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. :(ii) .we,< 'FAIROOLD .•.. cAM~Rk. -:~ :~ters~cti~~- .:~£ "•ilie P'"li -.•. jun~tio~: •1til:.;~ 
,:•,INSJ.J~UMENT, CORPORATION; j>f 464 surface of the d.evice: The 'Shield, electrically 

-··· .. Ellis :·street,· Mountain View,/ .Q.lifornia 
·· ·· · . 9404();-.: Unite<J >State$. of America~·:-.·~ ;. c~i!>9ia.­
> s • 'Ji_ori :organised ·and eJ:isting: under. the Jaws 
·.· •of: the' s~te of Delaware, United-States: .of 

.. · · ---~hlclid$eh~r:i.· !~P:~t~!:;if6~ 
grahted to :..is, 1md the method 'by Which -it 

. ·. : >10• i~ tQ )e perlorined, to be partictil~rJy ;d¢s-
•. :_: . . ... -. .cribedjn and by $e following sta@r~t:~+ 

:· This ·inv~tion .:relates -to sen:i:ictindP.ct<it 

so 

SS 

' . . '. ci~vices, -~iid '. iri:pardctilar, to a semlc<ind.ucio.r 
_
15 

_ ~~r:~s~pa~~e,' pf•-' ~~iri~.>~gli;;· ~~~se ,issµed A~gust 26, 196?''.disclose an: optimized 60 

>:._·, ... 'ilieThe temi~planal:" is co&riiorily. :usedd!1 ·:·:::tthG_--_~_ten_.o ___ -__ •~-·-···bat_,·_;_rs~e-et_:_-_,_: _______ ._:::_f_-· __ r:_1_e·_:_r_;gs_._e1':ao~-eri __ :~ __ fi_:._-__ :;aan .. _th. d ___ de __ r_·P·.thi_:··th1_-!ne·_·_:_--_i·cun:_'_o.~---~-d--_der• __ o_•~-flo_·Y::.-mo·:· __ r_·_:g·_ct __ :_tn_e_evssura'_denu·· ___ 1_,:ce_t.-_o_~_-_· -__ 
, ~coticl~~;f°~~fil~r :Stamirng f;~::fJqs;fu~ · · _ 

. ; . . wllich- _in'ter5¢t5 :. ! a ; single plarie .. aj_rface: : of ,c:ondµct9r' ma~rfa:l to -~qualiZe the breakdoWri 65 
'.:·20 semiccinduc~ot'riiater~l. This type':pf.jieyi~e -volta~· of-the "Inetllllmgieal ~n j"unction with 

.' .... _. , -.~~!1:t~:~1:r;£~-l~d:f:~:~~t :_,mdF_.n-e __ :_a_~_-v·. ;_-1·c~e•.r~,.t,,·.:_e:i'd·y'_•-_th_-_._wn_th_, ___ e_: __ ._e __ •-_: •• _·-··-·-··v_b_fi_._:a_~_~ ___ :d_~_ ,_(_t_•~ ___ :_ •.• _:th_:~-~_-i_m ___ P_·,_,;_ i_ sw __ .. :jr_f.~_·s_:_tt_th __ ·_.~--· 
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'. . . . J~-01.1dm;toi: 'material. . ln a . 'iyPi(:al/ •!me~~' ' . ": ; ' ' ' .. ·.· 
25:: . device: the p~n junction· lies eompletely,Jn, a While ·thes¢.-: prior·: art a:uempt8 ;-to increase· 

,: .. 

:: 

·th~: brealcd9wh''·yolta:ge Qfp;.ri jiuictioris,: and· 
in· ·:,partiailar of planar p.::n junctionS, where 

:~~!~:! 
c:;antly:; .increa:se8 · the· breakdown ,voltage: of 

... _ . ~ver~.::bia:Sed oollector-base junction ::with :'the. · ,_p::-n A!incti~#s · above . the> v<>I~ges -·: ob~irted 
35 '¢irli~~r open-circuited while_ LY!'i~o :d~otes by the prior art:.·•·.·._ ._ .: ·. · .· .·.-::. 

-·the'JoweSt reverse voltage reachedjit if'(ran,. . ·x'";;·.A,ccQrdhig to this. irt:Ven#on; a semiCC>I1• 

····4Q'.~a~~~g:a~~~ 
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to the insulation to terminals adjacent to or . respectiye transistors embodying this 

2 

5 

to ·overlie the . intersection of said pn jwiction invention. 
with said Orie surface;. and resistive poly- While this .. in'9'ention will be described. in · 
ctyStalline • Silicon film of approximately conjunctiOJ,l. :w~th · but . a single P'"D junction, .. 70 
uniform thickil.ess formed on top of and. and, in :fjg. · 4, a .single transistor, it shoUld 
·adherent to said insulation; said poly.; · be Utldeistood that the invention can be 
crystalline· silicon film extending from said aP,lied.· ·t<> .· controi the b~kd<>wn voltages· 
field plate ta an electrode making contact associated with ·p-n · jUl'.lctions used in· a wide 

10 with said monocrystalline -material. vari~ of devices, ranging, for example, from 75 
It is · to : be widerstood that the term . diodes to thyristors. The Structin'es shown in 

'~approximately" qualifying the uniform Figs. 1; 2 :and 3 are identical except for the 
thickness of the resistive polycrystalline silicon component$ used to shape the depletion region 
film refers to manufacturing tolerances. and asso.ciated with the p..,n junction. Accordingly, 

15 is not to be taken to ri:tean that the thiCkness identical and well-known portions of these 80 
of the film varies in such a illaimer as to struCttires are numbered only in Fig. 1; in 
cause the effective resistivity of the film to Figs. 2 and 3 only the distinct or novel 
va·ry with the distance between said field feattJres. are· numbered. . 
plate arid said electrode. . ··. Fig. 1 Shows a typical p-n junction of the 

20 Upon application of a bias voltage, a small prior .art. A semiconductor wafer 10 com- 85 
current flows through the· resistive material prises a substrate 11 of semiconductor 
from the field plate to ·the electrode. 'The material on:· which is placed a layer 14 .of 
magnitude of this current is determined ·by insulation .. Typically,. semiconductor material 
the resistivity of the material. However, the 1_1 cc;ntains a selectively doped n-type region 

25 voltage drop produced by the current 11.ow li2 fa· -which is formed a mo~ -highly doped 90 
· -- through the resistive material is, to a first p+ type region 13. p+ type region 13 can be 

approximation,· ~sonably linear with dis- formed- in a wide .vari~· of ways ranging 
tance. Consequently; · the depletion region frdm .diffusion: to ion implantation. A metal­
associated with the metallurgical p-1i junction lurical ·p,;-n -junction 18 (shown as a dashed 

30 is advantageo'iJSly shaped to reduce the line) separates. p.f. type region 13 from n-type 95 

35 

electric field• strength within the depletion region 12. · 
region. As· a result, the breakdown voltage Insulation layer 14 is formed over the 
of the junction is substantially increased surface · 15 of semiconductor material 11 
relative to that of prior art junctions. during;the processing of wafer ·10. Typically, 

In one enibodiment, the depletion region insulation J4 is thermally-grown . silic0n 100 
associated with the p-n jUi1ction assumes, in oxide; · formed· 'pridr. to ·and during the · dift'u-
the more lightly doped ·semioonductor sion of pt: type ·region·· 13; · · 
material, a shape consisting of a straight-line Associated with· p-n jun~on 18. is deple­
portion and · a complexly-curved portion tion ·region 19 the ·boundaries of which are 

40 joined by a curved portion. The complexly denoted by _lines 18a and l8b. Consisting .of 105 
curved portion of the depletion region can a region depleted of _mobile minority. arid 
be approximated by a straight-line · ·majority carriers, . depletion region 19 coli­

Typically; . the restistive material has . a tains ·an electric . field induced by the . fixed 
sheet resistivity on the · ·order of approxi- charges that remain in this region. These 

45 mately 3x1010 ohms per square. · Poly- 'cluirges ate positive in that portion of n-typ_e 110 
crystalline silicon, formed in a film approxi- i::t';~Oil 12 . includ~d in · the depletion ·region 
mately 7 ,000 angstroms thick, ·has the re- and· ne~tiv'e in that pOrtion · of p-type region 
quired sheet resistivity. Planar deVices ·13:. included• in the depletion region. The 
using the film resistor of this invention had intensity: of this · electric. fi~ld · increases as the 

50 a junction breakdown voltage in excess ·of "reverse volrage across the junction increases~ US · 
2,000 volts with total leakage currents less Depletion region 19-contajns a curved portion · 
than two microamperes. 17 wherein · the electric · field, represented· by 

Fig. 1 shows a p.;.n jiinction of the prior the field lines 16, becomes particularly large 
art without a field plate; as the• reverse voltage increases. Junction 

55 Fig. 2 shows a prior-art p-n junction with b~down usually occurs first in this curved 120 
a field plate overlying, bUt insulated from, re~ion · and thus the breakdo\Vn · voltage 
the intersection of the metallurgical ·p;.;n BVimo · of the junction is the reveriie voltage 
junction with the device sui'face; -at which, this curved portion of the depletion 

Fig; 3 shows the structure of a selil.icon- -reJrloil bi:eaks down. · · 
60 doctor device embodying this invention with · ·Electrical 'contact._is made to p+ type region 125 

s resistive material located ·on insutatlon 13- and to ri~type region ~2 'in_ a well-known 
between the field plate and an electrode manner by applying c0nductive layers (not 
attached through a degenerate 'region to the shO'Wn) to Selected surface areas of these two 
more lightly doped region adjacent the p-n regions. Region 13 is contacted · thri:>ngh 

65 jwiction; .and window 14a in layer 14 while regiOn 12 is 130 
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magnitude. If desired, silicon nitride passiva­
tion can be used over insulation 14 covering 
the junction. 

Fig. 4a shows in cross-section an isometric 
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 ot. wafer 
41 comprises a substrate of monocrystalline 

10 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 ea.ch· region can be 

15 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 

20 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, typieally a therrilally-grown 
oxide of silicon. Formed over insulation layer 

25 44 is a layer 45 . of polycrystalline silicon 
possessing a sheet resiStivity · of the 
order of 3 X 1010 ohms per square. 
Windows are etched through polycrystalline 
silicon layer 45 and oxide layer 44 to form 

30 contact regions to the .. underlying emitter, 
base, and collector region8. Contact to collec­
tor region 53 is made through a degenerate 
n+ type region 52 ··formed on one surface of 
collector region 53. An equipotential ring 46 

35 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 

40 plate 47, an extension of the contact to base 
region 42, extends on · polycryStalline silicon 
layer 45 over the int~section of p-n junction 
50 with the surface of monocrystalline SJ1icon 
wafer 41. Contact 48 to emitter region 43 
extends slightly on to oxide layer 44. No 
. resiStive material of the layer 45 is formed 
over oxide layer ·44 ·.overlying the intersection 
of p-n jtlllction 49 with the surface of. wafer 

· 41 as this junction is· forW'ard biased dUring 
50 normal operation of the transistor. However, 

if desired the polycrystalline silicon · cari be 
left on oxide layer 44 .over the ·base-emitter 
junction since this simplifies the processing 
steps and does not contribute significantly 

55 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· current through resistive layer 45. Tran-

60 sistors constructed using the principles of this 
invention bad .breakdown voltages BVcuo in 
excess of 2,000 volts with an h:m equal to or 
greater than 12. LV:mo was ·about 1300 volts. 

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

.longer extends across the intersection:.:·· of 
junction. 50 with the surlace of the device 
but rather te.rrtiliiates, at the end of ,reSisti've 
layer 45. Plate 47 contacts.p-type base>region 
42 and also contacts material -of the: lay~ ::VO 
45 either at the end of material as showri by 
the. portion of contact 47 represented by the 
continuous line, or at th;e : end·. and top ·of 
region :45a of 1ayer 45:. .as shown by .section 
47a of contact 47. fa this embodiment region 
45a is sel~vely 'doped to· iri~se .its con­
drumvity. :Regi~ 45a thus, in effect, £unc­
tions as a 0:6.eld' plate arid serves to shape ·the 
underlymg · depletion region associated with 
p-n junction-·5o. Region ·45a does not have 
·to cross the iritersecti.Oil of junction 50 with 
the semiconductor surface· but to . cross the 

; iritersection of; junction 50 with the ·semi-
conductor surface· but -does have to come 
close to· this ··intersection:. · • 

It should· be understood that hi each, of 
the figures of this application, the polarity 
of each· of the regfons 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. depletion layer has been eX8gget­
ated relative to the . size of the collector 

. region to niake easier the description . of the 
invention •. · · · 

WHAT WE .CLAIM IS:-
1. A 8emiconductor. device compnsmg 

monocrystalline · semiconductor material of 
one conductivity type containing therein a 
region ' of opposite conductivity type with the 
pn:· junction between said' nionocrystalline 
semiconductor . material · . and said region 
·mending to one ·surface : of said · semicon­
. ductor material; , insulation ·extending across 
the intersection of said pn jUI1ction · with 8aid 
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 

·approximately ·uniform ·thickness formed on 
top of and adherent to said insutation, · said 

· polycrystalline . silicon . :film extending from 
-said. field pla:te 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. said monocrystalline semi­
conauctor : material of· one conductivity type 
. and to said region· of opPosite conductivity 

;:so 

»85 

100 

105 

110 

115 

120 

type. '.. . . . . . ;_·. 
·:. :3 .. ·A semiconductor device as claimed in 125 
claim 2 wherein when said p-n junction : is 
reverse biased :- the . resiStive polycrystalline 

· silicou -·film· produces · approximately : parallel 
electric field line8- in that ·portion of the 
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·magnitude. If desired, silicon nitride passiva· longer extends across the intersection of 
tion can be used over insulation 14 covering, · .junction 50 with the surface of the device 
the junction. . . · but rather te.."111inates at the end of resistive 

Fig. 4a shows in cross-section an isometric . layer 45. Plate 47 contacts p-type base region 
5 view of a transistor constructed using the 42 and also contacts material of the layer 70 

thin-film surface resistor of this invention. · 45 either at the end of material as shovm by 
For illustrative convenience, the· djrtlensions the portion of contact 47 represented by the 
of this drawing are not to scale. Die ~r. wafer continuous line, or at the e.,d and top of 
41 comprises a substrate of monocrystalline region 45a of layer 45, as shown by section 

10 semiconductor material containing ·therein an 47a of contact 47. In this embodiment region 75 
n-type collector region 53 in which· has been 45a is selectively doped to increase its con­
diffused a p-type base region 42 and an ductivity. Region 45a thus, in effect, nmc­
n-type emitter region 43. Alternatively,. the tfons as a field plate and serves to shape the 
conductivity-type of each regiOn ~n be underlying depletion region associated with 

15 reversed if desired. Formed between the base · p-n junction 50. Region 45a does not have 80 
and emitter regions is p-n junction 49 and to cross the intersection of junction 50 with 
between the base and collector regions is p-n the semiconductor surface but to cross the 
junction 50. Depletion region. 54 associated' intersection of. junction 50 with the semi-
with p-n junction 50 extends primarily into conductor surface but does have to come 

20 the n-type collector region 53, which is more close to this intersection. . · 85 
lightly doped than the p-type _base region. It should be understood that in each of 
Overlying the surface of the d~ice is insula.; · the figures of this application, the polarity 
tion layer 44, typically a thCrn.1.ally-groWn.: of each of the regions of semiconductor 
oxide of silicon. Formed over insulation layer material could be reversed, if desired. 

25 44 is a layer 45 of polycrystalline silieon: It should be noted that the figures are not 90 
possessing a sheet resistivity of the . to scale and that their dimensions have been 
order of 3X1010 ohms ·per square. exaggerated for clarity. In particular, the 
Windows are etched through polycrystalline size of the depletion layer has been exagger-

. siliccin layer 45 and oxide layer 44· to fot'Ill ated relative to the size of the collector 
30 contact regions to the underlying emitter, · region to make easier the description of the 95 

base, and collector regions. COP.tact to coUec- invention. 
tor region 53 is made through a degenerate 

· n+ type region 52 formed on .. <Jile surface of WHAT WE CLAIM IS : -
collector region 53. An equipo~tial ring 46 I. A semiconductor device comprising 

35 of conductive material contacts n+ type region monocrystalline semiconductor material of 
52 and extends over polycl:ystallirie si.licop. one· conductivity type containing therein a 100 
layer 45 toward field plate 47 contacting region of opposite conductivity type with the 
base region 42. If desired, ring 46 could be pn ju..,ction between said roonocrystalline 
:m extension of resistive material 45. Field semiconductor material and said region 

40 · plate 47, an extension of the· contact to base extending to one surface of said semicon­
region 42, extends on polyqystalline silic<>n · ductor material; insulation extending across 105 

"layer 45 over the intersection of p-n junction the intersection of said pn junction with said 
50 with the surface of monoccystalline silicon surface; a field plate in contact with said 
wafer 41. Contact 48 to emitter :region 43 region of said opposite conductivity type and 

4_5 extends slightly on to oxicle ~yer 44. :No. extending on to the insulation to terminate 
·resistive material of the layci->45 js fonned adjacent to or to overlie the intersection of 110 
over oxide layer 44 overlying the .iritersecifon said pn junction with said one surface; and 
of p-n junction 49 with the St#ace of wafer a resistive polycrystalline silicon film of 

· 41 as this junction is forward 'bfased drirliig approximately uniform thickness formed on 
· 50 nonnal operation of the transistot;O:Howev~, top of and adherent to said insulation, said 

if desired the ·polycrystalline @i~n oµt'; :be polycrystalline silicon film extending from 115 
left on oxide layer 44 over the , base-einitter · said field plate to an electrode making contact 
junction since this simplines th{ ptocessill:g with said monocrvstalline semiconductor 
steps and does not contriJ?ute:·significantly material. • 

55 . to emitter-base leakage current ~gipn .Sl ·of 2. A semiconductor device as claimed in 
_the depletion region 54 . is appt~xiriultely claim 1 including means for applying selec- 120 
· Jinear with a slight upward= : ooncitvicy, •. as· ted potentials · to ··sald · monocrystalline semi­
shown, due to the voltage di~biitiori created conductor material of one conductivity type 
by current through resistive· layer 45. ·Triut"' and to said region of opposite conductivity 

60 · sistors constructed using the principles of: this type. 
invention had breakdown voltages_ BVc:ij~ in 3. A semiconductor device as claimed in 125 
excess of 2,000 volts with aI1.:hFE :~Uill tO or claim 2 wherein when said p-n junction is 
·greater than 12. L V :JEo was about :1300 volts. reverse biased the resistive polycrystalline 

Fig. 4b shows an alternative cinbodiinent silicon film produces appro~imately parallel 
65 ·of this invention wherein · fidd • :plate 47 no electric field lines in that portion of the 

· .. '"'·:. ·;. 

~ . . ·:-:. ~.·. : 
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said resistive polycrystallineisilicon ·iitm. :·•···. a Sheet resistivity of. the order of 3x1010 

:: ~ . 

:s 
4. A semi-conductor deyice:as ~itned in o~s per squar~ . claim 1 wherein said resistive '.polyc.i:~e. · 8; · A semieonducror device as claimed silicon fi]m is formed on •top o(.aqd'. ii! :;ed.; in . any·. p~iµg . c~iln wherein said one extensive with said insulation• whicli:>extends·' · ·surface of said· µionocfyStalline semiconductor across the intersection of said 1>7n ·;unction , niateriaJ'.Js pl8na:r;::,> :;. with said one surface. . .··..... ...... : · . . · 9/ A Sentlconduct6r>device as claimed in 5. A semiconductor de\iiee ai c1aim~d.: in , a~Y: precedmg:~a'iin.".wherein said mono­;. 10 claim 4 wherein said field.;plate ov~lies;. an;(;t.. .crystalline s~con~tict<>r material is silicon. is in conductive contact·· with; :.:said. ;resistive:: ··. · 10~ . A Senii¢ondtict()i device substantially polycrystalline silicon. · : :'.< . · ·. ·: •• as herein.before: described with reference to 

:·-.-: 

6. semiconductor device as : clhlnted : in. .. Figure 3 or .. Figure · 48: or Figure 4b of the claim 1, 2, 3 or 4 wherein thii~·· portion aceoriipa.nying·dr8.~irigs .. JS of said resistive polycry$lline/silitjm film: · ·· · · ...• ~9i,~1°:~. ·~~~~rn, 
: 2Q : a11y p~ceding d~ifu wherein sai4\resistive . Agent$}or -~~ Applicants. 
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