2106320 Sem conductor Integrated Crcuit Device and Fabricati-on Met hod
thereof 5 The present invention relates to a sem con- ductor integrateg
circuit device and a nethod of fabricating the sane.” Especially, in a-
&pecific formof the sem conductor integrated circuit device of the 10
present invention, a linear circuit and an IIL (Integrated I nj ecti on Logi<c) '
circuit are forned in one sem conductor substrate. The 'l nventor, ?a%ﬂﬁ% .
cnecei ved a sem conductor 15 integrated cigxuit device (which\MI

hereinafter referred to as an "I C"') having the aforenentioned circuit
construction for controlling a power source. This power source controlling
ICis used in a machining robot, for exanple, and has such an 1C 20 chip

pl ane pattern as is S$RIEO B¢ ¢ uits Devige drig. 1, nore
specifically, that power sour ce controllln ICis conposed of an IlL
el enents portion 2, \AWWCOHdUCtOF substrate 1 for -

-constructlng t he IIL circuit, 25 -2- : .

The,p;gsent invention relafes to a sémicon-
ductor integrated circuif device and a method of
fabridafihg the same. ﬁééecially, in a-specific fbrm
of the semiconductor integrated circuit device of the

10 p;esent-invention, a linear ciﬁcuit and an IIL
(Iﬁtegratédllnjection Logic) cifﬁﬁit are forme§ in ﬂ

‘one semiconductor substrate.

The.Inventor,_has conceived-a Semiconductor
15 integrated circuit device (which will be hereinafﬁer
referred to as én "IC“) having the aforementioned |
cirguit constructi&n.for controlling a powér SOurce.
This power source controlling IC is used in a
machining rébot, for example, and has such an IC
20 cﬁip plane pattern as is schematicaily'shown in
Fig. 1. As shown iﬁ Fig. 1, more specificélly,
.that power source controlling Iclis composed of an.
IIL elements portion 2, which is fofmed in a semi-
conducﬁor’substrate 1 fbr-constructing the IIL éircuit,

25



a linear elenents portion 3 which is formed in the sem conduct or

subs e 1 so as to be arranged around - that IIL elenents portion.:
2{=N€§§£ver.,' ~ the IlL elenents 5 portion 2 is conposed of a high,
- spee IL elements portion 2a, which is operative at a‘high speed,
~and a low speed IIL elements portion 2b which is operative at a low _
speed. These high and | ow speed |IL glenents portions 2a and 2b 10 £
constitute .. a specific |ogical CIrCUIt such as shown in Fig. 2. Mre "~

speci fical | Qo ﬁé%ﬂ idk R 2 4 ﬁ%ﬂg ed of an

I nverter W é(;grannnﬁgﬂr"r;osc Jﬁlpf opéhmr%wts mqf;[FZ F/I F-3,

- - - == F/ F- I fh e COOMESSESuctdy - filddtfte (e fay M ng 15 a frequency dividing
‘circuit. This frequency dividing circuit has its input line Afed with a
cl ock signtb bé #APPamged dxvureXanpl e, aidrht ITT Hlemdntse B fed with a reset
signal. Fromthe output line C of the frequency dividing circuit

there i s deortissh 22 a Moxgmtemhi ch has its theeq@dnelegientded by the n
nunber of the flip-flop circuits. The specific circuit of the inverter INV
i-s conp®seppriion ks iqemmepedHL & highnsneedhFildt @lemsatsn NPN transi stor

having a pluralit f. 25.outputs (or callectors rr to err t hus
%rm ng g por p tion Za,y %a.ch is P operative att a )lug% s]p [ ] o

and a low speed IIL elements portion 2b which is
operative ‘at a low ‘speed. These
high and low speed IIL elements portlons 2a and 2b
10 constitute . a spec1fic logical circuit such as shown
in Fig. 2. More speczflcally, the logical circuit
shown in Fxg. 2 is composed of an 1nverter INV and
an n number of flzp-flop circuits F/?-l, F/F-2, F/F-3,
- m - —-rE/Fén;conqecteduipmcascadey thus forming
_ 15 a frequency dividing.ci;cuit. This freguency dividing
circuit has its,inputlline A fed with a clock signal-
of 400 KHz; for example, and its input line B fed
with a reset signal. f:om the output line C of the
‘frequency dividing citcuit _'there is derived
20 2 signal which has its frequency divided by the n
number of the flip-£flop clrcults.
The speczfzc c1rcu1t of the anerter INV is
composed, as shown in F:g. 3a, of a PNP transzstor
Ql and an NPN tran51stor 02 having a. plurality of

25 outputs (or collectors) OUTl to OUT3, thus forming



“-3- a well-known IIL inverter circuit. Mre specifically, since the I|LL
inverter circuit of Fig. 3a can be expressed as a logical circuit showm,
Fig. 3b, the inverter INV of Fig. 2 is forned by connecting 5 in cormp
*the outputs (or-collectors) of the.transistor of the IIL inverter circuit

which is specifically showm in Fig. 3a.

ijmprove the driving capacity of the inVenijﬂ_l NV.. 10,
Eacth of the flip-flop circuits-F/F-1, F/F-2, FIF-3, -

The
commonconnection of the output portions of the transistor

2.is. nmade to

- - - - -F/F-nis

conposed, as showBliRkhbdén FILOinvepteFatifoudf. i Nuerd apediileday NV 8.

Each of the inverters INV1 to * | NV8 conprises an-

I'TL inverter circuit

simlar to 15 sfihaé thewhILnifvertén ¢ircuie ofivetid or3d Man @ee flip-flop
circuit F/F shown in Fig. 4 has its trigger terminal T and its reset

term nal R fedexbrasaed| askaslopbtahneizcwis sshawnynia Figs it ithed vy,
Moreover, an output sighal of the flip-flop circuit 20 F/F is derived from
an -out put ter ni-R¥EFERr ENVREF Rt phit1s efoirmed By senngeténfier hand, there

is derived t put si | which is ji it to 'th [ | .
5, dorived an outpu slonalovLEh LS (g oomelie dlps e sl
used in the ”6‘21“89%1351&. Vi QW & TE duit whiSIPW) 'é‘pe@i%ic?a"uy

shown in Fig. 3a. - The common  connection

 of the output portions of the transistor Qz.is made

to improve the driving capacity of the inverter INV..

10 _ Each of the flip-flop circuits

F/F-l; F/F-2, F/F=3, - = = - - -F/F-n is compoSed,

as shown in Fig. 4, of a plurality of iinverters INV1

to INV 8. - Each of the inverters INV1 to

INV8 comprises an . IIL inverter circuit similar to

15 that shown in- Fig. 3a for the inverter INV.

r3

-One flip-flop circﬁ}i F/F shown in Fig. 4 has its

- trigger terminal T and its reset terminal R fed with

a «clock signal aﬁd a reset signal, respectively.

Moreover, an ouﬁﬁut signal of the flip-flop circuit

20 F/F is derived from an output terminal;o; From an

' output terminal Q, on the other hand, there is derived

an output signal which is in opposite phase to the

signal derived from' the output terminal Q.' However,

that output terminal Q is not used in thé frequency

25 dividing circuit shown in Fig. 2.



- met h

-4- |In order to raise the speed and reduce the power consunption of the
freq y dividing circuit thus far described, there has been conceived a
gﬁggor driving the high speed IlIL elenents portion 2a and 5 the | ow
spee L elenments portion 2b by different injection currents? For exanple,
“in the high speed IlIL elenents portion (including the inverter INV and the
flip-flop circuits F/'/F-1 and F/ F-2) 2a, fgd with a “clock signal of 400 .~
KHz to 100 KHz, an 10 injection current linj (i.e., the injecti-on current ~*
for one IlIL inverter circuit) shown in Fig. 3a is set at 20 to 30 [err] so
as to make hi gh sp&BdoBferat? orabsssthe cspreed tard | pedugr cthe |PO¥@RneENt S
portion (including {he flip-flop ci-rcuits, F/F-3 to, F/F-n) 15 2b fed with
a.cl ock si gRANSBRBELOROF, theEreqency ot Weind TRkt it ®urrent is

educed DoSRURekDelsek  ReRE Sl Bafh e hali B APGAL 85 (0. 10 ©
e oo CHEL G0 SN O LS CEOS GBI pILELUE 20 g0 o2t
i ncl udeds i stj,gc;(_@@sggee@nﬂng h&1 &meies lggryg_-é,eszg Wy @PireSiddw the injection
injection currents. For example, in the high speed |
ITL elements portion (includin§ the inverter INV and
'the;flip-flop_circuité F/F-1 and F/F-2) 2a, fed .
with a clock signal qf_400 KHz to 100 KHz, an :

10 injection current Iin' (i.e., the injection current

J
for one IIL inve:ter ciréuit) shown in Fig. 3a is
set at 20 to 30 PA so as_tq mgke. high speed operation
poséible. In'the.lbﬁ speed 1IL elements.portion.
(including the flip-flop circuits F/F-3 to F/F-n)

15 2p fed with a clock signal equal to or lower
than 100 KHz,the injéctidn curﬁent‘is reduded, beécause
‘there is no need for any hiéh spéed operation, to 5
to 6 FA so as to minimize the power consﬁmption.

Here, since 'separate_injecinn current
120 sources are constructed in the IC so as to establish
the aforementioned different injectioh currents, the
number of the elements included is increased,'and
the number bf wires for connecting the injection

25 current sources and the IIL element portions is

increased, raising the problem that the integration

-4



*25 current sources and the IIL element portions is increased, raising-the
problem that the integration -5- density of the ICis lowered. It 1§,
therefore, desirable to provide a sem conductor integrated circuit devi '

*which i.s forned with a highly dense Il1L elenents portion intended to h
hi gh operatii ng speed and a | ow power consunption. In a preferred enbodi nent
there is provided a sem conductor integrated circuit device which is fornmed
W th the aforenentioned IIL el enments poritgon and a linear el ements portion
arranged around the former. 10 A further aspect of the present
I nvention provides a -nmethod of fabricating a sem conductor ‘i ntegrated
circuit device which is forned with the aforenentioned IlL el enent portion
and |inear el edemgistyparft ithe IThdssdpwereduct or integrated circuit device of
the 15 present invention is characterized in that it includes a first IIL
el enents portion, whildh iiss dhexefoderodseispbliat bd Pyowiderat injection _
current, and a second IIL elenments partion which i.s arranged to be operated
by a second i rﬁeéHqW‘{ﬁfr%ﬁf‘t&FFPéPénFlFFHﬁFngﬁl‘F?rg?l?’g }j g‘b‘f‘i‘%‘ﬁ

current i Ut 1 GG, s kol 8akAeL! 3L 208 SREON b AT S
5 high operating speed and a low power consumptiqn.:

In a preferred embodiment there is pfovided a
semicohductor intégratéd circuit device which is formed
with the aforementioned IIL elements portion #nd a linear

. elements portion arranged around thé former.
10 A further aspect of the present invention prOVideé a
| method of fabricating a semiconductor integrated circuit.
deviée which is formed with the aforementioned IIL element
portion and linear elements portion.

The semiconductor integrated circuit device of the

15 Ppresent invention is characterized in that it includes a
first IIL elements portion, which is arranéed ﬁo be
operated by a first injection current, and é second IIL
elements portion which is arranged to be operated by a
_secona injection cﬁrreh£ differént from said first

20 4injection current, in that injection régions for said-
first and second IIL elements portions are connected with
one injection current sdurce, and in ﬁhat means for
establishing said second injection current is connecﬁed
with or part of the'injection region fbr said secoﬁd IIL

25 elements portion.



one injection current source, and in that means for establishing said
secord _injection current is connected with or part of the injection region
d second IIL 25 elenents portion. - -6- In the acconpanying
ygs: Fig. 1 is a top plan view showing the pattern of-an IC.chip
relaling to the present invention; Fig. 2 is a diagram show ng a | ogical
circuit (or a5 frequency d|V|d|ng circuit) relating to the present
invention; Fig. 3ais a dlagran1shomnng5an 1L inverter circuit relatlng 5.
.the present invention; Fig. 3b'is a diagram show ng the logical circuit of
10 Fig. 3a; -7- Fig. 4 is alogical circuit di agram showi ng in nore
detail a flip-flo Fig. 5is a top.plan view

i it f ..
showi ng a portion o?nfhégrépﬁﬁﬁéﬁ?w+ﬂﬂIQF?#&P Fhbodi nent of the present

Fig. 1 is a top plan view showing the pattern of  an

U

1c cﬁip relating to the present invention;
| Fig. 2 is a diagram éhowing a logical circuit (or a
5 frequency'dividing circﬁit) relating to fhe present
inventioh;' |
Fig. 3a is a diagram showing an IIL inverter circuit
- felating to the present invention; | |
fig. 3b is a diagram shoﬁing the logical circuit of

10 Fig. 3a;



5; Figs. 7a to 7f are sectional views illustrating the fabrication prgCgsgs
of the IC shown in Fig. 5; 10 Figs. 8 to 10 are top-plan views
“showi ng portions of ICs according to other embodi nents of the present
I nvention, ‘respectively; Fig. 11 is a section taken along line B - B of
Figs. 9 and 10; 15 Fig. 12 is a top_plan view show ng a portion of
an,1 C according to a further enbodi nent of’The present invention, Fig. 13
is a section taken gl.ong Ji.ne Cs- f Fig. .12, Fig..14 is a top
pl an vi ew schemat i.cgﬂllllo“{} s%d’v\sn r?g_ lgﬁgféaagéggblﬁ#gafégﬁa?uﬂ‘ﬁgf'ngn‘bﬁdi ment of
the present ijpwantddiltiand Figd. L%1l . (Rl an yiew s i ng.a portion of
an | C according t(?%f%ﬁﬁw: erfgl 0 %b n?lggg%ﬁe 2 presegﬁ&?ngéntion._ '
Speci fic enbodi ment 3¢, 5had AVeRp Plaw kieWOVh8RiHGSEN p8LEivht h fUrther
reference to the drawings. Fig. 5is a top plan view showi ng a portion

of the IC according to one embodiment of the present

“5 invention: Fig. 6 is a schematic circuit diagramof the I C shown in

5 invention;
Fig. 6 is a schematic ciréuit diagram of the
IC shown in Fig. 5; | a
i Figs. 7a to 7f are sectional -views illustrating
the fabrication process of the IC showﬁ in fig; 5;

10 Figs. 8 to 10 are top-'plan views showing
portions of ICs according to other embodiments of
the present invention,_respéctively;

Fig. 11 is a section taken.along line B - B'
of Figs. 9 and 10;

15 '.Fig.'12'is alfop'pian view showing a portion
of an IC according to a further embodimenﬁ.cf the
present invention; = . '

Fig. 13 is é section-ﬁaken along line C - C'
of Fig. 12; o '

20 - ?ig.'l4 is a-tpé plan view schematically showing
an IC.accordiﬁg to a further embodiment of the present |
invéntion; and |

Fig. 15 is a top plan view showing a portion
of an IC according to a further embodiment of the

25 present invention.



of an IC according to the present invention and 5 illustrates in detai
the IlL»el ements portion which is conposed of the high speed IIL el enents
port|o1,zs and the |l ow speed IIL elenents portion 2b, as shown in Fig. 2.
In Fi g 0B the reference nurmeral 1 indicates 10 a seniconductor substrate
whi ch made of silicon and which is fornmed therein with a ring-shaped
sem - conductor region 3. The high speed IIL elenents portion 2a and the
-1 ow speed | I Lel enent's portion 2b exist -g* an island region 4 which is

and 2b = conprise an el ongated injection region 5 which is selectively
formed, a plurality of base regions [err], B2, -B which are
fornmed al ong both sides of that 20 injection region 5, and a plurality

of output regions (d¥edi® il Enodit@in®asbeOdhE, iRVEAL28H e ﬁewCQeare
selectively formed in those base regions Bl, B2, - In

ot her words désdﬁﬂﬂéﬁlﬁnth furtheaf: ﬂ@fe&encentmlmuebarawihghlL |nverter
circuits, e.g. as in Fig. 3a, are forned by ‘the above-identified

regions. For exampfig- the NP top P amisiew Ghquing 3 portion

of an IC accordzng to the present ;nventlon and
5 _illustrates'in detail fhe.IIL eiements portion which
is composeg of the high speed iIL;elements por;ion
2a and the low speed.IIL elements portion 2b, as
‘'shown 'in Fig. 2.
In Fig. 5, the reference numeral 1 lndlcates-_
10 & semiconductor substrate which is made of silicon
-and which is formed therein wlth a.rlng-shaped semi- -
;COnductor.region 3. The high epeed IIL elemeéts
portion 2a and the low speed IIL elements portien
2b exist J.n an i'slana region 4 which is enclosed by N
15 thae semiconductor region 3. Those IIL elements
portions 2e.and 2b = comprise an elongated
injeceion region 5, which is selectively fdrmed, a
plurality of base regions By Bz} - =-~----B
which are formed'aloné both sides of_ﬁhat
20 injection region 5, and a plurality of output regions'
(or coliector regions) OUTI. OUT2 and OU'I'3 which are
selectively formed in those base regions By,

Byy ~ - - - - Bﬁ. In other words, a plurality

N
_ >
~encl osed by .15 that sem conductor region 3. Those IIL elenents portions 2a



one IlIL inverter circuit showmn in Fig. 3ais a tran- 5 sistor having.

a |lateral construction whereby its emtter S the injection rﬁ@’5 3
b, its base is the island region 4 and its collector is the base reoggﬁyﬂ
[err]; 'mhegeas' the NPN type transistor 2 is a transistor having A
an irnverse construction 10 thereby its emtter is the islandregion 4,
Its .base IS the base region Bl and its collector conprises output
regions OUT1, OUT2 and OUT3. The points @ be noted in the 1C shown in Fig.
5 are that t afprement i gped, d dRreesd dil I ts pRLtions
2a and 2b ar ggﬁrligé%' b;ﬁ%;}g I N e%icgfr? ciurrt\'rlvelﬁ sourcgﬁ#lgﬁ?ﬁéﬁ'tﬁ%
injection cur{gnkigorssheakevespred || L B el tabdd-tigentdEiled made
different by a resistor portion Rfromthe injection current for the high
speed |IL el efregion) Eot i tanisle, [thelENT Syl raacdetdm@.t dn he
specific I1C of the. . enbodi nent shown in Fig. 5, separage I nj ection
current sour cese afEL ninverrtrasg deddwirt tdhown dn Fig .| s dsead talaarent s
portions 2a and 2b, -respectively. 25 The injection current source 7
i s el ectriTal$istoxr hawingmnnect & Mataradn gonsdeEicHiosor t iwershyf dtst he hi gh

‘emitter is- ' the injection region 5, its base -

is the félaﬁd region 4 and its collector is the
base region Blg 'whereagl " the NPN type fransistor Q2
is'a'transistér having | an inverse construction
10 thereby its emitter is the islandregion 4, its
bgse_ - is _ the base region B1 and its coliegtor
l 1 . 2 and OUT3.
The points?to be noted in the IC shown in’

comprises output regions OUT,, OUT
Fig. 5 are'thaf-the_afggemeniioned high and low

15 speed IIL elements portions 2a and:2b are driven by
one injeétioq current source 7, and that the injection
current fof the low sﬁeed IIL eleﬁents portioq'Zb
is made different by a resistof éo?tion R from the
injection current for the high speed IIL elements

20 portion 2a. 1In other words, according to the specific
IC of the embodiment | shown in Fig. 5, separate
injection current sources are not provided for the
high and low speed elements portions 2a and 2b,
respectively.

25 - The injection current source 7 is electrically



II'L el enents portion 2a through a netal |ayer which is nmade of
{3 conductive netal such as alum num Mbreover, the injection portion
_ 3 ts 5 surface coated with a netal |ayer 6a, which is made of a

hi ghl'y” conductive metal such .as alumnum so that the injection currents to
flowinto the respec- tive IIL elements of the high speed IIL elenents
portion 2a may be uniform 10 bn the low speed IIL elenments portion .
2b, there exists the resistor portiﬁﬁ W T~

whi ch determ nes the injection

ccurrent Tor tBAheb®Uashesd SheTRILELROA! pOELIEn sINBbyT ERLShEENPOT Ui ON R

makes use of a portion he i nfection region 5 and Is prepafed nerely by-
15 narrow ngspepdr trBne®émbhes\\peiBi6h LAethPbe§hi &'mé€gLONapesnd by
preventing that portion frombeing coated with the netal |ayer. However,
an injecti onwhdchi bs badéooft 4chighlgpeenduttieeéenetar pochi ag 2b has its
surface coated with a netal |ayer, vhich is 20 nade of a highly conductive
met al such asluminimem Meveoviar,tthkei bpjectioncporeiontdafhasy ivso the res-
pective IIL elepents of the slowIIL elenments portion 2b nmay be uniform
Furt her noBe, SBR63eengpared ayith smakdl chayercoa, twieh ks Bpdeng | ayers)

are 25 coat egfwéltgigﬂhi{n:t:grri S g{vie_nggtl:a- iggcﬁi;sm éf‘&}.{‘,?,‘j,ﬂf‘ so
| that thé injéction currenté to flow intd'the respec—'
tive IIL elements of thé'high speed IIL elements
| portibn 2a'mé§ be uniform. _ . l
10 In the loﬁ speed IIL elemenﬁs portion 2b, there.
exists the resistor portion which deﬁermines the
B injeétion current for that loﬁ gpeed elements portion
2b. That resistor portion R makes use of a portion
of the'inﬁecﬁion regibn 5 and is prepared.@érelyﬂbyu_
15 narrowing a: portion of the widtﬁ of. the.injéction
region 5_andﬁby pre#enting that portioﬁ from being
coated with.the metal layer.  However, aﬁ injectibp
portion Sb for the low speed IIL elements portion 2b
has its surface coatea with a'metal layer, which is
20 made of a highly conductive metal such as aluminum,
so that the injection current to flow into the res-
pective IIL elements of the slow IIL elements portion
- 2b may be uniform. Furthermore, those metal |
layers 6a and 6b.(i.e., the first wiring layers) are -

25 coated with an interiayer insulating £ilm (although



not shown), on which there are forned, for exanple, second wiring |ayerg
and Lb intersecting the metal |ayers 6a and 6b, as indicated by thick dgl
| ines. Especially the IC, in which the injection region 55 is forned if a
linear shape and which is formed with the IIL elenments portion to be
commonly used for the plural IIL elenents, as shown in Fig. 5, should be of
the two-layered wiring construction, as h been descri bed herei nabove, so
as_to facilitate the wiring 10 | ayout and™t0 inprove the integration
density. Fig. 6 is an IIL circuit diagramshowng the IC of Fig. 5

subst anti al | y nat shawpli v sirevhichntberel 8re formetdih Epg. e8ampheequal
injection current [err] flows through the respective IIL elenents (or the
1L inverters)sqqend wiring layers La apfyLb intensectinggkhepmetal| L

el enments portion 2a hecausge Lgﬁ I nj,ection ﬁortion,Sa has i.ts, surface coated
with the metall3Yg8Rs 5% 384 6be,ashdngdigateflapy thickqaatidniiBefon current

b) fl T ' | I I NV18, .- - - - - INv
Fﬁr{Le(ILW/sgggﬁk$%%ﬂggé%§%t§%§g ﬁfgﬁﬁfb gggagggg%ﬁé°?nfﬁgf?8nsportion 5b "
has lits surd aGe GRahfed Wn' 3 4HGedB! QhﬁgéySﬁdGthgﬁCi‘Hsfo%egswitf exi stence

of the resistor portion R however, t
the IIL elements portion to be commonly used for the

plural IIL elements, as shown in Fig. 5, should be
of the two-layered wiring construction, as has been
described hereinabove, so as to facilitate thé'wiring

10 layout and to improve the integration dénsity.

| Fig. 6 is an.iIL circuit diagram showing
the IC'of'Fig; 5 substantially in an equivalénﬁ'manner.
.15 _ ' In Fig. 6, an equal injection cur:enf Iinj(a).
flows through the respective IIL elements (or the

IIL inverters) INV, INV,, - - - - - - NV, , in the

1°
high speed IIL eiements portion 2a because the injection.
portion S5a has its surface coated with the metal layer
20 6a. On the other hand, an ‘equal ‘injection curreﬁt
Iinj(b)'flows through the réspective IIL elements -
'INVIB, - - = - - -INV_ in the low speed IIL elements
portion'Zb because the injection portion 5b has its
surface coated with the metal layer 6b. Because of —

25 the existence of the resistor portion R, however, the



-12- vol tage at point B is | ower than that at point- A As a result,

TR ection current [err] (b) is far |l ower than the injection

[err] (a). Moreover, since nost- of the IIL €lenents are fornmed 5 .
: # | ow speed IIL elenents portion 2b, even a slight voltage drop at the

- resistor portion R can considerably reduce the injection current [err] (b)

inj of each of the IIL elements. Specif+xaly, the resistance of that = =~
resistor portion Ris sufficient 10 if - at 10 [err] to.30 [err]. Forw
this reasony,th 3 far described, a suffi-_cient] h | ection-current -
(e.qg., [err]% ? 98,8t o BBLIRErP]) is. enalPERFt ?Po ?ﬁr bgh the high speed

On the of hePoRaSaR a Fauki FREREFonch, +EREEELSR Faafs 1%3?% Corrl) 15
enabled to flom1thrgggh13 Sr'EMéﬁpEﬁQ iﬁiﬁgéggﬁucedggisl 2 20 that the

power to be consuned-at” fhat portion can een descri bed

ner i nbef of Roz88vas, t bengsNGlod e SIdICETL e Shalies poRd bbbk OTENL S

portion 2a and- the |ow speed IIL elenments portion 2b can be driven by the |
si-ngl e cgirr gt th@ulow Fpeed IFLUSDERERSHpotOig 03 feevepagat e i njection

current sources for the II'L elements portions. . It is, 25 therefore,
possi bl e t oslijghttvgltagerdrveptae the omesistor portion R can
conside:ab;y-redgce the ipjection cu:rent Iinj(b)
of each of.the IIL elements. Specifically; the
resistance of that resistof portion R is sufficient
10 if ~at 10 ) to.304L
For this reason thus far éescribed, a suffi-
ciently high injection current (e.g., Iinjka) = 20
~ to 30 pA) is-.enabled to flow through the high speed
;IL elements portion 2a so that high speed-operatiqn'
15 <an be condueted. On the other han&, a low injection
current (e.gﬁ,wxiﬁjtb) £ 5 to 6 pA) is enabled to
flow through the low speed IIL elements portion 2b
so tﬁat the pcwer to be-consﬁmed-at that portion can
be reduced. As has been descrlbed hereinbefore, on
2¢ the other hand, 51nce the high speed IIL elements
portion 2a and-the low speed IIL elements portlon 2b
can be driven by the single current source 7, it is
unnecessary te provide_separete injection current -
sources for the IIL elements portions. - It is,

25 therefore, possible to greatly improve the layout



*-13- efficiency and the integration density of the IC. Next, the netho%gﬁi,

- fabricating the 1C shown in Fig. 5 will be described with reference to
Flgs 7a to 7f. In Figs. 7a to 7f, the sectional portions 5 at the | eftiard
*side illustrate the fabrication steps of a vertical transistor.in the

i near el ements portion. On the other hand, the sectional portions at the
righthand side illustrate the fabrlcatlonsiﬁgm of the IlL elenents,
"Ee0|ally, the fabrication steps 10 of the lIL elenments at t he portion.
en along i | nci dent II t he_ par ém5|zed synbol s
)

or. numeral s. cSE?éEﬁSﬁﬁytﬁn?hﬁgﬁ IRTRIrITPR den E? of t First' of
all, as illustrated h@ EI QP%Zg&nﬁ?,&%é\*{é@ﬁéM Ljffg ﬁ?\ow%m' nony S

selectlvelylntro- duce pe siTicon su avihg a

speci fiic resi shapsg. of G011 bEUELEHMINS LY .44541%{8 4 g egl ons 11

and 12. Moreover type Itnpurity having a relative di f f usi on

coefficient 2§asHeh78s PROSDPS! Ua ito Sﬂf,ecéﬁé/eﬂébﬁlﬁﬂéldl#&‘iﬂdﬂso the N
~-type region 12 so as to increase the current anplification factor of the

i nverse trgnsastthe lefthamd® éideEiIiﬁﬂﬁfatéfﬂhefﬂubﬁﬂuaﬁﬂdestEwﬁe region
13 of a vertical transistor in the llnear elements
portion. On the other hand, the sectional portlons
at the righthand s;de illustrate the fabrlcatlpn_steps
of the IIL.elements, especiaily; the fabriéatioh'steps
10 of the IIL elements at the portion taken aiong line
A - A' of Fig. 5. Incidentally, the parentﬁesized
. symbols or numerals.cprrespot&'to those appearing in
Fig. 5. _ S '
‘ :(a)__ ‘First of all, as illustrated in Fig. 7a, an
- | 15 N-type—impurlty such:as . antlmony is selectlvelywlntro-
duced into a ?-type silicon substrate 10 having a
- specific resistance of 20 to 50 fim thereby to form
N+-type regions 11 and 12. Morebver, an N-type
_ : impurity having a'reletively high diffusion'coefficient
2Q'euch as phosphorus is_seleetiveiy introduced into the
N+-type region_l2zso as ‘to increase the curfeﬁt
amplification factor of the inverse transistor Q2 in
the IIL elements, thus ferming an N+-type regien 13.
Incidentally, this N'-type region 13 may be formed

25 by the ion implantation. After that, the silicon



InchéntaIIy, this Nerr]-type region 13 may be forned 25 by the ion

i npjagt ation. After that, the silicon -14- substrate 10 has its whole

sur > fornmed with an N -type epitaxial layer 14. This epitaxial |ayer 14
has\d/specific resistance of 2.5 [err] mand a thickness of about 13 [err].

5 (b) As shown in Fig-. 7b, the epitaxial layer 14 has its surface
coated with an insulating film e.g., a sijjcon dioxide (Si) film15 .
having a thickness of 0.8 [err].. This SiJerr] film15 can be easily '
fornmed by theubsitrptexildi hasgitkewholéasardhcehEochtawiah afl | ayer 14.
Moreover, the SiQ2 film 15 is selectively renoved, and a P-type inpurity
such as bor oN r¢ypet epdtesdailnieyeleldxpofhiseppinakabl| dggerll4t hereby to
forma P+-type region 16 for isolation. Mreover, the SiJerr] filmi5 is

sel ectively géﬁnéeéPeESféﬁdr&ﬁ1§¢999§ Pfpdrbtimsand asthhckpeassus is
introduced”in%oékge eigosed'epitaxial | ayer 14 thereby to forman N-type
region-17. TREs >rBgion 17 is formed. by the ion inplantation so as

o haEr L Db A Rk O LSEAR' 8L D NYESE LS ST,
in Fig. 7c, hhs §E§)sﬁffﬂ&éscégkgﬁtQYEﬁyan insulating film, e.g.,
a siiiqon dioxidé (Sioz) film 15 having a_thiCkness
of 0.8 F. This SiOé film 15 can be eﬁsily formed
by thermally oxidizing thé surface of the epitaxial
10 léyer 14. Moreover, the Si0, film 15 is selectively
removéd,_and a P-type iﬁpurity such as boron is |
intro&uced.info the exposed epifaxial layer 14 thereby
to form a'P+ftype region 16 for isdlation. |
Hbreo#er, the Sioé_f;lm 15 is selectively removed, .
15 and an N-tyéé impﬁrity such as phosphorus is introduced
into the exposgd-epitaxial.layer 14 thereby to form
an N-type region 17. This N-type region 17 is formed.
by the ion'impiantation so as to increése-the current
" amplification féctor of the inverse transistor ng
20 similarly to the aforementioned Nfétype region 13.
(c) - As showp in_Fig. 7c, the Sio2 film is selectively
removed so as to reduce the collector resistance of
the transistdr ébnstructing the linear circuit, and
an N-typé impurity (e.g., phosphorus) is introduced

25 into the exposed epitaxial layer 1l4. By extending



* 2 renoved so as. to reduce the coll ector

[

constructing
i's introduce
and diffusin
the N -type
the N -type

-fegion 17 ar

T7 into cont
contact with
region 16 an
19 which is
As shown in
region 17 is

10

resi stance of the transistor

the linear circuit, and an N-type inpurity (e.g. phosphoru,
T5

d 25into the exposed epitaxial |ayer 14. By extendlng

g that P-type inpurity, an N -type region 18 to contact Wit b, 7
region 11 is formed. In this extending and diffusing operatlon
regions 11, 12 and 13, the .P.type region 13 and the 5 thype
e extended to brlng the N -T Be region 16 and the N-type region

i Y LR BT, 2 et 3!2335;1&"9%@%39%89%%@ :Fji‘i;’pe |
g#ectr|(éﬁq§% k{'g'latg%‘ f%gﬁﬁgﬁé Pgﬁggbséﬁfégf? g@??foﬁn (gsglon

M0 enfid é&déﬁaﬂni'dm@ h&&@hs&ﬂ&”&ée?ﬁtibﬁ sypbagt- péhe N-type
sel ectively renoved, and a P-tfype |npur|ty (e.o. oron)

i ntroduced i ntesgitds a&poaadathlpe kﬁglPﬁ-£§pbheégh¢ntm3fand1ahéerr] type
regi on 20 having a sheet resistance of 13 [err]- This P+;type region 20

region 16 and the N-type region 17 into contact w1th
each other and to bring the P-type reglon 16 into
contact with the P-type substrate 10. By this contact
between-the P;tyPe region 16 aod the P-type subetrate
ld, there is formed an island region 19 which is

electrically isolated from the linear circuit portion.

' (d) . As shown in Fig. 74, a $i0, film 15¢ formed -

15

on the surface of the N-type region.l7 is selectively
removed, and a P-type meurlty (e. e boron) is

1ntroduced into the exposed N—type region 17 thereby

' to form a P-ftype region 20 having a sheet resistance

20

25

of 13 f/Q. - This P*-type region 20 forms the injection
(or emitter) region of the lateral transistor Q1 in
the IIL element. On the other hand, that P+-type
region 20 is formed simulteneously with the emitfer.
and collector regions (although not shown) of the
lateral transistor in the linear elements portion.

(e) As shown in Fig.-7e, the sio, films 15 and

15' are selectively removed, and a P-type .impurity

_f orns thes njNedtyiren Hegdocanili?t exe exgeodedf tohbriagethe Nrabgpetor Qin

(e.g., boron) is introduced into the exposed epitaxial

is 15



the 1L element. On the other hand, that P -type 20 region 20 is forned
ueaneously with the emtter and col l ector regions (although not shown)

Nateral transistor in the linear el ements portion. (e) As shown

e, the [err] filnms 15 and 15' are selectively renoved, and a P-type

i mpurity 25 (e.g., boron) is introduced into .the exposed epitaxial < -16-

| ayer and N-type region 15 and 17 thereby to form P-type regions 21, 22, 23

and 20" having a sheet resistance of:HIB{err] The P-type region 21 forns <

the base region of the vertical transistor in the 5 linear elenments '

portion. On ‘a¢¥ent3nd ¥nhpe t#ﬁﬂ’fm%y]p?e anehiloh £herehyy t93 5% ™n t he col | ect or
region of the |ateral fransjgs base region . of the inverse
transi stor ir r{PHOtFIF TS 11 ?{z'e%@fﬂa%%%s as 108 & FeS$% om the Fi gure,
the P-type r 0 0 elp 'Sﬁﬂ IMPG GG ONn 20 as to
determ ne the a%%glgmcedt%f %d?ggiat \g;ha tr | St ro[nerr %t 5§%t her-with the
P-type reqi %%é@%&;’ionﬂ@f f&fér&f-émbc%h tehalnsRslodie inf@hen 20" is very

~important for ensuring a predeterm ned base w dth. 15Specifically, one

- phot oet chifq iveedyr | S1 etk pBY Hiltm f OlomRitheN Dtdfert hand,t ype regi on 20' and
the P-type

P-type regions 22 and 23 form the collector region
of the lateral transistor Ol and the base-région of
. the inverse;transistqr Qz_both_in ﬁhe IIL elements. -
As is appa:ent'from the Figure, the P-ﬁype regidn'zd'
10is made so wider than the P+-type region 20 as to
determine the base width of'tpe lateral transistor
Q, together with the P~type regions 22 and 23. The
formation of'thaﬁ P-type region'ZO' is very
impqrténﬁ for ensuring a_predetermined base width.
15 specifically, one photoetéhing mask is used upon
the formatibns of the PQtype region 20' and the P-type .
regions 22 and 23. AQ é result, therefis no dispersion
in the base width. Unléss the gfﬁype region 20" is
formed, thelbase width of the lateral transiStor Q
20 i determined by the P+¥type.region 20 and the Pitype
regions 22 and.23. 1In this case; however, ééparate
photoetching masks are used to form ‘the P+—type region
20 and the P~type regiohs-zz and 23. As a~re5ult,.
the dispersion in the base width is remarkably enlarged

25 by errors in the registration of the masks or the like.



“regions 22 and 23. As a result, there is no dispersion in the base width.
Unl ess the P-type region 20' is forned, the base width of the |ateral '
transistor [err] 20 is determined by the P -type. region 20 and the Pge

*regions 22 and: 23. In this case, however, separate photoetching masks /
used to formthe P +type region 20 and the P-type regions 22 and 23. As a

-result, the dispersion in the base width is remarkably enl arged 25 by
errors in the registration of the masks or-ghe Iike. -17- (f) As
SRown in Fig. 7f, the SiQ filnms forned on the surfaces _of the P-type
regions 21, 2fland 2§ SPOWReidcFigel EretBPe§i0andLiRsNEPYBELi ABurity

a2 P Eéff e Foranen ee?@ig%ffet %%,99%@?3%2; P'z%’yﬁf:%ar 3 g-ﬂrﬁle%.ztl’y;)ezz
[T ansi stor . Gty wRlncked, TRl apUR RV BEPIRBRERON) (420 00 26 rorm

the output refid¥thdeds)t 18 GRkr-6aLAEES §HE8”S$§°éx tsé&epﬁé%’ﬁfgér}}eii d

inverse tranSistor 2. After that, electroge 0 38 ar or the
regions 24 2L, B2 ah@ 235thd3eebdOto2Eormdn?Srypespegibngl g4, #6jer that,
al t hough not shown, the S|Iicon_sgbstrate 10 is coated with an interl-ayer
insul ating fidém 2¥dendf 28. The N ~type region 24 forms the emitter

region of the aforementicned verticéi transistor. On

the other hand, the N'-type regions 25, 26, 27 and 28

form the'oétput regions (or the collector regions) of
10 the aforementioned inverse transistor Q,- After thaﬁ,

electrodes 29 to 38 are formed for the regions 24, 21,

18, 16,.25,;26, 20, 27 and 28, respectively. After

that, although not shown, the silicon substrate 10

is coated with an_interiaye; insulating film made of
15 a material having an.excellent moisture-resistance

such as polyisoindoqﬁinazolinedione (i.é. a

polyimide resin ), and a second wiring layer is formed

on that interlayer insﬁlaﬁing film. The resistor:

portion R shown in Fig. 5 exists in a portion of the
20 P -type region 20 because tﬁe eléctrode'is not formed

all over.the surface of-thé P'-type region 20, as

is appa:ent.from Fig. 7£. |

The IC of Fig. 5 is fabricated by the steps
thus far.desqribed. o |

25 "+ - In the method thus far described, incidéntally;



15 a material having an excell ent noisture-resistance such as o
pon|SO|ndqu|nazoI|nedlone (i.e. a polyimde resin),. and a second wiring
layer-is formed on that interlayer insulating film The resistor portion R
shofighn Fig. 5 exists in.a portion of the 20 P+-type region 20 because the
de is not formed all over the surface of the P+- type region 20, as

| S. 8 ...rent fromFig. 7f. The .IC of Fig. fyg-s fabricated by the steps thus o
far described. 25 In the method thus far described, incidentally, -l

-18- th L N S f or med m
t he steg kgﬂeﬁﬁlgﬁﬁéegéaﬁorﬁg gtgt %@é% t? q£e£§§ épn%ousfy&a%th t he

P-type regi ong Rét 28raed 28 tRe step (d)“%thé @&pféﬁﬁlédféf?mthe met hod
thus far described, especially the formation of the resistor portion R
needs no spethal sﬁdﬂl (epnedmubt&peously bel tieghd cpetfpe Yragivmyed nerely by
| eaving the surface of the .portion of the injection region 10 20 not coated
‘with the netal,| ayeand T&2. present invention should not be linted to the

enbodlnent thus far_described but may be con- i
5 As is now apparent from the method thus far

described,_especlally_tne formation of the resistor
portion R needs no special additionall | |
step but may be easily achieved merely by leaving
the surface_cf_tne portion of the_injecticn reéion

10 20 not coated with the metal -layer. .

'Thé present_invention should not be limited
to'the_embodiment thus fa: described but may be con-
ceived.to have such modificeticns as will be described
in the following, as well -as other possible modifications.

15 (1) : The Ic sﬁown'in Fig. 5 is constructed such that -
the hlgh speed IIL elements portion and the low speed
IIL elements portlon are connected in cascade but may
be modified such that the high speed IIL elements
portion 20 and the low speed IIL elements portion 2b

20 are connected in_parallel, es shown in Fig. 8. In ..
the same Figure, incidentaily,'portions corresponding
to those of Fig. 5 are indicated at identical reference
symbols and“numerais, The IC of Fig. 8 is formed by
absolutely the same method as that of the IC of Fig. 5.

25 (2) ‘Figs. 9 and 10 are top plan views showing the



ceived to have such nodifications as will be described in the f ol | ow ng,
wel | -as ot her possible nodifications. 15 (1) The IC shown in Fig. 5}
constructed such that the .high speed IIL elements portion and the | ow
speed I'TL el enents portion are connected in cascade but ‘may be nodified=
such that the high speed IIL elenents portion 20 and the | ow speed I|IL
el enents portion 2b 20 are connected in paﬁgllel, as shown in Fig. 8 In.
the-same Figure, incidentally, portions corrfésponding to those of Fig. 5
ake i ndicated at identical reference synbols and nunerals. The IC of Fig. 8
is formed by abddfiedl gohberaatton®tbpdtite 1imte Démdhies Igowdidig. 5. 25 (2)
Figs. 9 and 10 are top plan views showng the - -19- nodified _ :
constructi onsrespehtivélyel cBepesiably ) dhigs % podws/ cthe ncxbiefied |y, Fig. 9
shows the nodified construction of the resistor portion Rforned in the IC,
in which the RPBAtspetion|ef cthecyesishor portinn R'tfnrmedy pdde | | L

el ements portign are connected jn cascade,_as shown in Fig. 5. On the other

hand, Fig. 10IShotR YRICRoERe|Righ FR9% AT rlAments RSN 3t ti on
Rfo dint | I 0 whi he, hi gh J1L el t jioon.and th
1 el ol Qo e DSOS AL e s and

Fig. 8. cascade, as shown: in Fig. 5. On the other hand,

\

Fig. 10 shows the modified constfuctign of the resistor
portion Rf?ormed in the IC, in which the high-épeed
IIL elements portion and the low speed IIL'eleﬁents
ld portion are connected in parallel, as shdwn in Pig. 8.
In Figs. 9 and 10, portiéns corresponding to those
of Fig. 5 are indicated at identical referehce symbols’
and numerals. . | '
| A resistor portion R' shown in Figs. 9'and_io;
15 is-fqrmed simnitaneously with the.output regions (§r
the -collector regions) OUTl and.OUTz. Morg specifically,
that resistor portibn.R' is selectively formea'in"the
injection region S simultaneously with the N+htype
regions 24, 25, 26, 27 and 28 shown in Pig. 7f. Inci-
20 dentally, referegéelletters'CHl, CH,, CH, and CH,
indicate contact holes whiqh are formed in the in-
sulating film (i.e., the Si0O, film) 15.
Fig. 11 is a section taken along line B - B’
of Figs, 9 and 10. In the same Figure, the injection

25 region 5 is formed simultaneously with the base region



In Figs. 9 and 10, pbrtions corresponding to those of Fig. 5 are indicated

“idgntical reference synbols and nunerals. A resistor portion R shown in
Flgsﬁ'_ and 10 15 is forned simultaneously with the output regions (or the
col Ife regions) OUT1 and QUT2. Mre specifically, that resistor portion
Rl i cfectively formed in the injection region 5 sinultaneously with the

regions 24, 25,. 26, 27 and 28 shown in Fig. 7f. Inc¢ci- 20 d

entally,

reference letters CHL, CH2 CH3 and CH4 i-@d@i-cat e contact hol es which are s
formed in the in- sulating film(i.e., the SiI film 15. Fig. 11 i

section takedf atlmgrerticdl -tRingifstoin THnd.itbard eldema®e Figure, the
I njection 25 region 5 is fornmed sinmultaneously with the base region

of the vertimﬂﬁtionuunﬁnwnvérbtﬁhaﬁiﬂnjactﬂannrdgiqnnﬁimuy beHowever ,
injection region 5 may be fornmed sinultaneously with the emtter and

col | ector

r

el Finwdanaausdly mwidisitheoenitter andeollectarenen

portion. Accordeﬁ%to t enbodl nt under consideration, the resis

portion R' B9

H@s&tsé:qrn\}é’rs?@leylﬂ-in@%d from t

standpoi it of; JhGide portlon.

10

15

20

25"

According to the:embodiment.under censideration,
the resistor portion R" and the injection region 5
are ihversely,biased from.the standpoint of their
potential because they are made qf the Nf—typelregion
and the P-type region, respectiveiy. As a.result;
the resistor pertion R' can be ' used as

the’resistOr. Moreover, a.resistor having a low -

‘resistance can be easily forme&;

(3)  Fig. 12 is a top plan view showing a modified
construction of the other IIL elements portlon. And,
Fig. 13 is a sectzon taken along line C - C' of Flg. 12.
In Fig. 12, incidentally, portions corresponding to
those of Fig..5 are indicated at identical reference
symbols and numerals. | |

According to this embodiment, as is apparent
from Fig. 12, the'injection region 5 and the'bese:

regions B, B,, B, and B, are enclosed by an NT-type

‘region 100 having a high impurity concentration, which

is formed simultaneously with the output regions OUTl

~and OUT2 except portions where the injection fegion 5

s a ),

-20-
t hat

ts
tor
he



“potential -because they are made of the N+ -type region 10 and the P—type
region, respectively. As a result, the resistor portion R can be

used as the resistor. Mor eover, a resistor havi ng a | ow resi st ance canSh

veasily forned.

(3) Fig. 12 is a top plan view showing a nodified 15

construction of the other IIL elenents portion. And, Fig. 13 is a section
taken along line C- C of Fig. .12. In Fig. 12, |nC|dentaIIy portions
eorresponding to those of Fig. .5 are i ndi@deed at identical reference

ynbol s and n
parent from

B3 and B are enclosgﬂe r691 J_0]".,y3 ERgLORT1P
concentrati on,

B Wk, il cogignd T8 £478,. Pobll SneTRRLRER!, o5 15 o,

i ob regrén asé regions B

aVagfoR 1@ caAPUrI ty
which 1s forne S|nu t aneously gfth tﬁe out put regions QOUT1

25 and OUT2 exe@RicePRhki 285kV\BEl BakPers| £6anSVerE81P 0P the - -21-
and the base regions [err] to [err] face one another. The provision of

that. N -type ﬁegecmleOregmoneauandthhelBakeotegﬁmusemf iversely of the
eby t

injection region 5 and the base regions B1 to B5 th

further speed

up the opes at tberebydteecfurthenespeedrupotbenppévation and reduce

10

15

20

25

the power consumption.

(4) As shown in Fig. 14, resistor portions Ra, Rb
and Rc having different resistances may be .connected
with respecti%e injection portions 5a, 5b and Sc so

that different injection currents may be estabiished

‘at the respective injection portions 5a, 5b and 5c.

Incidentally, those resistor portions Ra, Rb and Rc

adopt a variety of constructions, as has been speci-"

fically_des¢ribed.hereinbefore.

{5) The present invention can also be applied, as
shown in Pig: 15, to the IC which is formed.with the
independent injection regions 5a and 5b for the IIL
elements 2a and 2b, respectively. More SPeCifigally}
the respéctive IIL elementé'Za and Zb'are connected
with the sinéie injectién éurrent source 7 through a’
metal layer 6, and especially the IIL element 2b
adapted to oéerate at a low speed has its injection
region 5b forming the resistor portion R. This
resistor portion.R-can also adopt a variety of such

constructions as have been specifically described



(4) As shown in Fig. 14, resistor portions Ra, Rbo and Rc having

+ent resi stances may be.connected with respective injection portions
Jptand - Sc so 10 that different injection currents nay be established at
pEdpective injection portions Sa, Sb and 5c. Incidentally, those
r portions Ra, Ro and Rc adopt a variety of constructions, as has
been speci- fically described hereinbefore. 15 (5) The present
i nvention can also be applied, as shown in-#y. 15, to the IC which is
formed with the independent injection regions Sa and 5b for the 1L
el enents 2a herei ,eéégbectiVely. More specifically, the respective IIL
el ements 2a gnd 2b @ﬁ&&?%&@%i't Si Y I50 rent
- source 7 thrgdl}gh aiﬁr{eefa ayer 6, anggnetskpteégx%asl If%g!t ;&ee'sﬁrﬁ.‘fateeide%g%}[é%b adapt ed
to operate aiged dOWhE Wit hductorirdelion] Wadichn i3b foem@dngnt he resi stor
portion R This resistor portion R can al so adopt a variety of such 25
const ruct i orheasend\condetorpsublsitraltle)y, tatcshbadd not?2Be NdmdiceBefore. (6)
The resistor portion R thus far descri bed nmakes use of . the sem conductor
regi on, 8hi diheretioor ndthaitn relsd stori pordionoR malysbeage semicosdogtdrnot be
limted ' '

S

" region such as the polycrystal;ine.Silicon.whichfis formed
on the-surfacé of the insulating fiim over the semi- .
-conductor substraté. The use of that polyérys;alline
silicon is effective for the IC which includes an

10 insulated gate type field effect elements portion

. other than ﬁhe linear elements portioh. Specifically,
the polycfystélline silicon used as the.resistdr.portion
R can be formed simultaneously with the gate eleétrode

' of_the insulated gate type field effect elements

15 portion. Incidentally, this insulated gate type field
effect_elemeqts_porﬁion is constructed of an N-channel
MISFET, complementary MISFETs or the like.

As has been apparent from the description thus
far described, the present invention is effective in

20 the ;C having the IIL elements portion and is remarkably
effective where' the number of the IIL elements in
the low speed IIL elements portion 2b is far lafger
than the number of the IIL elements in the high speed
IIL elements portion 2a. This is because the power

25 to be consumed at the low speed IIL elements portion

————
. ———— ——



5 thereto. That resistor portion R may be a sem conductor region such as
the polycrystalline .silicon which is forned on the surface of the N
Jinsulating filmover the semi - conductor substrate. The use of that ‘!?§
polycrystalllne silicon is effective for the 1C which includes an 10 "»‘
i nsulated date type field effect el enents portion other than the |inear,

el ements portion. Specifically, the polycrystalline silicon used as t-he.
nesistor portion R can be forned sinmul ta®8ously with the gate el ectrode of

hee Pi!hf‘éﬁﬁ?ﬁéﬁ A Tariey Ronbas: O Gran ity LamehtRseBneer uct co o an
- N-ch |- FEL ik
from the descH! .oréﬂ%lﬁ?g%%esﬁ 758 i noelhe MoleReRRERLTLE

in 20 the IC ﬂHht e |IL elements portion and is remarkably effective
where the nunber of t le-11L elements in the | ow speed IIL el ements portion
2b is far larger than the nunber of the IIL elements in the high speed IIL
el ements portion 2a. This is because the power 25 to be consuned at the |ow
speed I|IL elenments portion -23- 2b having a large nunber of the IIL

el ements can be sufficiently.reduced by the existence of the resistor



portion R -24- CLAIMS: 1. A semi conductor integrated circuit device
conprlsing: a sem conductor substrate; a first IIL elenments portion 5

$ njection current; a second IIL elenents portion forned in said
sem\dadnduct or substrate and arranged to be operated by a second inj'ection
currenat different fromsaid first injectagn current; injection 10 regions 5
for said first and second IIL elenments portions being connected with one - P
injection current source; and means for establishing said second injection \/
current being part of or connected with at |least the injection region for

sai d second |¢tLAEMSEENtS portion. 15 2. A sem conductor integrated

circuit device according to claim1l having one sem conductor substrate in
which are forned a |linear elenments portion and.-an IIL el ements portion

whi ch includes said first_ and_second |IL elenents 20 portions. 3. . | A
‘sem conduct or 1t nt egrét ERPEFPRWT P AL FRARH T I e I8eViHCE GPMBFASARS:
wherein said second II& elenents_@ortion ié.arr%ﬂgpd to be o er%ted at a

u bs irst s portion .

| ower speed t fgfemiconductor su rate; a elemen

| 5 formed in said semiconductor substrate and arranged to be
opérated by.a first injection current; a second IIL |
elements portion formed in said semiconductor substrate and
arranged to be oﬁerated'by a second injection current.
different from said first injection. current; injection

10 regions for said first and second IIL elements portions
being conngcfed with one injection current source; and
means for establishing said secohd injection current being
‘part of or connected with at least the injection region fo;
said secénd IIL eléments portibn. |

15
2. A semiconductor integrated circuit device according
to claim 1 having one semiconductor substrate in which are
formed a linear elements portion and an-IIL elements

'~ portion which includes said first and second IIL elements .

20 portions.

3. A semiconductor integrated circuit device according
to ¢lainm l”o; claim 2, wherein said second IIL elements
portion is arranged to be operated at a lower speed than'
.25 said first IIL elements portion,.and wherein said second
injection current is lower than said first injecﬁion

_current .



25 said first IIL elements portion, and wherein said second injection
burrent_is | ower than said first injection current. -25- 4. . A A
§eniconductor integrated circuit device according to any one of clains 1Y
and 3, wherein the nmeans for establishing said second injection current ‘i s
provi ded by'a sem conductor. layer which is formed on the surface of an 5
insulating filmover said sem conductor subRstrate. 5. A senmi conductor =
i Aitegrated circuit device according to any 'one of the preceding clains,
wherei n the neans for establishing said second injection current is
provided by a 10 portion of said second injection region which is not

coated with a npfal |ayefemfronductd S aHted IO irphedr abotcel acdbiadryice
raccording to any one of clains 1 to 4, whérein at |east the second 15

i njection regi oto hawy con®rdi wlaing ad @ ahdt, awheeephothdemaans of srcur r ent
to the IIL elenents connected therewith, and the neans for establishing
sai d second i njestabhishinereaid saoondldajegtdopocurvantf isapdovidedtbyna
region which is not coated with the netal |ayer. 20 7. A sem conduct or
device subst ant§¥MISPRAVGHE: iayay rivishn ifi £ermedepentbet surfiacerafi #9s.

5 insulating film over said semiconductor substrate.

5. A semiconductor integrated circuit device according

té ahf one of the preceding claims, wherein_the means for

es;ablishing said second injection-current is provided by a
10 portion of said second injection region which is not coated

with a metal layer.

6., A seﬁicpﬁductor integrated.cirquit device according
to any one of claims 1l to 4, wherein at least the second
15 injection region has a portion coated with metal to provide
uniform curren£ to the IIL elements connected therewith,
and the means for establishing said second injection
current is provided by a portion of said injection region
which is not coated with the metal layer.
20 | -
7. A semiconductor devige substantially as described

herein with reference to the drawings.

8. A method of fabricating a semiconductor integrated
. 25 circuit device, comprising:
the step of preparing a semiconductor substrate

having first and second semiconductor regions of first



sem conduct or
sem conduct or
sem conduct or
second condu
third sem con
sem conduct or
sem conduct or

s\es conpri sing:

A met hod of fabricating a sem conductor integrated 25 <circuit
the step of preparing a sem conductor substrate having
and second sem conductor regions of first -26- conduction type
ed fromeach other; the step of selectively formng an €l ongated
sem conductor region of second conduction type exhibiting the
opposite conduction type to said first g nduction type 5 In said second -

region; the step of sel ecti®vel y form ng both a fourth
region of said second conduction type in said first

!

u .

region and a plurality of fifth sem conductor regions of said

| 0 | r e n  region along said
ucté#ﬁggbtgﬁ% #%glgf%b §%O§e?g§§|§gﬁégforn1ng both a sixth

regi-onnef stipd o Ied%Q{?éMCt E8PmiXBCahNes8hgat O8I tRird
Ffegion and a plurallty of seventh 15 sem conductor regions

of said firstsexdrdncucrort tegion ofi depbudabochitithisgntgpadexhiyitimgons,

respectively;

and the step of coating both the surface of a first portion

of said th|r¢hsemm@@ﬁda@t@pnﬂ@gmennandpehQOSaﬂidcélnstacgeénqu1g@rtymm of

t he same, which is spaced fromsaid
5 in said second semiconductor region;

the step of seledtively forming both a fourth

‘semiconductor region of said second conduction type in said

first semiconductor region and a plurality of fifth

semiconductor regions of said second conduction type in

10 said first semiconductor region along said third

‘semiconductor region;

the step of selectively forming both.a sixth

semiconductor region of said first conduction type in said

fourth semiconductor region and a plurality of seventh

- 15  semiconductor regions of said first conduction type in said

plural fifth semiconductor regions, .respectively; and

the step of coating both the surface of a first

portion of said third semiconductor region and the surface

of a second portion of the same, which is spaced from said

20 first portion, with a metal layer,

wherein a transistor of a linear elements portion is

constructed of said first semiconductor region, said fourth

semiconductor region and said sixth semiconductor region,

wherein a first IIL element is constructed of said

25 second semiconductor region, the first portion of said

third semiconductor region, and said fifth and seventh

semiconductor  regions formed along said first portion, and

vl

-



20 “first portion, with a netal layer, wherein a transistor of a |linear
el ements portion is constructed of said first sem conductor region, sai /.,
fourth sem conductor region and said sixth sem conductor region, whereif
Tirst IIL eleneht is constructed of said 25 second seni conduct or regi on\.
‘the first portion of said third seniconductor region, and said fifth and
seventh sem conductor regions fornmed al aiypsaid first portion, and -27-
mhefeln a second IIL element is constructed of said second semni conduct or
r&gion, the second portion of said third seniconductor region, and said
~fifth and seventh sem conductor regions fornmed al ong said second-portion. 5
9. A nethod of fakirerain ng seced ATldwlierentntiegkahedractedi bfdexige of
any one of claims 1 to 7, substantially as described herein with reference
to the acconpa®§¢erad dfemigrpductpr region, the second portion of said

third semiconductor region, and said fifth and seventh

semiconductor regions formed along said second portion.

9. A method of fabricating a semiconductor integrated
" circuit device of any one of claims 1 to 7, substantially
as described herein with reference to the accompanying
' drawings. .

10




