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connection 56. The
58 is shunted by a by-pass

' RO NG . nerative current on said I
ﬁgE?ngﬁﬁ\Mf tegdlggg\li;ent dege . _ spaced-apart openings
in s °d er of.in- 5 The drain D of the transistor thrlmsn;FnéG tsﬁlrgblgﬂg
o eXposef s : - r:mi h

gﬁtteale prer _Sﬁrfggl% ﬁe waf §PmmL@&Mpam t or ~68. -Tﬂe drain
Dis 4q dopaps h of sai RAWINGDATIACHED al so connected. to-the |
posi ti Wi ons to provide regions of rel ati VQJI’I?%B vol t age |
source g f Y| Pete of Applibatini and flingComipiee Sane 'cpn_(fuctl_ ity type 10
sistor Z2, t er mi nal SRyfificetien:\25) fune, 1965.saj d | i ghNby2H3/68

seni coneMic / A0 Applivationcmadd ilp &inivgl StereseficAmetich QNG.B384768) an ah_d _
arrangi Yy A& Conduct i V& E%‘hl?%n connection 56.- An I nput .-r esi stor
74 taces reg] / on Camplete tSperificatipnaPidlithitdi ¢ Moy nesg ed bet ween the gate.
el ectrode G vely

connection 56. _
| N oper atindox at Aoryminei-MIBK QUK 2SWA
sem conduct or 8( from t H87p#P0L $Gse |
accor dands. Gl:+HH 01 ailfyid. wherein source 70 through the |oad
the said dopant is a donor i
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1,111,528 nected to the conmmon
tively uniform thickness of 4 mcrons or bias resistor
arranging a | ayer of

i nsul ati ngmateriat—

supported wafer,

hi g @eeviichdyvipiltyiogend on a por- and the conmon
of—sat-d—tayer—b

etween said two regions.
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COMPLETE /SPECIFICATION

LY
We, RADIO CORPORATION OF AMERICA, a
- Corporation organized under the laws of the
.~ State of Delaware, United States of America,
- of 30 Rockefeller Plaza, City and State of
- 5. New York, United States of America, do
S - hereby declare the invention, for which we
R pray that a patent may be granted to us,
C and ' the method by which it is to be per-
- formed, to be particularly described in and
.10 by the following statement:—
This; invention relates generally to semi-
~ conductor devices, and more particularly
but not solely to an improved metal-oxide-
- semiconductor field effect transistor and a
15 novel method of making it. The improved
field effect. transistor is particularly useful
..in ultra high frequency (uhf) circuits, and
~ the novel method is particularly useful for
.. making integrated circuits. o
- :20. One type of field effect transistor of the
- depletion type has a conduction channel of
low resistivity in semiconductor material of
. one conductivity type. It also has two
* - spaced-apart electrical contact regions, re-
: 25 ferred to.‘as the source and the ‘drain, re-
" .. spectively, connected to opposite ends of the
... conduction channel. This transistor also
. includes a gate electrode adjacent to, and
electrically insulated from, the conduction
30 channel. When a voltage is applied be-
tween the source and the drain, current few
- through the ‘conduction channel. The am-
- plitude of the current can be modulated by
~ Voltage signals applied to the gate elec-
- 35trode. - T L '
 Two basic types of field effect transistors
. - are the depletion. type and the enhancement
.7, type. In the enhancement type, the chan-
© 1. mel is electrically induced by the application
. 4@ of an’ external forward bias to the gate
.1 elettrode, .and  no current flows with a
.+ ., zero; -.or  back' bias on . the
Too i eleétrode. ‘This - application deals with the
{Price 4s, 6d.]

R I

gate -

Semicdnductor Device and Method of Making Same

depletion type, which contains a conduction
channel that allows current to flow from the 45
source to the drain with zero bias on the
gate electrode. The current may be con-
trolled with either a back bias or a forward
bias on the gate electrode.

| 22
evice'in
‘resistor 72,

In many prior art, depletion type, field 50 -

effect transistors; the conduction channel
between the source and the drain is in
semiconductor material of one’ conductivity
type and the drain and source contacts are
regions of an opposite conductivity type. 55

-This forms back-to-back diodes (P-N junc-

tions) between thie source and drain. The
use of P-N junctions between the source and
drain electrodes and the bulk of the semi-
conductor body is desirable so that most of 60
the source-drain current can be confined to

-the extremely thin inversion layer at the

surface of the chanrel. While these prior

-art field effect transistors are suitable for
many applications, some have an output 65

capacity ‘and leakage currents that may be
unsuitable for ceftain applications.
The maximum amplitude of the bias

‘voltage that may be safely applied to the

gate ‘electrode of a field effect transistor is 70
limited by the breakdown potential of the _
dielectric material between the gate elec--
trode ‘and the conduction channel. The

conduction channel should, therefore, have
‘a relatively small cross-sectional - area to 75

enable current t6 be pinched off by a back
bias voltage of a tolerated amplitude. -

. In a depletion ‘type field effect transistor,
the magnitude of ‘gate back bias voltage re-
quired to comipletely pinch off current in 80
the conduetion chiannel is directly propor-
tional ‘to the’ depth of: the' channel. ; On the " -

‘other hand, the mdXimum amplitude. of bias

voltage that can be safely
gate electrode is liniited by the bréakde
potential of ‘the diclectric' material between: -

'ig)phed 1o .the' -

SBE ERRATA LU AT

¢ bréakdown 85 -



path between the drain D and the source S. diffused into each of said

exposed portions.
di ffusion extending from said upper 20 tive term nal
surface of said wafer.
3. A nethod of making a sem conductor S
device in accordance with cI'

70. Cur-

the.drain D-to the source
with a zero signal
wherein the?gate G Positive or negati}isenal s -
IS TightTy doped a pTled petween The T nput Iermﬂaldtsa 52amd

rraterlal

N-type sili cor‘ihe
fromthe drai i

surface to the | ower

vol tage applied to

the bias resistor 58, and returns to the nega-
of the voltage source
85 rent flows:from

sai d

il e fo oeoytin

g i

'd sSup ort ed

source S, prog emxb thbmmlnttiedchaﬁnﬁellshouldﬁdﬂ Plesdilg) invediei.i"al “on
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(he”upper oy il ot g S ot L 1, rioh the
waf er and sald{ adinth ”ngﬁ; c%ﬁ, gff rPaﬁE a%ﬁ ﬁg f used
into said twodesi oﬂmdicpmpmse@mmglsery&tdmnde h@hmist; qsflaborktedtod
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predet erm nedy

action is possid
at of t imethpghjob makidg aj smtyendnetemdev

of said pai #3 §f [‘l’rﬂ? Steggﬂ‘ﬁggimﬁ

used,

oxi di zed to fgj

10y ascpeintet fe RIS
‘i%ﬁﬁtff@ﬂg; B R )
cErd E%iuﬁﬂn ﬂ&SS

a@en oS su Bheddl N
removing portions of said supported wafer
20 until said wafer- has ‘a reldtively uniform
thickness of 4 microns or less, arranging a
layer of rnsulatmg material on said sup-
ported “wafer. 'making “twa ‘$paccd-apar
openings n said Tayer of msulatmg ma
25 to expose two portionis on, the upper surface
of the wafer, adding a dopant.in each’ ‘of
said two exposed portlons to provide re-
- giopns of relatwe,ly high' conductivity of the
same conductivity type as said lightly doped
30 semiconducfor material and arranging elec-
tncally conductlve ‘contacts’ respectlvely on
_sard two regions of relatlv,ely high~¢onduc-

tivity and op ‘2 portion of said layer between

said- two regions.
35 Further accordmg to the invention. we
provide a semiconductor device comprising
a support member insulated fiom or separ-
ated by an msulatmg layer from 'a high re-
- sistivity monocrgstalhne ],ayer of semicon-
40 ductor material, two spaced-apart regions,
of reIatlver low res1st1v1ty semiconductor
material of the samé conductmty type as
saxd monocrysta]lme layer formmg a source
and a drain in said layer, and an insulated
45 gate electiode arranged to. "control. current
flow between said source and drain. ™
In the accompanying drawings: -
"FIGURE 1 is a perspective view. Qf a
wafer of semiconductor material used in the
50 method of making a field effect trasistor
according to the present ipvention; "
FIGURE 2 is a fragmentary, front-eleva-

- tional view, of the wafer of semlcpnductor_

material jllustrated in FIGURE . 1, show ng

" 55 one major surface thereof. with . an ms

ing, oxide layer thereon; .
FIGURES 3, 4, 5-and, 6 are. fragmentar.y
-~ enlagged, cross-sectional views of a pair of
bonded wafers of the ‘type shown in

" 60 FIGURE 1 during successive steps in the

fabrication " of a semxeonductor d.evloe ‘in
accordance, Wlth the inventioni’.

"FIGURE. 7'is an, eplarged, cross-sectional

view of a semiconductor. device in “acgord-

' 65 ance with the present invenfion, and:

W %ﬁfwdﬁﬁct?' ﬁu tﬁz@m?ﬁ

"Thi s
d q@n are

aﬁarﬂalE’ac &Irﬁméa 1251

an4are¢ etasboqoriesqwer igie THE each

Raritares s et

| ayer of si-li obeledfic@aly deuldtingsbinding nmtaiﬂl:f Agiform " thickness of between .05 and

microns.

" As pointed out above, we desire to pinch 85
off current flow through the semiconductor
device by a voltage of safe amplitude
apphed fo its surface. To~ provrde a . thin
wafer 10, two of ‘the wafers 10 "are” fixer
to ‘éach’ other ‘Thus, orie wafer 10 can 90
functron as’a support ‘for ‘the other wafer .
10. " The’ second “wafer 10 can be ground *
agd lapppgl to the desu'ed cross-sectronal
dunenslon -

“A “preferred method for accomplishing 95
this includes oxldlzmg at least one surface
of each of a pair of wafers 10 to form an
insulating’ oxnde layer 16 of silicon dlox1de
as shown in FIGURE 2. ‘The upper sur:
face 12 of each of the ‘wafers 10 may be 100
oxxdlzed by any su1tab1e method known in
the. att, such as by heating for about 30
mihutes in ‘'steam_at a temperature of about
1050°C. * The: thickness of the silicon di-

" oxide layer 16 formed should be about 105

25,000 A (Angstrom’ units). o
"'The two wafeérs 10 are now disposed with -
their oxide layers 16 against each other as
shown in FIGURE 3. Heat is applied to
them until the oxide layers '35 fuse together 110
The ' heatmg stép may “be carried out’ pre-
ferably in an induction furnacé at a’ tem-
-perature of between 1,150 and 1,200°C.

' until fusion takes place. During the heating

§te pressure is applied between the ‘two 115

. Wwafers 10, in the directions indicated by the

-arrows, 18 and 20 in FIGURE 3. The pres-
siite ‘may be within the range of from 500
to 1,000 psi. By ysing two’ ‘wafers 10 of
the same matenal the fused wafers react 120
similaly to changes ‘in temperature, ‘there-
by produclﬁg a structure that is not dam-
aged anges ‘in temperature ’

a?ye to thgesfusmg the “superimposed

ers, 10, are. fixed to each other by means 125

of “an ~ electrically msulatmg Tayer 22
(FIGURE 4) of silicon dioxide.- The layer '

-22inclydes ‘the 'two,. “fused, ox1de layers ‘16

o;li the }w waférs. 10 shown i FIGURE 3.
the wafers 10 (the top wafer 10 130

-
.
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one of said wafers being lightly
single crystal silicon of

the drain D and source S. As pointed out
type, stacking

doped above a tolerated voltage is one that wll
one conductivity not break down the oxide |ayer 24 of the
said pair of wafers with said silicon dioxide dielectric.

As indicated, an advantage

oxi-de | ayer of one wafer against said oxide 4U
f heating and press- 105 and device

of ‘the nethod #ayer of the other wafer,
acggr?! Wﬁe_;pélgng éq’ : il‘-fe‘é %Sher sai d stacked wafers until
sai ion i.9s ‘?@’E{ ol dor adbmgigniGopduct or —oxTde—tayers—bind sai.d pair
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vva"f,er'p!too' a—§ e;%‘l 1%|a1§d ar%h@ﬁgr? tfﬁ?«%@i\lgﬁs MSﬁlifelgl 'aay?plﬂﬁ- aﬁfﬁ:‘(}?:ﬁéﬁtﬁ:r e is no
{oae b desibmaied Windlnchis ggﬂ hors meutosidd) v g o] CHAPEE het ween

out put of Zushs
Piehorusf digisks” eh di oxi de
X ﬁ%ﬁ thaygate |

_ _ TCCT MUMETAT 10 fo tom il oy 1S, FEIOL:
the drain evalet sOgRgalite, SHEERCEE dippsai &, 5\
subst r at % a’rEIC%IUlBEga SRRUHEORORE e exlﬁﬁéaloﬁg 5

t her eon, i gdes FaFpemgbd dtely Merie
spaced- apargrosi€i ' fappir
second Iayerg:glgmﬂ : }%:F gggtegf o) h@
limted Ry [EHStlaytAlsG e thighind Ge§0H2td aiitla WonoP eRmui e Ly HPoF Dhasplrog
capaci taﬁgé&aiﬁg@%ﬁﬁ' %@Wﬁiﬁ%ﬁ{in%ﬁa ISahghtlvrmopd:ﬂ yglfé) ?ﬁ%fs B
conduct i vi lappddy pe 3 a; O@ﬁ £ped raler CHa | g&%ﬁj SR plvgshoruglc ki g&ﬁééa§§I d one
waf er int Onmcmm&stah@me%ff Y, ahrelieti wy ﬂqt%g éﬁﬁﬁﬁ%ﬁ?ﬁg@#ﬁg& dﬂﬁ@ '

cp

g ]

. er 3 e, b P - A ;t. - Lty .ot P
port§ onsag DGR Symemacel LB FORT Lt o e ot 120
Wafer 10"is now oxidisgg 1o o 1% 18P0 Shown in Frauig 1OVCL Surface 12, g
meatls, a8 by the aforementicc’, SUEbE  dfain D regions Jvd 4 TS S0UrCe § and
Process until an oxide Tognie OXIation  Sistivity of oers, HAYE'a relatively low rs.
. Of silicn dioxide af it o LAOURE My %, 800t 001 ohm-centimetsr. -
25 thickness is"foﬁﬁédf"'85m?;goytd2’qoq AW gafe eleét?ggepg V;((i{ed to form a metallic
gy o wce and drain ‘con’ f"al‘n,’thégﬁii:rti o !?,lacgqt to, and ‘spaced
tle Top POTIon of the watel 104 betmesy o

4 85

o 8 e s and ) 5,6 3, o " o
O 1Us, ‘101 exaniple. ‘a . . 5 s
I e et R
s o e T N b ol S
Sl e Man o5, 55 Tl
e Tem o over the entire oxjde layer 24 4 d.@,P?ratQ_ 160

ot éxposed to fight ;
' iad drain D, contact regions. | P

>

. 40 OI VTR s DA e e N . Vi
.40 polymerized bottions of the photoresist that - lithographi

- The ex] o orti e Sl .
24 ars romeny BOIONS of ‘the oxide Jayer tact regions
etc G Fedig 1.053-
6t Tegion;

;45 as 8 hydrofluoric acig op i chal v the’

¢ 2 & yaronuo; acid TOn  te- £an 1 hus, ; i :
peting: 28 and 30 e 1o (0, 1O fomed oy 1 e, (minun) gt i
Bl 7 The polyimerizad marfi e B source § and the 400 between  the

the ‘photoresist 'h%?%%m:fr;“f%m%%gg!g of fﬁéﬁmimfgkégiqfs% o i meist |
Suitable ‘stripper, such as menr o hoved by 2 Bosited over oorodes 32 dnd 24 are da.
: 30.leaving the oxide layer Postted over ‘the source & and drain D e
L B 8 Oxade Jayer 24 > $ions. * Sujtab cirion] oo Grain D re.
ings -3?3 d 40 maykf)eei%ﬁfcatlédqgf %ﬁgtqrsée?g:

‘‘‘‘‘ Ce 'S, and the S 10 the gate G, 115

Which Suitable fmpiehine ~o0 30 th o
o the wafer fé‘ép‘éé’i“’f,,:;‘,;y be diffnseq (?ﬁand 35 3 the drain D glectrode

55 Fain" Contact regions S and o, o0 20 méani, a5 by e rotl¥elY, by any suitable
B 28 e oRact size'and shape df"ﬂrfs-Pz-e.?.t.lYP.I. . -S_i(,),l,;..bon&in'gx ;;-‘{;’Fmg or thermocompres-
55, 20030 in the oxide layer 3g LinES " Referring, now, ablc. S
k. Onenings having o diamercs yig: & 1here is shown & waeillt 0 FIGURE 120
o 5 e aatuficion 00 Mils Ravo been strncid CHSCL Uatsistor 50'of fhe one iy
0 teen'the Sourcs n Grain ppa %00 Plfying ciruste “e 000 i an il
act miOﬁs St it -1 glec@rodq’G of

; Sand D should b -t Tegior en v
stable” Niypp. jmpni ot 10 fcrons. "A (Jf (ABHOE 0 i cohnccred to a0 inper 1
iy G or antimn Tor Sxatt, TS U S 0f The' rapii SZACHOF 30 7

6 throtan o o e 10 & Sominon comperti™h 3¢ 5 SO
RN 215 Bl Ly pu rmi_na]' 62‘5‘1.6 alsfs."\_; bty




The device will also have renote cutoff conductivity in said |apped wafer,
said dif- 55 characteristics since the pinch-off voltage fusion extending
fromthe upper surface of 120 can be very high due to the thickness of

said | apped wafer to the | ower surface the conducting pOI’tIOI’}’Of the waf er
10a. t hereof and depositing netallic contacts, WHAT WE CLAY M
respectively, on said two regions and on a |. A nethod of n upg
sem conductor4 portioon of -said |ayer beiy\ﬁ%gs sai d tvvo 60 deviwe-€Qnprising

the steps of fixing a wafer “regions 125 of

lightly doped RRRQCH%RS @Jnl:ﬁoﬁecoﬁﬁmoﬁ% The velf dﬁ'ﬁ&gloquéiﬁesm'%ngu&ons or,
seni conduct or 6 tredistdFEs®E s unkd b 5 pipasst IR Hhezig) laghe vi Reilding dheaildenge

with claim4, \M!I@lerlﬂ e pmvenidegenkrativer quesent| \on| maidi| supf l} partgd bwafdi. naakingi tyof i r.st
oxi de' | ayer i r ] € g%f

thi ck, said ré% “@’ e Sl ot ol ;{Eﬁﬂi ﬁﬁi@pﬁ Lot -, 38 Fort 93;070

waf er has a relaa- outpm Icapaamrtm n’ghef dtann lD Iso aldbpmhm e&htaf mﬁﬂewsgprﬁ@ por- :
1,111, 528 d onélSO\gP hie| BosiBved termin ‘3( vr;md%msioascef ofatgcly digh -
monocr yst al | i, Jolgs, S i oftm e&%esﬁ%’ i Pt geen

b e e R

sai dispaced- apagd soﬁ,ﬁ;gwom,sln YorRedt

mon . connection 56. An mpt res1stor 74
is connected between the gate electrode G
~and the common connection 56.

15 In operatlon, conventional current flows

from the positive terminal of the voltage
source 70 through the load resistor 72, the
path between the drain D and the source S,
the bias resistor 58, and returns to the nega-
20 tive terminal of the voltage source 70. Cur-
rent flows from the drain D to the source

S even with a zero signal voltage applied to

the. gate G. Positive or negative signals
applied between the input terminals 52 and
25 60 modulate the current from the drain D
- to the source S, producing inverted, ampli-
fied, output signals between the output ter-
minals 62 and 66.
Current flow between drain D and the
30 source S can be pinched off by a negative
input signal of a predetermined amplitude.
This action is possible because the thickness

of the wafer 10a is between .05 and 4.
microns, and a tolerated negative voltage

35 can pinch off the current flowing between
the drain D and source S. As pointed out
above a tolerated voltage is one thit will

- not break down the oxide layer 24 of the
silicon dioxide dielectric.

40  As indicated, an advantage of the method
and device according to the present inven-
tion is that the layer of segi@ductor
material 10a-is ‘arranged on- an--
substrate, namely the silicon -dioxide’ ‘tmnd

45 ing layér 22. Thus, there is mo output
capacitance between thé drain electrode and
a.substrate, nor are ther¢ P-N junctions or
diodes arranged between the. source and the
substrate .or the drain and the substrate.

50 Since the device is not limited by output

capacitance, the high frequency response.

of the device is superior to those devices
" wherein such capacitance is present. - |
- The device will also have remote cutoff
55 charactenstm since- the pinch-off - voltage

can be very high due to the thickness of -
" thereof and depositing’ metallic "contacts,

the conducting portion of the: wafer  10a.
WHAT WE CLAIM IS:— .

: . .1. A method of making a semlconductor
' 60 device comprising the steps of fixing a wafer
: ‘of lightly. doped monocrysta]lme semicon-

ductor .aterial to a- support member by

_meansi’ of electrically ' insulating’ bonding

matenal “removing portions -‘of said sup-

65 ported wafer until said wafer has a rela- -

‘conductivity in said lapped wafer, said- dif- -

O and arranging electrically conducuve con-
tacts respectively on said two regions of
relatively- high conductivity and on a por-
tion of said layer between said two regions. -

2. A method of making a semiconductor 80
device in accordance with claim 1, wherein
said dopant is a ‘donor impurity "which is
diffused into each of said exposed portions,
said diffusion extending from said upper
surface to the lower surface of said wafer. 85

3. A method of making a semiconductor
device in accordance with claim 1, wherein
said semiconductor material is llghtly doped
N-type silicon, said electrically insulating
bonding material is silicon dioxide, said in- 9
sulating material on said supported wafer is
formed by oxidizing the upper major sur-
face- of the wafer and said dopant is dif-
fused into said two exposed portions.

4. A method of making a semiconductor 95
device in accordance with claim 1, wherein =~ -
a pair of wafers of silicon are used, at-
least one surface of each of said pair of
wafers being oxidized to form a first oxide :
layer of silicon dioxide on said one surface. O
one. of said wafers being. lightly doped .
single crystal silicon of -one conductivity .
type, stacking: said peirs of wafers with said -
oxide layer of one wafer against said oxide .
layer of the other wafer, heating and press-
ing together said stacked wafers until said

105

.oxide layers bind said pair of wafers to-

gether, lapping the upper surface of  said
-one wafer to a relatively uniform thickness
of 4 microns or less, oxidizing the upper
‘surface of said lapped wafer to. form a
second layer of silicon dioxide thereon, -
making two spaced-apart openings in said -
second layer to expose two portions of the '
upper surface of said lapped wafer, diffusing 115
an impurity of the same conductivity type as
said one wafer into each of the said two
portions to form regions of relatively high

1o

fusion extending from the upper surface of "l 20

said lapped wafer to the lower surface

_respectively, on said two regions and on a
portion. of said layer between sald two
regions:.

S A method of makmg a semlconductor .
device in accordance with claim 4; wherein " -
said first oxide layer is about 25000 A - .
thick, .said resistivity of said single crystal -
silicon’ being from .1 to 10  ohm-centimeters, 130 -
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and 4 mcrons, said second layer of silicon insulating material. dioxide
bei ng about 2,000 A thick and said 9. A sem conductor ggvi o ,as claimed
in 5 relativel y high conductivity regions having claim 7tor

thi ckness of said a resistivity of about
monocryst 4l line layer is 4 microns ob111§38 . 6. A nethod of ‘maki hg a.

L wher ei n the
001 ohm centi net rs\ .

sem conductor

10.
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nonocryst al ki yuitagel sopee
claimed if0

to 10, wher

sai d nono-
fornming al3g

drain in sa

about .001
bet ween sg(}
subst ant i

25

30
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¢ tvolf-o
ALY |°£’mf°m et g4V

apgh tther masonaecrl

kﬁﬁ @gﬁg eél&xdl 1@

tpktmbewcemﬁw dokén Eranéi
yns to the nega-

s%qrjmmstgé Iqhe VO tage source 70. Cur-

t flows from the drain D to the source
S even with a zero signal voltage applied to
the gate G. Positive or negative signals
applied between the input terminals 52 and
60 modulate the current from the drain D
to the source S, producing inverted, ampli-
fied, output signals between the output ter-
minals 62 and 66.

Current flow between drain D and the
source S can be pinched off by a negative

o6t Vg%
ed

- input signal of a predetermined amplitude.

35

- not break down the oxide layer 24 of the type, stacking said paiss of wafers with said pe'©
silicon dioxide dielectric. oxide layer of one wafer against said oxide
40 As indicated, an advantage of the method Ilayer of the other wafer, heating and press- 105 *
and device according to the present inven- ing together said stacked wafers until said
tion is that the layer of semichnductor oxide layers bind said pair of wafers’ to-
material 10a is arranged on an-msulatmg gether, lapping the upper surface of said
substrate, namely the silicon dioxide bond- one wafer {o a relatively uniform thickness .
45 ing layer 22. Thus, there is no output of 4 microns or less, oxidizing the upper [0 .
capacitance between the drain electrode and  surface of said lapped wafer to form a . ,
a substrate, nor are there P-N junctions or second layer of silicon dioxide thereon, '
i diodes arranged between the source and the making two spaced-apart openings in said -
H substrate or the drain and the substrate. second layer to expose two portions of the
: 50 Since the device is not limited by output upper surface of said lapped wafer, diffusing 115
capac1tance, the high frequency response an impurity of the same conductivity type as
of the device is superior to those devices said one wafer into each of the said two
wherein such capacitance is present. portions to form regions of relatively high
- The device will also have remote cutoff conductivity in said lapped wafer, said dif-
55 characteristics since the pinch-off voltage fusion extending from the upper surface of 120
can be very high due to the thickness of said lapped wafer to the lower surface
the conducting portion of the wafer 10a. thereof and depositing metallic contacts,
WHAT WE CLAIM IS:— respectively, on said two regions and on 2
1. A method of making a semiconductor portion of said layer between said two
60 device comprising the steps of fixing a wafer regions. 125
‘of lightly doped monocrystalline semicon- 5. A method of making a semlconduclor .
ductor material to a support member by device in accordance with claim 4, wherein
" means: of electrically insulating bonding said first oxide layer is about 25,000 A -
material; removing portions of said sup- thick, .said resistivity of said single crystal :
65 ported wafer until sa:d wafer has a rela- silicon being from 1 to 10 ohm-centimeters, 130

This action is possible because the thickness
of the wafer 10a is between .05 and 4
microns, and a tolerated negative voltage
can pinch off the current flowing between
the drain D and source 8. As pointed out
above a tolerated voltage is one that will
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3. A method of making a semiconductor
device in accordance with claim 1, wherein
said semiconductor material is lightly doped
N-type silicon, said electrically insulating
bonding material is silicon dioxide, said in-
sulating material on said supported wafer is
formed by oxidizing the upper major sur-
face of the wafer and said dopant is dif-
fused into said two exposed portions.

4. A method of making a semiconductor

device in accordance with claim 1, wherein -

a pair of wafers of silicon are used, at
least one surface of each of said pair of

90

95

wafers being oxidized to form a first oxide :

layer of silicon dioxide on said one surfacs.

one of said wafers being lightly doped

i

single crystal silicon of one conductivity .
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8.

A sem conductor device as clained in as herein described wth respect

to the claim7 wherein the support nenber is of acconpanying draw ngs.
50-—serm=conductor material and has a substan- tially flat upper surface,

‘sai d yst al For the Applicants: 25 line layer being fixed to
;sald Q\Furface MATTHEWS, HADDAN & CO., of said support nenber by an
1|nsulbglné} Chartered Patent Agents, |ayer, and sai d gate
‘el ect Mok 31/ 32 Bedigrigh2st r eet being fixed to andsi nsul at ed

fr r%{%##ep4*ﬁ—+ﬁqesty S

St at P’Oner qne@dferdﬁmbyapmtoﬁ/\&mﬁdﬂ} e suPtaces of lsdidl. monBerystdline- lup@nbelweed, 1968,
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om V\Ebﬁh th@b?am 9 1t\m semiconductor device as claimed in

5 relatively conductmty regions having claim 7 or 8, wherein the thickness of said
a resistivity of about .001 ohm-centimeters. = monocrystalline layer is 4 microns or less.

6. A method of making a semiconductor 10. A semiconductor device as claimed in 35
device substantially s described with re- any one of claims 7 to 9, wherein the semi-
spect to the accompanying drawings. ~ . conductor monocrystalline layer is N-type

10 7. A semiconductor device comprising a silicon which is electrically insulated from
support member insulated from or separated the support member by silicon dioxide in-
by an insulating layer from a high resistivity sulating material. 40
monocrystalline layer of semiconductor 11. A semiconductor device as claimed in
maetsial, two spaced-apart regions, of rela- any one of claims 7 to 10, wherein said

15 tively low resistivity semiconductor material monocrystalline layer of semiconductor
of the same conductivity type as said mono- material has a resistivity in the range of 1
crystalline layer, forming a source and a to 10 ohm-centimeters and said spaced apart 45
drain in said layer, and an insulated gate regions have a resistivity of about .001 ohm-
electrode arranged to control current flow centimeters.

makerial

20 between said source and drain. 12. A semiconductor . device substantially
8. A semiconductor device as claimed in as herein described with respect to the
. claim 7 wherein the support member is of accompanying drawings.: 50

semiconductor material and has a substan- :
tially flat upper surface, said monocrystal- For the Applicants:

_ 25 line Iayer being fixed to said upper surface MATTHEWS, HADDAN & CO..
of said support member by an insulating Chartered Patent Agents, .
layer, and said gate electrode 31/32 Bedford Street, ?—\\
being fixed to and insulated from the upper " Strand, London, W.C.2.
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