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TEXAS INS’I‘RUMENTS Ir.oonpomrr
accordmg 1o

‘We, | D.»

‘of the State of

which ‘we ‘pray ‘that a .may ‘be granted
method by. which it is to be
performed tobe. partlcularly descnbed inand
by the following ‘staternent:—

“This invention relates to. sermconductor
diodes and more particularly & relates to a sur-
face-oriented. diode structure..

In mtegrated ‘seiniconductor cn'cmts the
resistors, capacitors, and inductances; ‘along
with the active elements, are formed .in and
on semlconductorrbodres Such networks
operable at very high frequencm permit
construction in -which strip line conductors
are formed on the surface of high resistivity
taterial or are formed on or insulated from
sexmconductlve ‘materials which would. other-
ubstantial losses. ... ..

-More . partlcularly in. accordance with ¢
preferred feature of .the .invention, &
conductive ‘apparatus is provxded whi¢
cludes .a semiconductive wafer having. -op~

major faces with the bulk of the wafer
being substantially intrinsic. = A pair. of
spaced-apart Zones of opposne eonductmty
type are formed in ‘one. major. ‘face of the
wafer. A pair of conductive strips . extend
over the surface of the wafer into electrical
contact with ‘the exposed surfaces of the
The junctions ! between the
and the intrinsic semicon-

‘respective Zofies

" ductive material are disposed at confronting

locatrons where the junctions : .emerge:. from
form a diode. The junctions
: to form.a.PIN. diode,
to form a PN diode.

Jor may be contxguous
[Price 4s.6d.]

For a more complete understandxng of the
present inyention and for further objects. and
advantages. thereof reference imay nOw. be
had to the following description taken in
con]unctron W1th the aecompanymg drawmgs
in which: .

Figure 1. 1s
dragram of a-
pair of dlodes,

Figure 2:is;a top v1ew
‘Wafer on which an mtegrated circuit- corre-
sponding to, the mixer of Figure 1 is forméd;

Figure3isa sectional view of one embodi-
rznent of a surface-onented diode of Figure

Figure 4 isa sectronal view of a further
‘embodiment of the diode; ™

Figure 5 illustrates an
face-onented diode; .

. Figure
forming a

lumped constant cu‘Clllt
balanced mixer requrrmg a

of a semlconductor

mterdlgltated sur-

‘diode similar to that of Figure 4;
 Figure.7 7-illustrates further processing steps
in formmg ¢ diode of. Figare 6. and

s a top View . ot' the drode of

mvolves a -signal input termmal ‘A and 2
iocal oscillator input- ferminal B leading:to
coupler C. Output, lines from coupler C ex-
‘tend fo’ diodes D’ and’ B, respecuvely, with
shunt capac1tanoes F and ..
round. ' An output. tranéformer H provides

a path for an output signal from the mixer
which ‘may be one of: the modulatxon pro-
ducts from the. mixer.
the: related co-

ion’. No, 3640465 (Senal ‘No.
ictowave mtegrated circuit de-
vice is ‘described ‘which is partxcularly suit-
‘able for use. in con]unctlon 'with a diode in
accordance with the present mventton. E
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6 illustrates prellmmary steps in
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W to, F1gure 1,2 mixer c1rcu1t }
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zero. The boundaries of the two zones will the surface of said wafer,

each conduc- t hus be contiguous. Surface-oriented di odes tor extending
into contact with one of for use in switching applications will be con-
said zones. 25.structed with separatron-between the two - 2. A diode
structure according to Claim zones and for high current capability,

will 1, in which said junctions are spaced apart 90 ‘be interdi-gitated
as shown in Figure 5. such that a narrow zone of high resistivity ., In

Figure 42 the transnmission |ines 45 hi#d264-s di sposed. betweenst he adj/acent
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i npurity - 11qxe about one-quarte wavelength - long and
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re of a width substantially greatér than the
width of the strips 11 and 12. Two shunt
strips 16 and 17 are spaced approximately
one-quarter waveléngth apart and extend be-
tween sections 14 and 15. Output Tines 18
and 19 extend from the coupler 13.

A pair of quartei-wave transformer sec-
tions 20 and 21 extend from the ouitput strips
18 and 19, respectively, and make ¢ontact

with terminals of surface-otiented” diodes 22

and 23, respectivély. Output conductors 24
and 25 lead from the other terminals of
diodes 22 and 23 to output capacitors 26 and
27 to provide an output slgnal at output ter-
minals 28 and 29. -

With strip-line transmission lines ovérlay-
ing the semiconductor wafer 10 and with
surface-oriented diodés of a cohstruction
hereinafter described, a sighal in the X-band
may be converted to IF with about a 5 db
loss For example, 2 9 Gc signal may be

fhed to strip 11. A local oscillator sig-

at 8.5 Gc¢ may be applied to the input -

stnp 12. As 4 result, an IF signal of 500
Mc is produced at terminals 28 and 29.
“The surface-oriented diode 22 is ‘Hustrated

in one form in- Figure 3, The wafer 10, of

55

60

intrinsic silicon, IS provided with ground
plane conductive layéer 30. The mtrinsic
silicon forms a high-resistivity zone above
the ground plane layer 30. . An .N-type
alloyed region 31 and a P-type a]loyed re-

.gion 32 are formied in the surface of the

wafer 10 opposite the ground plane layer
30.. A silicon dioxide insulating layer 33 is

‘formed over. the, upper. surface of wafer 10

65

to ¢over the surfaceé emeigence of the juic-
tions forming the boundaries between the P-

' 'reslstmty gallium arsenide may be employed .

‘characteristics which. are not suitable for
‘both the microwave strxp transmission line

g;wtyrhcez o'ﬁ%prhaet epnsteicml k| y | ow
ieved. junction capacitances of. 0.05. pico

farads (pf) or less. - When biased by recti- .
fication of the local -oscillator signal to ob-
tain the best noise figure, the shunt. resis- 95 -
tance of the junction of the present inven-

tion- is - approxxmately 400 ohms. - In ordin-

4y mixer diode configuration, this value of
resistance is trafisformed to ah input imped-

.ance of about 50 to 100 ohms by the pack- 100 = -

age inductance and the junction capacitance.
In the present case, the junction diameter
of the diode is approximately 0.1 mil (0 0001
inch). Productlon of a semiconductor junc-
tion of this size, as above noted, employs 105
Jntrinsic - silicon havmg s1de-by-s1de alloy

“Zoties- to “form confrontin edge ]unctlons
that will give the surface diode effect.-

© ‘The material reqitired for the integrated =
cir¢uit preferably will prov1de 4 “suitable 110
substrate for -microwave Strip transmission :
lines and for forming the mixer semiconduc-

tor junctions, Intrinsic silicon and high-

for mixer diodes, whereas germanium has 115
and the diode construction. Where extremely

low loss transmission lnes are required, low
loss dielectrics with deposzted silver conduc- 120° -~

tors are employed. - Yttrium-iron-garnet

(yig) substrates ~may also be employed for
thls purpose.’ .
* Figure 4 1llustrates a modified form of -

“surface-oriented diode wherein S1de-by-s1de'125
diffusions ‘of opposite-conductivity type im-
_purities are’formed .on the upper surface of

‘an_intrinsic ‘silicon wafer 40. The N-type .
diffused zone 4la and the P-type diffused

zone 42a are characterized by an edge junc- 130

.*;1-*"' 1#‘*



gold strips .
relativels hfghbe forge?_dlrectly onto the concentration region
conce t i 1icon surface and then subj 9 and a
.n. r_atl_on r egi on, . jected to treat- inpurity

the | ow i m nent  at
o _ A -tenperature wh [
AR S erein the
I nt er mi X i th th € | a t0 egl ons are di SpOSEd 50 woul d becone

the boundary ther eof . to forma diode, and the strip-line conductors

: Such : .
respective high 115 byZ?RgS are avoided extend into contact with the
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~each oW, %mﬂg?h @&%ﬂtﬁggd% \e,\rgllp. _-'_--1rﬁ=d35|!i=tt r7t5| on Ofere
. finctio e egradat

: fonce“”aﬁl zdnﬁghﬁnéildbﬂa i about Q,r nzlon gtqufsr,tq é}egaﬁﬁ%ﬁ t‘;:Jé in‘ﬂi"’ i npurity
_I'ng C ONMDJRASM> '[[‘hb@b@nmcgﬁ hg- silicop, is Clons@ ueﬁlﬁpdslthe conduc-
boundar i efined by sthe) &fisc area

&8t her: Ahas

: alummluhl smm pan n
“rpurity B e sh :Ts'ﬂih&h cahd ether mg tra 15&% “in fCal - con-
i Y. 9‘&&@'& lIé]ayer concentr#t@n{ ul erigaa®2 hi gh
: ion reghﬁfysndgg]ah@@ é' nte%on- 1s a, integrited Cli‘cuﬁdp@heﬂt T@BI nts. A
-conduct ordxtmw% : rouip@ay begfart IR
p tive increase inj bh QH&E of hq:ltxtdiremﬂs dm%rtpi W o 85
% the desp’ P+ diffusion: -The problem is in connected substrates. oficentration
defining the’ I-layer ‘between : the diffusion Referring again to Figure 4, a diffused;
frorits so that a° ~sufficierit currenit density surface-oriented‘diode with’ insulation iso- /-
can be obtained at reasonable current levels. Jation represents a’ preferred embodiment of
25 For currents of 20 - ‘milliamps, about a 4 the invention. One procedure for forming 90
"t square mil area Will’ give a current density this type -of  structure is ‘shown in Figures
of 200 amps per square centimeter required 6—38.- -The ‘structure ‘Hustrated- in Figures
for ‘conductivity modulation.’- An jnsulating 68 is ‘similar to the structure ‘illustrated
i . layer 44 covers the surface of the wafer ex- in Figure 4 and corresponding parts will
- .30 cept for metalized contact zones 45 and 46. therefore be designated by corresponding 95
Surfaoe-orrented diodes: ‘of the type illus- reference numerals .However, the structure
may be employed of Figures 68 is illustrated as round while
Where additional the structure’ ?,Figure’4 is rectangular. The
éufrent-cattying capac is ‘required of sur- surface of a-single crystal, “high-resistivity .
. 435 facecoriented ‘diodés;'as in ' the transmit-re- substrate of N—type material is etched on the 100
L7 ceive switches employed ih ‘various systems, surfaee to form a mesa 40a on the top sar-
‘thie construction such,as shown in Figure 5 face. The oxide layer 43:is then grown
maybe etaployed. """ - over the: upper’ ‘surface of the etched wafer
- In Figure 5, the transmlssmn lines 20 and - and over the: mesa 40a to form an insulating .
. 40 24 are shown contacting: the diffused zones layer over the ‘entiré etched surface. The 105
- % 4] and 42, respectlvely The diffused zone It rial* forming the bulk substrate 10 of
41 has three fingers. - The’ ‘zone 42 has two  the structure in Figure 4'is then deposited or
fingers with the fingers being énmeshed or n ovér the top Of the slice. 40 to com-
. mterdrgrtated to prov ide 4 junction of high pletely cover: the. insalation layer 43 and to _
. 45 ‘current-carrying’ capablhty Such a con- surround insulation covered mesa. After 110
.1 stroétion exhibits: low junction"capacitance the ‘bulk material’ 10 is grown onto the top of
under moderate reversed bras condxtrons and the wafer, thei top (n ‘Figure 6) of the bulk
material 10 is lapped: smooth for receiving
- on;4s th the ground plane conductmg layer 30 shown
- .50 for the diodes provides: insulation isolation in Figure 115
-+ for any number : of “components -deposited The substra_ 40 is ‘then lapped so that all
upon it and also iprovides a low loss struc-~ ‘of the original “wafer is ‘removed except for
‘ture: The structure s--readlly adaptable to the mesa which is then the island 40a located
receivitig strip, “transmission " lines deposited  in- a ‘we de pressmn surrounded by the _.
55 directly onto ‘thesilicort. In accordance isolation 1 yer of silicon oxide 43 ‘as shown 120
" with one mode of jtion, a ground plane in Figure 7: iThereafter as shown in Figure
conductor is evaporated onto the bottom-of 8, through a photomaskmg technique, N+
ap intrinsic silicon substrate of approxi- and P+-"d~1ﬁusmns are made to form: the
' mately 5 mils thickiness. -Silicon dioxide on _zones A1+ and ™42 of o posrte-conductmty
. 60 the top-is etched to: expose the silicon where types in "the’ island” 40a “Tnside the island 125
"7, transmission lines* are requ1red ‘Gold is thére 1s_'---th én- High enough impurity congen-
then evaporatéd’over: the entire surface‘and tration’ for godd low resistivity ohmic ‘con-
- gelectively remo to: leave gold: over the tact. ‘Thé.low: resistivity (high concentra-
“the silicon.’ Preferably, :tion). diffusion: “Have a very narrow intrinsic ..

'exposed regions:
65 in ordér to maintain ‘the propagation” pro- zone’ betWeen them, of thé order of 0.3 mil 130

,-,_,;:.;

- trated ‘in‘Figurés 3-a
A % inthe ‘mixer of Figure




1,124, 264 5
regions so that the adjacent edges of the low inpurity concentration

regi ons being com i mpurity concentration regions will form

the non with the high inpurity concentration di ode. -
region to provide good el ectrical contact 9. A diode
structure according to Caim and the two high inpurity concentration re-

5 8in V\/Q’! ch the edges of the | ow '%y con- than the low inpurkty
concentratlon regions 70 ¢ ation regions are* spaced

apart to for mide. Jin@NiHeeNQf o dnzﬂeﬁﬁrttlﬁv@teﬁ&it&ﬂr&b%rﬁ&ﬂ@rththezones T a

PI N di ode j u#hste aye made two very s drﬁusrons Yoo switehing tsacheiup rare s of the
|0W|npur|ty4laand42aofNandP ctiows
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precedi ng C &40 arsepef 1y k4014 milsmo,018, 9. 3 gvhich comprise: VI t seni.conduct or »
waf er throug tlonTh‘imta‘élltes %ﬁra{ré?ﬂnqs ﬁ;’@np@m te(ﬁi@& t %é;mél %coo\fers -

spaced fi rist Figuet kedonicts s fand 46 afeeﬁsdﬂpo (b) a pﬂ.ﬁoi hﬁeﬁurs‘aﬁmf&rmmence

<y,
of the junct iappligd dieethe two N"blam P plefined 39 80 w0
fining the z{m@“&&%{? ag@‘é‘“‘&ﬂ’rent s{l‘:“(‘i"t 33 t"@%ﬂ% \/T‘Q{mpes t he
adj acent Where the ¢85! e Rdbloyedlin ®e’ | P | f0E6 HOpbsitions ~ .€dges

of which f29r nmwrdppldﬂl,on,auhdseparaﬁon 48, Flgureopenl rog&marrlmda,andnsul ating. | ayer

- -1 i nelck o pair of strip-line conductors]_og 83\
O%J%%m disduct o%&@gdw&fmme % extend

di ode struct :
se i lswrtbiﬁh | lebd-at i ng s an: oxl cont act
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rodtedy with omﬁon t@tween. the two
zapﬁ and f

46 extend along the top of the msuiatmg
layer 44 from contact with the zones 41
and 42. Preferably, the transmission line
leading -to and from the surface-oriented
diode, except for the insulation over ‘the
junctions as shown in Figure 4, will- be
formed directly on the surface of the semi-
conductor material 10. Preferably, ground
plane conductor 30 and the low resistance
conductive strips-45 and 46. are gold and

overlay an extremely thin film of a metal .

such as molybdenum, as above noted, or of
vanadium, platinum, nickel or tungsten eva-
porated to a thickness of a few microns to
form an underlayer for each strip.. The
underlayer having a high eutectic temper-
ature will prevent the formation of lossy
zones that would othérwise be present were
gold strips to be formed -directly onto ‘the

silicon surface and then subjected to treat-

ment at temperatures wherein the silicon
would become intermixed with the gold at
the boundary thereof. Such zones are avoided
by the use of the thin film 49. The ground

plane layer 30 is shown as having been
-formed over a film 494 on the bottom surface

of -the structure as shown in Frgure 4 where
the film 49¢ would be of materials the same
as film49. -

Thus, in accordance w1th the invention

‘there is provrded a ‘high-frequency drode
structure in a semiconductor wafer. . A pair -

of zones in.the wafer of opposite-conduc-
tivity types each have boundaries outside the
other and have junctions thereof emerging to
the ‘top surface at closely adjacent points. A

_pair of strip-line conductors on the top of

B papns o,

2. A dﬂ:& stictifeoderrditg ocClaime

Qﬁf s_!ge spaced apart - 90
‘E% EJ 3 Siabar Sortohieps of

of the ]unctrons to form a PIN diode junc-
tion..

"3, A diode structure acoordmg to Claim 95 :

1, in. which-said junctions have contiguous -
portions forming a PN diode junction. -
4. A _diode structure according to Claim
1, in which said junctions. are spaced apart -
and are interdigitated. 100
5. A diode structure accordmg to any
preceding claim, in which sard pair of Zones
are diffused zones. - - -
6. A.diode struc’ture accordmg to, any
preceding

insulation layer
7. - A diode” structure accordmg fo any
preceding claim, in which each zone of the -

pair of zones has a relatively. low impurity 110
concentration region and a relatively high

impurity concentration regron, the low im- .
purity. concentration regions - are disposed
to form a-diode, and the strip-line conductors. - -
extend into contact with the. respectrve hngh 115
1mpun‘tz concentration regions. - -. .

diode structure aocordmg to clarm
7, -in which the. hlgh impurity diffused re-
gion.of each: zone is relatively deep and has
a relatrvely low resistance, and the low im- 120

purity concentration diffused region of each
Zone is r_elatrvely shallow. and has a rela-

tively high resistance, a portion of each .of
the low. impurity concentration regions -be-

_ing common with the high impurity concen-- 125

tration region to:provide good electrical con- -
tact, and. the two high impurity - concentra-
tion regions. being spaced apart a.. greater
distance than the low nnpurity concentration " -

claim, in which said wafer is an 105 :
Jisolated island formed ina substrate by an

~, ®
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junctions as shown in
G B e
nd
conductive strips 45 and 46 are gold and
overlay an extremely thin film of a metal
such as molybdenum, as above noted, or of
vanadium, platinum, nickel or tungsten eva-
porated to a thickness of a few microns to
form an underlayer. for each strip.  The
underlayer - having a high eutectic temper-
ature will prevent the formation of lossy
zones that would otherwise be present were
gold strips to beformed directly onto the
silicon surface and then subjected to treat-
ment at témperatures wherein the silicon
would become ‘intermixed with the gold at
the boundary thereof. Such zones are avoided
by the use of the thin film 49. The ground
plane layer 30 is shown as having been
formed over 4 filin 492 on the bottom surface
of the structure'as shown in Figure 4 where
the film 49a would be of matenals the same
asfilm49. =~ -

Thus, in_accordance with .the invention
there is prov1ded ‘a high-frequency .diode
structure in: 2 sem 1conductor wafer. - A pair
of zones inthe ‘wafer :of'opposite-conduc-
tivity types-éach have bourdaries outside the
other and have junctions thereof emerging to
the top surface at'closely adjacent points. A
pair of  stiip-line” conductors ‘on the top of
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a PN diode jiibction.1Jn

et pER L Igggﬁummeé@&ldu vely

rity
h- rWHJAQTWEI(I[;AIngSI:-I—um arseni de:
1. A high frequegcy Aliodpj gpucture 75

nd %(ﬁ)@'? 3 “E@S RSGY Skt codor

ng an 1nsul ating
strat (b) a pair of zones in said wafer of
oppasife conducqu Ep% defined by 80

£orBEIED S B M e

Cldce ofrthe wafer at ad]acent posrtxons

0. T fabricatin
uctors on g85
i o) o ”ﬁﬁﬁém
c&&&‘

tor extendmg 1 fwitB e bhe
tchi ngldtmessurface of

40
a2 h,w ﬁ n'%’dmg to Claim
1 t 90
R e

\Aﬁ fs{:osed between the adjacent poruons
of the junctions to fors) a PINaligdedncz ones

hé’(?ns p: | Eg&i ‘gﬁlfctu}ebfccordmg to Claim 955

&, have contiguous *
G BN Biidd zstu:bezt rate

teaqccqr
L, s
in which sai ta 1onf ares

and are interdigi
isgficeat e, tA al'bdlgfb&u&@rlegdttorﬁﬁg tt&l

preceéding claim, in which said pair of zones
are diffused zones.

6. A diode structure according to any

receding claim, in which said wafer is an 105
isolated island formed in a substrate by an
insulation layer.

7. A diode structure according to any
preceding claim, in which each zone of the
pair of zones has a relatively low impurity 110
concentration region and a relatively high
-1mpunty concentration region, the low im- .
purity concentration regions are disposed
to form a diode, and the strip-line conductors
extend into contact with the respective high 115
1mpur12 concentration regions.

diode structure according to claim
7, in: 'which the high impurity diffused re-
gion of each zone is relatively deep and has
a relatwely low resistance, and the low im- 120
purity concentration diffused region of each
zone is relatively shallow and has a rela-
tively high resistance, a portion of each of
the low impurity concentration regions be-
‘ing commeon with the high impurity concen- 125
:tration region to provide good electrical con-
‘tact; and the two high impurity concentra-
-tion: ‘regions being spaced apart a greater
-dzstance than the low impurity concentration
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13. A diode structure according to any::

" preceding Claim, in which a conductive

e ground plane is formed adjacent the surface

. of the
25

45

55.

wafer opposite the surface at which
the junctions emerge. .

14. A diode structure according to any
preceding claim, in which the wafer is intrin-

. sic silicon.

‘30
" high-resistivity gallium arsenide.

15. A diode structure according to any
one of claims 1 to 13, in which the wafer is

16. A high frequency diode structure

which comprises: .

(a) a substrate .
(b) a high-resistivity, single crystal
semiconductor wafer disposed in a re-
cess in the substrate and isolated from
the substrate by a first insulating layer,
the wafer and the insulating layer
emerging at the surface of the wafer
with the insulating layer around the
wafer,
(¢) a pair of zones in said wafer of
opposite conductivity types defined by
junctions between each of said zones
and the wafer which emerge at the sur-
face of the wafer at adjacent positions
to form a diode, .
(d) a second layer of insulating ma-
terial over the surface of the wafer and
the emergence of the first insulating
layer, and -
(¢) a pair of stripiline conductors ex-
tending over the surface of the substrate
and the second insulation layer and
through openings in the second insula-
tion layer into contact with the respec-
tive zones. L o
17. A diode structure according to Claim
16, in which each of the zones is comprised
of a relatively deep high impurity diffused

" .. region having a relatively low resistance and
i a relatively shallow, low impurity concen-
- tration diffused region having a relatively

8

high: resistance, a portion of each of the low

tive

0

BT e
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-+ 19..:Thevprocess according to claim 18,
including the additional steps of:

Diffusing opposite conductivity type
impurities through third and fourth
areas on the surface of the wafer which
overlap the first and second areas and
are spaced more closely together than
the first and second areas, to form third
and fourth relatively shallow, relatively
low impurity concentration zones of
types corresponding to that of the first
and second zonmes, respectively, and
forming an insulating layer over the
surface of the wafer where the junctions
of the zones emerge to control leakage
current.

90
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20. The process for fabricating a sur-
face-oriented diode which comprises:

© diftesing

(a) selectively etching the surface of
a high-resistivity semiconductor wafer
to form a mesa,

(b) forming a layer of insulating ma-
terial over the etched surface of the
wafer and the mesa,

(¢) forming a bulk substrate material 110
over the layer of insulating material to

a height greater than the height of the
layer of insulating material on the mesa,
(d) lapping the exposed surface of the
semiconductor wafer and the insulating 115
layer until only the mesa and the insu-

105

lating layer around the mesa is left

such that the mesa is then an island of

“high-resistivity semiconductor material

isolated. by the insulating layer, 120
opposite type impurities
-resistivity semiconductor

ough spaced first and second

" -surface areas to form adjacent impurity

o zones:of opposite conductivity types the

125
a*g(jlaicent-' edges of which form a diode,
a ,

-(f) forming a pair of strip-line con-

" ductors on the wafer which extend into

“contact with the respective zones.
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6 1,124, 264 21. The process
according to claim?20, stantially as hereinbefore described with re-

i ncludi ng the additional steps of: ference to Figs. 1 to 3 of the
acconpanyl ng Diftusing opposite :conductivity type drawng.

I mpurities through third and fourth 23. A high frequency di ode structure
sub- 5 areas on the surface of the wafer which stantially as

her ei nbef ore described with re- overlap the first and second areas
and ferente to Figs. 4 or 6 to 8 of A¥28tcom ar e fspaceda_rr_ore
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