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54)'IMPROVEMENTS IN ‘OR’RE
SEMICONDUCTORS

-:_be performed, to' be particular _
ribed_ in-and by the followmg statement : -
* - “This - invéntion relates to - semic ductor -voltage ¢
. ;devxces, ‘and’ in particular, toa sem:conductor

. device capabl ‘of s'ustamnig high" rév

+in* U.S." Patent:~ 3,46

for a planar semiconductor: device.

8]
3’ smgle plane matenal to equalxze the: breakdown

;matenal This . type fdevice
rom. the mesachdevme whxch -thi

; device: the p-n junction ‘lies completely..in-.; hese’ prior” art ‘attempts
plane..In a. -planar”, devwe po ions: of the ltage of p-n Junctlons, and’
nction' are curved. ¢ ing pamcular f: planar p-n’ junctions, where

§ deﬁnec_i _as the - reverse’ voltage

ELINS -
. -breakdown ~ volmges ‘are deﬁne' 2
T _denotes ghe u_ut(al breakdown volta _

-émitter. . open-cu:culted while: LV

the ‘lowest :reverse voltage - reachcd

istor, with' the base’ lead open-cx
own: begins.

: Numero 5 'attempts have beeri’ m

the reakdown voltages rof |

- t_}%pe w:th the 'pn junction’
between sa monocrystallme selmconductor"

3,405,329 xssued October 8, 1968- ubstan- r - it
: :.nally increase " the : bregkdown  voltage of 'a sulation: extendmg ‘across the 'mt' e
. p 1unct10n >y placing.a shield ;(i.e.’a “field _»sald PR junction with " said surface,' -
' 1 mlatwn' over the eatir line'of plate -in"* contact w1th sald regxon of - sand3

ist 26, 1969 ‘disclose an:optifiizéd
':ct the tluckness-of_ the. msuIa-'

5o .

gamsed ‘and “existing undes ;the laws  ove
state of DeIaware, Umted tes: of -
for whxch we pray: that 4 patent_:_‘-f nay ‘be - .
: ;granted to ‘us; ‘and. the method ‘by. whlch it g - 55

e

¢ metallurgical p-n_ junction’, with :
.voltage  of ‘the " p-n ijunction”

- field Tl_xe resul ".'f1s to

he :breakdewn voltage of fc _'__ -successfu ical . _reakdown voltages 5

""8"5;
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'opposlte conductmty type and extendmg on
to the insulation to terminals ad)acent to or

to ovetlie the-intersection of said pn junction

with - said -one surface;. and resistive. poly- -

crystalline : ‘silicon film

of approximately

_uniform thickness formed on top of .and.
said poly-'

adherént to said insulation;
crystalline silicon film extending from said
field plate to an electrode making contact_

'with said monocrystalline material.

It is’ to.-be understood that the -term
“approximately” qualifying ‘the wuniform
thickness of the resistive polycrystalline silicon
film refers to manufacturing . tolerances. and
is not to be taken to mean that the thickness
of the film varies in such a manner as to
cause the effective resistivity of the film to
vary - with the distance between said ﬁeld
plate and said electrode. -

Upon application of a bias volmge, a small
current flows through- the resistive. material
from the field plate to ‘the electrode. “The
magnitude of this current is determined by
the resistivity of the material.” However, ‘the
voltage drop produced by. the current flow
through the resistive material is, to a first
approximation, - reasonably linear with: dis-
tance. Consequently, - the depletmn reg:on
assocxated with the metallurgical p-n junction
is- advantageously shaped to reduce ‘the
electric field: strength within the depletion
region. As-a result, the breakdown voltage
of the junction is  substantially increased
relative to that of prior art junctions.

In one embodiment, the depletion region
-associated with the p-n juriction assumes, in
the more lightly doped semiconductor
‘material, a shape consisting of a stranght-hne
portion and a complexly-cuived portion
joined by a curved portion. The complexly
curved portion of the depletion region can
be approximated by a straight-line

Typically, the restistive material has .a .

sheet resistivity on the ‘order of approxi-
mately 310 ohms per square. * Poly-
crystalline silicon, formed in a film approxi-
mately 7,000 angstroms thick, ‘has the re-
quired sheet resistivity. Planar devices
using the film resistor of this invention ‘had
a junction breakdown voltage in .excess. of
2,000 volts with total leakage 'currents less
than two microamperes.

Fig. 1 shows 2 p-n junction of the pnor
art without a field plate,

Fig. 2 shows a prior-art p-n )unctlon with
a field plate overlying, but insulated from,
the intersection of the metallurgical -p-n
junction with the device surface;

Fig: 3 shows the structure of a semicon-
-ductor: device embodying this invéntion with
2 reésistive material located -on insulation
between. the field plate and an electrode
attached through a degenerate region to the
more lighdy doped region adjacent the p-n
junction; and

_insulation 14 is

-as the’ reverse voltage increases.

Fxgs 4a and 4b show in cross-sectlon
respecnve ttansxstors embodymg tlns
invention. - '

and, in Fig. 4, a single transistor, it should

"be understood that the invention can be

. While this-inverition will be descnbed dn ol

conjunctton with but a smgle pn 1uncuon, .70

applied 1o - control - the breakdown voltages

associated with p-n-junctions- used in- a wide

. variety of devices, ranging, for example, from
.diodes to thyristors. The. structures

shown in
Figs. 1, 2 :and 3 are identical except for the
components used to shape the depletion region
associated with the p-n junction. Accordingly,
identical and well-known portions of these
structures are numbered only in Fig. 1; in
Figs. 2 and 3 only the distinct or novel
features are - numbered.

~ Fig. 1.shows'a typical p-n junction of the

-prior art. A semiconductor wafer 10 com-

prises a substrate ‘11 of semiconductor
material on>which is placed a layer 14 .of
1insulation. Typlcally, semiconductor material
11 contains a selectively doped n-type region
12 in- which is formed.a ‘moge highly doped
p* type region 13. p* type region 13 can be
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formed- in 'a wide variety" of ways ranging -

from diffusioni to jon implantition. A metal-
furical p-n junction 18 (shown as a dashed
lme) separates.p* type region 13 from n-type
region 12.

95

Insulation layer 14 is formed over the

surface - 15 ‘of semiconductor material 11
during: ithe prooessmg of wafer 10. Typically,
- thermally-grown silicon
oxide, formed pnor to and durmg the diffu-
sion of p* ‘type ‘region -13;

- Associated with p-n junction 18 is deple-
tion  région 19 the ‘boundaries of which are
denoted by lines 18a and 18b. ‘Consisting -of
a ‘region depleted of ‘mobile minority and

100

105

ma]onty carriers, depletion region 19 com-

tains -an -eélectric ' field induced by the fixed
charges that remain in this région. These
‘Charges dre positive in that portion of n-type

110

yegion 12:'included in-the depletion Tegion |

and negative in that portion: of p-type region
13 included in the depletion region. The
intensity ‘of this electric field increases as the
Teverse voltage across the junction increases.

‘Depletion région 19-contains a curved portion -

17 wherein the electric field, represented by
the field lines 16, becomes particularly large
-Junction
breakdown usually occurs first in- this curved
regionn and thus the breakdown voltage

115 -

120

‘BViero of the junction is the reverse voltage -

-at which -this curved portion of the depletion
region breaks down. :

- ‘Electrical ‘contact s made to p* type region

manner by applying conductive layers (not
shown) to selected sutface areas of these two
regions. Region 13 is contacted- through
window 14a in layer 14 while region 12 is

125

-'13 and to n-type region 12 in a well-known -

130



-the: electric . potential 0. thie
-+ cductive layers;controls the voltage: ac
5 -p=n! jurnction. -
wssing & field-plate of field relief electrode
‘to control-arid shape the depletion region. 1
. shown_in Fig. .2.in
kdown_ voltige BVeso.
;:fiéld relief electrode 29.
ductive layer 292 contacting
over .insulation ‘14 to bey
ction of the metallurgical p-n-
i surface- of sediiconductor
ot £ relicf elec

.p-n junction :18.is
relative to ‘that.: of.
Fig: 2:<In addition to ‘fie
35 29, .the: structure in: Fig. 3 ha
r particle!. collector. -39, - sometimes callex
“equipotential or “EQR” ring, attiched 14,08
highly dopéd ¥ type Tegion 36 formed'in -micross, °
' egion 12, Ohmic contact can’ be:made - ‘s t

type; region 1
th- juniction, 1

f ‘110

115

to_n-type Tegi .
55 :180p-n j or - electrode and -the need: for.a 120
e ba coating. ' Arcing: makes ‘unpredictable
kdown voltage of the junction. and .

.impat
"he. improved ‘breakdown voltage is-acl
ith 'no increase in device area, and the device
. “canbe tested to break down non-destructively .
. in the water. Tolerances on the resistivity and-
approximately uniform_thickness: of - the

crystalline.silicon are about an‘order of 130

ved' 125
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magnitude. If desired, silicon hitride passwa—
tion can be used over insulation 14 covering

the junction.

Fig. 4a shows in cross-sectlon an 1sometr1c
view of a ‘transistor constructed. using .the
thin-film surface resistor of this invention.
For illustrative convenience, the dimensions
of -this drawing are not to scale. Die or wafer
41 comprises a substrate of monocrystalline
semiconductor material containing -therein an
n-type collector region 53 in-which has been
diffused a p-type base region 42 and an
n-type emitter -region 43.. Alternatively, the
conductivity-type : of each region can be

-reversed if desired. Formed between the base

and emitter regions is p-n junction-'49. and
between the base and collector ‘regions is. p-n
junction 50, Depletion region 54 associated
with p-n junction 50 extends primarily -into
the n-type collector region.53, which is more
lightly doped than the p-type base region.
Overlying the surface of the device is insula-
tion layer 44, typically a thermally-grown
oxide of silicon. Formed over insulation layer
44 is a layer 45 .of polycrystalline. silicon
possessing a - sheet resistivity -of the
order - of 3X%10' ohms per - square.
Windows are etched through polycrystalline
silicon’ layer 45 and oxide layer 44 to form
contact regions to the underlying emitter,
base, and collector regions. Contact to collec-

collector fegion 53. An equipotential ring-46

-of conductive material contacts n* type region

52 and extends over polycrystalline silicon
layer 45 toward field plate. 47 contacting
base region 42, If desired, ring 46 could be
an extension of resistive material 45. Field
plate 47, an extension of the -contact to_base
region 42, extends on polycrysmllme silicon
layer 45 over the intersection of p-n junction
50 with- the surface of monocrystalline silicon
wafer 41. Contact 48 to emitter region 43
extends slightly on to -oxide laver 44. No

_resistive material of the layer 45 is formed

over oxide layer 44 overlying the intersection
of p-n. junction 49 with the surface of wafer

‘41 as- this junction is' forward biased during

normal operation of the transistor. However,
if desired - the polycrystalline silicon -can be
left on oxide layer 44 over the base-emitter
junction since this simplifies -the processing
steps .and does. not contribute significantly
to emitter-base leakage current. Region 51 of

the depletion region 54 is approximately
‘linear - with a slight upward concavity, as

shown, due to the voltage distribution created
by currént through resistive layer 45. Tran-

sistors constructed using the principles of this - typ

invention had breakdown voltages BV¢go in
excess of 2,000 volts with an hgg equal to-or
greater than 12, LVygo was about 1300 volts.

Fig. 4b shows an alternative embodiment
of this invention wherein field plate 47 no

.longét extends across the 'in'te'rsc;é.tion.: - of
junction. 50 with the surface - of the -device
but rather terminates. at the end of resistive

‘layer 45.. Plate 47 contacts p-type base region

42 and also contacts material -of “the’ layer
45 cither.at the end of material as shown by

“the. portion of contact 47 represented by the

continuous: line, or at the ‘end: and top -of
region '45a of layer 45, as shown by ..secti'on
47a of contact 47..In this embodiment region
45a is selectively ‘doped to- iricrease -its con-
ductmty ‘Region 452 thus, in effect, func-

70

tions as afield plate and serves to shape the -

underlymg depletion region associdted with
p-n junction 50. Region ‘45a does not have

-to cross the intersection of junction 50 with

the semiconductor surface but to-cross the

rintersection of: junction 50 with the semi-

conductor - surface” but ‘does have to come
close to: this intersection., :-
It should be understood that in each of

-the figures of this application, the polarity

of each of the regions of semiconductor

-material could be reversed; if desired. .~ =
. It should be noted ‘that the figures are not *

to scale and ‘that their dimensions have been
exaggerated for clarity. In particular, the
size of the. dépletion layer has béen exagger-
ated relative to the size of the. coliector

-Tegion to make easxer the descnpnon of the
mventxon _

tor region 53 is made through a degenerate .
n* type region 52 formed on one surface of .

WHAT WE CLAIM 18— :
1. A semiconductor device comprising

80

85

195

monocrystalline = semiconductor material of -

one’ conductivity type containing: therein a
region - of opposite conductivity type with the
pn’ junction between said monocrystalline
semiconductor -material ‘and said region
extending. to .one ‘surface ' of - said ‘semicon-

"ductor material; insulation -extending across

the intersection of said pn junction with said
surface; a field plate .in contact with. said
region. of said opposite -conductivity type and

100

105

extending on to the insulation to terminate -

adjacent to or ‘to overlie the intersection of

-said pn. junction with said one surface; and

a resistive polycrystalline silicon - film ~of

‘approximately uniform - thickness formed .on

top- of and adherent to said insulation, - said

- polycrystalling . silicon - filin: extending from
“said field plate to an electrode making contact

with -said - monocrystallme ' semico'nduct'or

matenal

2. A semiconductor device as claimed in
-claim. .1 including means for applying -selec- -
‘ted :poOtentials to .said monocrystalline semi-

condhctor.material of one conductlvxty type

€.

3. A senuconductor device as cla:med in
claim 2 wherein when said p-n junction :is
reéverse biased “the resistive . polycrystalline

silicon film- produces * approximately ' parallel
‘eléctric field lnes in that ‘portion of the o

110

115

4nd: 1o - saxd regmn of opposne conductmty

125

120 .
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.left on oxide layer 44 over the

magnitude. If desired, sxhcon mtrxde passiva~
tion can be used over insulation 14 covering

the junction.

view of a transistor constructed using the

thin-film surface resistor of this invention.

For illustrative convenience, the dimensions
of this drawing are not to scale. Die or wafer
41 comprises a substrate of monocrystallme
semiconductor material containing -therein an

n-type collector region 53 in which has been -
diffused a p-type base region 42 and an

n-type emitter region 43. Altératively, the
conductivity-type of each region can be

reversed if desired. Formed between the base -
and emitter regions is p-n junction 49 and
between the base and collector regions is p-n:
junction 50. Depletion region: ‘54 associated”

with p-n junction 50 extends primarily into
the n-type collector region 53, which is more
lightly doped than the p-type base region.

Overlying the surface of the device is insula- -
tion layer 44, typically a thermally-grown:

oxide of silicon. Formed over ‘insulation layer
44 is a layer 45 of polycrystalline silicon
possessing a sheet resistivity
order of 3X10 ohms 'per square.
Windows are etched through polycrystalline

“silicon layer 45 and oxide layer 44 to form

contact regions to the underlying emitter,
base, and collector regions. Contact to collec-

tor region 53 is made through a degenerate .
. 'm* type region 52 formed on one surface of

collector region 53. An equipotential ring 46
of conductive material contacts n* type region
52 and extends over polycrystalline silicon

layer 45 toward field plate 47 contacting

base regmn 42. If desired, ring 46 could be
an extensicn of resistive matenal 45. Field

" plate 47, an extension of the-contact to base
region 42 extends on polycrysm]lme silicon
“layer 45 over the intersection: of p-h junction

50 with the surface of monocrysmllme silicon
wafer 41. Contact 48 to emutter :region 43
extends slightly on to oxide -

over oxide layer 44 overlying: the:
of p-n junction 49 with the: surface of wafer

‘41 as this junction is forward ‘biased during

normal operation of the transistor.: However,
if desired the polycrystalline ‘silicon can':be
ba: .

junction since this simplifies the’
steps and does not contribute; ‘significantly
to emitter-base leakage current: Region 51 of
the depletion region 54  is “approximitely

‘linear with a slight upward - concavity,. as’
shown, due to the voltage distribution created

by current through resistive' layer 45. ‘Tran-

‘sistors constructed using the principles of: this

invention had breakdown voltages BVeio in
excess of 2,000 volts with an hgg ‘equal to or

‘greater than 12, LVz, wasabout 1300 volts.

Fig. 4b shows an alternative embodiment

'of this invention wherein ﬁeld plate 47 no

of the -
-exaggerated for clarity. In particular, the

¢ e'r ‘44. “No.
 resistive material of the layer: 45 ‘is formed
intersection’

longer extends across the intersection of

junction 50 with the surface of the device

- but rather terminates at the end of resistive
Fig. 4a shows in cross-section an isometric .

Iayer 45. Plate 47 contacts p-type base region
42 and also contacts material of the layer
45 either at the end of material as shown by
the portion of contact 47 represented by the
continuous line, or at the end and top of
region 45a of layer 45, as shown by section
47a of contact 47, In this embodiment region
45a is selectively doped to increase its con-
ductivity. Region 45a thus, in effect, func-
tions as a field plate and serves to shape the
underlying depletion region associated with
p-n junction 50. Region 45a does not have
to cross the intersection of junction 50 with

.the semiconductor surface but to cross the

intersection of junction 50 with the semi-
conductor surface but does have to come
close to this intersection.

It should be understood that in each of
the figures of this application, the polarity
of each of the regions of semiconductor

-material could be reversed, if desired.

- It should be noted that the figures are not
to scale and that their dimensions have been

size of the depletion layer has been exagger-
ated relative to the size of the collector

- region to make easier the description of the

invention.

WHAT WE CLAIM IS:—

1. A semiconductor device comprising
monocrystalline semiconductor material of
one " conductivity type containing therein a
region of opposite conductivity type with the
pn juaction between said monocrystalline
semiconductor material and said region
extending to one surface of said semicon-
ductor material; insulation extendmg across
the intersection of said pn junction with said
surface; a field plate in contact with said
region of said opposite conductivity type and
extending on to the insulation to terminate
adjacent to or to overlie the intersection of
said pn junction with said one surface; and
a resistive polycrystalline silicon film of
dpproximately uniform thickness formed on
top of and adherent to said insulation, said
polycrystalline silicon film extending from

“said field plate to an electrode making contact

with said monocrystalline semiconductor
material.

2. A semiconductor device as claimed in
claim 1 including means for applying selec-
ted potentials to 'suid monocrystalline semi-
conductor material of one conductivity type

and to said region of opposite conductivity

 type.

3. A semiconductor device as claimed in
claim 2 wherein when said p-n junction is
reverse biased the resistive polycrystalline

‘silicon film produces approximately parallel

electric field lines in that portion of the
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© 7 A semicondhictor device as

o “depletion region beneath 's_fsi_idiicld plate and: pols;crystalline éilim:_i film is a film possessing
- a sheet resistivity of the order of 33X 10

said resistive polycrystalline: silicon ‘film. ¥

: A semi-conductor device:as’ claimed in
claim 1 wherein said resistive -polycrystalling
silicon film is formed on top “of :an
extensive with said insula ion’ whi
-across the intersection of id p4 :
with said one surface. SR T
5. A semiconductor device claimed
claim 4 wherein said field :plate ‘overlies; ar
is in conductive contact with, - said resistiv

polycrystalline silicon. R BT

© 6 semiconductor device as’claimed: in’
claim 1, 2, 3 or 4 whierein ‘that: portion.
of said resistive polycrystalline: silicon film’

Uliie

overlying: on. insulation " the intersection - of - .
aid . it -arselected.

‘said, p-n” junctio

' 18 doped: with
- impurity to, form: said field plate,

0-:any. preceding  claim -wherein said

aimed in
resistive

ohms per square, . -

iy

materi:

A s

accomparnyingdrawings..
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. 8:'A semiconductor device as claimed
in any. precedinig -claim wherein said one
surface of said monocrystalline semiconductor

A semiconductor- device as claimed in
. anly . preceding. ‘claim “wherein said mono-
crystalline semiconductor material is silicon.
10. A semiconductor device substantially
s hereinbefore ‘descibed with reference to
-Figure 3. or Figure 4a or Figure 4b of the
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