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and.  -2- InGaAs at room temperature is about 40 times greater than
the mobility for holes in that material. Wwhen a photon is
absorbed and an electron-hole pair is generated, many
20 electrons are injected by the negatively biased contact and
traverse the photoconductive material during the time the
photogenerated hole exists in that material. The
photoconductive gain, therefore, is roughly equal to the
number of electrons which cross the photoconductive
25 material for each photon absorbed.
. ' Equally important to the performance of a
U _ detector is its bandwidth which effectively is a measure of
how fast the device responds, i.e. how many bits of
information it can detect per second. The bandwidth is
30 determined by the time that a photogenerated hole spends in
the photoconductive material. The longer the time that the
hole remains in the photoconductive meterial, the smaller
the bandwidth, i.e. the slower the response of the device{
In the area of high-speed optical communications
35 systems, where data rates are in the gigabit/second range,
| there has been a significant interest in lateral
photoconductors because of their bandwidth and
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FIGURE 1 a peifothe photosensitive area at least as fast as the data

20 rate. However, this means that about 30 to 50 percent of
the incident light will be obscured by the interdigitated
anodes and cathodes on the detector surface thus |
decreasing the incoming signal. ‘Also, with both electrodes
on one surface there exists a nonuniform electric field

25 across the photosensitive area which has the unwanted
effect of decreasing the bandwidth and creating a spatially
non-uniform gain.. Further, because much of the incident )
light is absorbed close to the anodes and cathodes, up to \)
50 percent of the gain otherwise realizable is lost.

30 Other efforts to accommodate data rates in the
glgablt/second range include variations on the
interdigitated approach. For example, one scheme utilizes
a reverse biased p-n junct;on behind the photoconductive
layer to remove the holes from the photoconductive

35 material. This device is characterized, however, by
reduced gain and increased generation-recombination noise.

Alternatively, some recent efforts have been
directed to vertical photoconductors. In FIGURE 1 a prior




art phot oconductive detector 10 compri ses a substrate 12 typically of N+
conductivity type, an active regi-on.14 of=34&"-conductivity type and a thin
tontact w ndow 16 of' N+ conductivity type. The thickness of the active
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20 . location of the ring contact 20. Thus, the electron and
hole trajector:.es become lateral and the distances traveled
‘become greater than the active region thickness ‘thereby
increasing the gain but greatly reducing the bandwidth.
Also, since the substrate 12 is typically of InP, holes
25 traveling towards the substrate 12 may be caught in charge
~° traps known to exist for minority carriers at this
- InGaAs/InP interface 24. This also results in increased
- ' gain but can significantly reduce the bandwidth. _
‘ A photoconductive detector suitable for high
30 speed operation with high gain, reduced noise and trapping
and straightforward adaptability to monolithic integration
has been sought.
_ According to the invention disclosed herein,
a vertical photoconductive detector comprises a substrate
35 layer of semiconductor material of a first conductivity
 type subsi:antially transparent of light at the wavelength
to be detected and doped sufficiently to provide ohnmic
- contact to a photoconductive active region of semicon-
ductor material which overlies said substrate layer and




Isientirely of said first conductivity type or.is intrinsic. The active
region is absorptive of light at tlge.wavelength to be detected and have
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Typically, the substrate layer I's heavily doped and nay have nobile
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20 In FIGURE 2 an inverted vertical photoconductive

' detector. 26 comprises a substrate layer 28 and |
photoconductive layer 30, overljing' the substrate layer 28
with a heterojunction interface 32 therebetween. An active
‘'region 34 comprises. that portion ‘of the photoconductive

25 layer. 30 across which a bias is applied. The substrate
‘layer 28 serves as a light transmissive first ohmic contact
and.a second ohmic contact 36 overlies the entire active
region 34. The area of the second contact 36 contacting

 the. active region 34 is defined by the dielectric regions -\

30 38. _ A ring-shaped electrical contact 40 defines an opening
42 for the light to enter the. substrate 28 . This opening
42 is typically on the order of 20 to 30 micrometers in
diameter allowing virtually all of the light to enter the
substrate layer 28, An antireflection coating, e.g. SisN.,

35 $i0, -Si0; may be employed. R | .

" The substrate layer 28 is of a first conductivity
type and doped sufficiently to provide ohmic contact to the
active region 34. Typically, the substrate layer 28 is

_heavily-doped and may have mobile charge carriers in a

i



-5- concentration greater than about‘ 1017/cn§ and preferably greater than
aboutt[err] It must be substantially transparent of light at the
wavel ength to be detected, i.e. transm ssive of at |east 90 percent and
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pm) across the typically 2 to 3 pm thick region 42. The
20 active region 34 is either intrinsic or may be of the same
conductivity type as the substrate layer 28 but is
typically undoped or unintentionally lightly doped. The
active regibn 34 should have mobile charge carriers in a
concentration of less than about 10!5/cm3 and preferably in
25 the 10!'%/cm® range or below. Alternatively, the active
region 34 can be doped to increase the resistance in an
effort to provide noise reduction. However, this decreases
_ the mobility of the charge carriers in the active region
34. The active region 34 is composed of a photoconductive
30 semiconductor material absorptive of light at the
wavelength to be detected. Materials with high mobility
ratios, i.e. the ratio of the mobility of majority to
minority carriers (electrons/holes in N type material), of
between about 10:1 and 20:1 and preferably 40:1 and above
.35 are advantageous for use in the active region 34. N-
 conductivity type materials such as GaAs, InGaAs and the
like are well suited for this purpose.-



-6- The second ohm c contact 36 is typically a.netal alloy which can
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' The active region 34 can bé deposited over the

20 substrate layer 28 by liquid phase or molecular beam
epitaxy, or p:eferably by vapor phase'epitaxy as described
for example, by G. H. Olsen in an article entitled,
"Wapour-phase Epitaxy of GalnAsP", a chapter from
GalnAsP Alloy Semiconductors, edited by T. P. Pearsall

25 (John Wiley & Sons, 1982).

During operation, the detector 26 has the
advantage over an interdigitated structure of an extremely
uniform electric field provided by the first ohmic contact, ;‘}'
vhich is the substrate layer 28, and the second ohmic

30 contact 36 which completely overlie first and second major
surfaces, respectively, of the active region 34. 1In the
case of an'InGéAs/InP detector, the InP substrate 28 is
completely transparent of light of the wavelength to be |
detected by the InGaAs active region 34 at thicknesses of

35 about 150 pm or less. Thus, this layer 28 can be

: sufficiently thick to alleviate any 1ate:al field effect
from the electrical contact ring 40, which typically
characterize prior art vertical photoconductors. Although




-%- the detector functions when.biased in either direction, it is
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48, a mesa structure is formed by known techniques and the
20 width of the active region 50 is defined by the width of
' the second ohmic contact 52. The ohmic contact 52 in turn
is defined by the dielectric regions 54. The mesa
structure provides that the electrical contact means 56,
which may be a ring structure, can be on the same side of
25 the detector 44 as the second ohmic contact 52 providing
obvious design advantages. Alternatively, the mesa width
can define the active region width in which case the second
L_/ : contact should cover the entire mesa surface.
‘Besides the high gain, uniform field, and
30 gigabit/second bandwidths mentioned above, the inverted
photoconductive detector described herein has the added
advantage that its fabrication only entails the growth of
one epitaxial layer over the substrate followed by known
photolithographic and metallization techniques to form the
35 second ohmic contact. It can be fabricated as a mesa-, or
" more conveniently, as a planar-structure and is well suited
to monolithic integration into photoreceiver applications.
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CLAIMS: 1. A phot oconducti ve det ector conprising a substrate | ayer of -
sem conductor material of a first conducti I‘m mﬂlﬁ wt lally _
transparent at the 5 wavel ength to_ be detxu ufficiently such #
that * a first major surface of sa“ﬁ'substrdte | &y er" serves as a first '

ohm c cont aébé\_yg%; ‘an active region of sem conductor material overlying
sai d substr bei ng entirely of said 10 conductivity type or

intrinsic, said activd«egifophatogondnetive \@e'@sctmgmomprmmq/avm engt h
to be detected and hayl urdtite Ebpas e #BhDioRNic85E mubEEEAL

entire first_,major suJfac I.n cont qct esu%strate second
ohni ¢ cont agﬁ-tg&rﬁq Fﬁ’fﬁﬁ “% fa{]aii] oF%B#Wngthhﬁntl re .
second rgj owawfwa:ei dmteowedmrdo mimmksuchematrrcal

50 subst 1 at §a'ﬁﬁ§§@?é£3fé‘?€i%%§° SR R 68 AL TERRYF 82" ¢

The det ect ofigst ickini® contast subst rate | ayer contains nobil eg,gharge
car riers in a concent fam |mti;}learegi¢manf aseniconducter materiakntineter.

[ Ebgm% s S e |ayer
cont ai ns mﬁvggleﬁ’g}e%e carr| ers |n %éc%%centr te?igtfe?eatg? iﬁg about [err]
per cubil® ceanduwtivity type %t%@ﬁ%ﬁnﬁcclﬁﬁmla tyei Fegirn BebRY, ate

layer is of t §9 the wavele thTs Beteetected &hai m5
wher ei n sai (? sd#sé rater?faeﬁ By

T d wh
Tt hat b heatingh SAras 406 semend JdRY | surtacescvheseaf jthn efkErd" e ' "

layer. 35 first mafor ﬂh@fd@éeﬁoinoéoﬁtacm withethensabstratei Layergi on -
is of a Ilghtly doped material. 9. ~The detector of claim8 wherein said
“active region contai ns mgsond ohnie eontact comprisingeatmetady P&ss t han-

about [efd | pma®a1C di1oF e BvdElPing the entire second major surface of
said active region; and ' . S
means for making electrical contact to said
substrate 1ayer.
- 2.  The detector of claim 1 where:.n said
20 substrate -layer comprises a heavily doped sem:.conductor
material. . ) ] '
. 3. The detector of claim 2 wherein’'said
substrate layer contains mobile charge carriers in a
concentration greater than about 1017 per cubic centimeter.
25 4. 'The detector of claim -3 wherein said
substrate layexr contains mobile charge carriers in a
concentration greater than about 1018 per cubic centimeter. :J
: 5. The detector of claim 1 wherein said -
substrate layer is of an N type material.
30 6. The detector of claim 5 vherein said
substrate. layer is of InP.

7. The detector of claim 1 wherein said active
region is of the same conductivity type as said substrate
_layer.

35 8. The detector of claim 7 wherein said active
region is of a 1ightly. doped material.

9. The detector of claim 8 wherein said active
region contains mobile charge carriers in a concentration
less than about 10%% per cubic centimeter. ' '




11 1 of claim 9.wherein saiﬁ active region contains nobi | e
char H" ﬁ" ﬂtﬁ lconcentration | ess thah or equal to [err] per cubic
entlﬁe detector of claim1l wherein sald active 5 regi on

conpri ses a mat eri al wher epbn t‘fﬁe”ﬁé@%btt%rcﬁrfr ra§_ f%ﬁ%%g’?é%}{obl | t‘%/o

t han t he n1nor|t¥ carr %
of nobilities of ﬂﬁ?BrF?Q anﬁ1ﬁepii9 EH#FB@r§aWFﬂR¢H filme aa coincentam tirorn S

greater than abbessithan 49 ‘equal to 10143 erTE%bQ%t%@hQ&m%%ég a'”‘lﬁ h
wherein the ratio of nobilitie f nority carriers wthin e
active region is about 40i1 ihg QHELHéP Pgrcgklﬂl&l%ﬁ?@eﬁﬁeﬁﬁhdsﬁﬂtive
active re@3n1cbﬁ9198ecompzm$ss asmaterial wheréin theemdgoeqityr dﬂkﬁié¥§n1

wherein said séeggpgd gh feftﬁsﬁliftgftﬁgﬁlgﬁ%ﬁgﬁﬁg g |v%§é38%pe as said

substrate | ayer. 16. The etecto | arm & -ohni c
contact ‘gonprises an all o}2 sel@b@e@et¢6ﬁ¢rhefgcéapm201 whereisi ithe afatio

gol d-ti njand gobfl- m@bﬂﬁﬂtﬂes éf mi?@rﬂﬁ?eﬁbohlﬂﬁrik Ehlr@@?%ehqﬁﬂﬂ(j [ st

ohm ¢ cont act e, and, sai d second, ohm ¢ con IS a cath

The det ect or ofg%ﬁgYﬁ1E§§h%?e+ﬁ g%?ﬂt%EtF9§n25b°uFeépéﬁ .i's between about 1
and 3 micnaneters thick. 13. TmbedeetettbrOBbe&aﬂmllzhﬁhérélﬁatﬂeﬁQﬁﬁﬁkﬁte

i m 1 wher of roS AP bhPePEE 3 T SHEER. €0 ni AoELty” Carrdprscatiim Sher1
A phot oconduct3Geiveteegion sidsabont 40ylas descri bed hereinbefore with
reference to Fig . 2 or P0f & SECOIPSPYLBIHEY 19 wRBrein said active
reglon comprises InGaAs.
o 15 15. The detector of cla1m 1 wherein said second
\\/ ohmic contact is of the same conductivity type as said
substrate layer.
16. 'The detector of claim 15 wherein said second
ohmic contact comprises an alloy selected from the group
20 consisting of gold-tin and gold-germanium.
' 17. The detector of claim 1 wherein said first
ohmic contact is an anode and said second ohmic contact is
a cathode.
_ 18. The detector of claim 1 wherein said active
25 region is between about 1 and 3 micrometers thick.
19. The detector of claim 1 wherein said
substrate layer is between about 5 and 150 micrometers
\ thick.

_ 20. The detector of claim 1 wherein said
3c substrate layer overlies a support substrate.
21. A photoconductive detector substantlally as
described hereinbefore with reference to Fig . 2 or 3 of
the accompanying drawing. '
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