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e DEVELOPMENT OF PHOTODETECTORS
- FINAL REPORT

k4 l. INTRODUCTION

This is the fourth and final report on this contract. The material pre-
j‘ 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
MRS the contract. The period of time covered by the new work reported here
o is from Mewebr |, 1983 to ey 30, 1984,

» TJow € JowE€

. The main effort during this time period has been devoted to fabrication
of InGaAs/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 suitahle 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 stages ot
A this work, particutarly 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 I1.GaAs layer of about lOls/cm3 are now routinely obtain-
(- ed, thus enabling the fabrication of photodiodes with low and reproduc-
- ible capacitance. Moreover, the present growth and fabrication techno-
logy yields dark currents for 100um diameter diodes consistently below

|
.
v

-, 10nA, and frequently below 5nA.

s

2k e
P R

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 be noted, for example, that the InGaAs photodiodes can
be supplied mounted on a ceramic block. This enables customers to in-

corporate the unit into their own amplifier systems, thus avoiding a

number of obvious problems associated with a separately packaged device.
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These results, and the effort which has gone into the growth and fabri-
cation technology, have not specifically been a large part of this pro-
pyram, but the effort has been carried out concurrently with the work on
this program. This separate work has provided a bhaseline for the APD

wWOTK.

PASSIVATION

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 barricer
that would repel both electrons and holes away from the surface. The
hasis for the work was the successful passivation of silicon by attach-

ing atomic hydrogen to the silicon dangling bonds at the surface. [l]

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 200°C and
above showed evidence of decomposition when exposed to gases (bydrogen,
nitrogen or ammonia) which had been atomized by an r.f. glow discharpe.
At lower temperatures, (150°C), while no decomposition was observed,

dark currents of diodes so treated were found to increase substantiallv,

Analysis of the experimental results has suggested that the limitation
in the treatment process may have been due to the presence ot trace
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 passivating
deep levels in GaAs using atomic hydrogen suggests that further work in
this area is warranted, but that oxygen must be eliminated from the glow

discharge.
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4, InGaAs/InP APD's

4.1

f% ELECTE

Structure

Initial effort in the fabrication of ILI-V APD's was concentrated
on homojunction InP devices grown on both p-~type and n-type sub-
strates. These results have heen described in a previous quarterly
report. In most devices there was little evidence of gain,
suggesting that surface breakdown was occurring long before the
hias voltage reached a value where significant internal multiplica-
tion occurred. No well defined reasons have been determined tor
the tailure of this earlier work. However, more recent effort with
both InP and InGaAs 'SAM' APD's has been considerably more success—
tul. N-type substrate material has been used for all recent work,
and the improved results are thought to be due to generally improv-

ed growth and device tabrication techniques.

The structure used in these experiments is shown in figure 1a. The
finished device is a simple mesa configuration, Contacts to the
upper and lower surfaces are made using conventional and previously
described techniques. The structure has a number of advantages

over other possible devices:

1y fLight entry is trom the top surtace (pt), similar to the stand-
ard line ot PIN diodes, so that existing mounting and bandling

techniques can bhe ased;

2) Light entry trom the top avoids the two-told problem of 2-vided
processing (which would be necessary for light eatry trom the

substrate side), and more ditticnlt mounting techniques;

3)  Light entry trom the top avoids the problem of tree-carrier ab-
sorption in the suhstrate which, in some circumstances, results

in Toss of quantum etticiency;
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4) For this structure, long wavelength radiation (e.g. l.3um)
incident on the top surface is absorhed in that portion of the
InGaAs region adjacent to the heterojunction. This is the por-
tion of 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 sufticient depth of the InGaAs region is depleted (about
2mm or so), and the InGaAs layer itself does not form a dead
layer, {(as would be the case for illumination from the suh-
strate side) and therefore the total thickness of the InGaAs

layer is not a critical parameter,

There 1is, 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 theretore 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 secems
likely that some technique for surface field reduction will
have to be utilized if reliable and stable devices are to he
achieved, One possible approach to this problem has bheen 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' APD structure
have been described in considerable detail in the literature,
and are therefore presented only briefly here. Avalanche mul-

tiplication in InP is found to occur for fields in the range ot

about 4.5 to 6 x 10° volts/em, depending somewhat on the doping
' concentration in the InP. For an abrupt junction, the ficld is
related to the doping concentration and depletion layer width .

- hv the tollowing:




E(x) = & N(w-x)
€

where: is the doping concentration in the depleted region,
is the electronic charge,
is the dielectric constant

is the width depleted by the applied voltage, and x is

" £ m £ 2

he distance from the junction.
The maximum field, Y, occurs for x=0, and is given by

Ep= 9 Nw
€

Thus, for example, if Ep is 5 x lUSV/cm (for avalanctc¢), then
the product Nw is approximately equal to 3.3 x lUlz/cms. In
this case, for a doping concentration of 1 x 1016/cm3, the
depletion width at avalanche would be about 3.3um.

In the 'SAM' APD structure of figure la, the thickness 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° V/cm - the approximate threshold for
tunnelling,

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

the parameters shown, the maximum field is given by

E =3 [Ngywy + Nyowsp]
m €

and

. q
Ey= = Ngowy
€
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Thus, for successful operation of the device, the eclectric

tield ¥y must satistfy the following:

0<Ey< 1.5 x 10°V/cem

It is clear that a range of thicknesses and doping concentra-
tions for the InP region is possible for successtul fabrica-
tion, and depending somewhat on the actual breakdown ftield,

Fons
to 3.5 x l()lz/cmz. It is equally clear, however, that the

the product Ngywy aay lie in the approximate range 2.0

limits 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' APD waters tLave been fabricated which have yielded diodes
having gains of about 10 or greater, and good response at

l.3um. These results are described below in some detail.

Fxperimental Results

The diode pattern used is shown in figure Z. Because slight
undercutting of the pattern occurs during the etching process,
the actual mesa is found to be slightly smaller than shown,
Measurement of actual devices has given an area typically about

.26 x 1o—* (‘,mz.

The tirst results shown are for an APD in which reach-through
to the InGaAs region did not occur. Thus, the results obtained
are for an InP APD. Measurements of response werc made at a
wavelength of 900nm, since there was no long-wavelength res-
ponse, and quantum efficiency decreased dramatically at shorter

wavelengths due to absorption in the capping ptinP layer.
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Figure 3 shows the response as a function of bias voltape. In
order to determine the gain, the unity gain response has heen
assumed to increase at higher bias voltages with the same slope
as at lower voltages. The unity gain retference line is indi-
cated in the figure. The gain, therefore, can be casily cal-
culated, and is shown in figure 4. It is to be noted that the
#ain observed is electron gain, since the absorption is all on
the p-side of the junction. The hole gain M, is related to
the electron gain Ms by

Ma—l = k (Mp-1)

where, for a peak tield of the order of 5 x l()5 V/em in this
device, k should be about 0,62 [4]. The dark current is also
plotted in figure 4. The dark current increase at high volt-
ages is almost certainly due to the gain and corresponds to an

unmiltiplied bulk dark current in the device of about ..’nA.

The capacitance as a function of bias voltage is shown in
figure 5, The slope of less than -.5 is an indication ot the
junction ygrading effect due to the diffusion of the zinc trom

the pt InP region to form the junction.

In tigure 6, the electron gain of a 'reach-through' InGaAs APD
is shown, Since the device has no long wavelength responsce at
tow bias voltages, the gain is obtained, as for device #1,
above, hy measuring at 90Unm. The hole gain, calculated from

the electron gain using k=0,62, is shown as a dashed curve.

Figure 7 shows the long-wavelength (1300nm) response of the
diode. ‘lhe response is seen to rise rapidly as the depletion
layer nears the InP/InGaAs interface, and reaches through into
the InGaAs region. The dashed curve shows the calculated unity
yiain response, which was obtained by dividing by the hole gain
trom tigure H., For comparison, the response of the reference
diode is shown, which is approximately equal to the high volt-
age unity wvain response of the APD. This confirms that the
device is well behaved, has high quantum efficiency, and that

the assumed k factor is about correct.
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The capacitance ot th

voltage in tigure &,

B e S e it e P Sal v b Al Sl wad il Gl it fed b il sed Sadk Aadtl Bego i ar o s 1

is diode is plotted as a function ot bhias

As expected, the capacitance drops preci-

pitously atter reach-through, thus defining the reach-throuph

voltage as about 40 volts.

An excessive noise problem has been observed in many diodes
} )

at  hias wvoltages co
through point. This
which are plotted in
doping concentration

low, so that the gain

»
rresponding  approximately to the reach=
is shown for another diode, the results of .
tfigure 9. In this particular device, the
and/or thickness of the InP layer was too

atfter reach—through was found to be onlyv

slightly above 1 in the voltage range measured. Nevertheless,

the noise of the diode, as shown in the tigure, rises Lo a very

high value at about the reach—through voltage, decreasing some-

what at higher voltages.

There is at the present time no explanation tor this problem,

but it c¢an bhe assumed that some irregularity in the device

structure exists at the hetero—interface.

The resualts of one fu

much reduced anomalous noise at the reach—through voltage, are-
shown in Figures 10-14. Figure 10 shows the responsivity and

tigure 12 shows the estimated hole and electron gains. Fig. 12

shows the dark cuarrer

atter dividing by the hole gain. Note that unmultiplied dark
current,  which should be proportional to w + Ly, where w ois
the width or the depletion layer in the InGaAs and Ly the

ditrusion length, bebhaves roughly as expected.

Fivure 13 shows the calculated excess noise tactor as a tune-

tion ot pain and tig. 4 shows the measured and calculated

O] e Note o that at

reasondbly well with the measure noise, but that there is still

some anomalously tarpe noise at low gains,

rther device, trom a wafer which showed a

1t and the estimated primary dark corrent

high gains the caleculated noise agrees
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Discussion

There are a number ot outstanding problems which must be re-

solved hetore a usetul device is achieved.  These problems will

be  the subject of tuture work., In general, gains have been
quite low, This 1is undoubtedly due - at least in part — to
hiph ticlds at the junction periphery ot the device, It will

be necessary, theretore, to devise a workable technique for

surtace field reduction, as discussed earlier in this report.

The noise problem which occurs near the reach-through voltages
would sceverelv limit the nsefulness of most devices tabricatoed
o Pare In oaddition, the noise ot the diodes wmeasured - cven
the device of tigure 10 - are excessively high for the rela-
tively low pgains achieved. Mueh  of  the excess noise, may
Arise trom hish ticlds, and theretore high localized sains at
the  ctebed surtace of  the mesa. This avain indicates the
necessity of redocing the peripheral tield. At the sor time,
the active multiplying arca could probabhly he reduced substant-

ially tor most tibre-optic applications.

The measured dark current is about an order of magnitude higher
than one would like to see in a useful device. Some o! this
can be redunced by making the device smaller, but more attention
will probably have to be paid to interface states, otes trom

which the dark currvrent may be coming.

it i< also noted that none ot the devices tabricated so tar has
had an intermediate or graded bandgap layer between the n-InP
and the undoped InGaAs regions. This layer would be necessary
to avoid the slow response characteristic which has been found
to he associated with the valence-hband discontinuity at the
hetero-intertace, The development of prowth techniques to

inscert such a laver will be the subject of tuture work,

beliverable In(in_;\s/lnl’ /\PD'S_

Five APR's bave been mounted, evaluated, and made available tor
Jdelivery as a0 requirement of this program. The diodes have
bheen selected trom water E=190 which is the same lot from which

the diode ot tivure 11 was obtained. The measured results tor

the 5 diodes are attached to this report as Appendix B,

- 9 -
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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 .er concentration in the (undoped) n~ InGaAs
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 1is the background doping concentration in the a7 InGaAs
region., With the continuing wafer fabrication etffort described
earlier in this report values for the doping concentration in the

high 10"* and low l()ls/cm3 range are routinely achieved. Apart i
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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5. PIN-FET RECELIVERS

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 etfort 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 wavelenyth
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—-up.

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

Eé: The optimization of PIN diodes has consisted mainly of a continuing
effort to decrease the capacitance of the diodes, which has a
direct eftect on the performance of the receiver. In general, the
;A:. 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:

EE;
C = EQN A
2V

where ¢ is the dielectric constant

q is the electronic charge

N is the doping concentration

- V is the voltage, and

A is the diode area.
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Electro Optics
and Devices

Solid State Detectors
Developmental Types

C30979E, C30980E, C30980EL

Photodiodes

Indium Galllum Arsenlide Photodlodes for
Detectlon of 900 to 1700 nm Radlation

M High Quantum Efficlency -
‘ 70% typical at 1300 and 1550 nm .

8 Spectral Response Range -

L

e 900 to 1700 nm
308798 C30980EL B Extremely Fast Time Response -
C30960F Rise time typlicaily less than 1.0 ns

Fall time typlically less than 1.0 ns

RCA Deveiopmental Types CI0979E and CI0980E are high Maxl

Ratings, Absolute-Maximum Values'

speed Indium Callium Arsenide/Indlum Phosphide Reverse Bias Derk Current ............... 500 "y
photodiodes. These structures provide high responsivity Photocurrent at 22° C:

and very tast response between 900 and 1700 nanometers Average value, continuous operation 08 mA
and are optimized for detection of 1300 nm and 1550 nm Peak value (For 1 second

sources They are particularly useful for fiber optic duration, non-repetitive) ............... 10 mA
communications at these wavelengths. Thess devices are Forward Current, |y at 22° C:

supplied in a TO-18 packags with 8 removabie cap which Average value, continuous operation 01 mA
permits optimum coupling of the fiber to the active area of Peak value (For 1 second

the detector. These devices can be supplied sealed tahind a duration non-rop:mws) .......... 05 mA
tlat glass window on request. Maximum Total Power

The C30980EL Is supplied in a hermaetica!ly sealed package Dissipation #122°C ................ ... 1 mw
which incorporstes a short light pipe as an integral part of Amblent Temperature —

the package. The light pipe is positioned close enough to Storage. Tem .. iiiiiiiiiiiiiii 46010 410 °C
the detector’s active araa that most of the radiation exiting Operating, Ta  ........ooiiiiniinian. ... -48to +71 °C
from the light pipe falls within the active area of the Soidering:

detector. This he-maetically sealed package allows fibers to ForSseconds . ................. ... 200 °C

be epoxied to the end of the light pipe to minimize losses
without fear of endangering detector stabillty.

The C30979E and C30980E are 8lso avallable mounted ona
ceramic block for hybrid work (see Figure 4). In this
configuration the type numbers are C30979CER and
C30980CER

.

' These are limiting values of operating and environmental
conditions. Exceeding these values can causes damage 1o the
device.

For further information or 8pplication us!

I$1aNnc e On these devices, contact your RCA Sales R or Ph

Quebec, Cansda HEX JLI (514) 457-9000

Marnsting. RCA. Ste Anne de Bellevus,

Ouvttoprucial-typs dovites & Mmamrisn oo

wended
Sngipesing evarustien Th tyPe Sesigranien snd Aaid 878 bc!

LT,

for Intormation furhishes By ACA i Betewed 10 Be scewrdte ond
FINEDIE MOWEIHr, NG FRPONSRINTy I 880umed By ACA for e ves
AOr (9r ey infringements of patents o SINer g of Bvied partias

s

tor ROWCE 0 change or A Mlulwvd Mont S0viEed Or

mawnsn

ATV $0umed
whICh Mgy Uit oM Mo wae NG HCONes 6 granied by imphication
O oTharwies under By PANOAL of PRINE AGAty of A

A-1

Trageman(s) ¢ Regiiered

Mercais) Regatradsis)

Printed in U.S A /9-82
CI0979E, CI0N0E, CIONBOEL
Supersedes CI0979E S-81
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C30979E, C30980E, C30980EL

Electricat Charscteristics At an amblent temperature (T.) of 22° C, DC reverse operating voltsge Va = S V Units
CI0979€ C3I0980E CI0980EL
Mia. Typ. Max. Min. Typ. Max. Min. Typ. Mazx.

Recommended Operating Voltage .. 1 5 10 1 5 10 1 5 10 v
Brasakdown Voitage, Vea ..... ... .. 30 60 - 30 60 - 30 60 i
Responsivity J

A1 1300 nm e 0863 0.73 - 063 0.73 - 050 0.60 - AW

At 1550 nm e 0.75 088 - 075 0.88 - 0.60 072 - AW
Quantum Ethiciency

At 1300 nm 60 70 - 60 70 - 48 58 - %

At 1550 nm . J 60 70 - 60 70 - 48 58 - %
Total Dark Current. lg ... ... ... .. - 15 30 - 150 250 - 150 250 nA
Noise Current. i

Co0KHZ M =10HZ ..o - 0.2 0.4 - 03 06 - 0.3 06 pA/HZ"?
Capacitance Cy .. .. .. PR - 1 2 - 5 10 - H] (Y- pF
Rise Time, t.

10% 10 90% points ... . o - - 1 - - 3 - - 3 ns
Fali Time

90% to 10% pornts ... . .. ... - - 1 - - 3 - - 3 ns
Photosensitive Surface

Shape . . Circular Circutar Not -

Jselul area L . . 0008 0.2 Applicable mm?

Jseful diametar . e 100 500 um

e — x e ,_

o * [
,‘,},‘,_1-——--";7%—77 |
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N ! | | ) [
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Figure 1 - Typical Spectral Responsivity Characteristic Figure 2 - Typical Leakage Current vs Temperature
A-2




e PEl i san Lal Al R

e e

TIUTIUW N U

C30979E, C3I0980E, C30980EL

CTeTy s Ty el e ‘

. LA 1es,
{_ WINDOW Ind PESTRY i
100 oA ,+'
), L~ PHOTOSEASITIVE
: LT SUMFACE
REMOVARLE ot .
- car ~N 2 anw
ﬁ - -1
. 31023 w
] Doy o8 J\ .
2 MIN LEAD -
N LENGTH 1318)
; - POSITIVE (EAD
' :“ ICATHODE
2 1224 048, -
jE 111028 i R
1 e A
4 - 1170481 } A
i 911 0361 -J '
I 119
I - TO4T
| NEGATIVE LEAD -
taNODE ¢
L .
X Modifled TO-18 Package
X HMEVERSE OPEMATING vIL TAGE VR VOLTS
Lo s Dimensions in midlimeters Dimensions in parentheses are n
Figure 3 - Typical Photodlode Capacitance inches
vs rath
Operating Voltage Figure 5 - Dimenstonal Outline - C30979€, C30980E
'
CORE Dra
! 02840011
T 02110009
]
4250100 - }
ass 0183 04 r
I 1l _i
4 90 10 193
4% in
04810019 ‘g -
04110016 D14 I !
MIN LEAD
203 LENGTH - 13105)
‘0 om0 PUSITIVE LEAD
WCaTuOL
1000039 __
| 69 077 ’.i }"_ . 1
y %46 10 215
i ‘ 42110 708 D12
203
- 0080, - 11710464, / “ ‘
- 406 o KARELEL Vo
10 180 NEGATIVE (1D — ™ P e,
1ANODE |
RRTITT
TO-18 Package
Dimensions in millimeters Dimensions in parentheses are in
XY B inches
R o = - h = oo
- | ! Figure 6 - Dimensional Outilne - C30980EL
. [
- i %
201
0 08
!
oGt Ty CeoNEGaTIVE
Vo
- Deumensions in milimatars Dimensions in parenthesas are in
inches < aan
Figure 4 - Dimensional Outline - C30979CER, C30980CER Figure 7 - Cutaway of the RCA C30980EL
=
[
X
B : - -~ ~ T - -‘- T . = T ‘-‘ --. ,'_‘-..‘-\. .. _---_«"--
A Al Ao w . b FEEITA Eh R A WP VL VP W PR AP V. WL P . WO W WAL WP PP IR WP PR PR S W P R




T VY

T

Y.

Lath an s st vT e o
. . .

T——

T

Tk Sl e L Y o B G i A A A -0 4l WA YT Y0 G el Saib made ALk aa s onl ARSI A el e

“c Electro Optics
and Devices

Solid State Detectors
Developmental Types

C30986E Series

C3090¢EQC-01

900 to 1700 nm

in-Line Packages

L

RCA Developmental Type C30986E is an Indium
Gallium Arsenide (p-i-n) photodiode with a hybrid
preamplifier supplied in a 14-pin dual in-line packagse;
aglass window providing optical access to the photo-
diode is included. RCA Developmental Types
C30986EQC-01 and C30986EQC-02 are Indium Gal-
lium Arsenide (p-i-n) photodiodes with hybrid pre-
amplifiers supplied in a 14-pin dual in-line package;
this package is supplied with a 50 um graded index
fiber pigtail.

The p-i-n photodiode used in these devices is a high-
speed Indium Gallium Arsenide/!Indium Phosphide
photodiode providing high responsivity between 900
and 1700 nm and is optimized for detection of 1300
and 1550 nm sources

The preamplifier is a transimpedance type employing
a low noise GaAs FET front-end and a cascode
feedback circuit. An emitter follower-stage is added
to the output 1o provide improved output coupling
efficiency. The system bandwidth for the C30986E
Series is typically 250 MHz. Greater sensitivities with
correspondingly reduced bandwidths are available.

£ or turther information 0f BPDHCEHON 838/1318NCA ON these devices conlact your RCA Saies Rep: of Ph

Quebec Caneda =X LI {514) 457-9000

B Spectral Responss Range -

Long Wavelength Photodiode -

Transimpedance Preamplifier Modules

C30968EQC-02 Avallable with Integral Fiber Optic Pigtall
, @ Syestem Bandwidth (3 dB Point) - B Sensitivity (signal-to-noise ratio -
DC to 250 MHz 22dB for B.E.R. = 10°°) -
= ~35 dBm average optical power st
B Responsivity at T, =22°C ~
Sx10° V/W 8t 1.3 um 250 MHz
6x10° V/W ot 1.85 um 8 System Nolse Equiveient Power

(NEP) @t T, =22°C -
3pW/HZ' a1 1.3 um
2.5 pW/Hz'? at 1.55 um

B Hermetically-Sealed 14-Pin Dual

Absolute-Maximum Ratings, Limiting Values'
Photodiode Bias Voltage, Va

AtTa=22°C ... i <30V
Preamplifier Voltage

Positive, +Vee ... +63 vV

Negative, -Vee ... ... ... ... ..., 63 v
Incident Radiant Flux, $. (Ta = 22° C)

Average vatue . ... ... ... L 06 mw

Peak value (1 sec duration,

non-repetitive) . . ........ ... ... .. ..., 12 mwW
Ambient Temperature.

Storage, Tae ¢t -50t0+100 C

Operating, Ta . ... i, 4010 +70 C

' These are hmiling values o! operating snad environmental concdirors
Exceeding these values can cause damage 1o tha device

Mechanical Characteristics

Type Diode Chip Fiber Fiber Optic
(Dla.} Type Core Dis.
C30986E C30979€ (100 um) -

C30988EQC-01 C30879E (100 um} Srecor 300807 S0 um
C30986EQC-02 CI0979E (100 um) ITT T1271-15% 50 um
? A product of Siecor Optical Cables. Inc, Hickory. NC 28601

¥ A product of 1TT Electro Optical Products Div . Roanoke. VA 24019

tor Marketing. RCA. Ste Anne de Beltevue

PHSIODMEN1Ss Ty DS JEVICIR OF T ONBNIBIS 818 PIENAE] 0 #nGH
~ering everueninn s Sate are subC! fo
Dbiigations are sssmed
0r1ure of thase devices o

tor nOlkc e DF CRERGE fr fAuI® mBn

1816/ ma10n furngnad by ACA 1w baileved 10 D8 BcCurele and
retanie HOWEVE! N 880NNy 18 #EBUMed Dy RC A 104 118 ube
Anr for a7y (ntringemants of patenis or oiher 1ghta of thitd parties
®RCR mBY FRBUP O 113 USE NG 1 8N$A 18 granied by IMpliC stian
nateeiore o1 Otherwise under BNy PEtEN! Ot patent righls of RCA
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Clectrical Charecteristice C30v88e CI0980EQC-01, CI0906EQC-02 | Units
Min. Typ. Max. Min. Typ. Max.
RAesponsivity

ALY WM e ax10’ 10 - e a1 - viw

ACTSSum $x10° 8x10? - =10°  sx10° - v/iW
Noise Equivsient Power (NEP):

100 kH2 <1<t,/2

Ar13um N - 3.0 8.0 - 38 6.8 pw/Hz'?

AUYSS WM i - 25 4.0 - 3.0 50 pw/H'?
Output Spectral Noise Voitage Density:

1o 100 kM2 -1,

A®I0HZ . - 15 20 - 15 20 nV/HL'?
Outpul IMPEGANCE  ..........ovitiitiiineaan.., - 20 40 - 20 40 ]
System Bandwioth 1, (3aBpoint) .............. 200 250 - 200 250 - MH2z
Rise Time. \:

A= tJumend t S8 um

10Nt PO%points ... - 15 2 - 1.5 2 ns
Fail Time

Am1dumand 155 um

PO%to 10%poInts ... ... - 1.8 2 - 1.5 2 ns
Dynamic Range.

229B SNRequarewsve . ... ... ..., 18 20 - 18 20 - a8
Output Oftset Voitage  ......................... -0.7 -1.5 -3.0 0.7 -1.5 -3.0 v
Supply Current:

0V e - 25 B - 28 s mA

B 2 2 O - 10 18 - 10 15 mA

¢ Aransmbianttemperaturs {Ta) of 22° C. negative photodiode bias of -8.2VDC, pr plifier Operating 90201 +8 0VOC and -5.2VDC, and the signal output

AC (capaciiively} zoupied Into a 30 ohm tarmination

) : 1
<] . 2
N £
: D AN
I3 z \
It
{ g ! w0
: \ : AV
2
! | § ¢
: + | : | \
4 . : .
1 \
¢ | ! | l
I L ~ 0
- 00 1100 €300 1500 1100 1900 000 LY ¢ 1oF ry
WAVELINGTH -NANCMETERS MOOULY BANOWIDTH |- aBi Wny
- uhopore
Figure 1 - Typical Spectral Responsivity Characteristic Figure 2 - Projected Bandwidih vs Responsivity (1.3 um)
. (Modules with performance fying on thig curve can be made on & cusiom
. basie.)
A-6
)
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C30986E Serles

GLASS WINDOW
%
HOLE THAOUUN PACKAGE 10 150

PHOTOOKOOE ConiP

. as
- 0195
i . e
» f o
B 272 10 1%
100N

y

|.. wam
o1A

FIBER OPTIC PG T AN

/ ONE METEA LONG (39 3N

PREAMPLIFIER
R 11

Figure 3 - Package with Cover Removed

.

! ! | 0047y ( L

(o ' &)
O ®-
T l::ﬂ,w ‘@u NOM
v::l.sr 284 '@n lé)' ';1.:
) t 1© 100) ‘@w ‘@_
3 o Lol -
G T—1-©e 10
. \:o ,1'/

K '8 24 -me
. 10 8001
(Bottem View}
' Dimensions in millimeters. Dimensions in psrentheses ere n
: Inches.
Pin Connections

1: Negative Biaa for Photodiode
2,8, 9. 11,12, 13, 14 No Connection, Do Not Use

0 300 3. 5. 8. Ground (Case snd Power Supply)

pom 10— - 4. -V, Negative Bias for Amplifier
0s00 e 7. Signal Output
. (Botiom View! 10: +V o Positive Bias for Amplifier
Dimensions In millimeters. Dimensions in parentheses sre in Figure S - Dimenslonal Qutline -
inches C30988EQC-01, CI0986EQC-02
PMn Connections

1. Negative Bias for Photodiode
2.6.9. 11,12, 13, 14: No Connection, Do Not Use
3. 5.8 Ground (Cese and Power Supply)
4 -V, Negative Bias for Amplifier
. 7 Signal Output
10 + V., Positive Biae for Amplifier

Figure 4 - Dimensionesl Qutline - CI008SE
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APPENDIX B

PEASUREVENT DATA FOR
5 INGAAS/INP APD’S
SUPPLIED AS PAKT OF THE
REQUIREFENTS OF THIS COWNTRACT
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C30986 Series

Electrical Characteristics C€30986-70QC-01
Units
Min. Typ. Max.
Detector Responsivity (coupled) @l.3pm ..veveereesnassee 57 .66 - A/W
@l.551M.eucennonennssees .68 .79 - A/H
Responsivity @1.3UM .cueeivencoceasecasossaossaansaconssls 1x10" 4.2¢10% - V/w
@LoSSUD vvnneininnsnnsnssnsansnnsnnsnseeea3.6x10% 5.0x10% - v/
Notse Fquivalent Power (NEP):
(100KHz € £0/2) @L.3UM sevvnerervescsososcsssassncas - 1.4 2.6 pW//Hz
@l.55Um cevenvocarenscncnsnsosnasons = 1.2 2.2 pw/ iz
Output Spectral Noise Voltage Density
(f=100KHz-fo, Afml.OHZ) sieivcnnsnsescnsensnoancsasons - 60 80 nv//Hz
Sensitivity (Pavg.@10=IB.E.R.)EL.3Um wovvrvnrrrrrrnnrnns  —42 43 - dBm
BL.55U0 eevsrvancorannaseeen =43 44 - dBm
Output Impedance ..eeveeesessssansssesssonsssnsnsosssesns 20 40 Q
System Bandwidth, fo (3dB point) ...eeeeecoscessesnscacns 55 70 - MHz
Rise Time (10T to 90X) ..veiecenenscncnecrsasscscnsossna - 5 6.4 ns
Fall Time (90X to 10R) ceveevveoenccnnnsonsosscscnsonans - 5 6.4 ns
Dynamic Range (optical) ..ciieeesvecesccavseoscnsnannses 18 20 - dB
Output Offset VOltage .c.ceevecoscsnsscoascasseassasnssss 0.7 -1.5 -3.0 v
Supply Current, +5.2V. ..i.iesessceovsncasssccnscasssnsase - 25 35 mA
“5.2V. iaeececosscvsnscrssasrsecsncsnane - 10 15 mA
Detector Leakage Current, =5.2V. ...eeecascocscascoacnes - 10 30 nA
Detector Capacitance, =5.2V. .ieeeescosssanncssasnsonane - 0.5 - pF
Transimpedance ReS1BLOT c.ievevssssosesonsassosssssnacsns - 100 - kR

At an amblent temperature (Tp) 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: ool TEST SUPERVISOR: /%k DATE: V,/,L.)Y/é?

CD: Q.C.: DATE:

Measured Values
Responslvity Ql. J\n PRI £ 7\ V/W into 50Q
teeereesseenssesevanassasess ZOKCTY/W {nto 10008
Detector Leakage Current @5.2V ..veeeeecesencsses ‘2 mA
Supply CULEent, +5.2V teueeeeecosssecsacscncosscss 24 mA
- - “5.2V tieeecnrencnsresrasineescss ¥5 A
Output Offset VOLtBZE ececoscessscscsccossvancnens “2.20V
Output Impedance scivicecesssvrevsnsoccnssssascnse 34 ¢
Syatem Bandwidth, fo (3dB point) .ceeceseessscses 7 MHz into 500
System Bandwidth - sesesssssecsenses 70  MHz {nto 10000
Output Spectral Noise Voltage Density (AVG) ..... €7  av//Ez into 50Q
- "7 (Peak] .... 65 - D

c-10
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Cl0986 Series

S/N: 00/ TEST SUPERVISOR: 7C DATE: s, —'Mﬁf
— ,

CD: Q.C.: DATE:
M
~ Dimenstonal Qutline -l l J l
T fl \ ]
r L}
: - “bu ' -
H "] -@®u 1®-
’ - » ]
E P /‘/ ":" ‘d?u ®-
E \ ‘J 184 "@n lé - "2
- LX) 1 [} LY ]
H '@n s@"
: Lo, -
a
L el
\ L 142
L)
"0 1100 108 "oe 1r00 1900 o
WAVELTNG Th M ANOME TERY F— i
P w—
- Typlcal Spectral Responsivity Charectedistic Bormn Viewt
Dimensions in millimeters. Dimensions in parentheses sre In
inches.

Pin Connections

1: Negative Blas for Photodlode

2, 6.9, 11, 12 13, 14: No Connection, Do Not Use
3, 5, 8: Ground (Case and Power Supply)

4: <V Negative Blas for Amplifier

7: Signal Ovtput

10: 4V o Posltive Blas for Amplifier

2dB/div

20nV/Hz ¥
/div

o/p Load: 50 ohms
c-9
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C30986 Series

Electrical Characteristics €30986-70QC-01
Units
Min. T;b. Max.
Detector Responsivity (coupled) @1.3um sevensesannessese 57 .66 - A/W
B1.551m.eeceiecnncnnceaes 68 .79 - A/W
Responsivity @l.3m Ctttebevensesesinennesannerseseneasd 1x10® 4.2x10% - V/w
@1.55Um tevvrerecarnasensseassarassasasassd.6x10Y 5.0x10% = v/w
Noise Equivalent Power (NEP):
(1OOKHz f £0/2) @lodim veeuiveeseosoosssassnosscanna = 1.4 2.6 pW//Hz
@1.55Um sivvnsresscosccscnasannsonns = 1.2 2.2 pW/ Mz
Output Spectral Noise Voltage Density
(£=100KHz-fo, Af=1.0Hz) .....c.vvevecscovecsnscosnansa = 60 80 nV//Hz
Sensitivity (Pavg.@107 B.E.R.)QL.IME tvurerrnnnnnaranns  ~42 =43 - dBa
B1.55U® vevverronnnonnnnoanse =43 <44 - dBm
Qutput ImpPedAnce ..eecesenssorroserssassaccsacsssesassase 20 40 2
System Bandwidth, fo (3dB point) .e.ceesecensecsesnscnas 55 70 - MHz
Rise Time (10X to 90%) teeevevoacsnscaossaccncnansnonsan - 5 6.4 ns
Fall Time (90X 20 l0X) tevecessoessacnccncanossssasannas - 5 6.4 ns
Dynamic Range (0ptical) c.ivcecessevcresscnceascancsnases 18 20 - dB
Output Offset VOltBge «covseceoacsssrscsceostcncsnsesanses =0.7 -1.5 -3.0 v
Supply Current, +5.2V. .iesseaerancsosossnsosensassnscns 25 35 oA
=5.2V. tiieinccnsacnsecavccacsncacansnes = 10 15 mA
Detector Leakage Current, =5.2V. .cevevcccssccosascascns - 10 30 nA
Detector Capacitance, =5.2V. .eceeosscascesccssconaconss - 0.5 - pF
Transimpedance ResLiSBLOT seevsoveesccesscsccnsccsssosnsee - 100 - kf

At an ambient temperature (T,) 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: arns TEST SUPERVISOR: ‘% DATE:

CD: Q.C.:

DATE:

Measured Values

]4‘& Sty

Responsivity @l.3a evesrsesesernsssncnsnnnnses 38T yry 1000 son

ceresssseseessssseneasnnsses&/M0¥ Y/ tneo 10000
/5.0 A

Supply Current, +3.2V ..eeesssscenssssasscssecees 2 mA

Detector Leakage Current 85.2V .scoveecvcecosscasns

“5.2V ceeececcsscccnnsesrsssssses 35 mA

Output Offset VOLTAZE covvsecrsssrsscrscnsnsosses ~R4R ¥
Output Iapedance ...eseeesgessocsesccsorseoecosns $O

System Bandwidth, fo (3dB point) ecececscscesscans
System Bandwidth - ceeccsncesssasne

67
73

Output Spectral Noise Voltage Density (AVG) ..... <4
" - - - - (Peak ....

70

fi

MHz {nto 50Q
MHz into 1000R
nv/YHz into 500




AL RN oo LR g L =i 0 2l Ml MRS A A A i Al Rt i et Jiaie e fiah 3 hali Jth iy A T it e e ‘Bl A
30986 Serres
"
S/N: 005 TEST SUPERVISOR: AC DATE: R 28/51
P/ Lg
CD: Q.C.: DATE:
.
- Dimensionel Outline -
é 100 -(:)u |@-
Y — : . en -
z | - . © g0 -@ @~
2 [} t
§ 154 ‘@n a(:)' ':I:;”
JEENE— 0160
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900 100 1300 l—;ﬂi o0 103004
WAVELENGTM  NANOME TLAS f— ‘."‘:' ——J
e
s L]
- Yyplcal Spectral Responsivity Characteristic (Borsems Vien
Dimensions in millimeters. Dimensions in parentheses are In
inches.
Pin Connections
1: Negative Bias for Photodiod:
2, 6.9, 11, 12, 13, 14: No Connection, Do Not Use
3.5, 8. Ground (Case and Power Supply}
4. -V, Nogative Biss for Ampliti
7: Signal Output
10 4V o Positive Blas for Amplitier
2dB/div
»
1
20nV/Hz
/div
o/p lLoad: 50 ohms
C~7
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C30986 Series

Electrical Characteristics C€30986-70QC~01

Uanits

Min. Typ. Max.
Detector Responsivity (coupled) @l.3Um secvescoscsessese o57 .66 - AW
Bl.551M.ccinncrcncancess 68 .79 - AW
Responsivity @1.3Pm eevvevecvcocosononcncsonncsssasesasdelxlO® 4.2x10" v/W
QL5501 eenncrecrassarnstonssoassnsensees3.6x10" 5.0x10" v/
I Noise Equivalent Power (NEP):

(lOOKHz f f0/2) Ql.3im .ceccvnnvosnsvansnoscscenccnes = 1
@l.55Um covesoctavescscccassnnncsans = 1

Output Spectral Noise Voltage Density
(£=100KHz-fo, Af=1, OHz) eesscsssserssersnscasrsostrsas 60 80 nv//Hz

6 pW//Hz
2 pw/Hz

Sensitivity (Pavg. 910' B.E.R.DAL.IMR sevvecncnssvosncnas -42 -43 - dBa

@l 55Um ssesencnonssanesnsas ~43 =44 - dBm

. Output ImMPEdANCE ..cvcsecersosssanscrssscsassscosancosnes 20 40 fl
) System Bandwidth, fo (3dB point) ..cceciccnnccctccnccsns 55 70 - MHz
) Rise Time (102 €0 90Z) ccvcevocrcococccnncsvsnssssososes - 5 6.4 ns
Fall Time (90X to 10X) seeessocecocacensacsoassssscscsas - 5 6.4 ns

Dynamic Range (opticAl) cececceccvcscsocnccssscscsnscane 18 20 - dB

Output Offset Voltage coveeovocessccsccascssssssosnsanss =0.7 -1,5 -3.0 v
Supply Current, +5.2V. scosescvscscaccasssssessvscsossne - 25 35 DA
“5¢2V. sesescsscccccscacocsersorsescnsnes = 10 15 mA
Detector Leakage Current, =5.2V. seesececscscesscossnsse = 10 30 nA

I Detector Capacitance, =5.2V. ceeccesscssccosssssssccsess - 0.5 - pF

Transimpedance ReSLStOr ....ceccecesscsccessssncsncncnsas 100 - kR

At an ambient temperature (Tp) 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: 97 TEST SUPERVISOR: m DATE: /CL_){/[(

CD: Q.C.: DATE:

Measured Values
Responsivity el. Jun ............................-"7'/"4 V/W into 500
crerevessnsarnsissasnsnsnees 2997 V/W {nto 10000
Detector Leakage Current €5.2V ...vceescerccneses 77 amA
Supply mfteﬂt, 45,2V ssesseeccescsccsescssecsses 27 mA
“5.2V seecoscsvsosacraccossscnnes 2t nA
Output Offaet Voltlgc 'oc-oo..oo.oooo-oooocoooooc-1‘51 v
Output THPedaNCe seceveessscssesssassssasssssonss ¥ Q
sy.t!. hﬂdﬁdth, fo (Jd‘ wint) R xx 65 MHz into 50Q
s’.tn Bandwidth escsevscvesscsvse 73 MHz {nto 10000
Output Spectral Noile Voltlge Dennity (AVG) .eeee e nv//Hz into 500
(Peak) .... &8 - . -
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C30986 Series

S/N: 97 TEST SUPERVISOR: Z)C DATE: Reen, M’?’
174
CD: Q.C.: DATE:

- Dimensional Qutline - |

. S

: (o &)

e — s -

g - / 9 900} —@Il I(?_

i \ P O

= - LS. ] _@‘ '@-

\ e -

: - o e

\ Lz ]
3004
.0 108 108 "Woo 1700 000
WAVELENG TH-_MANCME TERS e .‘::
- Typical Spectral Responsivity Characteristic fBormem Vet

Dimensions in millimeters. DI A in pa h are in
inches.
Pin Connections

2dB/div

20nV/Hz Y
/div

1. Negative Bias (or Photodiode

2, 8.9, 11, 12, 13, 14: No Connectlion, Do Not Use
3, 5, 8: Ground (Case and Power Supply)

4: -V, Negative Blss for Amplifier

7: Signai Output

10: +V o Positive Blas tor Amplifier

of/p lLoad: 50 ohms

GC~5
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C30986 Series

Electrical Characteristics €30986-70QC-01
Units
Mio. Tip. Max.
Detector Responsivity (coupled) @l.3um ccovccccscssecces o57 .66 - A/M
Q1,551 Mescecscocancacsers .68 .79 - A/W
Responsivity @1.3Um cevceccesescsrsessancsccsssssanssns3a 1x10" 4. 2x10“ - v/W
LiSSUR vnvnernrnsnsvnenssnsnsnssasaseenss3.6x10* 5.0x10" - v/
Noise Equivalent Power (NEP):
(100KHz £ fo/2) @1.318 cesvevrvsscacecnscscssscacess = 1.4 2.6 pw//HAz
Ql.55Um eavennsscccncasesssosonnnses = 1.2 2,2 pW/ Mz
Output Spectral Noise Voltage Density
(£=100KHz=f0o, Af=1.0HZ) seeeveencsconccsassnosccsnsane - 60 80 av//Hz
Sensitivity (Pavge8107 B.E.R.)JQL.IMM ceveveecenannnoenes 42  —43 - dsa
Q1.55U8 covevervssnscacscses =43 =4é& - dBa
Output IMpPedancCe cecevscsscscssescssonsnsscsesssscssesssas 20 40 1}
System Bandwidth, £o (3dB point) .eeeseccocsccscccscscss 55 70 - MHz
Rise Time (10X to 90X) .veeceecccconsscsnscssosnssssssse = 5 6.4 ns
Fall Time (90X to 10Z) ..ececocecsnsosocccssocncscanssse = 5 6.4 ns
Dynamic Range (OptLcal) .ecoseesvceccscossassssnssessens 18 20 - dB
Output Offset VOltage ...cesceccssvscscnscssansccanscsss ~0.7 -1.5 -3.0 v
Supply Current, 45.2V. ..cecccccasscccaacsvsssscosccsccs - 25 35 mA
-5.2v. R R N TN N N N NN RN NN NN NN NN - lO 15 mA
Detector Leakage Current, =5.2V. ...ecsvecesssccccacsecs = 10 30 nA
Detector Capacitance, =5.2V. ccvcecrsacscacrscasscnscons - 0.5 - pF
Transimpedance ReB1SBLOr .evsscescscscsvscrscsssscssscane - 100 - kR

At an ambient temperature (T,) 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: 095 TEST SUPERVISOR: X M DATR: ZAee 2X/§7
4

CD: Q.C.: DATE:

Measured Values
hoponllvity el. 3‘“ -lou.nc.noc-ooaoocon-ooo.cnt:’,’p V/V fato 500
l'.......'.lll...'l.'.......z,'m v/w into looon
Detector Leakage Current @5.2V ccaseessscssssssse 7O nA
Supply Qu'rent, 4542V cesesccensvcscsecssscconsane 240 mA
S ma

=5.2V S0s0c0escscssnesnesrtsRse

o\ltp\lt Offset Voltage 20000cse0sesscsrerresassnes =2 v
o\ltp\lt Iﬂped‘nca 90000000 c000s0c0css0s0carnsseese 4/ Q
Syltell hndvidth fo Odn m’.nt) secensssesssnsee é5 MHz into 500
s’.teﬂ Bandwidth 40000000000 se00se 72 MHz {nto 1000R .
Output Spectral Noise Voltage Density (AV6) veeoe 10 av//ME fnto SO0
- (Pe.k) XXX 70 - - -
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C30986 Scries l
S/N: 709s TEST SUPERVISOR: J% DATE: £ Qu«a ZA'A"?' .
174 :
‘
CD: Q.C.: DATE: 1
i
- Dimensional Outline - l l l h
«
; (o ) ﬂ
il ot )
{ w T — -@u ®- 1
ol 201 ] .
§ " ] R 0 000) ‘@u ©®-
i _®u lé- "M l
I wion | 1 1 waon
g L4 '@n c@—
§ on l(:)"
. T
- LSS |
L = J
83004
00 1100 1300 ™o 190 1900 2000
WAVELENG TN -MANOMETERS | n‘::. —
Ls -8 e
- Typical Spectrat Responsivity Characteristic Mormn Viewt
Dimensions In miilimeters. O ! in parenth are in
Inches.
Pin Connections
1: Negative Bias for Photodiod:
2.8.9, 11, 12, 13, 14: No Connection, Do Not Use
3, 5. 8. Ground (Case and Power Supply)
4: -Vog Nogative Blas for Ampilfier
7. Signsl Output
10: +V o, Positive Blas for Amplifier
2db/div
b -
-
-2 L
S 20nV/lz Y,
F /div
-
F,‘. of/p Load: S0 ohms
b .. -3
p -
-
4 ~
9
P W A S PR, VS S ST ST S Uy S P _ n®a"
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#
- C30986 Series
. Electrical Characteristice €30986-70QC-01
- Unics
- Min. Typ. Max.
- Detector Responsivity (coupled) @1.3um ..iceveccceccocose 57 .66 - A/N
B1.551Meccscacrcacacaces 68 .79 - AW
Responstvity @L.3UM seesrncseerssscnoasssssaossrncasensdolxlO 4, 2xno" - v/W
BLoS51 envnnrnvnresensnnsnssasnsnnsnesns3.6x10% 5.0x10" - v/

Noise Equivalent Power (NEP):

(100KHz £ £0/2) @l.31m ..vvecvoscossccsacsscassnnaee = 1.4 2.6 pW//Hz
Q1.551M coveoesoscscsnscncsssesnocss = 1.2 2.2 pW/ iz
Output Spectral Noise Voltage Density
= (f-lOOKH:-fo, Af'l.o“z) ®0000c0csr0s00000000000000000s - 60 80 nV//Hf
° Sensitivity (Pavg. @107 B.E.R.)GL.IME sovevicnnrronnanaes =42 =43 - dBa
- el.SSun 6esss00s0csssessosnns ~43 =44 - dBm
- o“:p“t I.ped.ﬂc‘ $400090000000000s00000000 000 00000000000 20 40 2
R System Bandwidth, fo (3dB point) sceecsecescscsscsccssese 55 70 - MHz
- Rise Time (10X 0 90%) ceccooasvccessscrcnrcsscssasssace = S 6.4 ns
. Fall Time (90X to 10X) ceevvecosscconsnceccosensssconses = L] 6.4 ns
;. Dynamic Range (Optlcal) scceevescesccnvsncsorsscsscscons 18 20 - dB
~ output Of fset Voltlg. eseesssessescessscessassassansnsce =0.7 -1.5 -3.0 v
Supply Current, +5.2V. ccovescscnscescssvsccssctacsscsces = 25 35 mA
‘s.zvo P00 0080000000 s00 0000 0PORRIRONL - 10 15 mA
i Detector Leakage Current, =5.2V, cecoceesccsssacsnssscas = 10 30 nA
. Detector Capacitance, =5.2V, .ecveecevcescccssressssossoe = 0.5 - pF
. Trlnlilpedlnce Resistor 8000000000000 ss0stntcscsasttoses - 100 - kf

At an anmbient temperature (T,) of 22°C, negative photodiode bias of ~5.2VDC, preampli-
D fier operating voltages of +5.2VDC and ~5.2VDC, and the signal output AC (capacitively)
' coupled,

:j;: S/N: i Zad TEST SUPERVISOR: W‘ DATE: _y,?«._ )f/l?’

CD: Q.C.: DATE:
: Measured Values 4
'.‘ R‘.Pon'lvlt’ el. 3“. T P 31 V/H into 500
-'; 4000000000000 srv00sc0tsb0 s "7‘/0 V/¥ into 10000
o Detector Leakage Current @5.2V cuscessecsnsscsses 59 nA
._--, Supply Qurreat, +3.2V cevesvcocsscsescscsvasneses 29 mA
-»:" - - -s.” ..\......'..l‘...l‘..'..... 4'5 mA
-:.' Output Offset VOLltAZ® .coccenccosacnsnssascoasnosnse -2,¢8 V
- Output Impedance scoccescocscscsccccccssssasssass 43 Q
- System Bandwidth, fo (34B point) «eeecvovreeacnns 6S MHz into 500
. Syltu Bandwidth 9000000000000 7" MHz into 10000

Output Spectral Noise Voltage Density (AVG) ..... ¥/ nav//Fz into 500
- S “ 7 (Read e 6f - - -




C30986 Series

S/N: 0re TEST SUPERVISOR: o0 OATE:  Dhion 28/94
75
COD: Q.C.: DATE:
. - Olmensional Outiine -

S .

L) —— - - —— 4 - — S
-»p—-- /JW/L/-(\ .3 @” 'OT—
e 000; -®u »@®-

144 "2

19 1001 LY

“Bu O-
fe 8]

»h-- - - - p—— --— T"—\‘\(::)l 1‘)
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s L 4
i
1
|
-
!

1 _Jv, o . o L 142
L "oe i3 2 1500 1700 1900 2000 .20
WAVELENGTH NaNOmME TERS — ;::.
4 e
-
- Typicatl Specirat Responsivity Characteristic orems Viemt
Dimensions in milliimeters Di i In parenth are in
inches.
Pin Connections
1: N ive Bias for Photodiod,

2,6.9. 11, 12,13, 14 No Connection. Do Not Use
3. 5.8 Ground (Case and Power Supply)

4. -Voe Negative Blas for Amplifier

7: Signal Output

10 +V . Positive Blas for Amplitier

R 2dB/div

e . 20nV/Hz ¥
4 /div

9 o/, Load: 50 ohms




'''''''

P T T Ty W T e Y

AFPEIDIX C

MEASURED DATA O 5
PIN-FET RECEIVERS SUPFLIED
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MISSION
of

Rome Avr Development Center

RADC plans and executes reseanch, development, test and
selected acquisition programs in suppont 0f Command, Controf
Communications and Intelligence (C31) activities. Technical
and engineering support within areas 04 Zechnical competence
44 provided to ESD Prognam Offices (P0s) and other ESD
elements. The prinedpal technical mission areas ane
communications, electromagnetic guddance and control, sur-
velllance of ground and aerospace objects, intelligence data
collection and handl..g, information sysitem Lechnology,
s0lid state sciences, electromagnetics and electronic
neliability, maintainability and compatibility.
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