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DEVELOPMENT OF PHOTODETECTORS

FINAL REPORT

1. INTRODUCTION

This is the fourth and final report on this contract. The material pre-

sented here includes a summary of all previous effort, as well as work

carried out during the final quarter of the program, and during the time

extensions which were granted in order to fulfill the requirements of

the contract. The period of time covered by the new work reported here

is from M 1, 1983 to W" 30, 1984.

The main effort during this time period has been devoted to fabrication

of InCaAs/InP APD's. Thus, most of the new results are related to this

work.

2. BACKGROUND

All device fabrication carried out on this program has made use of VPE

growth techniques since, within the framework of available knowledge and

expertise, this growth method seemed most suitable for the successful

fabrication of APD's. Moreover, all previous effort in the growth of

InGaAs PIN devices had used the VPE method. Therefore, no work was

carried out using LPE techniques. Both single-barrel and double-barrel

VPE systems have been used successfully, although in the later stiges ot

this work, particularly for the growth of InGaAs/InP APD's, the single

barrel system was used.

In the fabrication of PIN InGaAs/InP photodiodes, carrier concentrations

in the undoped IiGaAs layer of about 10 15/cm 3 are now routinely obtain-
ed, thus enabling the fabrication of photodiodes with low and reproduc-

ihle capacitance. Moreover, the present growth and fabrication techno-

logy yields dark currents for lO0im diameter diodes consistently below

1(nA, and frequently below 5nA.

This work has led to a number of standard products of RCA inc., and data

sheets for these products are included in Appendix A, attached to this

report. It is to he noted, for example, that the lnGaAs photodiodes can

he supplied mounted on a ceramic block. This enables customers to in-
corporate the unit into their own amplifier systems, thus avoiding a

number of obviotis problems associated with a separately packaged device.

* - - 1-.-." .. . .



T'hese results, and the effort which has gone into the growth and fahri-

cation technology, have not specifically been a large part of this pro-

gram, but the effort has been carried out concurrently with the work on

this program. This separate work has provided a baseline for the All)

work.

PASS IVAT ION

The purpose of this portion of the work was to reduce surface states and

dangling bonds that are responsible for carrier recombination and leak-

age currents. The approach to the problem was two-fold: 1) to attach

selected atoms (e.g. hydrogen or nitrogen) to dangling bonds, and 2) to

widen the energy gap near the surface, thus creating a potential harrier

that would repel both electrons and holes away from the surface. The

basis for the work was the successful passivation of silicon by attach-

in),, atomic hydrogen to the silicon dangling bonds at the surface. I]

Details of this part of the work have been discussed in the quarterly

reports submitted on this program, and are not reproduced here. In

summary, while some evidence of passivation was indicated from photo-

luminescence measurements on treated surfaces, the effort was only part-

ially successful. InP wafers held at temperatures of about 2()()C and

above showed evidence of decomposition when exposed to gases (hydrogen,

nitrogen or ammonia) which had been atomized by an r.f. glow disch;arge.

At lower temperatures, (150'C), while no decomposition was observed,

dark currents of diodes so treated were found to increase substantially.

Analysis of the experimental results has suggested that the limitation

in the treatment process may have been due to the presence o1 t race

quantities of oxygen and/or water vapour in the gas sources used for the

r.f. glow discharge. The success of Lagowski et al [2] in passivat ing,

deep levels in GaAs using atomic hydrogen suggests that furthcr work in

this area is warranted, but that oxygen must be eliminated from the glow

d i scharge.

-2-
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4. ln(;aAs/InP APD's

4. 1 Structure

Initial effort in the fabrication of 111-V APDi's was concent rated

onl homo1junction lnP devices grown on both p-type and n-type( stih-

strates. These results have been described in a previous quarterly

report. In most devices there was little evidence of ga in,

suggesting that surface breakdown was occurring long before the

bias voltage reached a value where significant internal niultiplicai-

tion occurred. No well defined reasons have been determined for

the tailure of this earlier work. However, more recent effort with

both lilt' and InGaAs 'SAM' APD's has been considerably more suiccess-

fit I N-type subst rate material has been used for allI recent work,

Bil tie( imoprovedi resl ts are thought to be duel( to general ly i mprov-

ed growth and devi ce fabrication techniques.

The structure used in these experiments is shown inl figure ILi. Th ie

finished device is a simple mesa configuration. Contacts to thc

tipper aind lower surfaces are made using conventional and previously

d es cr i bed t e ch) i q ues . The Structure ha-, a number of advant ages

over tither possible devices:

I ) Ligh t en t v is froim the top surf ace (p+d), similar to the stanld-

ard line 1)1 PIN diodes, so that exist ing mounting and handling

t Odin i t111(" 'All he1 tuse

2) IJ ,tit t'nt v I dim the ttji avoids the two-told problem of 2-;ided

proce-;s i nit ( whi Ich woul h( e necessary f or light entry f rom the(

siihsLt ra;it t) a ndo i)re lit fitlil t mount i rig techniques;

3I) ,,ght ent r y t ronm the( tolp avoiids the problem of tree-carrier ab-

sorpit in ili thel siihst raite which, i n soime ci rtcumstainces, resuilts

inllosst Iquantum ttiein('y;

A c-- Ac, S, r V~r

r~ -T

y 3 ,,

SMAY 15 out1
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4) For thi s structure, long wavelength radi at ion . . I . im)

incident on the top surface is absorbed in that portion of the

InGaAs region adjacent to the hetero junction. This is the por-

tion ot the InGaAs region which is first to be depleted when
the bias voltage exceeds that necessary just to deplete the n-

InP) region. Thus high quantum efficiency is achieved as soon

as a sufficient depth of the InGaAs region is depleted (about
2Mjj or so), and the lnGaAs layer itself does not form a dead

layer, (as would be the case for illumination from the sub-

strate side) and therefore the total thickness of the lnGaAs
layer is not a critical parameter.

There is, however, one important disadvantage to this struc-

ture: The use of n-type substrates tends to result in increas-

ed fields at the junction on the surface of the etched mesa,
which is likely to cause surface breakdown prior to bulk break-

down. For devices fabricated on p-type substrates the condi-

tions tend to favour lower surface fields, and therefore better

probability of a true bulk breakdown. (However, as noted
above, this did not seem to be the case for results reported

earlier in this program).

No matter what the configuration of the APD structure, it seems

likely that some technique for surface field reduction will
have to he utilized if reliable and stable devices are to be
achievd. One possible approach to this problem has been dis-
cussed in the 2nd quarterly report. A planar version of the

basic diode structure used here has been described by Shirai et

al [3] in which a diffused guard-ring was used to avoid edge
breakdown. Other approaches may also be possible, and will be

the subject of future study.

The basic operation and limitations of the 'SAM' API) structure
have beon described in considerable detail in the literature,

and ir, therefore presented only briefly here. Avalanche mul-

tip li(;tioT in il' is found to occur for fields in the range ot

aIbout 4.5 to 6 x 1(05 volts/cm, depending somewhat on the doping

concentrntion in the InP. For an abrupt junction, the I ield is

relatfd to the doping concentration and depletion layer width

hv t he t oIl owin :

4, -



E(x) q N(w-x)
E

where: N is the doping concentration in the depleted region,

q is the electronic charge,

e is the dielectric constant
w is the width depleted by the applied voltage, and x is

the distance from the junction.

The maximum field, Em occurs for x-0, and is given by

Em= I Nw

Thus, for example, if Em is 5 x 105V/cm (for avalanclc), then

the product Nw is approximately equal to 3.3 x 10 1 2 /cms. In

this case, for a doping concentration of I x 10 6 /cm , the

depletion width at avalanche would be about 3 .3pim.

In the 'SAM' APD structure of figure la, the thickne ;s and

doping concentration of the InP region must be chosen so that

depletion into the absorbing InGaAs region occurs before ava-

lanche, but also that the field in the InGaAs region does not

exceed about 1.5 x 10 5 V/cm - the approximate threshold for

tunnel ing.

The field in the device is somewhat as shown in figure lb. For

the parameters shown, the maximum field is given by

E - q [Ndlwl + Nd2w 2J
m s

IE=- q Nd2w 2

5 --



h'lus, for successful operation of the device, the electric

field I- i must satisfy the following:

0 < L I < 1.5 x 1) 5V/cm

It is clear that a range of thicknesses and doping conIce ot rgr-

tions for the InP region is possible for successful fahric;i-

t ion, and depending somewhat on the actual breakdown f ield,

1,111, the product Nd wI -nay lie in the approximate range 2.1)

to 3.5 x 0 1 2 /cm 2 . It is equally clear, however, that th,

l imi ts of these parameters are relatively narrow, given the

limitations of doping control, layer thickness uniformity and

reproducibility of the VPE process. Nevertheless, a number of

'SAM' API) wafers Lave been fabricated which have yielded diodes

having gains of about 10 or greater, and good response at

1.3 pm. These results are described below in some detail.

4.2 IExperimental Results

The diode pattern used is shown in figure 2. Because sligiht

undercutting of the pattern occurs during the etching procest,

the actual mesa is found to he slightly smaller than shown.

Measurement of actual devices has given an area typically abrot

1.26 x 10- cm 2

fTle t i rst results shown are for an APD in which reach-through

to the lnaAs region did not occur. Thrts, the results obtained

are for an InP API). Measrirements of response were made at a

wave length of 9 0Om, since there was no long-wavelength res-

ponse, and quantum efficiency decreased dramatically at shorter

wavelengths due to absorption in the capping p+InP layer.

0- (1 -

<)3.' " i .. - . .. . -- ." - . -. '.V- -, . - . - . .
- .-. . .. . .. r,, - .a f.._. ,~a , ~ p_ 2. ' , _ '- -. -. - . • "'7 -- .. .." .



Figure 3 shows the response as a function of bias voltage. In

order to determine the gain, the unity gain response has been

assumed t increase at higher bias voltag es with the same slope

as at lower voltages. The unity gain reference line is indi-

cated in the figure. The gain, therefore, can be easily cal-

cilated, and is shown in figure 4. It is to be noted that the

gain observed is electron gain, since the absorption is all on

the p-side of the junction. The hole gain 1h is related to

the electron gain Me by

1e-1 = k (Mh-1)

where, for a peak field of the order of 5 x 10 5 V/cm in thiis

device, k should be about 0.62 [4]. The dark current is aliso

plotted in figure 4. The dark current increase at high volt-

ages is almost certainly due to the gain and corresponds to an

unm"iitiplied hol k dark current in the device of about .AmA.

The capacitance as a function of bias voltage is shown iii

fig"ure 5. The slope of less than -. 5 is an indication of the

junction grading effect due to the diffusion of the zinc from

the p+ LnP region to form the junction.

In figure 6, the electron gain of a 'reach-through' InGaAs API)

is shown. Since the device has no long wavelength respuse at

low hi as voltages, the pain is obtained, as for devi ice #I,

above, by measuring at 91)Onm. The hole gain, calculated from

the electron gain using kW.62, is shown as a dashed curve.

i I ure 7 shows the long-wavelength (1 3 00 nm) response of t t,

diode. 'he response is seen to rise rapidly as the depletion

layer nears the inP/InGaAs interface, and reaches through into
the Ii(;aAs region. The dashed curve shows the calculated unity

ga in response, which was obtained by dividing by the hole gain

t rim ignure 6. For comparison, the response of the reference

diode is shown, which is approximately equal to the high volt-
age unity gain response of the API). This confirms that (ihe

device is wI behavedN , has high quantum effi ciency, and that

11,e ;a;sun d I fact or is abont correct.

-7-
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T'Pit c'apaci Lance of thi s di odte is plotted as ;i Iunct ion T t hi as
voltage in f ig;ure M. As txpctLd, the capatitance drops pretci-

pi tons I y at ter r.ach-th rough, thus defining the reachl-t hrotih

v)ltage ;is ahotit 4(i volts.

An t xcessive noise problem has been observed in many jjdilest

at hi as volt ages correspondi ng approximat I y to the rtach-

throngh point. This is shown for another diode, the results of

which are plotted in figure 9. In this particular device, thi-

doping concentration and/or thickness of the lnP layer was too

low, so that the gain after reach-through was found to he onlv

slightly above I in the voltage range measured. Nevertheless,

the noise of the diode, as shown in the figure, rises to a very

hig,,h valutie at about the reach-through voltage, thecreasing some-
what at higher voltages.

'There is at the present time no explanation tor this prohlem,

but it can he assumed that some irregularity in the device

strotutir exists at the hetero-interface.

lUP results of one further device, from a wafer which showed a

much retduced anomalous nniso at the reach-through voltage, are-
shoi wn in Figures 10-14. Figure 10 shows the responsivity and

t igutite 12 shows the estimated hole and electron gains. lip. .

'-din,, tite dark current and the estimated primary dark current

At tci dividiing hy the hole gain. Note that unmultipli d tark
,irnt , which should he proportional to w + L, where w is

tien wi (It h ct the depletion layer in the lna(,As and 1Ld  the

dilttion lein, gth, behaves roughly as expected.

ii ,ir( I s ,hown the ca I cu I ated excess noise I act or as t nIunc-

tin (a g in and I ig. I 4 shows the measured and calciilatud

*,,i:'e . "fft V t iat at higph gainsr the caIlculated noise agrees

la,is vIab1' wWell with tht' meatiru ffi sp, htt that there is sti Il
I I I Ii MlII f)l I] [ litI I' S1 st- a It )fW AiTI s

-. , - ---- ,--,i.." .".--- - - - - -



4. D i scu' 1155 on1

'flit' re( aI r' .I oct ble r ot! out tstand ing lproil ems whi1ch intst be 1'''-

so Vet! 'e t ore' A tset~ di(evi ce is ichiievedl. These ptroble'ms wi II

he I' so - jt' ct of fotutre work. In ge ne ra 1 , ),a, ills, ha Vt' 'to

(Illi to lo(w . '[h-is is undoubtedly doe - at l ea st 10l pIrt - to

t iklcis at the illllctiofl periphery oIf the device. It Will

ht-Ie ncessaIr v, theret ore , to devise a workable techito ut' fto

suirface field reduct ion, as di scoisseci earl i or ill this ireport.

Vitt 001ise prohlir whi1ch ocecurs near the rea ch -th1roni Vt)! vota;l'(

wmotI Iii tVt, -t I ,I i 'lt t It tII, IIs ef Ii I 1l') s of mPoo t d(Ic'v i ce s o tt :1 (" ti

It aI' 1ll ;Il i t i ol, tilt Illtt] ()Io th dt' tioides illesISM 'i

the (le.v i c't. of I igrt I ii - ;ire excessively li,,) f o r tit heI-(ttt"

t i~c\ tt (Wg'I T) 49111 t'lit'Vt' . M11teil of tlit',(, tXts5 Mit 'it' IlOY

;iI o I w ro" hti jh t itI (Is , and tfhLt'retftltre h111411localI i zt-! 'oilts ;it

It tw clt L S+-IllM tI;Wt't o F t IlW mesaI. Tll 15 ; ta B n o d i eo; t .- , t It',

ie'5 t of rcdoci ng thet periplierai1i( I J l. At thlt' 5: me tit,

t' aet i ni I'mu t i ply vtog a rea ('o(lt Ii dlrobab I y he reduced !Ois I Ilt -

i! l Iv I orI mist ti Ihn'-opti c appli cat ions .

TI Ie rteaiil'ed dark current is aboot an order oif magni tud' higher

tiiaii tifle WOO lId I iki' tio see ifl a useful tdev i ce . Some o)l th11is

ttl I' ret'ed P( 1wV [MI inTIg thIIe de vi c e smalle vr , but mo rnre ait tenITt I )1

Tvil ritbl Ii\i t 1 o be paIi d to( ioite'faIct states, Ittc'. t r o n

wfi i t I Iwo 'lar4,k tot r'i'll t mayl he comli nig

It i a! sii niott( that none of tile devi ces f abri cated so tfoIr hals

hut!i ;iii loTt erlned ilt' o ir graded bandgap layer between t he n - In'I

ii iiiI t' e 11)1opt'd I OGOAS regions. Th is layer wool d be necessary

tii avoid the silow reusponste cilaracterist ie which has been toi 001

tihe i-ssoc i a t- id witLh the valence-band discont inulity ait the

hi(t e ri,-i Ittert oire . Th ie development ofI growth techniques t o

I strt ;iich ai liverI will be the subject ill titire work .

4 lh+ Itt i vi' ribh Ii In IllOAs!In P API)'s

i~f x' U'slae h'e'l mouInted, evA Ha ted, aind made ;ia; Ic bt i-

I i \1 1 I I rep)Ii i rt'mtlt t)I- t )i s p r(Ig r;m it TIe (I i ()TiltS I:Iv f

B ''o tt! l Utn yorP1-19, which is tilt' saint' loLt from whit

Iii th if iIlE' P)i waIs iihtoillltd. Tile pit'tsitrtd reshi Is liii

*t le i r' t I a ''td toi fiis report -ifs tAppend ix ii.

9-



As-j A Vx

* iK .. ....

il c> o "t I . ... r.. .... ... . .- .

I k -I

... ... ....... ...... ..

II

€ , ..-- ----------

.... ....

A o )0

. 7 . - . .C..

/ -7

7" " ... .C



. .... ... . V ' x... ....

.. . . . ..... ....

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

. . . . . ... .. ..

.. ......... ... . ....

10 6o 10

v .



.T . . . . .. . I .

yx ITIll

A
ril 71IL

10- ;ar __

P v!

I .i FA SAll.:V 114 71L'

IU ......
( I

IIL

St I -40 4 - *~4

.......................................

0 io 2i' .. .. o 170
VO &TA G(



------- -_ ----.....-

. . . . . . . .. . I : :. . ... . ... ..

- ----- - -

0.1
N/ 0 IT/NC



.... ... /.1.
......... .. . . . .. . . . v

... ... ....~

~~~. . . ..3. * . . . 1

. . . . . . .. ...... ......

.J ..+
I~~~~~~~~~~_ -- ... ..... 1
._ .

7_ -7 1,

.- .... ...

________.._ 
....__.... . . !170



F ! VR S.-

*. ..... ....

C AA, -)
.... ......

-~ I r

1 0 30 j0 So
6-- ~ ~ OL- A OL L bLc_



10 1 ----------. I1 4

p 4 .

C6 .....

1 7I



. . .

141

... .... ... ...

. .... .- .. . .. . .. . .

w~~ A A

-- ~~~~ ----- -t-i7 .

10

III.

2 .* I 
b

* kc 
u

2.00

VO L-TAG



VV- A F NA-! A 13 -1k-

-4.4'

..............

As-

I~P 1AO4

K--~~~ -- L T~ A ~D VCE



-~~~~~~ - - .-..- C I '-X 2 's - - .~

Figure4

D4 -0.4t.

- -~j \\\W 4 -,

K' "~ K '4\5'

;j\ X)

N IX\ K ,

C399/ 45<*3

*4fE. 5A ETC

Iv~~1



Figure1

contact

(a) P+ n

p -InP

p a InGaAs

n+ InP substrate

aNN. c nt act

(b)

p+IflP Ir-InP In- InGaAs

(Nd1) (Nd2)

r

DISTANCE

V - 13-



LIST OF FIGURES

Figure la 'SAM' Avalanche Photodiode Structure using N-type Substrate.

Figure Ib Field Profile for 'SAM' APD Structure.

Figure 2 Diode Geometry.

Figure 3 Response of an InP APD at 900nm as a Function of Bias Voltage

Showing Assumed Unity Gain Slope.

Figure 4 Electron Gain and Dark Current for Diode of Figure 3.

Figure 5 Capacitance as a Function of Voltage for APD of Figure 3.

Figure 6 Measured Electron Gain and Calculated Hole Gain for an

InGaAs/lnP APD.

Figure 7 1.3pm Response of Diode of Figure 6. Dashed Curve Shows

Response When Divided by Hole Gain.

Figure 8 Capacitance of APD of Figure 6.

Figure 9 InGaAs/InP APD Response, Noise and Dark Current Showing Excess

Noise Problem.

Figure I0 1.3 M Response of an InGaAs/InP APD.

Figure II Electron and Hole Gain of APD of Figure 10.

Iigure 12 Total and Unmultiplied Dark Currents of APD of Figure 10.

Figure HI Calculated Excess Noise Factor for InGaAs/InP APD's.

(keff -0.6).

Figyuro 14 Measured and Calculated Noise for APD of Figure 10.

- 12 -

SI



There are, therefore, three basic ways of reducing the capacitance

of the PIN diode.

1) Decrease the area of the diode.

2) Increase the bias voltage.

3) Decrease the cat :-r concentration In the (undoped) n- InCaAs

region (i.e. N)

Within the framework of the existing mechanical and electrical

design, the area and bias voltage of the detector cannot be

changed. Thus, the only parameter remaining for capacitance reduc-

tion is the background doping concentration in the n-In(aAs

region. With the continuing wafer fabrication effort described

earlier in this report values for the doping concentration in the

high O0 and low 10O 5/cm 3 range are routinely achieved. Apart

from the fabrication effort, optimization of diodes for the PIN-FET

receivers has consisted of diode selection for lowest capacitance.

5.2 Deliverable Fibre-Pigtailed PIN-FET Receivers

A requirement of this contract is the delivery of 5 state-of-the-

art fibre pigtailed PIN detector devices. For this requirement we

have chosen 5 PIN-FET receivers, as described above, the detailed

measurements of which are found in Appendix C.
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{41 See, for example, Ionization Coefficient Data by L.W. Cooke,

G.E. Bulman & G.E. Stillman; Appl. Phys. Lett. 40, 589 [1982].
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.. 1N-FET RECEIVERS

A development program for a long-wavelength PIN-FET receiver has been

carried out in parallel with the work on this contract, but the receiver

design effort has not been a part of this program. This work has

resulted in a PIN-FET receiver being sold as a standard commercial pro-

duct of RCA Inc. The receiver uses the best available long wavelength

*PIN diodes from the detector work. A data sheet for the receiver is in-

cluded in Appendix A. The product number is C30986E. The necessary

- fibre-pigtailing and test facilities for these receivers have also been

set-lip.

Integration of long wavelength PIN diodes with bipolar preamplifiers, as

originally proposed, has been replaced, therefore, by the optimization

of diodes for the PIN-FET receiver.

5.1 PIN Detector Optimization

The optimization of PIN diodes has consisted mainly of a continuing

effort to decrease the capacitance of the diodes, which has a

direct effect on the performance of the receiver. In general, the

noise of the diode chips is low, and has not contributed signifi-

cantly to the system noise.

The capacitance of a diode is given by:

(-..C Eq N A
c2V

where F is the dielectric constant

q is the electronic charge

N is the doping concentration

V is the voltage, and

A is the diode area.

01

m - 1 0 -

* .4 - ."* --.-
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Electra Optics Solid State DetectorsRICR and Devices Developmentai Types

C30979E, C30980E, C30980EL

Photodlodes
indiumn Gallium Arsenide Photodlodes for

L Detection of 900 to 1700 nm Radiation

0 High Quantumn Efficiency -

70% typical at 1300 and 1550 nm
N Spectral Response Range -900oto 1700 nm

C3979 C3050EL U Extremely Fast Time Response
C~oeoE Rise time typically loes than 1.0 ns

Fali time typically less than 1.0 ns

FICA Developmental Types C30979E and C30980E are high Maximum Ratings. Absolute-Maxlmumn Values,
speed indium "iallium Arsenide/Indium Phosphide Reverse Siat Darki Current .............. 00o
photodiodes. These structures provide high responsivity Photocurrent Wt 22* C:
and very fast response between 900 and 1700 nanometers Average value, continuous operation .. 05 MA

a nd are optimized for detection of 1300 nmn and 1550 nm Peak value (For 1 second

Sources They are particularly useful for fiber optic duration. non-repetitive) .............. 0 t mA
communications at these wavelengths These devices are Forward Current, I, at 2 2 * C:
supplied in a TO-18 package with a removable cap which Average value. continuous operation 0. 1l mA
permits optimum coupling of the fiber to the active area of Peak value (For I second
the detector. These devices can be supplied sealed tvhind a duration. non-repetitivei ......... _....05 mrA
flat giass window on request. Maximum Total Power
The C3O980EL Is supplied In a hermetically sealed package Dissipation at 221 C ........... 1W
which incorporates a short light pipe as an integral part of Ambient Temperaturse
the package The light pipe Is positioned close enough to Storage. T ............... -60 to + too
the defector's active area that most of the radiation exiting Operating, T1 ....................... -46 to + 71 C
from the light pipe falis within the active area of the Soidering.
detector. This h-rideticaliy seated package ailows fibers to For 5 seconds .................... 200o
be epoxied to the end of the light pipe to minimize losses
without fear of endangering detector stability.

The C30979E and C30980E are also available mounted on a
ceramic block for hybrid work (see IFtgure 4). In this I The"e are lim~iting values of operating and environmental
configuration the type numbers are C30979CER and conditions. Exceeding these values can cause damage to the
C309SOCER device,

For tvitt'e information or applicaiion assistanceo te driCes, contascti For ACA Sates itepresanteire or Photodetecto, Marwetrng, RCA, Ste Annildlieeaus
Ovebec. Cmnada Hall 3tL3 (5141 07-900C)

.... n.5 .C.w Sr 'ra ame~ * Oil54 I -~. MwCA. Ii.. bew illn n.rae5 S .. 9 W .'ll i sea-nes

ho -1w fto~~ .en - a - ft W-M Vor- Printed in U.S A./942
-1 a- 1W.or C305?5E, C30OssE. C3O5SOEL

A-1 Supersedes C30979E S-81

% T



*C30979E. C30980E, C30980EL

Electricat Characterlitics Al an ambient temperature (TA) of 22* C. DC reverse operating voltage V. S V Units

C30t79E C3098OE C30980EL

MI. Typ. Max. Min. Typ. Max. Min. Typ. Max.
Recommended Operating Voltage 1 5 10 1 5 10 1 5 10 V
Breakdown Voltage. V .. . 30 60 - 30 60 - 30 60 V
Responsiwty

At 1300 n, 063 073 063 073 050 060 AJW

Att15S0 nm ................... 075 088 075 088 060 072 AiW
Oianlum Etticiency

At 1300 nm 60 70 60 70 48 58 -

At 1550 nm ....... 60 70 60 70 48 58
T'tr l Dark Current. I .. . 15 30 - 150 250 - 150 250 nA

None Current. i.
. 10 kHz. If 0 Hz 0 2 04 ,03 06 0.3 06 pA/Hz"'

Cpacitance. C, ........ 1 2 5 I0 5 In p

Rise Time. t.

10% to 90% points ... . ..-. I - 3
Fail Time

90% to 10% points . .... 1 ns

Photosensitive Surface
Shape Circular Circular Not
jseful area . 0 008 0.2 Applicable mm2

Jseful diameter 100 500 'm

2 '
6 +1--

• It-

K i I 1--- - --' . 7L- :1 1 1 1

*uf"00v~~~ 2-, Io0 i~ 2.1 C 'i i~

Figure 1 - Typical Spectral Reaponalvily Characteristic Figure 2 - Typical Leakage Current vs Temperature

A-2
S..
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C30979E, C30980E, C30980EL

-T 44 t.O 0,0I~t

S .- 30

iNEGTE -.D• l si°ioldO,

I 2 0E ,0 iLI

_ ,,, , 1 i i ! l tI: l .. . , ...

Ik-s o 018410- -1 LEAD V11 D Modified TO-18 Package
0 1,40 0, IDimensions in mDllmeters Oimensions in parentheses are in

Figure 3 - Typical Photodlode Capacitance Inches
vs Operating Voltage Figure 5 - Dimensional Outline - C309?9E, C30980E

D~i C~il, A D0.0 l

203 t AD I34 , ,

.106 PiSI028 10 011

,oo '7 M A ,

65 021, $ , [

loR0D, .~ -:IDA.I , / . . .Uso MI 91A ,0 , -I n

E800],N G1108110. tD - .110O,0,
ANOD,

TO-la Package

Dimensions in mnillimeters Dimensions in parentheses are in
-' -- inches

o I o Figure 6 - Dimensional Outline - C309BOEL

A-3
.,0 --~Dimensions in millimeters Dimensions in parentheses are in0 nnches

Figure 4 - Dimensional Outline - C3O9Y9CER, C3O980CER Figure 7 - Cutaway of the RCA C30BSOEL

A-3



R d 'Electra Optics Solid State DetectorsCA and Devices Developmental Types

C30986E Series

Long Wavelength Photodlode -

C3*"GQC-01Transimpedance Preamplifier Modules
C30SEaIOC-02 Available with Integral Fiber Optic Pigtail

NSU6 System Bandwidth (3 dS Point) - U Sensitivity (signal-to-nloise ratio
DC to 250 MHz 22 dI for .E.= 10'9) -

2 Reeponsivity at TA = 221 C - -35 dflm average optical power of
5x1I0it V/Wiat 1.3 pmi 250 Miiz
61103 V/W at 1.55 Am U System Noise Equivalent Power

RICA Developmental Type C30986E is an Indium Absolute-Maxlmumn Ratings. Limiting Values'
Gallium Arsenide (p-i-n) photodiode with a hybrid Photodlods Bias Voltage. V.
preamplifier supplied insa 14-pin dual in-line package; At TA= 220 C......................... 30 V
a glass window providing optical access to the photo- Preamnplifier Volae.
diode is included RCA Developmental Types Positive, +V......................... -63 V
C30986EQC-01 and C30986EQC-02 are Indium Gal- Negative, -V.1 .. ........... -63 V
hum Arsenide jp-i-n) photodiodes with hybrid pre- incident Radiant Fliuc. T. =, 22' C)
amplifiers supplied in a 14-pin dual in-line package: Average value........................... 06 mvw
this package is supplied with a 50 Mmr graded index Peak vaiue (I sac duration.
fiber pigtail. non-repetitive)........................ 12 Wv~

Ambient Temperature.
The p-i-n photodiode used in these devices is a high- Storage. T.... ....................... . Soto - too
speed indium Gallium Arsenide/Indium Phosphide
pholodiode providing high responsivity between 900 Opheeae tig vaue of. oper......4 ano shn 0 C
and 1700 nm and is optimized for detection of 1300 Exceeding these vaiues Can Cause deamage to the device
and 1550 nm sources

Mechanical Characteristics
The preamplifier is a transimpedance type employing Type Dide Chip Fiber Fiber Optic
a low noise GaAs FET front-end and a cascode (01a.) Type Core Die.

feedback circuit. An emitter follower-stage is added C30986E C30979E (100 orm) -

to the output to provide improved output coupling C30988EQC-01 C30979E (l00 oml Sirscor 3008D0' prn.
efficiency. The system bandwidth for the C30986E C30g86EQC-02 C30979E (10orsm ITT T12 71-151 50 ,m
Series is typically 250 MHz. Greeter sensitivities with I A product of Siscof Opiicai Cables. InC . Hickory NC 28eo1

4correspondingly reduced bandwidths are available. *A produci of ITT EiectraoOpticai Products D,, Roanoke. VA 24019

For fuflhe ,nionme?,ofl OP apliin..CRI,0tPeii on these devices coniect your RCA Sole. RePrebeniuve or Phalodolectoi marketing. RCA Str Anne as Belie-u

Qusee Caneda.9X5 313 1514) 457-90DO

0 per' ,Qn4 04~C0C30986E Series

A-5



C30986E Sedfe____________________________________

Electrical CttectesletCsi C30OWGE C3OWOEOC.O1 C30986EQC-02 Units

Min. Typ. Mon. Mint. Typ. Mal.

At 1 3 .m...... ...................... .1 (? 5s10 - 3e10? 4xi10 V/WV3At ,553 om.................................. SxI 10 xleIO - 4R10' 5nl& vfW
Noise Equivialent Power (NEPt:

100 kHZ <1<1i./2

At 3.m ............. I....................- 3.0 5.0 - 38 8.8 PWit-z
5
I

At1 55,OM..... ... ........... ................... 2.5 4.0 - 3.0 50 PWV/HZ"'
Output Spectral Nois Voltage Density:

f- 100 kHz - I.
at - 1 0 Ht.................................- 15 20 ) 15 20 nV/Hz"'

Out put I mpedaince................................ 20 40 - 20 40nISystem Bandwidth. t. (388i point) ......... ...... 200 250 - 200 250 - MHz
Rise Time. t,

A - 1 3 om and 1 55 pim
10% to 90% oints ........................... - 1.5 2 - 1.5 2 ns

Fail Time

A\ - 11 3 orm and 1 55 orm
90% to 10% points ........... - 1.5 2 - 1 5 2 rig

Dynamic Aenge.

622 dO SNR squerewene ........... 18 20 - Is 20 - dB
Output Onset Volttage..... ..................... -0.7 -1,5 -3.0 -0.7 -1.5 -3.0 v
Supply Current:

+50V .................................... - 25 33 - 25 35 mA
-52V ............... I.....................- 10 is 10 1s mIA

At~ an mie.nt temperature (I.) of 22r C. negatine pliotodiode, bias oft-51 VOC. pritempiitter operating noitegetsot +5 OVOC and -5.2 VDC. end the signai owiput
AC icsscmoiiV coupled into & 50 ohm titrmination

Is

01t - -

Figure I Typical Spectral Retponivliy Characteristic Figure 2 - Projected Bandwidth vs Aesponsinvity 1I.3 urn)
(modules with peitofmance lying on tis cu"v can be .d an a cution,

A-6



C30986E Series

4O. T~OU @14XA!

a t,

DIL

ON Mti OGM3 3

Figure 3 - Pakage with Cover Removed/

, -- 1 1-

I 3031

20 o U

IN. Io Wli,

Ase -lD,,, so _ ..

, - I) a LLi

tP o ®- Dimensions In millimeters. Dimensions in parentheses are n

®* ,® ir.,.rea.

T- Pin Connections
Negative Bias for Photodiode

2.86. g. 112. 13. 14: No Connection. Do Not Use

3. 5.58: Ground (Case and Power Supply)

4: -V_ Negative Bias for Amplifier
7: Signal Output

:10 +V o Positive Bias for Amplifier

Dimensions In millimeters. Dimensions in parentheses are in Figure S - Dlmenslonal Outline -

incs C3098SEOC-01, C30986EOC-02

PIn Connectlon
I Negative Bias for Ptotodlode

2. 8. :. 11. 12. 13. 14: No Connection, Do Not Use
3. 5. 6 Ground (Case and Power Supply)
4 -V- Negative Bias for Amplifier
7 Signal Output
10 +V. Positive Sias for Amplifier

Figure 4 - Dtmonalonal OulIne - C396E

A-7
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C30986 Series

Electrical Oharacteristics C30986-70QC-01

Units
Kin. Typ. Max.

Detector Responsivity (coupled) @l.3im .................. .57 .66 - A/W
@1.55tm .................. .68 .79 - AiW

Responsivity @1.
3
pm ..................................... 3.lxlO4 4.2x104 - V/W

@l.551m.................................... 3.6xl0 ' 5.OxlO4 - V/W
Noise Equivalent Power (NEP):

(0OOKHz f fo/2) @1.3m .................................. - 1.4 2.6 pW/VRz

@1.55im .................................. - 1.2 2.2 pW//-
Output Spectral Noise Voltage Density

(f-10OKHz-fo, Af-l.OHz) .................................... - 60 80 nV//-i

Sensitivity (Pavg.@10-
9
B.E.R.)@l.3mn...................... -42 -43 - dBm

@1.55um ....................... -43 -44 - dBm
Output Impedance .................................................. 20 40 Q
System Bandwidth, fo (3dB point) .......................... 55 70 - MHz
Rise Time (10% to 90%) ......................................... - 5 6.4 ns
Fall Time (90% to 10%) ......................................... - 5 6.4 ns
Dynamic Range (optical) ................................... 18 20 - dB
Output Offset Voltage ...................................... -0.7 -1.5 -3.0 V
Supply Current, +5.2V ......................................... - 25 35 mA

-5.2V ......................................... - 10 15 mA
Detector Leakage Current, -5.2V .............................. - 10 30 nA
Detector Capacitance, -5.2V ................................. - 0.5 - pF
Transimpedance Resistor ...................................... - 100 - kQ

At an ambient temperature (TA) of 22*C, negative photodiode bias of -5.2VDC, preampli-
fier operating voltages of +5.2VDC and -5.2VDC, and the signal output AC (capacitively)
coupled.

S/N: 67101 TEST SUPERVISOR: _ ________DATE:

CD: Q.C.: DATE:

Measured Values
Responsivity @1.3=n............................. 4Zs/04 V/W into 500

- ............................ O #° V/W into 10000

Detector Leakage Current @5.2V .................... / nA
Supply Current, +5.2V ............................. mA

-5.2V ............................. .... nA

Output Offset Voltage ........................... -2.2V

Output Impedance .................................... 34 0

System Bandwidth, fo (3dB point) .................. 7 MHz into 500

System Bandwidth ................. 70 MHz into 10000
Output Spectral Noise Voltage Density (AVG) ..... 43 nv//- into 500

-- -(Peak) .... 6

C;-10



C30986 Series

SIN: Q.C__ _ TEST SUPERVISOR: DATE:

CD: ______________ .C. ________________________ DATE:

Dimensional Oulline-

a IPI ________ ___ -__.:. -6,, ,o-

___________., . w_

- Typical Spectral Responsivity Characterttic

Dimensions In millimeters. Oi nenuion in parentheses are In
inches.

Pin Connections
1: Negative Bias for Pholodiode
2. 6. I. 11,12.13,14: No Connection. Do Not Use
3 5, 0: Ground (Cae and Power Supply)
4: -V- Negative Blae for Ampllfle
7: Signal Output
10. +V. Positive Bias for Amlifler

2dB/div J

20nV/H1z k/2
/d iv

o/p Load: 50 ohms

C-9



C30986 Series______________________________________

Electrical Characteristics C30986-70QC-01

Miln. Typ. MAX.
Detector Responsivity (coupled) @1.3ya .................... 57 .66 - A/W

91.55izm ................... 68 .79 - A/W
Responsivity @1.3 . ...................................3.1X1'4 4.2x10'4 - V/W

@15& ............................... 3.6x10'4 5.0x10'4 - V/W
Noise Equivalent Power (NEP):

(100K~z f fo/2) @1.3Mn....................................1.4 2.6 pw//ri
@l.55um .................................. 1.2 2.2 pw/'lE

Output Spectral Noise Voltage Density
(f..IOOKH-fo, I f-1.ORz).....................................60 80 nV/Aff

Sensitivity (Pevg.@10- 9 B.E.R.)@!1.3........................-42 -43 - d~m
8l.55im ....................... 43 -44 - dBm

Output Impedance.............................................20 40 n
System Bandwidth, fo (3dB point)..........................55 70 - MHz
Rise Time (10% to 90%)........................................5 6.4 ns
Fall Time (90% to 10%)........................................5 6.4 ns
Dynamic Range (optical)...................................18 20 - dB
Output Offset Voltage....................................-0.7 -1.5 -3.0 V
Supply Current, +5.2V ........................................ 25 35 mA

-5.2V ........................................ 10 15 mA
Detector Leakage Current, -5.2V ............................... 10 30 nA
Detector Capacitance, -5.2V .................................. 0.5 - pF
Transimpedance Resistor.......................................100 - k0

At an ambient temperature (TA) of 22*C, negative photodiode bias of -5.2VDC, preampli-
fier operating voltages of +5.2VDC and -5.2VDC, and the signal output AC (capacitively)
coupled.

S/N: ____767ff ___ TEST SUPERVISOR: DATE:

CD: __________ Q.C.: _______________DATE:_________

Measured Values -
Responsivity *1.3pzm....................................into 500

-... .... .... .. &/,(/Of V/W into 1000n
Detector Leakage Current 152............-0 nA
Supply Current, +3.2V............................ 14 fnA

- -5.2y ........................... 3.S mnA
Output Offset Voltage............................ .2 V
Output Impedance....................40 a
System Bandwidth, fo 61pit).........& MHz into 50n
System Bandwidth..........................73 MHz into 1000n
Output Spectral Noise Voltage Density (AVG).......4f nv/Arz into 500

- - (Peak) .... 7

c-8



SIN: 11)6 M;-T SUPERVISOR: DATE: .98

CD: Q.C.: DATE:

- Dimensional Outline -

______-®,, I® - ,

- ___ _4, . a,

,-I

w~vt (r~N A/,c (v ( * 5,,

- Typical Spectral Reuponslvlty Characteristic
Dimensions In millimeters. Dimensions In parentheses are In

Inches.

Pn Connectons
I: Negative Bias for Photodiode
2. 6.9.11. 12.13.14: No Connection. Do Not Use
3. 5. 8: Ground (Case end Power Supply)
4: -V_ Negatlie Bias for Amplifier
7: Signal Output
10: +V Positive Bias for Amplifier

2d P)id i V

/d iv

0/p lo id: 50 ohms

(- 7



C30986 Series

glectrical Characteristics C30986-70QC-01

Units
Kin. Typ. Max.

Detector Responsivity (coupled) @1.3pm .................. 57 .66 - A/W
@l.SSum .................. 68 .79 - A/W

Responsivity @1.3pu ................................... 3.1x104 4.2x104 - V/W
@1.SS M................................. 3.6x1O04 5.0xlO 4 - V/W

Noise Equivalent Power (NEP):
(1OOKHz f fo/2) @1.31 ............................. - 1.4 2.6 pW//TIA

@1.5S " ............................ - 1.2 2.2 pW//Ri
Output Spectral Noise Voltage Density

(f-IOOKiz-fo, Af-l.0Hz) .............................. - 60 80 nV/,/h
Sensitivity (Pavg.I60- B.E.R.)1.3= ................... -42 -43 - dBm

@1.5Sum .................... -43 -44 - dBm
Output Impedance ....................................... 20 40 0l

System Bandwidth, to (3dB point) ....................... 55 70 - ?Otz
Rise Tim (102 to 90%) ..................................- 5 6.4 ns
Fall Time (902 to 10%) .................................. - 5 6.4 ns
Dynamic Range (optical) ................................ 18 20 - dB
Output Offset Voltage .................................. -0.7 -1.5 -3.0 V
Supply Current, +5.2V .................................. - 25 35 mA

-5.2V .................................. - 10 15
Detector Leakage Current, -5.2V ........................ - 10 30 nA
Detector Capacitance, -5.2V .............................- 0.5 - pF
Transimpedance Resistor ................................ - 100 - kn

At an ambient temperature (TA) of 22'C, negative photodiode bias of -5.2VDC, preampli-
fier operating voltages of +5.2VDC and -5.2VDC, and the signal output AC (capacitively)
coupled.

S/N: TEST SUPERVISOR: DATE:

CD: Q.C.: DATE:

Measured Values
Responsivity @1.3zn ............................g.7 jo4 V/W into 500

. .............. 44 V/W into 10000
Detector Leakage Current *5.2V.................. 70 .A

Supply Current, +5.2V ........................... .2. mA
- -5.2V .......................... J. nA

Output Offset Voltage v ........................... V

Output Tmpedance ................................ 49 a
System Bendwidth, fo (3dB point) ................ .65 MHz into 50n
System Bandwidth -.... ..... 73 Mz into 10001
Output Spectral Noise Voltage Density (AV ..... f4 nv/AG into 50n

. . . . .- (Peak) .... -

C-6



C30986 Series

SIN- ~ q TEST SUPERVISOR: DATE:

CD: Q.C.: DATE:

- Dimensional Outline -

1" IM "a IM

____ ___ ____,a-® m ,®-

__ __ __-0 _ *, ,-

1: egaiv Bis -o htds -

4: -V Negav 1" fo A e

TlWm

- Typical Spetral Reponsiity Characteristc -p

Dimensions In mllimreters. Dimensilons in parentheses are in
inches.

Pin Connectkns

1: Negaive Bias |or Ph~otodlodo
2,6.9. 11. 12. 3. 14: No Connection. Do Not Use

3. S. 6: Ground (Case lind Power Suppiy(
4: -V.. Negative Bias fl" Amplifier
"1: Signa Outu

10: +V - Poelive ias or Ampli1fr

2dB/d iv

20nV/HzZ
/d iv

o/p load: 50 ohms

- - - ( .--



C30986 Series

lectrical Characteristics C30986-70QC-01

Units
Kin. Typ. Max.

Detector Responsivity (coupled) @l.3pm .................. 57 .66 - A/W
@l.5 5um .................. 68 .79 - A/W

Responsivity @1.3um ................................... 3.lxlO 4.2xI0 - V/W
@1.55to .................................. 3.6x104 5.0x104 - V/W

Noise Equivalent Power (NEP):
(1OOKHz f fo/2) @1.3m ............................. - 1.4 2.6 pW/m

@1.55mm ............................ - 1.2 2.2 pW/v l
Output Spectral Noise Voltage Density

(f-IOOKHz-fo, Af-l.OHz) .................................... - 60 80 nV/Aff
Sensitivity (Pavg.@10-

9
B.E.R.)@1.3tn ...... ............. -42 -43 - dBm

*l.5sum ....................... -43 -44 - dBm
Output Impedance .................................................. 20 40 n
System Bandwidth, fo (3dB point) .......................... 55 70 - MHz
Rise Time (10 to 902) ......................................... - 5 6.4 na
Fall Time (902 to 102) ........................................ - 5 6.4 ns
Dynamic Range (optical) .................................... 18 20 - dB
Output Offset Voltage ...................................... -0.7 -1.5 -3.0 V
Supply Current, +5.2V ........................................ - 25 35 mA

-5.2V ........................................ - 10 15 mA

Detector Leakage Current, -5.2V ............................. - 10 30 nA
Detector Capacitance, -5.2V ................................. - 0.5 - pF
Tranaimpedance Resistor ..................................... - 100 - kQ

At an ambient temperature (TA) of 22C, negative photodiode bias of -5.2VDC, preampli-
fier operating voltages of +5.2VDC and -5.2VDC, and the signal output AC (capacitively)
coupled.

SIN: ______9's ___ TEST SUPERVISOR: ______________DATE: Z

CD: Q.C.: DATE:

Measured Values
Responsivity 1.3.............................. 411'V/W into 50n

................................ ... * "d V/W into 10000
Detector Leakage Current 65.2V ........ '.O UK
Supply Current, +5.2V .......................... X40 nA

-5.2V ............. ........ ..... A
Output Offset Voltage ............................ -271 V
Output Impedance ................................ 41 0
System Bandwidth, fo (OdB point) ................ 65 MHz into 500
System Bandwidth ............ ,..... 7 H into 10000
Output Spectral Noise Voltage Density (AVG) ..... ., nv/vIE into 500

. . . .- (Peak) .... 70

C-4

S-

.P.



* SIN: 7F9~ TST SUPERVISOR: DATE:

CD: __________ Q.C.: _______________ DATE:_________

DiOmensional Outline -

L-0. 
0

-Typical Spectral Rosponsivily Characteristic
Dimensions Inl millimeters. Dimensions In parentheaea are In

Pin Connections

1: Negative Bias for Pthotodiode
7.6,9.11. 12Z 13. 14: No Connection. DO Not Liae
3, 5, 8: Ground (Caae and Power Supply)
4: -V_ hW~affr Bias for Amplifier
7: Signal Output
10: +V. Positive aas for Amplifier

-)d B/d iv

Id i v

hUd
/ t A h-



C30986 Series

Electrical Characteristics C30986-70QC-01

Units

Kin. Typ. Max.
Detector ResponsivLty (coupled) @1.3um .................. 57 .66 - A/W

@1.551im .................. 68 .79 - A/W
Responsivity @1.3m .................................. 3.1xlO 4.2x104  V/

@1.55a .................................. 3.6x104 5.0xlO4 - V/W
Noise Equivalent Power (NEP):
(1OOKHz f fo/2) @1.3ya ............................. - 1.4 2.6 pW/AFi

@l.55t= ............................ - 1.2 2.2 pW/v1
Output Spectral Noise Voltage Density
(f-OQKz-fo, At-l.Oz) ...............................- 60 80 nVf/If

Sensitivity (Pavg.1V9B.E.R.)@1.31.m ............... -42 -43 - dBm
@1.55pm .................... -43 -44 - dBm

Output Impedance ....................................... 20 40 A
System Bandwidth, fo (3dB point) ....................... 55 70 - MHz
Rise Time (10 to 902) ................................. - 5 6.4 ns
Fall Time (902 to 102) ................................. - 5 6.4 na
Dynamic Range (optical) ................................ i8 20 - dE
Output Offset Voltage .................................. -0.7 -1.5 -3.0 V
Supply Current, +5.2V ................................... - 25 35 mA

-5.2V ................................... - 10 15 mA
Detector Leakage Current, -5.2V ......................... - 10 30 nA
Detector Capacitance, -5.2V ............................. - 0.5 - pF
Transimpedance Resistor ................................ - 100 - kO

At an ambient temperature (TA) of 22C, negative photodLode bias of -5.2VDC, preamplL-
fier operating voltages of +5.2VDC and -5.2VDC, and the signal output AC (capacitively)
coupled.

S/N: PON TEST SUPERVISOR: . DATE:

CD: Q.C.: DATE:

Measured Values
Responivity *1.31. ......................... .1Sa 4 V/W into 500

......................... 6.71V4 V/W into 10000
Detector Leakage Current Q5.2V.................., nA
Supply Current, +5.2V ............................ Z mA

-5.2V ..%............................. .f. mA
Output Offset Voltage ......................... *-2.ft V
Output Impedance ...... ,............. 41 0
System Bandwidth, to (3dB point) ................ 6 Hz into 500
System Bandwidth ..... 75 Mlaz into 1000n
Output Spectral Noise Voltage Density (AVG)......1f nv/M into 500

. . . . . (P.,ak .... -

C-.2



S/N: TESf 1-~T SOPERIq;Hv DorrATF: 3I

CD: ___________ Q.t. __ _______ DATE:

* - ODimns~nional Outiln

* -- - -- -411

41fl %1-

~~Typical Spectral tResponsivly Characteristic :

Dimensions In trllllmelers Dimensions In parentheses are In
inches.

Pin Connections
1: Negative Sims for Phtlotdode
2.6.9.11,.12, 13. 14 No Connection. Do Not Use
3. 5.0 Ground (Case and Power Supply)

4-V. Negative Bias for Amplifier
7Signal Output

t0: +V Positive Bias for Amplifier

2dB/div

* 2OnV/Hz %1
/d iv

0/ Juild 50 ol rn

c- I



AFPElJDIX C

'lEASURED DATA ON~ 5
PIN-FET RECEIVERS SUPPLIED
AS PART OF THE REGUIRE'ENTS

OF THIS CONTRACT
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