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COMPLETE SPECIFICATION 

Field Effect Tranei1Jtor: 
We,,. RAD.10 CQRPOBAUON. OF AMEalcA,; a. 

Qu.p.eiadon organb:ed undeii the law.s Of the 
S.tate of Delaware, United States of Ameriea, 
of 30,. R.Oekefeller PJaza; City. and State Qlf 

S Ne\v York, United States of America,_ do 
herehy: ~eclare the invention, for Which- we 
pra.Y, that a. p.atent .D,18.J be ~ted to US; and 
the. method. by whkb. it is to be performed, 
tn be. parti~ulady. described in and by the 

10 following ·statemen.t:.-
This invention relates to improved field 

dfe£t · transist01'S. of the type having an insu­
lated offset gate. 

An· insulated.gate.field effect transistor com-
15. pn8e& a channel of 6Cllliconductor materia3. 

and; two spaced connections to the charinel 
which are referred to as· the source and the 
drain. As used herein, t'hc source is the con.­
nectlOJ:i f:rom which majority carriers flaw 

20 into the channel. A fi,eld effect transistor in­
cludes aJ.so a gate opposite and spaced from 
the channel· by. insulator material: lln: a plilnaT 
type of. field effect· transistor, the chailnel, the 
119\u:ce, and the· drain are <:<instructed along a 

25, common plime or surface. 
· The operatirig character.iJti.cs of a plaoat: 

type ·field, effect traJJ.sistor fQr u11e at hig)leJ; 
:frequencies. may ~ improved by a:tfset&g 
the· gllt:e. toward t.he 99urce and- away fl'Om· th~ 

30· ditain. Jn: their ~ry,_ there is a porcion of 
the· <:fuwncl. adjacent the drain which is not 
~J?POSite ·the gate,, aithough insulator material 
may extend opposite this portiQO; of the ~­
nel. -It .. has been. found that the charactens-

35 ties, of ,~such, a device may vary with time and 
· Chailge5 in ambient tempera~. This varia"' 
tion in. characterl$tics is. believed to be due to 
inoveinents · of ions and in variation. in. the 
conCClltrati01.1S of . these ions on or in the 

4<l s,urface. of the insulator over the channel por­
tion which is. not covered by the offSet. ~te. 
· An object of this. in~entipn i&. to provid~ 

EPnClf· 4s. 64.l 

a n~w.. and improved i!l6.Ulated. gate field effect 
tr.ansistor. · 

In general,, the invention includes a field 4S 
efi-eci; transistor haying a channel, a source 
and a drain. connected to the channel, and a 
gate sp,aee.d from ·the channel: by insulating 
material The insulator material extends over 
th.e. emire. are.a: between the. source and: the 50 
dmin. and is thicker opposite the portion of 
the: channel adjacent the drain and is thinner 
opposite. the portion of the chaooeO. adja-
cent the soiurc.e. The gate electrode extends 
over the. thinner portion Qf insulator material. 55 

In the. accompanying drawings: 
FIGURE' 1 is a partia:Lly sectioml perspec­

tive. View of ·a fust embodiment of the in­
vention; 

FlGUBE 2 is ··a sectional view of a: second 60 
embodiment· of the invention; and 

FIGURE: 3 is a sectional view of a t.1:iird 
emb.odiment of the invention. 

Similar refexence· numerals are used for 
s.imilru: structw:es throughout the drawings. 65 
· FIGURE 1 illustrates an embodiment 21 of 

the . invention · ba;ving an insulator with a 
i.rtepped. tbkkn.ess. in the dh:ectmn of c.urrent 
&w through: the channel. The device 21 in­
du.de.s a semiconductor body 23 of resistive P- 70 
type silicon,. 'll SOllfce 25 and a drain 27, both 
of· cooduciilllg N-type: si!licon in spaced loca­
tions in the body. 23. An insulator 29 QVCl'-
li~s- the r.egion. of i;he body 23 between the 
5ource 25 and t.1:ie drain 27. This region is 75 
~ to 66 ~. ohann.cl 31. 

Tbe. channel 31 is c.onsidered to. be N-type 
beQIUse tb~ drain. currents thre0gh the chan-
nd;. ar.e. dilctmn: c:un:ents. The channel 31 may 
have_ ·an e~cess, of electrQlls: when- no vol- 80 
t.ag~ is_ applied tp ~ gatea 01' an e~cess of 
ele.ct.tOJJ.11 may be induced in the channel 31 
by applying a positive voltage to the gate. 
The insulat91' 29- is p.refembly of silicoo oxide, 
dtboug'li- other i11$.ulators may be uiie4. 85 · 
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The insulator 29 has two different thick• 
nesses -ei steps 29a and 29b. The insulator 29 
is thinner (portion 29a) over the portion of the 
channel 31 adjacent the source 25 and is 

5 thicker. (portion 29b) over the part of chan­
nel 31 adjacent the drain 27. This thicker 
portion provides an improved operational 
stability m all of the embodiments of the jn;; 
vention. · 

10 A gate 33, preferably of metal, rests on 
the insulator 29 whlch spaces the gate 33 
from the channel 31. The gate 33 may ex­
tend only over the thinner . portian 29a of 
the insulator 29. It is preferred, as shown in 

15 FIGURE 1, that the gate 33 extend ever the 
thinner and thicker portions. 29a and 29b of 
the insulator 29. 

A low ll'esistance source electrode 35 of 
meta[ contacts the source 25 and a low resiS:. 

20 tance drain electrode 3 7 of metal contacts the 
drain. 27. A layer 30 of ·in8ulator material 
extends aver the surface of the body 23 adja­
cent the source, drain, and gate electrodes. 
The layer 30 is passive and plays no active 

25 part in the operation of the device. · 
The first embodiment 21 may be operated 

with a circuit a9 which oomprises a source 
conductor 4 l connecting the source electrode 
~ to ground 43; a gate section comprisi!ng 

30 a gate conductor 45 connecting the -gate elec­
trode 33 to ground 43 through a gate voltage 

· supply 4 7 and a signal Source 49 connected 
in series; and a drain section comprising · a 
drain conductor 51 connecting the drain elec-

35 trode 37 to ground 43 through a drain-to­
S<>urce voltage supply 53 and a load resis-
tor SS connected in series. · 

The vdltage applied to the gate 33 acts 
principally through the gate portion over the 

40 thinner insulator portion 29a and modifies 
the current p116sing from the ·source 25 · to 
drain 27. The gate portion over the thicker 
insulator portion 29b acts principally as a 
biased electrostatic shield for further stabi-

45 lizing the operation of the devi.ce. . · 
The output signal of the device m.ay be 

taken across the load resistor 55 at end ter­
minals 57 .. An amplified· rei)lica of the signal 
applied to the. gate 33 from the source 49 

50 appears across the terµiinals 57. The paiarity 
of the ·bias and. source shown in FIGURE 1 
are for operating a device 21 !havmg an N­
type channel. 

FIGURE 2 illustrates a second embodiritent 
55 of the invention 61 similar to the embOdiment 

21 illusl!rated in FIGURE 1 except that the 
gate electrode 33 extends only over the thinner 
portioo 29a of the insulator 29, and a,separa~e 
electrode 63 extends over the. thicker portion 

60 29b ·of the insulatoi; 29. As $hQWn, the elec­
trode 63 is connected with a-conductor 65. 

The second embodiment 61 may be.opera'." 
ted in the circuit 39 iMustrated in FIGURE 
1 with the eJl.ectrode 63 and the conductor 65 

6S 1loating. Optiooally, the conductor 65 may 

be directly connected with the conductor 4S 
so that both the gate electrode 3~ and the 
electrode 63 are at the same voltage. 

r..._ 

By another alternative, the second embodi­
ment 61 may ·be operated in the circuit 39 70 
illustrated in FIGORE 1, but \vith the elec­
trode 63. biased more or Jess negative with 
:respect to gate electrode 33 (by means not 
Shown) through· the oonductot 65. 

FIGURE· 3 •'illustrates. a third embodiment 75 
71 of the invention similar to . the first em­
bodiment 21 illustrated in FIGURE 1, except 
that the gate electrode 33 extends only over 

· the thinner portion 29a of the insulator 29, 
and the thicker portion 29b of t;he insulator 80 
29 is not covered. The third embodiment 71 
may be operated in the circuit 39 illustrated 
in FIGURE 1. . 

The · improved operational stability of the 
device of the inven.~ion. is achieved by provid- 85 
ing in the de:vices an offset gate and- a thicker 
insulator · over the channel portion adjacent 
the drain as shown in FIGURE 3. The opera­
tional stability of the . device is further im­
pioved by providing 8!ll electrostatic shield 90 
in the form of an electrode 63 as shown in 
FIGURE 2. J."his stabilization: may be modi-
fied by applying a voltage to the conductor 
65 as described above . with respect to 
FIGURE 2. In the embodiment shown in 95 
FIGURE 1, the thicker insuhitor is covered 
with the gate eJl.ectrode which is a: biased 
shield. 

The circuit 39 . illustrated in FIGURE 1 
is~ illustrative of circuits generally that are 100 
useful. Other circuits may be used to operate 
one or more embodiments of the invention. 
For example, the circuit may be an amplifier 
circuit in a radio frequency <receiver. Fur-
ther, the .signal and voltage sources 49 and 105 
47 ·each may provide a signal: d.c., low 
frequency a.c., or high frequency a.c. When so 
operated, . the device and circuit illustrated in 
FIGURE 1 may function also as a mixer. 

As shown in FIGURE 1, the body 23 is 110 
floating (not connected to the circuit). A!l­
though not shown, the hody 23 mia.y adsai be 
biased, either with a d.c. or with an a.c. 
signal to provide ·an aiuxiliary · signal input 
to the deviee. ·Also, if the body 23 is thin and 115 
trelatively resiStive, an auxiliary gate electrode 
(not shown) may be positioned adjacent the 
body 23 opposite the gate 33 to provide an 
aux~liary signal input. · 

Embodiments of .the invention. may include 120 
structures having channels .. cc)jistituted of a 
single crystal, · such as !ri:licon. produced 
directly m a -single ~ body, or produced 
epitaxially on .a single Ctystal body. For s'Uch 
single crystal· structu.r~ the insulator may be 125 
deposited as from a vapor phase o.r, in !50me 
materials sudt as ~ilicQn, may be grown in 
sit'u as by themial oxidatiOn.~ 

The embodiments of the invention may in­
clude also structures having a channel of 1.30 
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polycrystalline material, such as cadmium Devices incorporating the principles of the 
s\Jlfide, cadmium selenide, or tellurium, pre- invention, prepared as desoribed above, re-

. t ferably produced as deposition from a vapor. tained within 8 % , their initial operating 
For such polycrystalline· structures, the in- characteristics after 162 hours of operation 

'. i 5 sulator is preferably produced by deposition at room temperature with 16.5 volts applied 70 
"\ from a vapor. Also, in devices with polycry- between. source and drain and -22.S volts 

l . stalline channels, the channel material may be applied between. source and·- ·gate:·- This is at 
deposited upon the insulator or the insulator least a two fold improvement in stability on 

~ may be deposited upon the channel. the average over comparable devices. At 

\ 10 The . fabrication techniques for insulated- 'higher operating temperatures the difference 75 
gate field effect transistoIS are simila.r to those in stability between the prior art devices and 

:t used to produce planar bipolar transistors and 1.those embodying the invention was more 
,. integrated monolithic devices. Impurity dif- marked. 
~; ifusion techniques may be used,. and the geo- The devices of the invention are imtioved 

15 metry may be controlled by precision masking over the prior offset gate devices by ;ving 80 
; and photolithographic techniques. greater operational stability. This improved 

.:'.(;/~:r:: :~ A fabrication method for a stepped insula- operational stability is achieved by providing 

::~:~:f /~:;~~~ff tor device may be as follows: A tlightly doped the thicker insulator portion adjacent the 
.···. P-type silicon wafer, about one inch in dia- drain. It is believed that the surface ions, 

·· .. \: . 20 meter and 0.007 inch thick, is polished on which are believed to cause the operational SS 

. . :':;,!~' one side and the surface heavily oxidized in variations, are displaced further from the 
a furnace at about 900° .C. containing a steam dlannel, where the electric fields uo tlilP4a'*' 

81 ··:- atmosphere to produce an oxide surface coat- f't:!ftfter hem the 61laRBel3 where the eleetfie .. . •. 

ing. The oxide surface coating that is ifonned ~ therefrom have a lesser influence on the 
;:j:_;!!;:·-:·-~~:i 25 is then etched away in selected areas defined dTain current through the channel . 90 

. :):!~!,;;.; by masking, using photolithographic tech- In the embodiments in which the thicker 
,: i :: :; . ~ :~~; niques. portion of the insulator is covered either by 

Next, the wafer is heated at about 1050° C. the gate, or by a separate conductor, the ordi-
for 10 minutes in an atmosphere contain- narily uncovered insulator is electrostatically 

30 ing an N-type dopant, such as phosphorus, shielded, thereby providing an environment 95 
thereby forming source and main regions which tends further to stabilize the cha'I'ac-
spaced about 0.001 inch apart where the · teristics of the device. The devices of the 
wafer is not covered by the oxide. The entire invention are improved over fWl gate devices 

ko"llth !\ 
remaining oxide is then removed. (ones AaiRg a gate opposite the entire ·chan-

35 Then, the wafer is heated at about 900° nel and uniformly spaced therefrom) by hav- 100 
C., in wet oxygen gas for about five hours ing a higher output impedance, a higher 
until another, second oxide layer about 4000 breakdown voltage from source-to-drain, and 
A thick is formed on the sullface of the wafer. a lower feedback capacitance (capacitance be-
The wafer is cooled to room temperature and tween gate and drain). 

40 then reheated at about 400° C. in drj- hydro-
gen gas for about 5 minutes to produce a WHAT WE CLAIM IS:- 105 
desired channel characteristic. The second 1. A field-effect transistor ·having a chan-
oxide layer is selectively removed over the net, a source and a drain connected to said 

· 6ource and drain regions by etching. channel, and a gate spaced from said channel 
45 The oxide layer over the channel is now by insulator material characterized by said 

stepped by using a series of photolithographic insulator material extending over the entire 110 
and partial etching operations designed to re- area between said source and said drain and 
duce the oxide thickness. The number of these being thicker opposite the portion. of the chan-
operations depends upon the requisite number nel adjacent the drain and thinner opposite 

50 of oxide steps. In this example, two steps for the portion of channel adjacent the source, 
each unit are produced having thicknesses of said gate extending over said thinner portion 115 
about 2000 and 4000 A, and lengths of about of said insulator material. 
0.00025 and 0.00075 inch respectively. 2. A · field-effect transistor in accordance 

Metal is evaporated over the entice wafer, with Claim 1 characterized in that said gate 
55 and then selectively etched from all areas of also extends over said thicker portion of said 

the wafer except over the source region, the insulator material. 120 
drain region and the stepped oxide regions. 3. A field-effect transistor in accordance 

1 The metal eHitle over the stepped oxide be- with Oaim 1 c'haracterized in that a separate 
tween the source region and the drain region conductor is provided and is arranged over 

60 constitutes the gate of the device. The wafer said thicker portion of said insulator material. 
is then diced into separate units or arrays. 4. A field-effect transistor in accordance 125 
The units or arrays are mounted on a suitable with either of Claims 1 or 3 characterized in 
support and conductors are bonded thereto, as that said gate is nonsymmetrically disposed 
by thermal compression. After bonding, the between the source and drain connectlion so 

65 units are encapsulated. that a portion of said gate is opposite a p_or-

. ··.;.- . ,· 

. '::.· .; ... 
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polycry.8,falline materlall; srich · as cadmium 
stilfide, · cadxpium. 6elenide, or tellurium, pre­
ferably ·produced as dep0sition from a vap0r. 
For such polyorystaUine· structures, the in-

5 sulator. is preferably· proouced by deposition 
from a vapor. Also, in devices with poiyay­
stalline channels, the channel material may be 
deposited upon· the "insulator or "the inSulator 
may be deposited upon the channel. 

· 10 The. 'fabrication techniques for inSulated-
. gate field effect transistors are similair to those 

used to produce planar bipolar transistors and 
:integrated monolithic devices. Impurity dif­
ifusion techniques may be used,. and the geo-

15 metry may be controlled by precision masking 
and photolithographic techniques. 

A fabrication method for a stepped insula­
tor device may be as follows: A ilightly doped 
P-type silicon wafer, about one inch in dia-

20 meter and 0.007 inch thick, is polished on 
one side and the surface heavily oxidized in 
a furnace at about 900° C. containing a steam 
atmosphere to produce an oxide surface coat­
ing. The oxide surface coating that is formed 

2S is then etched away in selected areas defined 
by masking, using photolithographic tech­
niques. 

Next, the wafer is heated at about 1050° C. 
for 10 minutes in an atmosphere contain-

30 ing an N-type dopant, 6uch as phosphorus, 
thereby forming source and dnin regions 
spaced about 0.001 inch apart where the 
wafer is not covered by the oxide. The entire 
remaining oxide is then removed. 

35 Then, the wafer is heated at about 900° 
C., in wet oxygen gas for about five hours 
until another, second oxide layer about 4000 
A thick is formed on the sumace of the wafer. 
The wafer is cooled to room temperature and 

40 then reheated at about 400° C. in d.rt hydro­
gen gas for about 5 minutes to produce a 
desired channel characteristic. The second 
oxide layer is selectively removed over the 
5ource and drain regions by etching. 

45 The oxide iayer over the channel is now 
stepped by using a series ·of photolithographic 
and partia~ etching operations designed to re­
duce the oxide thickness. The number of these 
operations depends upon the requisite number 

50 of oxide steps. In this example, two steps for 
each unit are produced having thicknesses of 
about 2000 and 4000 A, and lengths of about 

. 0.00025 and 0.00075 inch respectively. 
Metal is evaporated over the entiire waler, 

55 . and then selectively etched from all areas of 
the wafer except over the source region, the 
drain region and the stepped oxide regions. 
The metal eHiEle over the stepped oxide be­
tween the source region and the drain region 

60 constitutes the gate of the device. The wafer 
is then diced :into separate units Oil' arrays. 
The units or arrays are mounted on a suitable 
support and conductors are bonded thereto, as 
by thermal compression. After bonding, the 

65 units are encapsula~ed. 

Devices incorporating the principles of the 
invention, prepared as desaribed above, re­
tained within 8 % , their initial operating 
characteristics after 162 hours of operation 
at room temperature with 16.5 volts applied 70 
bet:wttn. SOll\R:e and dram andi - 22.5 volts 
applied between. 6ource and gate. This is at 
least a two fold improvement in stability on 
the average over compMable devices. At 
!higher operating temperatures the difference 75 
in stability between the prior art devices and 
those embodying the invention was more 
marked. 

The devices of the invention are improved 
over !the prior offset gate devices by lm'Ving 80 
greater operational stability. This improved 
operational stability is achieved by providing 
the thicker :insulator portion adjacent the · 
drain. It is believed that the surface ions, 
which are beli~ved to call6C the operational 85 
variations, are displaced further from the 
c!hamel, where the electric fields ai:c Eliapilag=d 
ftiiftRH ilem the elmeael, wllere the ele&tfie ~ 
~ therefrom have a lesser influence on the 
· drain current through the channel. 90 

In .the embodiments in which the thicker 
portion of the insulator is covered either by 
the gate, or by a separate conductor, the ordi­
narily uncovered insulator is electrostatically 
shielded, thereby providing an environment 95 
which tends further to stabilize the charac­
teristics of the device. The devices of the 
invention are improved over fuli gate devices 
(ones AaiRg a gate opposite the entire chan- I.cul• ".!l 
nel and uniformly spaced therefrom) by hav- 100 
ing a higher output impedence, a higher 
breakdown voltage from sourco-to-drain, and 
a lower feedback capacitance (capacitance be-
tween gate and- drain). 

WHAT WE CLAIM IS:- 105 
1. A field-effect ttansistm' having a chan-

nel, a source and a drain connected to said 
channel, and a gate spaced from said channel 
by: insulator material characterized by said 
insulator material extending over the entire 110 
area between said source and said drain and 
being thicker opposite the portiOlll. of the chan-
nel adjacent the drain and thinner opposite 
the portjon of channel adjacent the source, 
said gate extending over said thinner portion 115 
of said imulator material. 

2. A field-effect transistor in accordance 
with Claim 1 characterized in that said gate 
also extends over said thicker p<)rtion of said 
insulator mateo:ia:l. 120 

3. A field~effect transistor in accordance 
with Claim 1 Characterized :in that ·a separate 
conductor is provided and is arranged over 
isaid thicker portion of said insulator material. 

4. A field-effect transistor in acoordance 125 
with either of Claims 1 or 3 characterized in 
that ·said gate is nonsymmetrically disposed 
between the SO'U1't'e and dmin oonnectrioni so 
that a portion of said gate is opposite a por-
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t.Wn JM. sai4i .soU.tce and ai portion. of said chan- el~e ~r Said tbinD.er. portion : i6~;copec• 
nel ~jacenf 1!3id: ·~min is. not· ~pesite any te<t. to· saht se.paa:ate: C61lductor· ·over sait1. 
portJmr of isaid· gat:e. · . . . .·.· , . thi<;ker pettion ofi liaid; i0.su1ator material. 

5'. A ficld-effett t11ailsistor· in·· aeoordance 7. bl. fiekt-dfect transistor substantially as IS 
S with any one afther-pcecedfu.g:·~ in:com- described..hel!ein. with: respect to the accom-

bfuation;with biasing: means connected to said p~ dmvinp. 
smmce: and said: drain for establishing a fl.ow 
oF. iltiliffe: carrlem, in . said· cltailnel: If.mm said MATllfEiW~ HADDAN & CO.,·· 
somce· ro said ·drain; · Chartered·· Parent Agents,.· 

6.. A :6e!ld:0etfect transistOr in accorcbm£e .. · 3-J.-32, · &dfoltif: Street, Strand, ,J,, . 
with Cliliut 3· characterlzecl:.in that; said: gate · · Lendon,. W.C.2. "I.I ..,,.... 
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