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jts application to semiconductor integrated net- tions of the detector to produce a photocur-
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with the advantages achieved in the use of bination of light source and detector is &
optoelectronics - being many fold. For ex- gallium-arsenide p-n diode used as the light
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is the electrical isolation achieved between cir-
_ cuits, thus making possible the independence
of the coupled circudts with Tespect to the use
of differentisl supplies or potential levels,
Optical coupling between circuits, because of
its electtical isolation feature, supplies the need
for the equivalent of a transformer insofar as
coupling ac signals. This is a distinct advan-
tage in solid-state integrated circuits since
conventional transformers cannot be fabricated
within such"a network. Moreover, ‘the use of
the optical coupling is superior to a conven-
tional ‘transformer in that both ac and dc
signals can' be coupled, whereas only ac sig-
nals can be coupled between the primary and
secondary of a transformer. R
"The utilization of optoelectonics requires the
use of a solid-state light source and a solid-
state ‘photosensitive device optically coupled
to the light source, the latter of which produces
an electrical signal or current whose magni-
tude is proportional to the intensity of the

[Price 4s. 64.]

these materials being possible.

It will be recognized that some considera-~
tion must be given to the-overall efficiency
of optoelectronic techniques, wherein a con-
siderable loss of light generated by the light
source before it is utilized at the junction
or junctions of the detector is undesirable. For
this reason, serious -considerations’ must be
given to the techniques for - optically coupling
the light source to the-detector, wherein essen-
tially complete electrical isolation bétween the
two must be maintained. An obvious way to
minimize light loss between the light source
and the detector is to situate the light ‘sourceé
in very close proximity to the detector, with
suitable electrical isolation means -separating
the two which is ‘transparent to_the optical
radiation generated. The light *source wilt
necessarily be situated in close proximity ‘to
detector when the devices are fabricated with-
in or used in conjunction with

j a semiconductor
integrated network, because of the miniature
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tronic:systems. when essentially. complete elec-
trical .isolation .can. not.be achieved between
varioys - subgircuits of the system, such as is
the case of complex electronic.missile systems.
In such systems, which contain many sub-
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or anore. precisély stated: .as’ its. own.signal
ground . potential. level, the ingerconnection: of
al .of these so-called ground potentials .to-
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uency range as the true signalls, but being
unrelated - thereto : insofar -as: being -wseful, or
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rent:flow which would. otherwise be:
large .to affect -the, signal portion .of .the detec-
tor- circuit -should - the signal.grounds -of -the
two circuits be electrically- shorted. Hawever,
a small distributive -capacitance also -exists be-
tween the . signal.'ground of the light source

circuit and . the signal portion. of the, detestor
el

circuit, which’capacitance can be large
to effect .the transfer of undesirable
which- can be substantial- relative to; the true
slgnal for very sensmve circuits. Thus the
active detector region is enclosed. in an-electro-.
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s 16l &

of the- pamawg Wayeles,

& aajority
qummﬂahkn

t source
fdistiofi G |

embodiment -thereaf oyhers; ykenhe ‘eopjimec- S an electrie maﬂvmwsnhﬁumn 2

Pt S, il

se%rilﬁgmedanﬂ Iiltﬁhmh
1is-a schemauc dlagram itlus-
trating 'the.-general: application of .optoelec-
tronics - showing °a -solid-state semiconductor
light -.source optically coupled .to a-solid-state
semiconductor. photosensmve detector, B

FIGURE 2 is an-elevational view of a solid-
state- light: source optically coupled to a solid-
state photosensitive detector in close proximity
thereto, illustrating -the problem. of the distri-
butive capacitance - existing: between the hght
source . and “the- detector; .. ..

-'FIGURE 3 is an electrical schematlc dlag-
ram: -of ‘the equivalent - cirenit ‘of -the hght
source and ‘detector of. FIGUREZ2;:. . -

“FIGURE- 4 is-a perspective view of a
preferred ‘embodiment ‘of an electrostatically
shielded detector -according to the invention,
which-is -pastly cut-away:to show an- eleva-
tlonai view.ins section thereof; .

- FIGURE $5-.1s-an elevatlonal view in sec—

'tmn, taken .across linés 55, of the embodi-

45

50
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165

ment: of the:electrostatically: shielded detector
of :<FIGURE 4, .including a. sohd-state hght
source optically coupled thereto;

“FIGURE 6 is an électrical “schematic' daa—

: of -the equxvalent circuit  of- the devxces
of FIGURE 55 ..
. FIGURE!7. is anothet elevauonal view in
section of ‘the: detector shown in FIGURE 4
takein: across-isection lines .77 thereof;

- FIGURE $8:is a ‘plan view of- the detector
shown in FIGURE 4 and. :

.. FIGURES -9A to :9E "and 9A’ 0 9E'
elevatnmal views ‘in ‘section of the detector
iltustrating :the vamns stagﬁ dunng xhe fabn—
canon thereof..

* A -geteral- 111ustraudn of -the: apphcatlon of
optoelectromcs to-electronic cireuitry is-shown
in the schematic diagram: of :FIGURE 1,
wherein * a ' solid-state .. semiconductor _light.
source 107is optically- ooupled to:a ssolid-state

seiiiconductor: photoseasitive -detector 16, The .

light-ssource 10:is* preferably a.semiconductor
junction’diedethaving an’ anode 11 and cathode
12 iconnected “to: input terminals 13 -and- 14,

S, o

-type -waf emn,Jvﬂaethmaedf withmi

rward ® direction, where
muon 1s det

generates hole-electron pairs which are col-

- lected at:the active junction of the detector

to produce a photocurrent. The detector -is

" connected through terminals 19 and 20-to .2

eircuit 22 which responds’to the photocurrent
to -perform :a -desired ‘operation: or ' function;
The citcuit 22 acts.as the electrical load inte
which the. detector is connected ‘and can; be
of any variety of circuits. Such a circuit-is an
excellent ‘example of one - which is. suﬂi'ciendy
sensitive that circulating ground currents exist-
ing in the light source circuit must be virtually
eliminated in all portions of the detector. cir-
cuit. "The. output of circuit 22 is-across output
termrinals 23 and 24, wherein the light source
10 need not be referred to the-same reference
potential as any of the circuit containing the
circuit:22 :or ‘detector 16: because- of the-elec-
trical .isolation achieved by use :of the optical
coupling technique. The entire system-can be
fabricated within. a- single. network; such .as,
for.example, an integrated network schemati-
cally shown by the dashed enclosure- 26.and

and
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described iri the above Jerry -D. Merryman .

application. As pointed. out in the in

tion; all of :the advantages of complete- electn-
cal - isolation are achieved -by this arrange-
ment, which: also yields infinite common mode
rejection ‘of .undesirable signals present in. the
circuit . containing: the - light --source: :30 long
as cdpacitive coupling between: the light source
circuit and the- signal ‘portion of- the detector
arcmt is essentially eliminated. .

Referring -now to FIGURE 2 whu:h ﬂlus—
trates - the problem of maintaining -complete
electrical: isolation between the light .source
and detector, a light- source 10 is opucally

coupled- to a- detector-16 in close - proximity

thereto -and separated -by an optically- trans-

parent medium 46. The:light source is-prefer-

ably & semxconductor junction dxode compns-
ing. a ‘cathode region 12 -which: is..a: semicaony
ductor wafer of -a first-electrical- conduetavxzy

‘type; shown as n-type conductivity in this case,

into which -a- p-type conductivity determining
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10 60 to forman n-type conductivity region 62
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absorbed therein to generate charge carriers
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as the original wafer remains in- its ‘area
underlying: the portion ‘of the strip which ex-
tends over the. original wafer.. The n-type
region 62 is-more heavily doped than the
original wafer when formed by diffusion so
that the-: ongmal p-type wafer will be con-
verted 'to' f-type ‘conductivity in region 62.

Similarly, the region. 64 is-more heavily doped
than either the original' wafer or the region
62 to convert' the layer 64 overlying region
62 to p-type conduct1v1ty Subsequently, an
n-type impurity is selectively diffused into’
the channel regmn 63 to form ‘a narrower n-
type -channel region 66 which is located
within channel region 63 but which is- more
heav11y doped than region 63 and-is of lower
resistivity, thus -being designated as an n+
region. ‘Region 66 is more heavily doped in
order’to convert-the p-type portion of channel
region 63 to n-type conductivity and to form
a rectifying junction 67 therewith. It can be
seen at this stage that the n-type cathode region
62 is enclosed within and surrounded by the
p-type conductivity anode region comprised
of the original wafer ‘60 and region 64, with
the éxception of the narrow channel. region 63,

wherein a rectrfymg junction 65 is formed
bétween 1 regions 64 and 62 and rectifying junc-
tion: 61 is formed between regions 60 and
62, No rectifying junction is formed, of

-course, between the Pp-type region 64 and the
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(66 are separated in order to reduce any dis-
tributive capacitance that exists between the
p-type region 64 and n+ channel region 66.
“That is to say, the outer ‘boundary: of channel
66 abuts and forms' a rectifying junction 67
with the p-type portion of channel. 63 and
the original wafer 60 at the bottom of chan-
nel 66, but is separated from the more heavily
doped p-type region 64. It is well known
that the heavier the doping level on opposite
sides ‘of a rectifying -junction, ‘the greater
the capacitance of the junction. Thus & rela-
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tively small distributive capacitance results

from the junction 67 between channel 66 and
the p-type portion of channel 63, including
wafer 60, as compared to the capacmance that
-would result in forming a rectifying junction
between the n+ channel 66 and the heavily
doped p-type region 64.

The n-type region 62 is now essmnally sur-
rounded and enclosed by.the p-type regions
comprised of the original wafer 60 and the
p-region 64 with the exception of the narrow
channel 66, which is used to make electrical
contact to the cathode 62, The tab portion 72
of electrode 70 overlays the channet region 63,
and also' channel 66, so as to electrostatically
shield" this"portion. Leads 75 and 76 are then
connected to the electrodes 70.and electrodes
73, r&specuvely, wherein lead 75 makes the
connection to the anode of the detector and
is connected to:terminal 20 or. signal ground
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‘eléctvode: 70: does:iGverlay. channel: 63 ito .com-
plete:theelectrostatic shielding. of the-cathode
11 conjunction with :p~type : region 64 .and
wafer 60. As the optical radiation-from. Jight
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64 overlaying:the; cathode 62,  wherein-a large
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:64. The: region 64 wsuﬂicml&y thin, however,
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tively: dow:. conductivity.  Next, . base diffusions
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purity is diffused into this strip to form a
heavily concentrated n+ region 66 which ex-
tends into and contacts the n-type region 62,
but which forms a junction 67 with the wafer
60. Again, an oxide layer is formed over the
entire wafer during the diffusion process and,
subsequently, an annular opening is cut in
the oxide to expose an annular surface of
region 64 just outside of and surrounding n-
type region 62. A small portion of oxide is
also removed which overlays the extreme end
of channel 66, Then, a layer of a suitable
electrode metal, such as aluminium, for ex-
ample, is deposited onto the entire surface
of the device, whereby the metal layer con-
tacts the annular surface of region 64 and
the extreme end of channel 66, all as shown
in FIGURES 9D, D’. Fmally. portions of
the metal layer are selecnvely removed to ex-
pose the p-type region which overlays the n-
type region 62, with the exception of tab 72
covering the oxide tab 69 and channel 63,
and to separate electrode 70, electrically, from
electrode 73, all as shown in FIGURES 9E,

Megcm &Zheoaaaﬁrﬁwoﬁé rtbR}pﬁ atra on -

eaﬁs a'l
N+ region 66 whi ct feun a céuPhd jay bfadxhd,éoﬁuﬁersat-lmf, Fletbiie S
tends ‘into and coﬁpﬂaeftgletm@r nEqweTee ﬁoeg:temkem! tfof) Mérect Ois Sibscal

r be

I s adapted to
Nt WBIAT WRREATRdisen. 64

1.286! oProdidtRéhid 8GR

C tirso mentidvaducof device adaptbdl t
edigely WP% \F

=qmbo

xgﬁfor

¢&mmml@usi

cong

deM

ogeokratel charge tagriers

L

nd - clectirala vigpa)

ckwwnwaﬁmmmtﬁm@hemna&emmhah

S eem qag #espné ulev1¢enanddmd| TV

cpifgetedy fani I’F e
megxdeﬁiz&mimemknoﬂg-akect :ﬁ%ﬁ z%::em" g
ﬁ @ frbd’ si’gﬁgckaﬂ:[}r da
tcnds o

naklng elec-

Rehhse. shid
Sﬂsetoafo £

ntﬂactacmstswdsyancdoxf thesdf. r egi on

fymg junction, in wh:ch said first region is
substantially surrounded by said second region,
s0 as to shield said active rectifying junction
of said semiconductor diode, in which means
are provided for making electrical contact to
said first region, and in which said second
device is disposed adjacent said diode.

4. An_optoelectronic device according to
claim 3, in which said means for making elec-
trical contact to said first region extends
through portions of both said first and said
second regions of said diode and makes elec-
trical contact with said first region and an
electrode secured to a third region.

5. An optoelectronic device according to
cla1m 1, in which said second device com-
prises a semiconductor diode for generating
optical radiation in response to 4 forward cur-
rent flow across the junction thereof.

6. An optoelectronic device according to
claim 5, in which an optically transparent
solid medium is disposed between said diode
and said second device.

7. An optoelectronic device according to
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the extrene end of channel 66, all as shown prises a sem conductor diode
for generating I n Fl GURES 9D D. Finally, portions of optica
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removed to ex- rent flow across the junction thereof. pose the p-type
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type region 62, with the exception of.tab 72 claim 5, in which an
opticalTy transparent 125 covering the oxide tab 69 and channel 63,
solid nedlun1|s di sposed between said gugggm and to separate el ecty ode
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-.in.FIGURES 9C, T, oxide masks’92 anid 93
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-Aftet the:n-region:62 is. formed, another oxide
mask911sprowdedonthesurfaceofﬂ1e
awafer :and the xrest -of : the -oxide -is :removed
50 that:only a marrow:strip-.of oxide:temaains
-onthe wafer -which extends oversa portion :of

the original wafer 60 and region 62. Then:a

p-type . caridtictivity : determining mpunty is
diffused into ‘the -wafer ~as :shown in
FIGURES 9B, B’ -to .surround the n-type
region 62 with:the:p-type-region 64 in con-
junction with the-wafer 60, with the excep-~
tion of the strip-ithat:is: miasked. This forms
a junction 65 between the. p-type region 64
and n-type region 62. Subsequently, as shown

are formed over the entire wafer with the
exception of the narrow strip that was pre-
viously masked by the layer of oxide 91, and
then an n-type conductivity determmmg im-
purity is diffused into this strip to form a
heayily concentrated n-+ region 66 which ex-
tends into and contacts the n-type region 62,
but which forms a junction 67 with the wafer
60. Again, an oxide layer is formed over the
entire wafer during the diffusion process and,
subsequently, an annular opening is cut in

‘the oxide to expose an annular surface of
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region 64 just outside of and surrounding n-
type region 62. A small portion of oxide is
also removed which overlays the extreme end
of channel 66, Then, a layer of a suitable
electrode metal, such as aluminium, for ex-
ample, is deposited onto the entire surface
of the device, whereby the metal layer con-
tacts the annular surface of region 64 and
the extreme end of channel 66, all as shown
in FIGURES 9D, D" Fmally, portions of
the metal layer are selectively removed to ex-
pose the p-type region which overlays the n-
type region 62, with the exception qf tab 72
covenngtheoxxdetab69andchanncl63
and to separate electrode 70, electrically, from
electrode 73, all as shown in FIGURES 9E,
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for electrestatically- shielding said ‘active recti-

{ying junction -of said -first’ device -so-as t0
“reduce significantly -distributed -capacitance
detween -said -second ‘device and ‘said ‘active
rectifying junction -of -said first “device, said
‘means ‘forming an “integral "part -of ~said “first
semicoriductor device ‘anid- saxdm:fymg 1une-
tion therein.

2. An_ optoelectronic- devlce accordmg to
claim 1, in which-said second device comprises
a . semiconductor - device - having a_ rectifying
junction, and. is-adapted to, generate said opti-
«cdl. radiation in respanse toa“forward. current
‘flow -across said junction theredf. -

elaim’1 or’2, in which said first semiconductor
devxoe comprises a semiconductor dmde, hav-
ing first and second regions of opposite con-
ductivity type separated by said active recti-
fying junction, in which said first region is

3. An. optoelecu'omc ‘device ‘according “to
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substantially surrounded by said second region,

5o as to shield said active rectifying junction
of said semiconductor diode, in which means
are provided for making electrical contact to
said first region, and in which said second
device is disposed adjacent said diode.

4. An_optoelectronic device according to
claim 3, in which said means for making elec-
trical contact to said first region extends
through portions of both said first and said
second regions of said diode and makes elec-
trical contact with said first region and an
electrode secured to a third region.

5. An optoclectronic device according to
claim 1, in which said second device com-
prises a semiconductor diode for generating
optical radiation in response to a forward cur-
rent flow across the junction thereof.

6. An optoclectronic device according to
claim 5, in which an optically transparent
solid medium is disposed between said diode
and said second device.

7. An optoelectronic device according to
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