, ° % at 0,4 

69.1 % at 0,7 

21,1 ~ at 1,0 

microns 

microns 

microns 

6, DARK CURRENT measured by the pre charge method 

61 nanoamps/cm2 or 2,5x106 electrons/pixel/sec 

T = 25 C, data rate 4,0 MHz, frame time 100 

7, R,M.S. NOISE ELECTRONS/PIXEL 

ms 

mils 

20 
20 
28 
28 

9 

Dark current shot noise 50~100ms) electrons added in quadrature 

to a readout noise " of 30 ------ electrons gives a calculated 

R,M,S, no~se of 500 electrons/pixel 

8, FULL WELL CHARGE CAPABILITY, determined from the saturation 

exposure level, is 2,Oxl0
6 

electrons. 

9. DYNA~IC RANGE is computed to be 4000 : 1 

10. CHARGE TRANSFER EFFICIENCY at 4,0 f":Hz is > 0,99996 

11, COMfv£NTS reverse operation best; forward operation gives an 
----------------------------------------------------------

inverted image 
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~CCD IMAGING PERFORMANCE 

Device Number :29.2-10-:2 Device Type 250 X 400 . 
Light Source :;;i:tr:Qb~ K Spectral fi Iter none mi crons . 

41 0 Temperature 25 C Data rate MHz 

Frame time 2J~ ms 

L .J 
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~CCD DARK CURRENT UNIFORMITY 

Device Number 395-10-3 De vice Type __ 2.::....5_0_x_4_0_0 ______ _ 

·r 

L 

VIDEO MONITOR DISPLAY 

Temperatu re __ 2.:::...5 ___ ° C 

Data rate 

Frame time 

__ 4--=-. _0 __ MHz 

___ 8-'.7 __ ms 
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~ CCD DARK CURRENT UNIFORMITY 

Device Number 395-10-3 De vice Type ___ 2,;;;..5_0_x_4_0_0 __ _ 

T 25 °c D ), ° emperature _ ata rate ~. MHz 

Frame time 87 ms 

L 

L 

Osci lloscope presentation 

Video line number _ .. 5.,::::0 __ 

Oscilloscope presentation 

Complete video frame 

232 
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~CCD UNIFORMITY OF RESPONSE 

Device Number .395-10-.3 Device Type 250 X 400 
----~--------------------

r 

L 

VIDEO MONITOR DISPLAY 

Li ght source 3400 

Spectral fi Iter 0,4000 microns 

Average well population 50 % 

Temperature 25 
• 
C 

Data rate 4, 0 MHz 

Frame time 155 ms 
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~ CCD UNIFORMITY OF RESPONSE 

Device Number395-10-3 Device Type 2,:20 X 400 

Li ght source 14 0 0 oK Spec tra I f i Iter Oz4000 

Average we II population SO ~ Temperature 

Data rate ~.Q MHz Frame time 155 

Oscilloscope presentation 
Video I ine number 5Q 

Oscilloscope presentation 
Complete video frame 
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CCD SPECTRAL RESPONS IV ITY ~ 
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CENTRAL RESEARCH LABORATORIES 
CCO Opt ical and Electrical 

Characterization Test Report 

for 

Customer NASA/GODDARD SPACE FLIGHT CENTER 

Contract No,NAS5-22924 

Device No 395-10-5 --------------------
Device Tyne __ ~2~5~0~x~4_0_0 ______ _ 
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CCD OPTICAL AND ELECT~ICAL CHARACTERIZATION 
TEST REPORT 

1 . CCD DE VI CE NUjVJBER_---'3"'-9"-'5~-_1.;....;;0_-....c.5 ________ _ 

2 . DEVI CE TYPE. __ .....;;.2.:::...5..:;,..0 -'x:.o.-4-'0:.....;0'---__ _ HEADER TYPE ____ ~I~T~T~t~u~bQe~h~e~a~d~B~r~ __ _ 
2 Active area. __ ~0~ . .....;;.6~3.....;;.6 __ cm , pixel dimensions l,OB mils x 0,9 

3. OPERATING LEVELS in volts 

Substrate 
Parallel clocks 
Serial clocks 
Input diode 
Outuut gate 
• 

-,5 
14 
15 
32 

2 

Lower reference 
Upper reference 
Lower drain 
Upper drain 
Pre charge pulse 

4-, AMPLIFIER CCNFIGURATION used for the tests in this report: 
nrecharge amplifier with Off-chip load 

5. SPECTRAL RESPONSE (see accompanying graph) 

Quantum efficiency is 16.0 % at 0.4-

5B.2 1'~a t 0.7 

19~3 ~ at 1.0 

microns 

microns 

microns 

6. DARK CURRENT measured by the pre charge method 

60.5 nanoamps/cm2 or 2,4x106 electrons/pixel/sec 

T = 25 ---- C, data rate 4.0 MHz , frame time 100 

7. R.M,S, NOISE ELECTRONS/PIXEL 

ms 

mils 

20 
20 

9 

Dark current shot noise 490(100ms) electrons added in quadrature 

to a readout noise of 30 ------ electrons gives a calculated 

R • PfJ • S. no::' s e 0 f 490 electrons/pixel 

B. FULL WELL CHARGE CAPABILITY, determined from the saturation 

exuosure leve 1 is 1. 6x10
6 

. , ------------- electrons. 

9. DYNA~IC RANGE is computed to be 3200 : 1 

10. CHARGE TRANSFER EFFICIENCY at 4.0 f,':Hz is )0.99996 

11. COM.fv:ENTS ____________________________ _ 

237 



~CCD IMAGING PERFORMANCE 

Device Number 39 S-10- 5 Device Type 250 X 400 
0 

Light Source str:Q12e K Spectral fi Iter none microns 
0 

4,0 Temperature 25 C Data rate MHz 

Frame time 54 _ ms 

1 

L. .J 
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~CCD DARK CURRENT UNIFORMITY 

Devic;e Number 395-10-5 Dev i ce Type __ 2_5_0_ x_4_0_0 _______ _ 

L 

-- -------

VIDEO MONITOR DISPLAY 

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

Data rate 

Frame time 

__ 4~. _0 __ MHz 

__ 8_7~ __ ms 
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L __ _ 

~ CCD DARK CURRENT UNIFORMITY 

Devi ce Number 395-10-5 Device Type ___ 2.;;.5_0_x_4_0_0 __ _ 

T 25 °c D 4 0 empera ture _ ata rate • MHz 

Frame time _ .-:;:.8J..7 __ ms 

r 

r-

Oscilloscope presentation 

Vi deo line number _5.t,.;;0~_ 

Oscilloscope presentation 

Complete video frame 
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~CCD UNIFORMITY OF RESPONSE 

Device Number 395-10-5 Device Type 250 X 400 

.J 

VIDEO MONITOR DISPLAY 

Light source 3400 K 

Spectral filter 0.4000 microns 

Average well population 50 % 

Temperature 25 ·C 

Data rate 4.0 MHz 

Frame time 159 ms 
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~ CCD UNIFORMITY OF RESPONSE 

Device Number 395-10-5 Device Type 250 X 400 

Li ght source 3400 OK Spec tra 1 f i 1 ter 0,4000 mi crons 

Average we II population __ 5,,-0 ___ ~ Temperature __ 2.5 __ °c 
Data rate 4. ° MHz Frame time 1.59 

Oscilloscope presentation 
Video I ine number 50 

Oscilloscope presentation 
Complete video frame 
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CCD OPTICAL AND ELECT~ICAL CHARACTERIZATION 
TEST REPORT 

1. CCD DEVI CE NUlVJBER __ ---:...3_9~5-_1_2_-_3 ________ _ 

2. DEVICE TYPE 250 x 400 HEADER TYPE ITT tube header 

Active area 2 0.636 cm ,pixel dimensions 1.08 mils x 0,9 mils 

3. UPERATING LEVELS in volts 

Substrate 
Parallel clocks 
Serial clocks 
Input diode 
Output gate 

32 
2 

Lower reference 
Upper reference 
Lower drain 
Upper drain 
Pre charge pulse 

4. AMPLIFIER CCNFIGURATION used for the tests in this report' 
nrecharge amplifier with off-chip load 

5. SPECTRAL RESPONSE (see accompanying graph) 

Quantum efficiency is l6.2 % at 0.4 microns 

60. 5 ro at 0.7 microns 

ZQ. !± ~ at 1.0 microns 

6. DARK CURRENT measured by the pre charge method 

28 nanoamps/cm2 or l,lxl06 electrons/pixel/sec 

T = 25 --- C, data rate 4.0 MH z, frame time 100 ms 

7. R.M,S. NOISE ELECTRONS/PIXEL 

20 
20 

9 

Dark current shot noise 33~100ms) electrons added in quadrature 

to a readout noise of 30 ---- electrons gives a calculated 

R.M.S. no::'se of __ .-;;3....;.3_.8 __ electrons/pixel 

8. FULL WELL CHARGE CAPABILITY, determined from the saturation 

exposure level, is ~9~.~8_x_l_0_5 ________ _ electrons. 

9. DYNA~IC RANGE is computed to be 2900 : 1 

10. CHARGE TRANSFER EFFICIENCY at 4.0 f.':H z is 0.99996 

11. COMIv~NTS __ f_o_r_w_a_r_d_o_p_e_r_5._t_i_o_n_o_n_l_y ____________________ _ 
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~ CCD I MAG I NG PERFORMANCE l 
Device Number ~$i:S-12". .3 Dev i ce Type ___ ..... 2_5u.Ol..-.../.xlo.-...:4:L..lO"-lO"'------

0 

Li ght Source s:tr:Q12~ K Spec t ra 1 f i 1 te r none microns 
0 

Temperature 25 C Data rate ____ 4~.~O ______ MHz 

Frame time 5~ ms 

I... 
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Device Number 395-12-3 

~CCU DARK CURRENT UNIFORMITY 

-- - l 

I 
I 
J 

Dev i ce Type __ 2-=-5_0_x_4_0_0 ______ _ 
I 

J 

VIDEO MONITOR DISPLAY 

Temperature __ 2.==-5 ___ 
o c 

Data rate __ 4...=... ~O __ MHz 

Frame time __ 8-:.-7 ___ ms 
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~ CCD DARK CURRENT UNI FORMITY 

Devi ce Number 395-12-3 Device Type ___ 25~O_x_4_0_0 __ _ 

Temperature 25 °c Data rate 4.0 MHz 

Frame time _ ---.;;8'-17 __ ms 

Os c illoscope presentation 

Video I ine number _5.t.,;O:::.-_ 

Oscilloscope presentation 

Complete video frame 
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1 
~CCD UNIFORMITY OF RESPONSE I 

Device Number 395-12-3 Device Type 250 X 400 

r .., 

VIDEO MONITOR DISPLAY 

Li ght source 3400 

Spectral filter 0.4000 microns 

Average we)) population 50 % 

Temperature 25 ·C 

Data- rate 4.0 MHz 

Frame time __ -.,;;..8,!,,7 ____ ms 

249 
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~ CCD UNIFORMITY OF RESPONSE 

Device Number 395-12-3 Device Type 250 x 400 

Light source 3400 oK Spectra l filter 0,4000 microns 

Average well population __ 5 ... 0~_ 10 Temperature _-..;;;.2"",5 __ °c 
Data rate 4.0 MHz Frame time _8_7 ___ ms 

Oscilloscope presentation 
Video I ine number 50 

Oscilloscope presentation 
Complete video frame 
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CCD OPTICAL AND ELECT~I CAL CHARACTERIZATION 
TEST REPORT 

1. CCD DEVICE NUlVIBER __ ~39.:....:5::--_1_2_-_6 ________ _ 

2. DEVI CE TYPE ___ 2:.:...5,;...:0:.-...:..:x~4-=-0 0-=--__ _ HEADER TYPE ITT tube header 

2 Active area~~0~.~6~3~6 __ cm , pixel dimensions 1.08 mils x 0.2 

3. OPERATING LEVELS in volts 

Substrate 
Parallel clocks 
Serial clocks 
Input diode 
Outuut gate 

_-.2-
_ - 8 

8 
32-

2 

Lower reference 
Upper reference 
Lower drain 
Upper drain 
Pre charge pulse 

4. AMPLIFIER CCNFIGURATION used for the tests in this reportz 
nrecharge amplifier with off-chip load 

5. SPECTRAL RESPONSE (see accompanying graph) 

Quantum efficiency is 13.2 % at 0.4 

62.3 % at 0.7 

21.3 ~ at 1.0 

microns 

microns 

microns 

6. DARK CURRENT measured by the pre charge method 

33 nanoamps/cm2 or 1.3xl0
6 

electrons/pixel/sec 

T = 25 C, data rate 4.0 MHz , frame time 100 

7. R.M.S. NOISE ELECTRONS/PIXEL 

ms 

mils 

20 
20 

28 
9 

Dark current shot noise 360 (lOOms) electrons added in quadrature 

to a readout noise of 30 ---- electrons gives a calculated 

R.M.S. no::"se of 360 ele ctrons/pixel 

8. FULL WELL CHARGE CAPABILITY, determined from the saturation 

exposure level, is 6.0xl05 electrons. 

9. DYNA~IC RANGE is computed to be 1650 :1 

10. CHARGE TRANSFER EFFICIENCY at 4.0 f":Hz is > 0.99996 

11. COMII';ENTS forward operation only 
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~CCD IMAGING PERFORMANCE 

Device Number JS:S-l 2-6 Device Type 250 x 400 
0 

Li ght Source str:Q:Qe K Spectral f i Iter none microns 
6 

4 1 0 Temperature 25 C Data rate MHz 

Frame time s.'l- ms 
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~CCD DARK CURRENT UNIFORMITY 

Device Number 395-12-6 Device Type __ 2_5_0_x_4_00 ______ _ 

r 

L 

VIDEO MONITOR DISPLAY 

Temperatu re __ 2.;::..5 ___ ' C 

Data rate 

Frame time 

__ 4_'0-0 __ MHz 

__ 8_7'---_ ms 
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~ CCD DARK CURRENT UNIFORMITY 

De v ice Number 395-12-6 Dev ice Type 250 x 40 0 
------~--------------

Tempera ture .......:2~5 _ _ Data rate 4.0 MHz 

Frame time 87 
--~-

ms 

Osci 11oscope presentation 

Video line number _"",,5..;;::0 __ 

Osci Iloscope presentation 

Complete video frame 

256 
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~CCD UNIFORMITY OF RESPONSE 

Device Number 395-12-6 Device Type 250 x 400 

L ...J 

VIDEO MONITOR DISPLAY 

li ght source 3400 

Spectral filter 0.4000 microns 

Average well population 50 % 

Temperature 25 ·C 

Data rate 4.0 MHz 

Frame time 87 ms 

257 
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~ ceo UNIFORMITY OF RESPONSE 

Device Number 395-12-6 Device Type 250 X 400 

Li ght source 3400 oK Spec tra I f i Iter 0.4000 mi crons 

Average well population __ 5 .... 0 ___ 10 Temperature ____ 2""'5 __ 

Data rate 4.0 MHz Frame time __ 8...;,7 __ ms 

Oscilloscope presentation 
Video I ine number 50 

Oscilloscope presentation 
Complete video frame 
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APPENDIX B 

BOND PAD PROTECTION DEVELOPMENTS 

A. Bond Pad Protect i on 

1. Bond Strength Degradation 

Electrical interconnection is made between the array and the header 

using gold wire, thermocompression-bonded between the aluminum metal I ization 

of the array and the gold metal I ization of the header. In early work on ICCDs, 

it was observed that occasionally the gold metal I ization would separate from 

the aluminum bond pad after the high temperature (350°C) bake associated with 

tube processing. This problem was found to be caused by intermetal 1 ic forma­

tion which led to the introduction of voids In the aluminum-to-gold interface. 
"k 

This effect has been discussed by Philofsky. According to Philofsky, during 

the anneal of aluminum-to-gold couples, intermetal I ic compounds are formed. 

(Some of these are purple, which leads to the term "purple-plague.") To form 

these compounds, diffusion of the two metals occurs. In the case of aluminum 

bond pad, it is possible for enough aluminum to be absorb ed by the gold wire to 

weaken the contact 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 (I I ,000 A) onto 

oxidized sil icon sl ices and patterning the metal using the second-level metal 

mask of the 100 x 160 bar. Gold wire was then thermocompression-bonded fr om 

one bond pad to a neighboring pad to f orm loops of wire. Ten to twenty loops 

per sl ice were prepared. Bond strength was determ ined by pull ing on these 

loops with a calibrated force, increasing this force until eit her the wire 

broke or the bond fai l ed . The minimum acceptable pul I strength for a bond is 

generally accepted to be 2 dynes. Measurements on unannealed sampl es indicated 

pul I strengths ranging from 6 to 14 dynes, al I breaks occurring in the wire. 

"'k 
E. Philofsky, Solid State Electronics.!J., 1391 (1970). 
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The initial experiment consisted of isothermal anneals at 350°C. 

'Figure 8-1 presents the results of the measurements of pull strength after 

anneals of two, four, six, and eight hours. Open circles re present wire 

breaks, 6 ' s 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 f inally, 

all failures are bond separation; 

(2) Pull strength degradation seems to saturate with increasing 

anneal time; 

(3) Considerable scatter exists in the data; and 

(4) Only one value fal Is below the 2 dyne 1 imit. 

Typical annealing results are illustrated in Figure B-2. Figu re B-2 (a) 

shows a bond prior to anneal. Figure B-2(b) shows this same bond afte r annea l. 

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

B-2(c) shows a bond pad after pull tests that resulted in bond separat i on. In 

the ce nter of the bond area, the aluminum has been completely absorbed, revea l­

ing the underlying oxide. 

In an attempt to determine causes of the scatter In the data, annea l 

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

twice the wire diameter of 1 mi 1), medium bonds (about three times th e diameter), 

and large bonds (about four times the diameter) were prepa red. The resul ts of 

the pull tests after anneal were significant. All the small bonds ann ealed 

fa i led the 2 dyne I imi t, a 11 the large bonds passed the 2 dyne 1 imi t, and t he 

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

visual degradation similar to Figure B-2(b). 
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(a ) 

(c) 

Figure B-2 (a) Bond Appearance Before Anneal. (b) Bond Appearance After Anneal . 
(c) Bond Pad Appearance After Bond Sepa ration. 
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This result seems to indicate that the pul I strength after 350°C 

anneal is related to the periphery of the gold-aluminum contact area. Since 

the pul I 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 surface is not I imited compared to the aluminum for 

diffusion perpendicular to the surface. This means that as anneal ing 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 diffusion from the unbonded pad area. In the final state, the bond is 

attached only around the periphery, and bond strength should be directly 

proportional to the bond circumference . 

Assuming this analysis 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 wer~ made with circumferences large enough to insure 

bond re ·l iab iIi ty. 

2. Bond Pad Protection Process 

In addition to efforts to determine the cause of bond fai lure and 

to quantify the effect, the contract also provided for the development of a 

process to el iminate bond strength degradatiDn . Since the cause of this 

degradation is the formation of compounds of aluminum and gold, such a process 

must provide for bonds which provide separation of these two elements. El imina­

tion of one of the elements would be difficult. Aluminum is an integral part 

of the processing of CCD arrays, and its elimination would require extensive 

process development, beyond the scope of this contract. Gold is required on 

the headers for low contact resistance and for lifetime 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 ultrason ic 

bonding techniques, whi ch could cause membrane fracture. Similar prob lems 

would be expected at the bond of the aluminum wire to the gold header. 

The process selected for development called for the insert ion 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 ove r the barrier metal to allow bonding. An addit iona l 
. 0 

problem is that the barrier metals are deposited in thin layers (1000 A) to 

avoid cracking. The possibil ity exists for the thermocompression bond to 

penetrate this thin barrier metal during bonding. For this reason, 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 t o intro­

duce a beveled edge to the aluminum bond pad. A process is used which al lows 

continuous metal films to be produced from the top of the aluminum bond pad to 

the surrounding oxide. Figure B-3 shows the results of the application of th is 

process to an aluminum bond pad. 

The steps in the bond pad protection process are illustrated i n 

Figure B-4. Figure B-4(a) shows an aluminum bond pad after completion of standard 

processing. The area of the bond pad is reduced and its edges are sloped as 

shown in Figure B-4(b). The slice is then ready for deposition of the barrier 

metal and the gold. These two layers are patterned to form an offset bond 

structure as shown in Figure B-4(c). Thermocompression bonding is performed on 
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Figure B~3 Aluminum Bond Pad with Sloped Edges 
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(a) 

(b) 

(c) 

(d) 

~ Aluminum 

h'-:- -) T iW Au 

Figure B-4 Bond Pad Protection Processing Steps 
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the offset area of the pad as shown in Figure B-4(d). This process was success­

fully implemented on CCD arrays as indicated in Figure B-5 . 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 o f 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 1~1a of the initial value. This was considered to be acceptable, 

and no attempt was made to el iminate this increase. 

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

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

structure were prepared and bond loops constructed as shown in Figure B-6. 

Three barrier metals were tested: chrome, molybdenum, and a mixture of titan-

ium and tungsten. 

and temperature. 

Pull tests were performed after anneals at various times 

Control samples of unprotected aluminum bond pads with 

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

titanium-tungsten are given in Table B-1. Similar results were obtained 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, ror any of three 

barrier metals considered, did a bond separate; al I fai lures occurred in the 

wire at pul I f orce weI I above 2 dynes. 
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Figure B-5 Bond Pad Protection Structure 
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Figure B-6 Offset Bond Pad Structure for Anneal Tests 
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Table B-1 

Anneal Test Results for Titanium-Tungsten-Prot ected Bond Pads 

Anneal Unprotected Pads Protected Pads 
Pu 11 Strength{dynes) Fa i 1 ure Mod e Pull Strength{dynes) Temperature~ Tim~r~ 

300 3 7.0 wi re 7.5 
5.0 wi re 7.0 
6.5 wi re 7.0 

6 9. 0 bond 7.0 
3.0 wi re 6 .0 
6.0 wi re 8.0 

8.5 7.0 bon d 7. 5 
0.5 bond 7. 0 
8.0 wi re Z· O 

350 3 }.O wi re 9.0 
5.0 bond 6.5 
g.5 bond 8.0 

6 9.0 wi re 6.0 
7.0 bond 7.0 
5.0 bond 9.0 

10 0.0 bond 7.0 
2.0 bond 7.0 
Z·O wi re Z·O 

400 4 2.0 bond 6.5 
3.5 bond 6.5 
9.0 wi re 7.0 

6 0.5 bond 6.0 
3.0 bond 7.0 
5.0 bond 8.0 

9 1.0 bond 7.0 
2.0 bond 7 .0 
7.0 wi re 7.5 

450 3 6.0 bond 8.0 
6.0 wi re 7.0 
8.0 wi re 9.0 

6 7.0 bond 9.0 
6.0 bond 7.0 
6·5 wi re Z·5 

9 7.0 wi re 8.0 
8.0 bond 6.0 
6.0 bond 7.0 

Failure Mode 

wi re 
wi re 
wi re 
wi re 
wi re 
wi re 
wi re 
wi re 
wi re 
wi re 
wi re 
wi re 
wi re 
w re 
w re 
w re 
w re 
w re 
w re 
w re 
w re 
w re 
WI re 
wi re 
wi re 
wi re 
wi re 
wi re 
wi re 
wi re 
wi re 
wi re 
wire 
wi re 
wi re 
wi re 
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At higher temperatures, some intermetallic formation was observed . 

Figure B-7 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 I ike this, failure was observed to occur in the wire rather than a t the 

bond . . 

These tests indicated that all three barrier metals are accepta b le. 

Ti tanium-tungsten was chosen for the remaining work since it is employed some­

what more often in semiconductor devices . 

At this point in the development, all evaluation had been perfo rmed 

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 failed to operate after t he 

350 °C tub e bake due to the introduction of metal shorts in the paral leI sec t ion . 

Optical inspection of the device revealed discolored regions in the paral le l 

section. Other f unctional devices with protected bond pads were annealed a t 

350°C with similar results. 

The cause of this problem was traced to the nitride overcoat. Bond 

pad protection processing for the s e devices had begun after the nitride had been 

deposited and patterned. The titanium-tungsten and gold were the refore depos-

ited over the nitride. It was postulated that for some reason related to the 

nitride, patches of these metals remained after patterning the bond pads. 

These patches would be isolated from the parallel section metal by the ni t ride 

and therefore would not be electrically observable. However, during the 

anneal, these metals apparently diffused through the nitride, resulting in the 

observed discolored regions and in electrical shorts in the paral leI sect ion. 

This analysis was verified by taking functional chips, stripping the nitride 

overcoat {and thereby the residual metal}, and anneal ing. No fai lures were 

observed with these chips, and successful tube process ing resulted . 
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Figure B-7 Intermetal 1 ic Formation at 4S0°C 
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The problem was el iminated from existing chips by stripping the 

nitride. In future processing, the nitride overcoat wil I be appl ied after the 

bond pad protection process has been completed. The last two devices del ivered 

under this contract had protected bond pads. 

3. Conclusions 

At the beginning of this contract, there was serious concern about 

the reI iabil ity of the bonding scheme for ICCDs. As a result o f the work des­

cribed here, two solutions have been obtained. One results from the observation 

that, despite some degradation, bond strength can pe conserved in the ~luminum­

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 . 3D ICCDs have since been fabricated using these bonds, 

with no indication of bond failure. The second s olution completely el iminates 

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 

process. However, the development of this barrier metal process could have 

great significance in the future development of backside-illuminated CCD 

imagers. It is a relatively simple matter to take the process as it now exists 

and extend it to allow the plating of gold on the bond pads to sufficient 

thickness for the construction of beam leads. Beam leads would al low the bond­

ing of devices frontside down, greatly simpl ifying the header design required. 

In addition, beam leads could provide a method of reI ievin g the strain currently 

introduced by the different thermal expansion coefficients of the sil icon and 

the molybdenum al loy stage. 
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