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TECHNI CAL FI ELD OF THE | NVENTI ON The present invention generally relates to

the fiel dwefo2mldegon | C-technol ogy, and nore specifical | ywdigsgobeosss
integration of 5 active and passive devices in a process flow, especially

designed for bipolar RF-1C s. DESCRI PTI ON OF RELATED ART AND BACKGROUND OF
THE | NVENTI ON Advanced silicon bipolar, CMOS or BiCMOS circuits are used
today for high-speed applications in the 1-5 GHz frequency range, 10
replacing circuits previously only possible to realize using I11-V based

Syetome.  FameopBbeaBR, PRodks ARk: PrEGRRnEd o8feviRCl one” g for

switching currents and voltages, and for high-frequency radio functions,

e.g. for mecaunacarlPiempl bfFyirag, rRveENdedRcti ng functions. To obtain
transistors well suited for e.g. telecomunication applications, not only

alowtransit tinme Ehi_gh fT) is needed, but also a high maxinum
osci | | at i Gef ipviead i oBn 9eges@ Ll medditep &t theyuirdd ofo dbtiger

this, the ty i r st t nl \, rt._an I} - |.m

verti cal sI{Cr_ %c%t% b?ﬁe)fiog t tﬁga i&n(?%‘%na é;%%s%lﬁg’g , tl-'\Rhi gRgenalk%?%&%%%é?%t so%f
col | ector deaswe capdci paseevanddeaseesesift aaceprotisss al SDobe Vesped tally
Because of the electrons high nobility, the main elenment for circuit

desi gn i s depdIReN £PENSILPPSAL REelprBeess is thus designed with 25 a
primary purpose to obtain NPN-transistors exhibiting optinal

characterivgs:'ﬁ I Chh@Uhim d8ss ®5 ifﬁ devi ce
is also neede PT]I‘E'LBNT g@p%g%.?%ﬁg %‘%ﬁ'a Dhigé?l?%%?l?ormﬂ(ng gm&%@ ors WO
02/ 091463 PCT/ SE02/ 00838 2

Advanced silicon bipolar, CMOS or BiCMOS circuits are used today

for high-speed applications in the 1-5 GHz frequency range,
10 replacing circuits previously only possible to realize using
ITI-V based technologies. Their major application area is for
modern telecommunication systems. The circuits are used mostly
for analog functions, e.g. for switching currents and voltages,
and for high-frequency radio functions, e.g. for mixing,

15 amplifying, and detecting functions.

To obtain transistors well suited for e.g. telecommunication
applications, not only a low transit time (high £;) is needed,
but also a high maximum oscillation frequency (£f,.,) and good
linearity are required. To obtain this, the transistor must not
20 only have a short and well-optimized vertical structure, but the
internal parasitics, which mainly consists of collector-base
capacitance and base resistance, must also be very low. Because
of the electrons high mobility, the main element for circuit
design is the NPN-transistor. The process is thus designed with
25 a primary purpose to obtain NPN-transistors exhibiting optimal

characteristics.

To facilitate circuit design, some kind of p-type device is also

needed. It is possible to add high-performing PNP-transistors



to the process designed according to the principles described above, but
such an approach is usually very costly in terns of additional nask |ayers
and procewe oeomabexity. However, for nost circuit designsPCasEIE00sps e
p-type of device 5 is usually enough to neet nost design needs. In a

Bi CMOS process, the PMOS-transistor can .of course be used. In a bipolar
RF-1 C process, |ateral PNP-transistor can usually be obtained w thout any
further process conplexity. v%ile the active devices of the | C process are

cont i nuougly .0 LIRLoxedycthere  s,deetd o guieh Uil i iipr oved. devhce

i sol ation.” For q 3SR OPoH e no o4y ar b21 5uF

i sol ati on abdlle), IbutMAelly asesppPoashi e¥eusnaalloverydlcvradlys Ui agermdIsdéng
STl, conpared' to LOCOS |solat|on hi gher packing density, tighter design
rul es and adsligioparlagiask savars EntirfiRGess Gap¥es#itnt h OMOS and bi pol ar
circuits are achleved see Nandakumar, A. Chatterjee, S. Sridhar, K

Joyner ! w n
uLSl “}%hnol ‘ogi es sl%%? %%?}Tdéﬁgghgg. I‘Bg %rllétgﬁ ATt k%%%fdggn%‘?lf
on the5 et dlsi ngsaaailyefehbugﬂg poceretst apst SdésPfn offersds vagh | aprmmwslt

i n decreased area needed for isolation between circuit elenents. Chem cal
mechani caPTRC&R&ri z&PPonPHPENVPY 2RES SEEEN GRBel 9 uRITSE t e pE6€Ess fRowRto

realize S IE o1t TaELpET r%‘?:‘é%"s P %é‘t(?%fr £5 P 1 GLORS JRIK oK ;%ﬁ%ﬂltl:yveoe
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isolation. For quarter-micron technology and below, shallow-
trench isolation (STI) is widely used to achieve an almost
planar surface. Using STI, compared to LOCOS isolation, higher
packing density, tighter design rules and lower parasitics, and

15 higher yields for both CMOS and bipolar circuits are achieved,
see Nandakumar, A. Chatterjee, S. Sridhar, ZX. Joyner, M.
Rodder, and I.-C. Chen, "Shallow Trench Isolation for advanced
ULSI CMOS Technologies", 1998 IEDM Tech. Dig., p. 133. Although
demanding on the etching and refilling process steps, STI

20 offers vast improvement in decreased area needed for isolation
between circuit elements. Chemical mechanical planarization
(CMP) has been widely used in the process flow to realize STI.

To further reduce parasitics and cross talk for sensitive
analog radio circuitry, deep trench (DT) isolation is used to

25 replace junction isolation between the devices in bipolar
processes, see P. Hunt, and M. P. Cooke "Process HE: a highly
advanced trench isolated bipolar technology for analogue and
digital applications", Proc. IEEE CICC 1988, p. 816. DT
isolation has also been used in CMOS, see R. D. Rung, H.

30 Momose, Y. Nagakubo, "Deep trench isolated CMOS devices", 1982
IEDM Tech. Dig., p. 237, even though it is less common. For



WO 02/ 091463 PCT/ SE02/ 00838 3 high-performance RF-1C s, STl and DT can be
used sinmultaneously, see the international patent application published
as WO 012w664/0fi4nventors H Norstrom C. Bjornmander and PCTH&hzeS3ON). 5
However, when using STI isolation for high-performance RF-1C s, the
previously so successful utilization of the already existing structure to
obtain a lateral PNP-transistor may not e possi ble. When the epi for the
wel |l of the structure is scaled below 1l m in conjunction with ST
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inthe fabrication of integrated circuits, particularly integrated .
circuits ferlesdikeieeqdendy), appl icerijwretiqnmi wath STI isolation (which

10 reaches about 0.5 pum down from the surface into the epi), no
well region is present under the STI isolation on field areas
after processing. Instead, the subcollector is found directly
under the field oxide. Although it is still possible to find
the lateral PNP structure, the base now consists mainly of the

15 heavily doped subcollector region, and consequently the current
gain (beta) will be too low to be useful. Another way to obtain
a p-type device having reasonable characteristics must be

found.

Furthermore, using the STI isolation of today, problems of
20 leakage current between different device areas may arise.
Besides, it may be difficult to achieve very low base-collector
capacitances in the bipolar transistors and a parasitic pnp-
device (extrinsic base/n-well/p-well) of high beta,
particularly if the n-well has very low doping, may cause

25 problems.
SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to provide
a method in the fabrication of integrated circuits, particularly
integrated circuits for radio frequency applications, which

30 provides for effective production of high-quality integrated



30 provides for effective production of high-quality integrated WO

02/ 091463 PCT/ SE02/ 00838 4 circuits including bipolar transistors and MOS
devi ces, wpaewdaed arly PMOS-transi stors and ot her p-type WO®/SHexonsss, by
using a mnimm of processing steps. In this respect there is a particul ar
object of the invention to 5 provide such a nethod, which include a nunber
of nulti-purpose processing steps. To this end, the present invention
conprises, according to a first aspect, a nethod including the steps of: -
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and/ or t WSiSwhst PANETRIBgOENPTrOCeER1BFi SE8PEF on top of the substrate; 15 -
formng field isolation areas around, in a horizontal plane, the active
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| ayer of &FOSCEELRTIc&tOPSi-nsul ating material, preferably a nitride, on the
MOS gate stack and on the active region for the bipolar transistor; 25 -
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pr ef er abl yinstmeapecef, et mkithgd whededinyOtbg/ 68&H630PCT/ SE02/ 00838

- providing a silicon substrate, which may be a homogenous

10 substrate or an epi layer on top of a wafer;

- forming an active region for the bipolar transistor and an
active region for the MOS device in the silicon substrate,
preferably by doping two surface regions of the substrate and/or

two substrate regions of an epi layer on top of the substrate;

15 - forming field isolation areas around, in a horizontal plane,
the active regions, preferably by means of shallow trench
isolation (STI), and optionally by means of deep trench

isolation (DT);

- forming a MOS gate stack on the active region for the MOS
20 device, preferably in the form of a gate polysilicon layer on

top of a gate oxide layer;

- forming a layer of an electrically insulating material,
preferably a nitride, on the MOS gate stack and on the active

region for the bipolar transistor;

25 - defining a base region in the active region for the bipolar
transistor by means of producing an opening in the electrically

insulating layer, preferably by means of etching, wherein



5 - the opening in the electrically insulating |ayer is produced such that
the remaining portions of the electrically insulating |ayer partly covers
t he acti weoreegdass f or the bipolar transistor, i.e. the oWRCEISEPBONSBONS
along the circunference of 5 the active region; and - the electrically
insulating layer remains on the MOS gate . region to encapsul ate and protect
the MOS gate region during subsequent mahufacturing steps, including
particularly steps of ion inplantation, thermal oxidation, and/or etching.

10 Advant agegusl the el.ectrically insulagting |layer. remains also on th
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paral l el plate capacitor fabricated in the process. 15 Still a further
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of an integrated. circuit, particularl nintegrated.circuit for radio
frequency [ﬁﬂ%ﬁﬁ%ﬂﬁﬂnﬁ‘?brghéoPﬁ%ﬁﬁ §°§%&PF8W P@ﬁc%qﬁnc% eFnee of

i sol at pon Wfe actdrld Galgidd;p@na@ transistor conprised in the circuit. 20 In
this respect there is a particular object of the invention to provide such

a nmethod, which provides for the fabrication of a bipolar transistor,
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ion implantation, thermal oxidation, and/or etching.
10 Advantageously, the electrically insulating layer remains also

on the collector plug area of the bipolar transistor.

Preferably, a portion of the electrically insulating layer is
utilized as a dielectric in a parallel plate capacitor

fabricated in the process.

15 sStill a further object of the present invention is to provide a
method in the fabrication of an integrated circuit, particularly
an integrated circuit for radio frequency applications, for
forming a shallow trench for improved isolation of a vertical

bipolar transistor comprised in the circuit.

20 In this respect there is a particular object of the invention to
provide such a method, which provides for the fabrication of a
bipolar transistor, which does not have current leakage

problems.

To this end, the present invention features, according to a

25 second aspect, a method wherein:

- a semiconductor substrate of a first doping type, preferably

p, is provided;



n, for the bipolar transistor is formed in the substrate; - a silicon |ayer
is epitaxially grown on top of the substrate; - an active region of the
second dopDrg/oempe for the bipolar 5 transistor is forned@CIrsEbLES38
epitaxially grown silicon |ayer, where the active region is |ocated above
the buried collector region; a shallow trench is formed in the epitaxially
grown silicon layer and the silicon substrate, where the shallow trench

10 surrounds, in a horizontal plane, the active region and extends

vertically i st.ance, i.nto . the suhstrate; and - the shallow trench:i
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such that the buried collector region extends into areas |ocated
underneath the shallow trench. Yet a further object of the present
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circuit for radio frequency applications, including a vertical bipolar

transistor, 20 whifhei $elgighatsd aesnaf CQW% | oYhL T 2Beh 1 & {10V,
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i ncludes, according to a third aspect, an integrated circuit conprijsing:
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the substraygohas an upper surface; WO 02/091463 PCT/ SE02/00838 7 - a

vertical bipolal transistor formed in the substrate, where the transistor

i ncl udes an active region of a second doping type, preferably n, where an

emtter amd 2 $sklowetfonabd isarfbrmeduin etheolepdtaarialdyi @rom téisl seewnd

dopi ng ty&%yeyheggdthghe silicon substrate, where the shallow trench
10 surrounds, in a horizontal plane, the active region and extends

vertically a distance into the substrate; and

~ the shallow trench is filled with an electrically insulating

material.

Preferably, the buried collector region and the shallow trench
15 are formed relative each other such that the buried collector

region extends into areas located underneath the shallow trench.

Yet a further object of the present invention is to provide an
integrated circuit, particularly an integrated circuit for radio
frequency applications, including a vertical bipolar transistor,
20 which is isolated by means of a shallow trench in a novel
manner, such that an improved performance of the transistor, and

thereby the integrated circuit, can be achieved.

To this end, the present invention includes, according to a

third aspect, an integrated circuit comprising:

25 - a semiconductor substrate of a first doping type, preferably

p, where the substrate has an upper surface;



5 buried collector region is | ocated underneath the active region; - a
shal l ow trench for isolation of the vertical bipolar transistor, where -
t he shal Iwaonenreh surrounds, as seen al ong the surface ofPCris€o2/en888t r at e,
the active region of the transistor, is filled with 10 an electrically
insulating material, and extends verticaL}y fromthe upper surface of the
substrate and down into the substrate to a depth where the buried
collector region is |ocated. The buried collector region extends preferably
t he buried col] ector

into areas | ogat derpeath the shallowtrench,. an

15 is conn_ec% e‘gl%g‘g%ggoﬁlgg? %’f Fﬁ&,%l\%fjfh ftﬁrénc? ' #%u&?%uﬁ%ﬁtﬁw’sh‘ﬁ Fo
trench. FuHehetrahsigeber igldlamed &he d04ieR | p8ga6H affvaat agRdrideassing
will be evident fromthe detailed description of preferred enbodinments of

t he preseftYBenv@RGiGrafilven hethanafaeremiictaheaxd ackadpanye nforhed, and2,

of the préscif i rolifceot YR BR ERR oM et Rt geead g,
5-19, andRAdedl aiod leicglolry relianged ¢bessedsaatieenahtii ens 8kt BvdOrddDon of

a sem conductor structure during 25 processing according to a preferred
enbodi rent of the present invention. Figs. 4b and 20c are SI M5 (secondary
i on nmass §pe€tr8§6559y Brapransthovk TR &ty 9t oftiliees vertagah- vielipobar
top of a RQyried \W0,02(£21463 PCT/ SE02/ 00838 8 collector structure and of
an NPN transistor, respectively, as fabricated according to the preferred
enbodi nent of the present invention. Fig. 20d is a diagramof the
base- col | ecttive chpddiowancenah surirolmdst i as skehaateongl thret stirbade bl tiage
for NPN transi stors i ) . i ) i
substrate, the active region of the transistor, is filled with
10 an electrically insulating material, and extends vertically from
the upper surface of the substrate and down into the substrate

to a depth where the buried collector region is located.

The buried collector region extends preferably into areas
located underneath the shallow trench, and the buried collector
15 is connected to a collector plug, which also is surrounded by

shallow trench.

Further characteristics of the invention and advantages thereof
will be evident from the detailed description of preferred
embodiments of the present invention given hereinafter and the
20 accompanying Figs. 1-22, which are given by way of illustration

only, and thus are not limitative of the present invention.
BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1-3, 4a, 5-19, and 20a-b are highly enlarged cross-
sectional views of a portion of a semiconductor structure during
25 processing according to a preferred embodiment of the present

invention.

Figs. 4b and 20c are SIMS (secondary ion mass spectroscopy)

diagrams showing doping profiles of an n-well on top of a buried



produced according to a production process of the invention (|lower curve)
and according to a prior art production process (upper curve) Figs. 21-22
i 1l ustratwotobeot4ayyout of the nost inportant nasks 10 andPChSEel/@sss i cal
connections to conponent areas of the main conponents as nmanufactured
according to the present invention. DETA LED DESCRI PTI ON OF EMBODI MENTS In
the foll owi ng description, for purposes of explanation and not limtation,
specific details are set forth in order to 15 provide a thorough

under st andj 'ﬁﬁﬁﬂ; i NLko \ [t | rent to.one
skilled i %Jot qee%;trottrh&% the - p%cgeé\% ?ﬁvg%;&?o{%afaéyl%%wp’r a}g ?%Eg |‘ﬁ&o‘{’he?g
ver si ons tfhdtrideped adooaminkes® iecigrefdetaal | ambddimertiesas | fiie opresent
descri bes .a manuyfacturing nmethod for an 20 integrated silicon bipolar
circuit foéPVEP§HOPrequency applications, including NPN-transistors,
nitride and MM (nmetal - insulator-netal) capacitors, and resistors.

Particul arlyy, biag iRf %S%l@ag‘}%ﬁ?karthgnbia&leué&i%Sﬁﬁ%[‘ﬁaﬁ%f@%cé’fas a

integrating 'PMOS transistors into the circuirt wt e purpose of creating
si mpl e5 2Fupcttyipe of tesecesllekicolr biesnevottageyfbor NENr tnatsdesogs. The

i nportance of. selecting a depth of the STI, such that th i.sol ati.on
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Figs. 21-22 illustrate the layout of the most important masks
10 and the electrical connections to component areas of the main

components as manufactured according to the present invention.
DETAILED DESCRIPTION OF EMBODIMENTS

In the following description, for purposes of explanation and
not limitation, specific details are set forth in order to
15 provide a thorough understanding of +the present invention.
However, it will be apparent to one skilled in the art that the
present invention may be practiced in other versions that depart

from these specific details.

This description describes a manufacturing method for an
20 integrated silicon Dbipolar circuit for high frequency
applications, including NPN-transistors, nitride and MIM (metal-
insulator-metal) capacitors, and resistors. Particularly, the
present description illustrates the concept of integrating PMOS
transistors into the circuit with the purpose of creating simple

25 p-type of devices, which are necessary for circuit design.

The importance of selecting a depth of the STI, such that the
isolation reaches down to a highly doped subcollector layer, is

emphasized.



Pol ysilicon resistors Wth reference nowto Figs. 1-22 a detailed
description of an inventive enbodi nent of the process flow for

manuf act Wong/09163 hi gh- per f ormance NPN-transi stors, PMOS- PCASENB0088% and
passive elenments is presented in detail in twentytwo nunbered sections. 1.
Starting material Fig. 1 shows a cross segction of a silicon p-type wafer,
boron doped, before formation of a buried n+ | ayer (subcollector). 15 The
silicon wafer is an epi-wafer, including a substrate 10 consisting of a

hi ghly do ‘pt.waf er avi.ng pi ; stivity of 10 nChntm on
whi ch a I%&gégsg S?Fyééﬁg|é$§rt§§ k%?i%¥%§%e6§%%'been grown. This ep

| ayer is tbypyggl |y 5-10 m thick and has typically a resistivity of 10-20
Chntcm 20 It shall be appreciated that in a preferred version of the

i nventi onet eMOSHW doped silicon layer 12 of p-type is much thicker than
illustrated in Fig. 1. Alternatively, the p-type wafer can be a
honbgeneods| §uasir lafepieril PNE pevkder(daisvead [feeny £MO8) having typically a
25 res'stLvi*y of .1-20 Chntm Note that the term substrate in the sunmary
above as wel 4% CIPRCHeLription and the claims may refer to a
honbogeneoys (%%é?gfggrPCT/SE02/00838 10 silicon substrate or to a
structure wt prtaxial layer on top of a wafer. 2. Subcollector

i mpl ant at eonpd¥ydy 1 BEs ereei sxeods to Fig. 2 a thin protective layer 21 of 5
silicon dioxide is formed on the surface of the silicon substrate 10 by
thermal oxidation, to a thickness of typically 20 nm The purpose of this
| ayer is WatdemaferenceraPectPyv&igser dertlaghi Actatbed afiPREFIDRIBY A&t &

or other Hgggkkﬁb%§ embodiment of the process flow for manufacturing
10 high-performance NPN-transistors, PMOS-transistors and passive

elements is presented in detail in twentytwo numbered sections.

1. Starting material

Fig. 1 shows a cross section of a silicon p-type wafer, boron
doped, before formation of a buried n+ layer (subcollector).

15 The silicon wafer is an epi-wafer, including a substrate 10
consisting of a highly doped p+ wafer 11 having typically a
resistivity of 10 mOhmcm, on which a low-doped silicon layer 12
of p-type has been grown. This epi layer is typically 5-10 um
thick and has typically a resistivity of 10-20 Ohmcm.

20 It shall be appreciated that in a preferred version of the
invention the low-doped silicon layer 12 of p-type is much

thicker than illustrated in Fig. 1.

Alternatively, the p-type wafer can be a homogeneously low-
doped p-type wafer (not illustrated) having typically a
25 resistivity of 1-20 Ohmcm.

Note that the term substrate in the summary above as well as in

the description and the claims may refer to a homogeneous



during the inplant. The layer thickness is selected such that 10 ion
inplantation in a followi ng step can be perforned through the [ayer 21. A
film 22 ovophotasesi st is applied on the wafer surface an@CTsEdyessed by
photol i thography. The purpose of this patterned layer, also called SUB
mask, is to define an area 23 for a 15 by Eled col l ector of a bipolar

transi stor and doped buried areas for MOS transistor 24, and for a
capacitor 25, respectively, by masking subsequent ion inplantation. Next,

ions for i I i .ant ed, r.ef erabl.y enl c
using an et EeRo PR R P A HEEelE R R L B el WG
areas bei rgpdedotzetra®er26 in Fig. 2. (Throughout the description the
annotation XXEYY will be used instead of XX * 10YY.) The energy has been
sel ected such that the |ons reach into the silicon through the thin oxide
| ayer on 240 X< SRtatdon ndered to penetrate the silicon on 25
ar eas protected by photo reS|st After inplantation, the photo resist is
renoved by eoMmedEIn & HexrChemepl et @dﬁhlﬁl g@f otkdiRfe d?&@@tSzrtﬂyof
alternatively be used to formthe n+" subcol lector region, e.g.” antinony
(Sb). Howevdricomsi dgoarisleni ¢s afbomed reslstheltgufﬁaca gofenthayesilicon

t hi ckness can be WD _02/09 63 PCT/ SEQ2/ 00838 11 obt ai ned, mhlch IS

advant ageSUSSEEA R WK ¢ .OFH9RTLo% 0l FRcfort NSSS QF AP ety
si deval | o@l I et théu{aﬁt:gage FARAEI S ADEFer AiSO, 1.1 HEBy ngsdiaf fishddod 14 of
arsenic is higher than Sb, a shorter drive-in time and | ower tenperature
is 5 necessaen t egabhaitn capxd’e&nxmttsmtmddy eotedralim obirl eotBer Submmit et @s

ive-i e iisol ati i mpl ant Nex t.hr ee- st
ge;rettga%ﬁ% OXI %ﬁ% afang ¥Re layer éﬁlckn ss Rs se&ec%e such éﬁgt
10 ion 1mplantatlon in a following step can be performed through

the layer 21.

A film 22 of photoresist is applied on the wafer surface and
patterned by photolithography. The purpose of this patterned
layer, also called SUB mask, is to define an area 23 for a
15 buried collector of a bipolar transistor and doped buried areas
for a PMOS transistor 24, and for a capacitor 25, respectively,

by masking subsequent ion implantation.

Next, ions for the doping of the subcollector are implanted,
preferably arsenic using an energy of about 50 keV and dose of
20 about 6E15 cm™®, the doped areas being denoted by 26 in Fig. 2.
(Throughout the description the annotation XXEYY will be used
instead of XX * 10¥.) The energy has been selected such that
the ions reach into the silicon through the thin oxide layer on
unprotected areas, but is hindered to penetrate the silicon on
25 areas protected by photo resist. After implantation, the photo

resist is removed by common wet or dry chemical methods.

Other n-type dopants may alternatively be used to form the n+
subcollector region, e.g. antimony (Sb). However, using arsenic

a lower resistivity for a given layer thickness can be



First a 600 C anneal is used to recrystallize the damage in 10 the

i npl anted area. Next, a high tenperature drive-in at about 1100 Cis

per f or mredwotoe/o9mai stri bute the arsenic inplanted in the skoE®GEEWS , such
t hat doped regions 31 as shown in Fig. 3 are obtained. The tenperature is
then | owered to about 900 C, where an 15;oxidation is done in a wet

at nosphere. Since highly doped n- type areas have a hi gher oxidation rate,
on the areas inplanted wth arsenic a thicker oxide ( 170 nm wll be

obt ai ned [ n on r ( ce_sili

at ons mﬁE%t%€n§%§SU§§ﬁEgurEhgagﬁ?é%gggg ?lgﬁ%ﬁotég é%%étep ék?r
wi Il remaicolilectis Sideisderasidiel agadaf l@Wefen@ﬂ@éW@Ilt twom@@la)r éﬁﬂ%tﬂ"@tfé nt
will later serve as an alignment mark at, a subsequent |ithography step.
Convent i of@Plegitange- eiffor £ GhalRi s iney a%ealb?enllcloveﬁ digheied
for this shal I8, creal@auid CLenbby ;i ahingS MEPSoRy! NLEKSL hDhEEE! i
oxi de has an to’be grown prior fo arseniC [ nplantation. The oxI

pat t ernednageéselaeiedd obtiafd ne dusgired mﬁﬁmmcﬂ@glmlm.er eupon a thin
screen oxide is grown in etched openings prior to inplantation. The major
contribution to the allgnnent step in the S|I|con comes fronlmo 02/091463
PCT/ SE02/ 838 subg .,. QY iNe-in - anc LEa and, 2 L

regi ons. ng the Iomer OX|dat|on tenperature as descrlbed in Y.-B
Wang, P. ﬂ‘@#sl%%% nd J. V. Gahn, "Arsenic Enhanced Oxidation and

Ef f ective Control of Buri ed Cbllector Step”, 196th Meeting 5 of The

El ect r ocht¥eixdal aSddireters(tdgndiadtu, tidmtanent G almede 17- 22, 1999), a
sinplified process flow without the need of separate |ayers for creating

al i gnment narks CaQOBe %? anneaefgéeugg Vlngréggyséaffizg @hgy%%mage in
|nplantatF

10 the implanted area.

Next, a high temperature drive-in at about 1100 °C is performed
to redistribute the arsenic implanted in the subcollector, such

that doped regions 31 as shown in Fig. 3 are obtained.

The temperature is then Ilowered to about 900 °C, where an
15 oxidation is done in a wet atmosphere. Since highly doped n-
type areas have a higher oxidation rate, on the areas implanted
with arsenic a thicker oxide (~170 nm) will be obtained here
than on the non-implanted areas (~70 nm). Since silicon atoms
will be consumed during this oxidation 40-50 nm high steps 32
20 will remain in the silicon surface after removal of the oxide.
The imprint will later serve as an alignment mark at a

subsequent lithography step.

Conventionally, a one-temperature oxidation in the range of
1100 °C is used for this step. To create sufficiently high
25 steps, a thicker initial oxide has than to be grown prior to
arsenic implantation. The oxide is patterned and etched to
define buried collector regions, whereupon a thin screen oxide
is grown in etched openings prior to implantation. The major

contribution to the alignment step in the silicon comes from



consisting of boron at a typical energy of about 120 keV and 10 dose of
8E12 cnR is perforned, the resulting p-doped regions being indicated by 33
in Fig. 3woDheidnpl antation is performed wthout any maskCT/REe2/@s88 gy and
dose is selected such that, in the n+ subcollector arsenic doped areas 31,
the inplanted boron is substantially not,affecting the doping Ievel (the
nunber of 15 donor atons will essentially be unchanged). In the areas

bet ween the subcol | ector areas, however, noderately doped p regions 33 are
f or med, i i1l i e i.Qn 1 ach .ot her.,. |t | e
poi nt ed ‘Qfﬁff{ﬁ?‘gie% ?’gi%%sg%gﬁiéﬂt %%gfe%p?nt?eﬂé\i&?Egngo%?ﬁgkafocﬁléirreen]ts(?%ln‘l)e%g'
p-type | mEyarisinorrnd oeir aiiaidat idiirdnmned tey] cas dysdnidsedsimoy i be.
initial doping |level of the starting material, fromlowWy p-type to
noder at el Y3y g TRIRRRr | 2RRed e oV e LG o-"SHFA S @W%a@?&k@a’ﬂ%
the n+ 5%‘?@“"1&%@{1 &%&%983!‘“0%035?%8' c%‘i‘i%tcﬁc%ﬁ_»e’se@él'i, | 1 SUE N A e 4 25
be hi gher. The general procedure how to nake Subcoll ector 'n+ regi ons and

i n- bet SreeH-Tieyi BhectsoahenishdWsddiddy paiemd1 vl 3/4H840it9 Cdvsdyaannl7-
This patent, however, refers to Sb-doped |ayers, and  the alignnent step is
created i #%a cdAvéiti oftal SWBRLUEIREG PTrEEeTH t flR oxildd oyt | her . need of

02/ 091463 P / i jdi . iyl antation Th
oxi do 21 PE TP ERad IRr et &b B e ekl M 7y

The previously described steps 32 at the silicon surface will appear, and
an undoped@efiorter | nsemdPvhnepi ttdvel alosidle conal ayertvide hdwnng iamp hamckaessn pf
about 0.5 to 1 mis own on the surface uUsing commo techni%ues, see Fig.
4a. The | §P&SALEIRE %tBPﬁaiﬂi\?ayabEYﬂl?ﬁﬂL;ee&gﬁgér i #Cthel<0 kev and

10 dose of 8E12 cm? is performed, the resulting p-doped regions

being indicated by 33 in Fig. 3. The implantation is performed
without any mask. The energy and dose is selected such that, in
the n+ subcollector arsenic doped areas 31, the implanted boron
is substantially not affecting the doping level (the number of
15 donor atoms will essentially be unchanged). In the areas
between +the subcollector areas, however, moderately doped p
regions 33 are formed, which will isolate the n regions 31 from

each other.

It shall be pointed out that it is possible to dispense with
20 the aforementioned p-type implantation and yet obtain
functional devices by increasing the initial doping level of
the starting material, from lowly p-type to moderately p-type.
However, the collector-to-substrate capacitance, from the n+
subcollector region down to the p- substrate, will in such case

25 be higher.

The general procedure how to make subcollector n+ regions and
in-between p-regions is also shown in US patent 5,374,845 to
Havemann. This patent, however, refers to Sb-doped layers, and
the alignment step is created in a conventional way using a

30 nitride-oxide bi-layer.



epitaxial growmh. A typical doping |level would be about 1E16 cnB. In the
US patent 5,374,845 to Havenmann, the corresponding 10 epitaxial |ayer is
lightly owpedofaes esistivity higher than 10 Chntnm), but PETSED/00838
considered to be essentially intrinsic. However, a honbgeneously doped
n-type epitaxial layer will later in thesprocess flow conplicate the
formation of substrate surface contacts, so-called top-down contacts. 15
During the epitaxial growth, high tenperatures, in the 1100 C range, are

used. Acceptqr .atons i.n.the p- i-npl.anted regions 33 will diffuse into
t he subst% %, L SEROSRS q‘ did Xﬂ?veﬂ&% alarﬁauequql e fornmed beneath the
epitaxial silicon 41 in areas where no n+ subcollectors 31 are present.
Not e t hat Thiee peMdeousky 2Qigeseembeddst eprefdreyigducied atvethe dhemisiydace
of the epitaxial silicon |ayer. The epitaxial layer will|l, as described

bel ow, be (BFFERLHOTIQ R EH rBE) onThE B IPUEY o#RSHFibed afEepSt pge at
(n-wells - ). the n-4{yp |.ONS I d..di Iy-gpgy +.25
subcol | ec?grgs gllﬁ{:)élngolsé{rfﬁar ans?%%%rgaﬂfﬁ%llg’apggﬁt ga‘r}g gﬁggsggr n‘el ) éLSbgs}Icr)at e
contaci s bpamakiielsywiflaceorddyd 4he haubsgr at ehacknkesned iaboptt Y& to
regi ons between n-type regions. To obtain an NPN transistor w th good

| i nearityl(iume lsadiieown i on| theli susfarenuaiay SepIony iteghaigugsal sed dWg.
base-col |l ect or_,30 capacitance wi_th smal l. voltage-variation_i vant ageous.
The W0 027801455 PEa Se05 088 Y8 S LA iofash 7 VREVER: SaRAC: REYadH oot
the n-wel bpshakdiahe gsehee! ed itydik@Ipr@ssihgi NeeBlL Qb t hat apBar useds i n
t he NPN transistor, the n-well will fully deplete, fromthe base to the
subcol | ecear,. dln eblely B Pawebast+ 83Kl 8boitohitey ginragd-heTtppresponding
base-ol | epb e qanas lance w1 | f by ehoreashan LIRSt S90S ther iy 1Y 2

wi de B as hi's 0
Ohmcm), but is still considered to be essentially intrinsic.

However, a homogeneously doped n-type epitaxial layer will
later in the process flow complicate the formation of substrate

surface contacts, so-called top-down contacts.

15 During the epitaxial growth, high temperatures, in the 1100 °C
range, are used. Acceptor atoms in the p-type implanted regions
33 will diffuse into the substrate, such that buried p- regions
will be formed beneath the epitaxial silicon 41 in areas where
no n+ subcollectors 31 are present. Note that the previously
20 described step is reproduced at +the top surface of the

epitaxial silicon layer.

The epitaxial layer will, as described below, be doped in
selected region to obtain regions of n- and p-type (n-wells and
p-wells). In the n-type regions, placed directly above n+
25 subcollectors 31, Dbipolar transistors and capacitors are
formed. Substrate contacts from the surface down to the

substrate are formed in p-type regions between n-type regions.

To obtain an NPN transistor with good linearity (i.e. adds
little distortion when amplifying a signal), low base-collector

30 capacitance with small voltage-variation is advantageous. The



"punch-t hrough” coll ector device, see Nu et al., Proceedings of the | EEE
BCTM Conference 1999, p. 50-53. The formation of a hard mask for a shall ow
trench i swoaziomesle. 10 The masking | ayer for the shal | owcCrrseEnzénsss f or ned
by oxidizing the silicon surface to forma layer 42 of thermal silicon

di oxi de typically of a thickness of aboui,10 nm Next, an approxinmately
200 nmthick silicon nitride |layer 43 is deposited by chem cal vapor
deposition (CVD). Other conbinations of 15 thicknesses and/ or masking

mat eri al s _ar.e.possi ble..An iqQn lLant at i hr h th rd k .foll ows
t :Lctkﬁleessss ofe the e (jm I vi\_%l dtopc_{rﬁ[gﬁ| é:fé g:ﬁ}eaxr}—gqekfl sha be

whi ch for af orement i one s rn ayer. For this n-

type inpl arflaidted iphesh@reisents ipheinidil wdisetht WiHcalded aln @ie ey gy
of 650 keV and a dose of 9E11 cn®. The inplantation 20 is performed w thout
any | it hograpisiic teaok they @-wepdpaidiinguddy deplateot rixom theyhasardm sthed
the thick fi ¢ - wsl n ed i w de
ronge. The EBR LeRNCa AT ER oy ALl RRUeI T ias L s ot

i mpl ang at ibeRe-aloldiddtreriapaidnginee aid 1dasrs,e floreD IR Hlndss S e diednt
profile or a doping profile that is hi %gl_y doped away fromthe surface,
i .e. a soVédleed Aretd aHhEdLIFcomArge -THE ifh Siehave i defe SR AT dFC the waf er

| st JP- w8l S, HTol 1J 1, e f
arer st ag egs 2Reey SUeTeat RERECA I M el B I e

formed by dfn-tsid TEERD BdIm MpndFeridneclio9yer. W-532. g. phosphorous or
arsenic. WD 02/091463 PCT/ SE02/ 00838 15 The resulting structure i s shown

in Fig. 4a_and the dopi n% profile of the n-well_ _on top of the buried
col | ect or T8¢ fmaE10o8; Hthiss harshaask i§anu & rshadd 9% tc”?%’@ NES el FARds-

Mg 45 heSSRIAN, Tdber! Mol VLGSR LALMI NG SARNAN o REEP1 g
trench isolation w escribed. The 1solation scheme 1s also
the silicon surface to form a 1layer 42 of thermal silicon
dioxide typically of a thickness of about 10 nm. Next, an
approximately 200 nm thick silicon nitride layer 43 is deposited
by chemical vapor deposition (CVD). Other combinations of

15 thicknesses and/or masking materials are possible.

An ion implantation through the hard mask follows which forms
the aforementioned n-wells in the epitaxial layer. For this n-
type implantation, phosphorous is preferably used, typically at
an energy of 650 keV and a dose of 9El1l cm™. The implantation
20 is performed without any lithographic mask layer. Depending on
the electrical requirements and the thickness of the n-well, the
energy and dose can be selected in a wide range. The ion
implantation  may alternatively include a multiple of
implantations at different energies and doses, to obtain a
25 smoother profile or a doping profile that is highly doped away
from the surface, i.e. a so-called retrograde profile. The whole
surface region of the wafer consists now of n-well. P-wells in
selected areas will be formed at a later stage, see section 9
below. The n-well profile can alternatively be formed by in-situ

30 doping of the epi-layer with e.g. phosphorous or arsenic.



described in the international publication WO 0120664. 5. Formati on of
shal l ow trench and active areas The formation of a shallow trench is now

consi deredoodoptiei 0 resist (not illustrated) is applied ®@aTiSEe2/0N888 i de
| ayer 43, and 10 is exposed using a first mask, so called STI mask, which
| eaves openi ngs were the shallow trench s to be etched. The etching,

whi ch preferably is anisotropic, is perforned by reactive ion etching
(RIE), through the nitride/oxide |ayers and into the silicon substrate to

formt ape&g%pt%§s¢i€#% SSQ%J ccf:vuvrter enghe&b}% 1?naSF fay cﬁ gthg é%f%g m

preferred trenchesis m o or pi cal

fromthe pppeileurdmcehsdfn-wélicen Itayserof4kheThmﬁu& OccSBBeCSonf 5sfm@w@b
subsequent to the etching of the shallow trenches. 20 AIternatlver,

oxi de/ ni t Ritd&hBE- s&pee 48, 1d3upsraterely &heePIMGhfénTraR #RsTLY-

stripped. Then, in a step the STl is etched using the bi-layer 42 43 as a

hard maSkged'L-b“ e fatsve @eeréébfcgegs%ﬂagé_ohh ; 'EWF]‘LESQC%% e

be descri y Wt erence to ow trenches 1
can besfommedchudhoﬂhauohhaﬁl&xbendesweibedalTyefisuiahﬁoﬁlbcMQMesﬂsfab@o

i.e. surface of silicon layer 41 on top of substrate 10, and down to the
buri ed C§PP€5EBPdré&|Gﬁe3}ntﬁﬁﬁaﬁﬂéﬁéﬂaBPpIFEFFHQF w1260 depth WO
02/ 091463 PCT/ SE02/ 00838 16 which is deeper than the depth of the buried

col I ector 5| ayfmdki o RE QHRNIHRY A RN MR NG ARNCLELDY Z in Fig. Sb.

Further, the buried collector region 31 and the shalfow trench 51 can be
f or med relatlve each other such that the buried 5 collector region 31
ext ends i fhe afeasatiowat e wndehabbow sapdchsha | wewt conshdesadh & eplsoto

bei ng denot%gs y(éo%nlﬁl%Stggted) is applied on the nitride layer 43, and

10 is exposed using a first mask, so called STI mask, which leaves
openings were the shallow trench is to be etched. The etching,
which preferably is anisotropic, is performed by reactive ion
etching (RIE), through the nitride/oxide layers and into the
silicon substrate to form tapered (vertical) shallow trenches 51

15 as shown in Fig. 5a. The preferred depth of the trenches is 0.2-
0.7 pum, or more typically 0.3-0.5 pym, from the upper surface of

silicon layer 41.

The photo resist is removed subsequent to the etching of the

shallow trenches.

20 Alternatively, oxide/nitride bi-layer 42, 43 is etched, after
which the resist is stripped. Then, in a step the STI is etched
using the bi-layer 42, 43 as a hard mask.

An alternative preferable design of the shallow trenches 51 will

be described briefly with reference to Fig. 5b.

25 The shallow trenches 51 can be formed such that they extend
vertically from the silicon surface, i.e. surface of silicon
layer 41 on top of substrate 10, and down to the buried

collector region 31, and preferably further down to a depth



Such design exhibits a nunber of advantages. Problens of a |eakage current
between different device areas are avoided; and thus an inproved device

i sol ati orwD920it463 ned. 10 The design provides for a | ow yPdosed2/enssel | 41
(especially suited for the bipolar transistors) due to the deeper shall ow
trench. Low values of the base-collector gapacitance Cbc can be realized.
A parasitic p/n/p device, which may result from other processes,

consi sting of extrinsic base/n-wel | /p-well, is 15 avoi ded, since buried

col | ector g P i rgated'%%a%lzdc%r td%%)th F&%’ tBY Bh?”%ﬁ EQLIEEE 8£t90§%r 31;

di stance x as’i| junction-1so

this parasidd covdae:\mape dmy:anla:@veeanbeti@nbaégebyt bannlPigA bpwering of t he
n-wel | doping would increase beta as well as the risk of punch-through of
the 20 structure if not this inventive shallow trench structure is used

By the us&@WFthafoh FhR SperiRd sTPLieerari 6RI1ABe 1t oL DS sthatlon, trenph
di scussed 40 Lhg fELl g Jweise%ggn yJ%‘Bexd' §88H3%%éot f&heangué{néé'

obtaining an 1solatiron free from up probl ens. 6 rmat’i on
hard mask dodrledeenr treaniodn andedeepdSréntb aafealsi rMigpdlited reddseneett os&ig.
6 the formatiqn of a hard mask for a deep trench is described. A silicon

di oxi de | &AELISN LAl ISPCH 2RB262P92963ePRFLSEDY/ 508385197 $Mi ckness
0.1-0.5 m is deposited, preferably conformably, e.g. by CVD, on top of

the structdff (he8ighCrEdiiiiPOR! | QOFLOF (e aszEh’cQSelsayeérc?&Qezﬁsﬂ bke a
shallow trench). It is preferred that the oxide layer Is deposited

conf or mablieedsagst erwiess: rertgieaes Bizfﬁﬁemmseipmrcw reerssa 1 gaee daed chediy and|

be reduced. Photo .resi st S li,ed, and i s exposed ysing a second mask,
so cal |l ed an improved dev%%% isolation gs oggagneg. 9

10 The design provides for a lowly doped n-well 41 (especially
suited for the bipolar transistors) due to the deeper shallow
trench. Low values of the base-collector capacitance C,. can be
realized. A parasitic p/n/p device, which may result from other
processes, consisting of extrinsic base/n-well/p-well, is

15 avoided, since buried collector areas also extend under the
shallow trench corners (to a distance x as illustrated in Fig.
5b). In a junction-isolated process, this parasitic device may
have a beta larger than 10. A lowering of the n-well doping
would increase beta as well as the risk of punch-through of the

20 structure if not this inventive shallow trench structure is

used.

By the wuse of such inventive STI isolation, deep trench
isolation, to be discussed in the following two sections, may be
dispensed with, and still obtaining an isolation free from

25 latch-up problems.

6. Formation of hard mask for deep trench, and deep trench

etching

With reference to Fig. 6 the formation of a hard mask for a deep

trench is described. A silicon dioxide layer 61, typically of



trench mask (not illustrated). The opening(s) of the trench mask may be

pl aced anywhere inside the shallow trench regions. The wdth of the deep
trench cawole/gtiesen by using different mask 10 di nensi on®CTISE0Y/@8sssual |y
preferred to use trenches of fixed |ateral dinmensions (thicknesses),
preferably of about 1 imor |ess, as problens otherwise will occur using a
non-uni formetch and difficulties to refill and planarize the deep trench.
The oxide layer is etched by reactive-ion etching (RIE) to 15 define the

trench openi.ngs exten g.to the battom.surface t he shall ow trench. On
Lo of { RETEHERE PayeD 5t HE o3 PAGePPR) BECs SPEPOPEEPLE B9t HEMHNEN o & 151 ot
mask, andghhicgmoXidfe I 'éf |l ersselivEu RS @ el drdRsinify SHeSHA 696 the

durlng the” foll'owi ng etch step. The oxide layer is retained at portions 62

20 of themMﬂd@wkmmram ean wher ehadlldwemremehoheiumzlsl heefdmraedehat
After etchi g to resist . is re nt er nat.i onal publication

WD 0120664 (2886 e s eRQtEEa cCRBEPTBNSEY 6P HeHSSE (RF I1ns

silicon diggy @%bls@q%n%nﬁ\as@dm@n ahaeetteﬁmﬁa ask §a09ea{a@édt henslegprdd aich
will be self- 25 aligned to thé edge of thé shallow trench. Then, deep

trenches 83 aawlfmdrreohrt@' mchxpg%dsuﬁgnghe cecoads hasks asmalcdlxmiskdeeﬁ

an oxi de space reat ed,, n dlstanc deep tre

t he activ% &Pgé 3 % 14t % t&@ip Eﬁ8n888§lpg 5 g;E - F Y %kw
and nore pzef efa YaaédBQn %tre5 IASRNSehd henh eS8t ikR@nghr Li:%tdiro‘?ls' s fhown
in Fig. 6. The 02/ 091463 PCT/ SE02/ 00838 18 trench profile can be nade

strai ght, weddhorof apes edeepi theboht oan beusdiosgs. byotwsirmtdiffatent mask
pr ef d versiaon_of t%t nvent| W th éhlck | ow do

b * 1S by TRy (BF oo oAyl PEebRbtEY ER R HopheheR  chort T
12 may re%%%é@@ﬂ1&fhéhéggﬁ$ (thicknesses), preferably of about 1 pum or

less, as problems otherwise will occur using a non-uniform etch

and difficulties to refill and planarize the deep trench.

The oxide layer is etched by reactive-ion etching (RIE) to
15 define the trench openings extending to the bottom surface of
the shallow trench. On top of the nitride layer, the oxide
layer is protected by the photo resist mask, and this oxide
will later serve as a hard mask for these areas during the
following etch step. The oxide layer is retained at portions 62
20 of the shallow trench area, where no deep trenches will be

formed. After etching the photo resist is removed.

In the international publication WO 0120664 mentioned above is

discussed how to select the deposited silicon dioxide layer and

align the trench mask such that the deep trench will be self-
25 aligned to the edge of the shallow trench.

Then, deep trenches 63 are formed by etching, using the oxide 61
as a hard mask. If an oxide spacer is created, it defines the
distance from deep trench to the active area. The depth of the
deep trenches is at least a few microns, and more preferably at

30 least 5 microns. The resulting structure is shown in Fig. 6. The



essentially corresponding to the positions of the reference nunerals 63 in
Fig. 6. The oxide hard mask for the patterning of the deep trenches is
subsequernwby2/eroyved in e.g. HF. 10 7. Filling and pl anar iPEatSE02i00838 deep
trench Subsequent filling and planarization of trench areas 51, 63 can be
acconplished in several manners known in,the art. As an illustrative
exanpl e, the processing is continued by performng a liner oxidation,

whi ch purpose is to performcorner rounding 15 at the sharp edge of the
trenches, ,to reduce re a unwan .electrical _effects. This i.S
acconpl i srif'é:(? nl??’ Er 8W1t%§ g%nt %:gnm(”lgﬁ- §%g%ﬁ?£€he?rrlr§f O%x%%%eﬁdatw J?S%thttom
t enper at udUNALRQE. C), see Fig. 7. The trench is filled in a conventiona
manner wth a 200 nmthick layer of TECS and with 1500 nm of 20
polysilicon 72. The polysilicon is then etched back to rempve all

pol ysi | i coWHer dhathe s Helle RFeFrkad afeesion 9&r hRei vBVeRtipe puitlsithidh
is planari o} ! i ¢al polj shi he pol.ysilli i

et ched ba(}%%?r&te?;%]gﬁ%%vn?% %?:h?gr ggs P Iﬁ-ig}rpre%ylbeegt eleer&ecggsgéf %ter(#et(i%}l P
pol ysi bi cabor,f idHe ilov-iopdee & illrieneh layeredc ety abhatorkegledd |3/, deépth
thinner oxide can _be deposited _in the subsequent step to fill the shallow
trench ThESSEXHGIHG sEPGELEPRRENghdvh tReFiRPSTtiegs 0ofpothes reference
PCT/ SE02/ Q838 .« Id:ing and pl anari zation of shallow trench; bi-Ilayer
strip hbgk, tﬁgéféﬁ%fﬁ%ggégh§?IOM/trench is filled wwth e.g. CV/D oxide or
a high density plasma (HDP) oxide 81, and planarized, either by dry

et chi ng mIheodsiagle hemhemaslal foechhai pattebnpoyi ofii nhe seepFitgrerhels is

finishing steps for _.this progess nbdule, the nitride 43 and
gsu&s%quently remdved: in e.g. HF.

10 7. Filling and planarization of deep trench

Subsequent filling and planarization of trench areas 51, 63 can
be accomplished in several manners known in the art. As an
illustrative example, the processing is continued by performing
a liner oxidation, which purpose is to perform corner rounding
15 at the sharp edge of the trenches, +to reduce stress and
unwanted electrical effects. This is accomplished by growing a
thin (20-30 nm) thermal oxide 71 at high temperature (>1000
°C), see Fig. 7. The trench is filled in a conventional manner
with a 200 nm thick layer of TEOS and with 1500 nm of
20 polysilicon 72. The polysilicon is then etched back to remove

all polysilicon from the shallow trench areas.

Alternatively, the polysilicon is planarized by chemical
mechanical polishing before the polysilicon is etched back in
the shallow trench areas. Hereby, the recess of the polysilicon
25 f£ill in the deep trench is reduced, and consequently, a thinner
oxide can be deposited in the subsequent step to £fill the

shallow trench

The resulting structure is shown in Fig. 7.



the oxide 42 (seen inter alia in Fig. 7) on the device areas are renoved,
preferably by wet nethods. The remaining structure now consists of oxide
81 on i sowatmom4es eas, and bare silicon 10 41 on devi ce RCEFHEN2/@838
Formation of p-wells In selected areas (not illustrated in the Figures),
p-wells will next be forned. In a Bi CMOgyprocess, the p-wells are nmainly
used for NMOS-transistors and p-type substrate contacts. 15 In a pure

bi pol ar process, the p-well areas are nmainly used for substrate contacts.
Later in_ Bherpi9o6ss ablow gl SORST oifts GOt AL AL, We SIdASE cAp be
subcol | ector n+ areas under the p-well areas, and thus the p-well areas
can direcNkyt, 20clm®ntrantaitrthiendp- tipe l1substretiech The pilkeds wartsh f et ged dyp
first grow ngga protective oxide 91, see Fi 9. The oxide 91 will Jater

in the pr8&&Ss ProR At %%ﬁl%t&sp?oaamaxi(aﬁize%éﬁ e A19 RIPRAIHAGHL e
Jihe prot F-ol S oHvE . f . | & ST
10" SePaobiffierst by ok | dilhintC Adbilieo ! B° dibfoat. Inedngh £ Y

deposii edpaidsphanger see. FRer.o8.is ion inplanted in the silicon. The energy
and doses are selected such that the ions penetrate through the oxide into
the silicon, hut nqt through the photo WO 02/ 091463 PCT/ SE02/ 00838 , 20
ok, A dBSbESTADLAR SREPDe Uech it BEPSPASaTSRidEer tar Ml g riend

dopi ng prehil @xilde ayParkibedl ami@@npl £a andeyll e 7y NpharheOlaRAQN Hle i
energy of 100 keV and a dose of 8E12 cm 2 , together with another inplant
at an enerngy vemR@edkeyraferadydse wet MEthai®. Vire tasgininoltaiuctaire
p- wel | doRing about = 1E16 cnB.in Hhe selecied.areas. After jinplantatjon
the photo ow>- consists oOf oxide 81 on isolation areas, and bare silicdn

10 41 on device areas.

9. Formation of p-wells

In selected areas (not illustrated in the Figqures), p-wells
will next be formed. In a BiCMOS process, the p-wells are
mainly used for NMOS-transistors and p-type substrate contacts.
15 In a pure bipolar process, the p-well areas are mainly used for
substrate contacts. Later in the process flow, a highly doped
p+ contact at the surface can be formed. The p-well areas are
designed such that there will be no subcollector n+ areas under
the p-well areas, and thus +the p-well areas can directly

20 contact the p~type substrate.

The p-wells are formed by first growing a protective oxide 91,
see Fig. 9. The oxide 91 will later in the process flow also
serve as pad oxide between the silicon substrate and deposited
silicon nitride. The thickness of the oxide 91 is typically 10

25 nm.

A photo mask (not illustrated), called p-well mask, is then
deposited and patterned. Boron is ion implanted in the silicon.
The energy and doses are selected such that the ions penetrate

through the oxide into the silicon, but not through the photo



mask i s renoved using conventional wet or dry nethods. In sections 10-12,
additional steps for creating a PMOS-device in the process flowwll be
descri bedwoTheInenson for adding the 10 PMOS device to tRETRENI/@SEY ocess
fl ow was di scussed previously in the text. The additional steps, as they
are described here, can be conpletely opjtted w thout affecting any other
devices on the wafer. The aspects of the integration of a sinple PMOS
transistor with 15 n+ gate and a |ithographical gate Iength of about 0.8

pmw || §%#%ﬁ g 139 7 f

Pr ocessi ng&for tﬁ eecé g%%fiﬁrréna%p %rc%)lcs:eé?s ntegr\éé\‘?‘llnon }nk ce °F
Press, Sunssirdigacie dlSﬁﬁ)ngI rodfivent i Dnab Q¥ B OMS epampleése$ IdblﬁHSfee
0.5-2 gum gate length range, the nost common 20 choice for the gate

material iSTEHEDA IQE RPERP Rt v erb%ll?‘iﬂél‘l’f cb¥0 kAVa2BduBl 0P8I 9T bPBdRaFr™
process, hea‘ébhﬁétﬂ%ﬁ}e%ﬂ:ﬁ zﬁfpc H!&Y Sldd cop é‘ﬁ%ﬁ@ﬁ:g ayg Ll ‘?cevA”ar[Hr
se ected et 8 he

gate PMOS "transistor- was 0 process Integration issues
wor k foEnctdoze obft HEWS gat’e weateysubedortd sobtieahl y sprwell f dop2hgt hebout
n-device, and for_.the p-device, a buried channel device w/ll form To

adj ust t he By &l élnvd’lhteag%e]t?:?ii% HeRFF edPrfbes ifplaptotignge the RRYMHR
i npl ant ati k(tl%”i})m vse(ﬁa]@gl h:':osnv &gﬁpgﬂ;@@t&s & fesigdace such that
es e

a p-region eplet forme exact boron dose 1s dependent
on several 30 paraneters, e.g. gate oxi de thickness and well|l doping. WO
02/ 091463 JPCTSA@EOWI(B)BBB—M;L a6d1Aﬂdha1;1 atPpeS foevicmattime shaPMOS-edi¢aee

dj ust t. At .thi t f t f field I
e ons wiith T SEGAATe TPV PHd Lore) deSRGTHEDr hhs, BRESANL FOT (ARPLRKI e 01
(the 1§ npEMyaveldved ded @ﬁe'h@uibrik%@eb@ F1%w was)-discussed previously

in the text. The additional steps, as they are described here,

can be completely omitted without affecting any other devices on

the wafer.

The aspects of the integration of a simple PMOS transistor with

15 n+ gate and a lithographical gate length of about 0.8 pm will
now be discussed, see e.g. pp. 392-397 in S. Wolf, “Silicon
Processing for the VLSI Era, Volume 2 - Process Integration”,

Lattice Press, Sunset Beach, 1990. In conventional CMOS/BiCMOS

processes in the 0.5-2 uym gate length range, the most common
20 choice for +the gate material is heavily doped n-type
polysilicon. In a double-poly bipolar process, heavily doped n+
and p+ polysilicon are both available. An n+ gate PMOS
transistor was selected due to process integration issues. The
work function of the n+ gate polysilicon is ideally suited for
25 the n-device, and for the p-device, a buried channel device
will form. To adjust the threshold voltage to the desired -0.5
to -1 V range, a p-type implantation (boron) is wused. This
overcompensates the n-surface such that a p-region depleted of
holes is formed. The exact boron dose is dependent on several

30 parameters, e.g. gate oxide thickness and well doping.



A photo mask 101 is now applied, see Fig. 10, which is open on the areas,
whi ch shall serve as device areas of the PMOS device. The wafer is then
i npl ant edwwioeidep-t ype dopant, boron. The energy is sel @crsadozesss t hat
t he dopant penetrates 10 the areas not covered by the photo mask, but which
are covered by thin oxide. Typically, ag energy of 20-50 keV is used. The
dose is selected to adjust the threshold voltage (VTP) such that it wll
be in the -0.5to -1 V range. A typlcal dose of 1E12-1E13 cm2 is used.
The exact ¢ | gﬁgndent on

[ , v e under the
PMOS gate, which in this process flowis set by inplantations described in
sections Atanthid, st&gep- whe iwgieant sandasecondacysesl | o€t adfieldrplanide 20
Subsequently, the photo nask 101 is renmpved. 11. Adding a PMOS deV|ceJé§?te

oxi de andTPBEORSgatiEhmtRiFhl OXidendt] ohthfe SPTuel Iar}:ﬁ(l HRVIEE sBTRASWY
Kooi -oxi d = 9 enn\ tchi n

repl aced %{/ﬁé ggtléiegi%lde(ég% ﬁln?\o:F)ﬁecehPl\%%Ft?gn%?stggrlhgg?%etahgr %lg
oxi datj on9see Fig. 11. This oxide renewal is due to high MOS reqU|renents,
as the quality of the p-well oxide is normally not sufficient as it has

wi t hst ood several ion i I ant ati ons 2/ 091463 PCT/.SEO 838 22
Typi cal | y2 Rhofoc Reds gl 15 n‘h?"&ralf’}%%ke& | feBel L8l gped“%&lc?’t Fatte on
oxide 111.hhi ckpess, Iyhidl s fprh Cgle%ee@gp'&evm chre3hiould S&&peporﬁmo% v

operation, a thicknéss of 12 nmis used lowng directly, a first

undoped sidewvice.|l ayke Mfers Ssdepbent exinplmm’m]d LRGMD, en pheyvoat elapdamds

111. The deposition araneters are selecte ch that non-crystalline
| ayer is go on. f% g nergy Es seleé% suc Qh ﬁ %opant enetrates

10 the areas not covered by the photo mask, but which are covered

by thin oxide. Typically, an energy of 20-50 keV is used. The
dose 1is selected to adjust the threshold voltage (VTP) such
that it will be in the -0.5 to -1 V range. A typical dose of
1E12-1E13 cm-2 is used. The exact dose, or combination of doses
15 and elements, is dependent on the oxide thickness and the
background doping of the substrate under the PMOS gate, which
in this process flow 1is set by implantations described in
sections 4 and 17, i.e. n-well implant and secondary collector

implant.

20 Subsequently, the photo mask 101 is removed.

11. Adding a PMOS device: gate oxide and first gate material

formation

The p-well oxide (also known as Kooi-oxide 91 in Figs. 9-10) is
removed by wet etching in HF, and is replaced by a gate oxide
25 111 for the PMOS transistor using thermal oxidation see Fig. 11.
This oxide renewal is due to high MOS requirements, as the
quality of the p-well oxide is normally not sufficient as it has

withstood several ion implantations.



formed (al pha-silicon). This is achieved when the deposition tenperature

i s bel ow about 550 C. The thickness of this layer 1is quite thin, typically
in the 1080ma0vnye, preferably 70 nm 10 Poly-silicon, WRCEISENB0NSES med at
deposition tenperature of about 625 C can alternatively be used to protect
the gate oxide. Using a polysilicon natﬁﬁial, a wet etchant nmay penetrate
the grain boundaries, but if an al nbst honbgeneous al pha-silicon materi al
is used instead, this effect is greatly reduced. 15 The resulting structure
is shown .n Fi 11. _I A cess.kLniegraty SQ. ires, t hi i.de

| ayer (no{T YPEF E&%@’r af eg?’i?rg?g%g $§r %r%dﬁlgngﬁo%é)%? ‘?hief%% ygé:lﬁ(fa%eoc{]n %ro%lﬁes
stage. Thgaltthi noexdéle 1may €bheksésof ther apkiby Wt drdeexaflppesi tvittich
oxide, or thick natural oxide. 20 12. Adding a PMOS device: MOSBLK-etch The
deposi t ed S§PPLEoRUPRPEE 21¥ ARBRELED: fdrEipafiesy ¥hel VB iggats@drst now
be renmoved fromthe other areas of the wafer. A photo mask 121, which

covers th .devi ( B S Ve, sk i f .
PMOS/ VTP- ﬁé’gﬁﬁﬁ i §§5%%F?2a N% tl:gr the ‘\%\%?‘Z?égseééfﬁ%@ul.éﬁ&xf ngﬂnéés K321
silicah igepesnted,byusdmnyg etBENIg, onsithg tderd | ekidoxilda/ gaghe alepbes Bliddl
as etch stop. The resulting structure is shown in Fig. 12. The photo nask
i s then r BREFBEEEEPNPLONTBHEFEREI SHGhobRat WD (BPAXEEE PEF/SE02PPEE38ES 23

13. Col I e¢Lopegon é‘féh Al 3 16, Or Mg gn ehi eUifGs (Rel- it
transistor), gal O{NL eés:ios'rsjf ance )pa{]’?, h?r ol(r)ngc t %ehgérg?gc\e“ of thgewa%ég:’rostlotlt%ne
subcol | ectemperagure del lkeciiow gdaig) 550 ne@detiheAkbdckoeher of kihhid dfaysich

| owr esi st.ance ,pat hs .may be_%%gded” Such paths are defined

|i t hogr aphfcAPFe fidepddiPiicid 1and B dtCe it P aifitor RREhdely ot % a

DNCAP, greslep13Lls 1 $46Bnt hghi0RENs2EERRed at deposition temperature of about

625 °C can alternatively be used to protect the gate oxide.
Using a polysilicon material, a wet etchant may penetrate the
grain boundaries, but if an almost homogeneous alpha-silicon

material is used instead, this effect is greatly reduced.
15 The resulting structure is shown in Fig. 11.

If the process integration so requires, a thin oxide layer (not
illustrated) may be formed on top of the poly silicon at this
stage. The thin oxide may consist of thermally grown oxide,

deposited oxide, or thick natural oxide.

20 12. Adding a PMOS device: MOSBLK-etch

The deposited silicon layer 112 needed to form part of the PMOS

gate must now be removed from the other areas of the wafer.

A photo mask 121, which covers the PMOS device areas (MOSBLK
mask, a reversed mask version of PMOS/VTP-mask 101) is applied
25 to the wafer, see Fig. 12. Using mask 121 silicon is removed by
dry etching, using the field oxide/gate oxide 81/111 as etch

stop. The resulting structure is shown in Fig. 12.

The photo mask is then removed using conventional methods.



132, 133, 134, 135 are created where the paths such as collector plugs are
to be fornmed, see Fig. 13. In the 10 illustrated circuit exanple, open area
134 is | oweteedImbere a plug together with a subcol | ect or PGTISE0T/@888 one

el ectrode in a parallel plate capacitor. Consequently, the photo mask al so
defines capacitor area 135. After the phgtoresist |ayer has been patterned,
doping is made 15 in the open areas. ThiS is preferably perfornmed using
ion inplantation, e.g. phosphorous at an energy of 50 keV and dose of

SE15 cng, 1l})t{t C%tlti%rct%(}pacrgn acStUCh. as arsenic, can alternatively be used,
ei t her sol-e1-y—u-r—r-rr—co'n‘b1-n§1-m-n wi th phosphorous. Particul ar care nust be
exerci sed when trench 20 isolation is adopted. The details of the selection
of ener gy Fard thdoFerrmats afi sefissad ven daetarewmt (ongl Pat s bppdi At & Ohow-
publ i shed as WD 9853489 (inventors: H Norstrom A. Lindgren, T. Larsson,
and S.-H. TBSi§tansd ePatty i nbfeht afPen, SYEERFehafifng thife pHERF nexk 18he

pr esent t e he 1 hj ti i li:co i oxk de layer IS
removed i %%P%gl&%gﬁ\% egfsa,' IJbr eaft elrzggi%grﬁgi%ngﬁlﬁf@ etl%hir}}légjé.&){%’t eAlt%ﬁét %%%ef
oxi de bay&intl bfi suwth |Jowrmeseitdnteotgetharmas s¢ i héededyesweh yaths are

photoresist, .e.g. parts of the device areas where, the base region of the
bi pol ar NERELPSSi didPagEntiGalibe 20 (IRPRIL Y wedhd t e B ¥ERI BN Ed

132 and 1 02091463, EGThSE0 % RO88 madst The r esili i Rg 8t rdgetrw &
shown in %’lg.to\lég.s %eg%%ot or esélst ist enm?ennvreggl’by convention neﬁo%%,
after whilgl2,t ha3si,l i d8d ,wafl86 | argi veneatedo- shepeheahet rpath®entsuch as

typically at 600 C for, 30 mnutes, faollowed by treatnent, at 5 900 C for. 30
m nut es i FOISRSHOTdi AMNPSat FFHhdr®, R g . foTiai nfey NLDr AFS - wikh UEifig

a thifgepij) 134etdidd e REeSENExample, open area 134 is located where a
plug together with a subcollector will form one electrode in a
parallel plate capacitor. Consequently, the photo mask also

defines capacitor area 135.

After the photoresist layer has been patterned, doping is made
15 in the open areas. This is preferably performed using ion
implantation, e.g. phosphorous at an energy of 50 keV and dose
of B5E15 cm?, but other dopants, such as arsenic, can
alternatively be wused, either solely or in combination with
phosphorous. Particular care must be exercised when trench
20 isolation is adopted. The details of the selection of energy and
doses are discussed in international patent application
published as WO 9853489 (inventors: H. Norstrém, A. Lindgren, T.

Larsson, and S.-H. Hong).

After the implantation, still having the photo mask 131 present
25 on the wafer, the thin protective silicon dioxide layer 111 is
removed in the open areas, preferably using dry etching. Note
that the oxide layer 111 is still present in other areas still
covered by photoresist, e.g. parts of the device areas where
the base region of the bipolar NPN-transistor later will be

30 formed (between the areas denoted 132 and 133).



process flow, the heat treatnent may be omtted w thout increase of
collector resistance. 14. Nitride capacitor formation and fornation of

em tter/ bae®2/04@6dpeni ngs After the heat treatnment, a thi RCTISEIZYONS3i tri de
| ayer, denoted 141 in Fig. 14, is deposited, preferably using
LPCVD-technol ogy and typically to a thigkness in the range of 20 nm The
purpose of this layer is threefold: 15 %i) The portion of the nitride

| ayer in direct contact with the silicon wafer in the capacitor area wll
serve as ¢ielectric.n h apacitor_.to be faqr.ned., Since the silicon
nitride h?%l%a%%&ué%éé’t ist:trglocﬁcs"{)%ntls( Ifrk)qwnv\hllnc%rll%' alp%‘r oximately two tines
hi gher the than dielectric constant of silicon dioxide, a 20 higher

capaci t an@depgsthaieesedlist 1S dhéni peflottaindynicohivee t iiomsileak tdfodixi deftddi )
The portion of the nitride layer that is deposited on the oxide in the
active ar ¥R1iChhetRet B 1HEOR CHBRFREL i16n V8D Be tYMTHERE HPoEs Wiratment,
addi ti ona i s.ifo I SA akhng,: i.el r Yer,, i res S
in | ower %: aégggsﬁég%agppané%n§ orgPhguégggﬁdoﬁ%g%éﬁé?hﬁﬁtFg%é ﬁq%l%§
porti of ofoothe °wi t ricde |3y emiencapsuliat esndhesfidistingatecnmmperd, 112, ®f
the PMOS transistor during_subsequent . processing. WO 02/091463

PCT/ SE02/ 68838 1niRoTAe Rt AFde "EERY &8 11Fe SpPFds €RdF SV DXidatish-Reasaitant
mask. In e pr ti i trd i Vil ye d...

col | ector pg%%%%\%oufg&ogv%i d?ézkgecheh\aé\eﬁ‘{]y?&vﬁ%ﬁzﬁédgvneﬁ%%gl Irb;éav\odtﬁl causwelthout
gener at i oinefredsfeecits .cdlildctdihaerexfiormamessential that the 5 nitride |ayer
remains on the collector plug area. Mdreover, the nitride also protects

the first _polysili n layer .in the ) .
1%. %ﬁtrfﬁg capacitor formation and formation of emitter/base

10 openings

After the heat treatment, a thin silicon nitride layer, denoted
141 in Fig. 14, is deposited, preferably using LPCVD-technology
and typically to a thickness in the range of 20 nm. The purpose

of this layer is threefold:

15 (i) The portion of the nitride layer in direct contact with the
silicon wafer in the capacitor area will serve as dielectric in

the capacitor to be formed. Since the silicon nitride has a

dielectric constant (¢,), which 1is approximately two times
higher +the than dielectric constant of silicon dioxide, a
20 higher capacitance per area unit is obtained using nitride

instead of oxide.

(ii) The portion of the nitride layer that is deposited on the
oxide in the active area, where the base connection is to be
formed, gives an additional thickness to this insulating
25 dielectric layer, which results in lower parasitic capacitance

for the base-collector junction.

(iii) A portion of the nitride layer encapsulates the first
gate material 112 of the PMOS transistor during subsequent

processing.



gate stack from unwanted oxidation. Prior to depositing the silicon nitride
| ayer, the wafer may be cleaned shortly in diluted HF to renove any
silicon dwoxrdel46310 possibly forned on the highly doped nPCarseax0083s
different concept for realizing a reduced emtter-base capacitance for a
single-poly bipolar transistor in a Bi flowis described in the
follow ng patents: 5,171,702 to S.H Préengle and R H Eklund, and the
previously nmentioned US 15 5,374,845 to R H Havemann. Subsequent to the

depositio f ni.tride laver 141, th ferds_ lit.hpgr.aphical.l tterned
by deposi ?llh%g naltﬁﬁcgfeorseesliy% o %%rpgﬁg%gngft f&h ogiﬁépné}gcr%g ri_ﬁéesrl«,?}s{t‘lag% 85t he

NPN-t r ansirst oibsenbe foir mad, précsdt Laéd | ed deliBgmskimas vl | hasvioy adyped
substrate contacts in 20 pé%épe areas (not illustrated). Cpening 143 for
the NPN- cedRecsosr pkug| ¥eudd rodkdbzeahsicvilyo fwikdeh ogiveatsaldiderouke

ni tride lgly andpronenion spacetddam the {1 ahd uddle edag.. Quenings 4ol
substrate contacts are placed 1n p-well Tegl ons, on op o uried p-type
regi ons ( matrildeudtahaireemadmsl it riHd idiel lebltan b xg derdd.l Movsaived N the
openi ngs are renoved by conventional etching, prefer abI])é%;oy dry nethods,
and pref 81&Bi¢e REsQrbEetareswidiee fheshi POLIS idAgosxi Ry]lr eln the MOS

sequenti al a)éee%%lg‘%qg fygﬁ %(tjnwg'l_ﬂo{%c{ ?]ae}I‘i | t])erg when the surface of the

silicon | ayer I'S éxpose ransi stor, the 30 described

met hod reduces the base area to the area set by the WO 02/091463

PCT/ SEO02/ @@83& +26 depldsdrting rdiecad ldfcdrhendtarighsy laresar deflienedh fuyyr tiney fhel d
oxide openings. In this manner the base of the NPN-transistor can_pe .

separapedcﬂﬁ&WQQK§¥§EE%YoﬂWrﬁ%*?%¢@ @ﬂ(ﬁPaFEEQYQMﬁﬂ% éllHFﬁﬁqd%ﬁ¥%§%
may exg st o§'é§r6|lg§tf%‘%ﬁjr§@c o &3d 18 fhieldois] ifiediren sel | er opening

reduces the co t or-base capacl tdnce.

A different concept for realizing a reduced emitter-base

capacitance for a single-poly bipolar transistor in a BiCMOS

flow is described in the following patents: 5,171,702 to S.H.

Prengle and R.H. Eklund, and the previously mentioned US
15 5,374,845 to R.H. Havemann.

Subsequent to the deposition of nitride layer 141, the wafer is
lithographically patterned by depositing a photoresist layer 142
and then opening the resist for the NPN-transistor to be formed,
a so called E/B mask, as well as for any substrate contacts in
20 p-type areas (not illustrated). Opening 143 for the NPN-
transistor is placed in an area with no field oxide 81 under the
nitride 141, and properly spaced from the field oxide edge.
Openings for substrate contacts are placed in p-well regions, on

top of buried p-type regions (not illustrated).

25 The nitride 141 and oxide 111 layers in the openings are removed
by conventional etching, preferably by dry methods, and
preferably in a procedure where the nitride and oxide are
sequentially etched. The etching is finished when the surface of
the silicon layer 41 is exposed. For the NPN-transistor, the

30 described method reduces the base area to the area set by the



The resulting structure is showm in Fig. 14. Subsequent to the etching of
the nitride 141 and the oxide 111 down to the silicon |ayer 41, the photo
mask 142 we eeyaeed by conventional nethods. 10 15. For mRCITSEOB6088Xt ri nsic
base layer Athin silicon layer 151, in the range of 200 nm is next
deposited on the structure using CVD-tecQﬁique, see Fig. 15. The
deposition conditions are selected such that the layer 151 will be

anor phous, but mcrocrystalline or polycrystalline silicon 15 can

alternati yel u r e e el . r .
extrinsic\é gﬁgggéngggFe}gscﬁﬁégﬁimﬁ%%%%gi%%%%,agﬁgn%ﬁeﬁgo%ﬁeeﬁggﬁg% St
the nitri ependpaei.t an Afiermdriner deposbaseOnofanhieo MPNFRranktadkicoR icadn be
performed. The purpose is to heavily doEe t he anorphous silicon layer to
p- 20 typEePRKeted| cff¥l $Heci @39¢%r GlonthepIfdfldt i K18 ATEPErabVPYeBE2 aat
an energy o] Kk .a.,do f .. Oof, i .
aIternatigg%§g?n%%§%%gd%gpaggag?“e%§¥g§Fﬁgﬁgk%ﬁgigvﬁggglgkF@g%gd'zﬁgﬁl¥ﬁ%t
t he i npl asinadlber opeatians radhtenothe eashled boorighsd heameniosiriosd sil i con

| ayer 151. If a non-crystalline 25 silicon layer is enployed the control of

t he i npl anted dopi.n rofile is enhanced. On _top of the silicon [ayer 151,
a sili conTQFo%ieégllftg'?é’F stEpcHure, sy FHosn i gliﬁgssuof 150 nmis deposited

using PECVD technique. Qther types of |owtenperature oxide, e.g. LTO can
WO 02/ 091468 sRETEREOZL OGRS etchidld GSNathdChycPEadSed1 Lha RUEPRIE & 1usi ng

the PECVD technique 1is to keep the tenperature so | ow that the anorphous
silicon woWn rist the csibiedn i kayelur4hg the pkode nepbsilélons Hemoved by
advant ages of havi ng._an rrphous silicon layer inmplanted with 5 BF2
beneath a“PRy&R SPRaL) PEEROHR ox de deposi ted by PECVD during

10 15. Formation of extrinsic base laver

A thin silicon 1layer 151, in the range of 200 nm, is next
deposited on the structure using CVD-technique, see Fig. 15. The
deposition conditions are selected such that the layer 151 will
be amorphous, but microcrystalline or polycrystalline silicon
15 can alternatively be used. The purpose of the layer is to serve
as an extrinsic base contact for the NPN-transistor, and the top

electrode of the nitride capacitor.

After this deposition, an ion implantation is performed. The
purpose is to heavily dope the amorphous silicon layer to p-
20 type. The selected species for ion implantation is preferably
BF, at an energy of about 50 keV and a dose of about 2E15 cm™.
Boron is alternatively implanted at lower energy. The energy is
selected such that the implanted boron atoms will not reach
through the deposited silicon layer 151. If a non-crystalline
25 silicon layer is employed the control of the implanted doping

profile is enhanced.

On top of the silicon layer 151, a silicon dioxide layer 152 of
a typical thickness of 150 nm is deposited wusing PECVD

technique. Other types of low-temperature oxide, e.g. LTO, can



the formation of extrinsic base contacts for NPN-transistor is further
described in the US patent 6,077,752 to H Norstrom The resulting
structurewD92®b@em in Fig. 15. 16. Patterning of emtter POpSEDZIGS380 Next,
a photo nmask 161, called RFEMT nmask, is applied to the structure, see
Fig. 16. The resist protects the upper electrode of the nitride capacitor,
p-type substrate contacts and the areas, which wll formextrinsic base
areas of the NPN- transistor. Using the photoresist as a mask, the silicon
di oxide 1 n us .sili 1 i ted 4 reyi

Step, 15 AbieroabtehtEc BN e e ale bR SRS S e G e
silicon niikrige kegpr thel tamporgpheiel yoexpasetheb epen andrihbuiy easl bern e
it protects_the collector areas and MOS  devices. 20 The etch js

advant age¥idsily petf orfe Ve talhiize - haiRer e erRXYdg usdeposisi@n . The
this case t r vl ng.. 20 [P LS for ' . 162
wth ex pog1 ggﬁg ?F‘?%gn%rfl Igﬁpjtrtrqg a%a?lgg}fgféﬂl%eg l|€L(r%tE P Fns%%?eblgsiﬁ%rée%% e"tgjﬁ%}§
NPN- t ransBEt, Obendath op layet hef PMGi ¢omndliskbde ddposited aby SPECYDNdwtindgde
141 is 25 present, and the etching will stop on this nitride and | eave the
nitride athBstEarmadden e PESHHRTHY BRPECLOREALESsHAM NEN-rrgpnsie tap 1s
02/ 091463 02/ 28 1 ectl i t cpllect Next step is
an additigﬁgﬁﬁggpﬁﬁgggﬁgﬁﬁaﬁnmgpfSggcgéggﬁﬁengg fzggo?$o§'tﬁéf -
NPN-transi stor, a so-called secondary inplanted collector (SIC), indicated
at 171 i nTheggeshf tamgy FEruthere fuwr posem sSirt Fignilé ze base w deni ng and
thereby inprove the high-frequency properties of the transistor. In this

articul ar. . cas it.is rformed as a doubl e phosphorous i | ant at i on.
P 16. Pa%ternlnq emitter opengnqs P P al

10 Next, a photo mask 161, called RFEMIT mask, is applied to the
structure, see Fig. 16. The resist protects the upper electrode
of the nitride capacitor, p-type substrate contacts and the
areas, which will form extrinsic base areas of +the NPN-
transistor. Using the photoresist as a mask, the silicon dioxide

15 152 and the amorphous silicon 151 deposited in the previous
step, is now removed using dry etching. The etching is stopped
when the silicon nitride layer 141 is completely exposed on open
field areas where it protects the collector areas and MOS

devices.

20 The etch is advantageously performed in a multi-chamber system
(cluster system). In this case, an overetch removing 20 nm of
silicon is performed in area 162 with exposed silicon, i.e. the
later defined intrinsic base area of the NPN-transistor. On top
of the PMOS transistor, the similar silicon nitride 141 is

25 present, and the etching will stop on this nitride and leave the

nitride almost intact.

The resulting structure is shown in Fig. 16.



During the first step, 5E12 cnR of phosphorous at an energy of 200 keV is
i npl anted, and during the second step, 4E12 cn2 10 phosphorous at an energy
of 420 kewoiog/opmapd ant ed. The order of these steps may bePcEseErz@d3s and t he
exact energy and dose may have to adjusted to fit actual process
paraneters, such as epi thickness, tenpggature drive etc. during the
processing. Note that since the photoresist 161 fromstep 16 protects part
15 of the NPN transistor such that the inplantation is only perfornmed into

the emttegr- b@%’ieﬂ*‘%ﬁ@i NG, nd Ht@ 8,¢9nsegquence of thereof, no increased
col | ect or—dfrmrgﬁ-s—oﬁrar'ﬁ'eg—mévr—exgn—nsi c base contact 151. Hereby a
| ow col | ector-base capacitance of the NPN-transistor is preserved. 20 The
PMOS t r an¥estorstspnats cever addbyianyl plddpinaskndushang thidl | bptemé atdton

and is totally penetrated I%,yt he i npl anted speci es whi ch sets the
backgr oun§OddBFEGToP Lt fBen NRNHETABF1EReT PVBSSOrFakiedt HRCONYREY iftRanted

par anmet er g v her et p aff ect 5{1_%% hr eshpl d vokt gge thedtransi sy,
but can beoz:ﬁ%%%g%sat g% (?gf 215 yC C angrang tﬂg '?ﬁlr es%gﬁd \?j(f) t age ﬁ HE
i npl ard at parpdese imdéoi mistiep z€l Ibadé t eridehé ngndaiht aheéoeby t Heptresestthes

renoved usi,ng conventional nmethods, and a thin silicon digxide 172, in the

range of PASBoLTRAPENSYt REPREMLILYSr &fn tHERRESHO s u P dd vih % il ar

silicon 3Q.ks exposed, gaekoi_»ﬁedi ud hg ia%ﬁﬂﬁr@i ghtaggﬁoeeﬁei Gnd B i on VO
02/ 091463 PCT/ SE02/ 0083 29 17). The growth 1s na In wet atnosphere at
t he conpabatiivgl thel diirsnpetreg ursEb? &0 Gf Dhoisphotrbiis stepn tdmergy of
remai ni ng_, PE Ddeposlteg%oxi e layer 152 on top of the extrinsic_ base,

el ectrode2981 k&Y | ‘Consel _Wf’? r AR 1 JUTERTt HdSs| desar oc‘fteﬂﬂle_ &E12 cm
structyir ephbBeRBRbuaXiAe W ldndFQY OF LPE RXHOSed iglhianRBd. BWe RE-ddie deat
treatnment, the anorphous silicon 151 is
these steps may be reversed, and the exact energy and dose may
have to adjusted to fit actual process parameters, such as epi

thickness, temperature drive etc. during the processing.

Note that since the photoresist 161 from step 16 protects part
15 of the NPN transistor such that the implantation is only
performed into the emitter-base opening, and as a consequence of
thereof, no increased collector doping is obtained under
extrinsic base contact 151. Hereby a low collector-base

capacitance of the NPN-transistor is preserved.

20 The PMOS transistor is not covered by any photo mask during the
implantation and is totally penetrated by the implanted species,
which sets the background doping of the n-well for the PMOS
transistor. The implant parameters will therefore affect the
threshold voltage of the transistor, but can be compensated for

25 by changing the threshold voltage implantation dose made in step
11.

After the implantation, the resist is removed using conventional
methods, and a thin silicon dioxide 172, in the range of 10-20
nm, is thermally grown on the wafer surface where bare silicon

30 is exposed, that is, in the intrinsic base opening 162 (Fig.



converted to poly crystalline silicon, at the sane tinme as the previously
I npl anted boron is redistributed within the polysilicon to formp-type
base contwotozpetsbhs 173. 10 18. Intrinsic base fornmation | RCASED2/@I88%, boron
will be inplanted into the structure to form the intrinsic base region 174
of the NPN-transistor. In this partlcuI§5 exanpl es, a boron dose of about
1.5E14 cn2 is inplanted at an energy of "about 6 keV. Changi ng the

t hi ckness of 15 the thin oxide fornmed in the previous step may require
change of ,.-the | an ramet er. The i antatlon only, .penet r i nt

the sili COT?)I n q{hfig) %és%agrle% "3 g, f‘ﬁe?"eglrrl%l r?pélreé:aes arl:retﬁ) r BT e %thjbvefy
nmeans of nidw | dempaygtuidl.ofAf Be0 the. | mRirdmeAt this tdeest l’lﬁﬁburﬁemélnlng
further oxidized, 20 preferably in wet atnosphere at 800 C, which reduces
the conc@RCVROEROSE tEEr cIcideonkasert HE2si 0 c58Psiqf chhediestrdasisurbase.
Then, wt 1" f.erence t,0 , t S
nitride |% con 8?1%3 > &g&gsf’t]"g%’eﬁ%%ﬁl lﬂ_% ]n[ |c?gleqcl%éz?/lé1 Aé &9@

| ayer §s eftehedudy,a eneﬁmai adrtisdd r eRile etgﬁbwurttml meﬂewbbséaacgeisldc&i of
silicon nitride renalns where large steps at the surface exists, such as

in the | nDUrHSigc Bdse f@@én i SRS ET G ¢ HenpNENQ TR IR ors¥lifande Kphcers) .
Af h
nencef or t SOTRRREER ) B P e Jka DGR M PLodE bE) EhE) sl g a¥ che

02/ 091463 };R@}/lSE@Z/yOOB&Bpl&Qté@cemdmrﬂepmm t aﬁbdméﬂﬂﬂﬂme&i rew¢Rin buthe
also the thin nitride 141 (deposited in step 13) present on field 81 and
coIIectorPqé&ﬁﬂ&éﬁoéré&sfg{maﬁdtﬁﬁetBﬁS%fc?ﬁgaFm(E?5%§e 1%3ructure 112 is
simul taneously renmoved in this etch. 5 1In the center of the emtter opening

162 there 1geM8iAS iR - pase formation

In next step, boron will be implanted into the structure to form
the intrinsic base region 174 of the NPN-transistor. In this
particular examples, a boron dose of about 1.5E14 cm? is
implanted at an energy of about 6 keV. Changing the thickness of
15 +the thin oxide formed in the previous step may require change of
the implant parameters. The implantation only penetrates into
the silicon in +the base area, as other silicon areas are

protected by means of nitride layer 141.

After the implantation, the structure is further oxidized,
20 preferably in wet atmosphere at 800 °C, which reduces the
concentration of boron atoms at the silicon/silicon dioxide

surface.

Then, with reference to Fig. 18a, an about 120 nm thick layer of
silicon nitride is conformally deposited with LPCVD-technique.
25 The nitride layer is etched by a special anisotropic etch until
sidewall spacers 181 of silicon nitride remains where large
steps at the surface exists, such as in the intrinsic base
opening 162 for the NPN-transistor (inside spacers). After this
spacer formation, the opening ‘'of +the intrinsic base is

30 henceforth referred to as the emitter opening 162. Not only the



t hermal oxide, which also is to be renoved. The oxide nmay be renoved by
wet or dry etching. In this particular exanple a two- step dry etch is
used. ThewbDi®91463 chi ng step is oxide renmoval using R E PReEsEDI/MS3d on
Etching) in a Ar/CHF3/ CF4-pl asma, and 10 the second etching step is a mld
isotropic silicon etch in situ in Ar/NF3,to renove residues and radiation
damage fromthe preceding RIE etch. The Second etching step renoves about
10 nm of silicon fromthe exposed area of the emtter opening. Since this

etch aff e%%%g%@?\ﬁgl gggabgiltcédb ﬁi%r?&?fskéereﬁl&?egt Cl!}u‘éi ﬁ%%o MBYe ]t%ﬁrggi%rfic%%e

controlle endi NngTon"requi renen on current ‘gai eta‘or

NPN-t r ansiigtior(depdiei tenui acisitegd. 13Mi sreseenbdoat chiend | 8al sadr adeve@asHh
of the silicon used as first gate material 112 on the PMOS transistor. The
initial CRPERAESRISRAS HEl gaRd ARt EPPalothdshdcR¥OS epateeftiiiERUSBCH 12 D

mar gi n notsi{ngl%gﬂggu%@éi g&ﬁgggas%\%?épigﬁ%ge E:ht ransi stor. The resulting

structure IS Shown | ing, a polysilicon | ayer 182,
typically 220 nm thick, is deposited using LPCVD-techni que, see Fig. 18b.
The I|Rayelnl8Zhe s camhreaquent lthedoprdtbyri @wpdmipl@nla?i dheny eremahhy @
arseni ¢ and/ or phosphorous.  In the preferred enbodi ment, the doping is

per f or med thETPRLe ©XidGyardh CRt 880 Fisr sk yPet FemAVSce SThe 28816 MRy \RE er

is inplan LN <a ni a t k&Y f -15
cro. Vo 0508 T R ERsS, Aouageathar 25 PheK pett IS AN b iSRS it
phot or esi stepasicy( retich |isistsed edThe fhish kbeatdagr eskept ien caieke fremoval
resistors wi,th | ow val ues O_. and hjgh val,ues an_arseni

(RL (RHI ic
i npl ant at PEANEt BIFE eABPEFLEYE VUt EESRIREY dRd & BB}/ GF 7BL6 5B 30
made. ) gThe cheskaboRRSkichBihg stbpequenthy18MRYEHopic silicon etch in situ

in Ar/NF, to remove residues and radiation damage from the
preceding RIE etch. The second etching step removes about 10 nm
of silicon from the exposed area of the emitter opening. Since
this etch affects the intrinsic base profile, the etch depth may
15 be controlled depending on requirements on current gain (beta or

h.;) of the NPN-transistor to be manufactured.

This second etch will also remove part of the silicon used as
first gate material 112 on the PMOS transistor. The initial
thickness of the gate material has been selected with such a

20 margin not to cause any problems for the PMOS transistor.
The resulting structure is shown in Fig. 18a.

After the etching, a polysilicon layer 182, typically 220 nm
thick, is deposited using LPCVD-technique, see Fig. 18b. The
layer 182 is subsequently doped by ion implantation, preferably

25 arsenic and/or phosphorous.

In the preferred embodiment, the doping is performed in three

separate steps.

Firstly, the whole surface of the wafer is implanted with

arsenic at an energy of about 50 keV and a dose of 3E15 cm™.



Thirdly, another mask | ayer 183, see fig. 18c, which defines areas for |ow
val ues resistors (RLO, and for contact plug areas 132, 133, 134, is

patt er nedwoan@tdben phosphorous at an energy of about 25Pk#¢Eaniahs3s dose of
4E15 cn? is inplanted. The resist 10 mask 183 is thereafter renoved. The

hi gh val ue resistors (RH2) thus obtaineds;yill have a sheet resistivity of
about 500 Ohns/square, while the low value resistors (RLO will have a
sheet resistivity of about 100 OChns/square. These resistance val ues can be

changed b ' ing.: h ' ' n '
that the )ég ?% |HFSL&<5 oglsl‘l#%c E)an tepéagi%se\%ﬁ}e%ﬁ 3111%“%&% Sﬁlssé!:r %éﬂ%ﬁ@ﬁégcé} %g%ﬁ:t’%\ﬁeé g
consecut i whiahsQeiafresndediist adn airéd efent renesgoes. wilehphespharlues S(R,,)
allowed to enter the _emtter polysilicon 182, see Fig. 18c. 20 The

pol ysi | i c8RYi MiBhteRtusd t Ruhe GO IBEPVYLC hoWelBRLATEOD ¢ §hi Al ISPALH o ed
using a C%@Bh[ﬂatlF%n kgl AU G ofpﬁoé%%{ | Y g of o L €M
i ch have di

dopant species of same doping type, but erent
di ffush vi tisesubaeboentiigsiremovedand deeper collector contact is achieved.
25 19. Emtter etch The doped polysilicon 182 (in Fig. 18c) will next be

patterned _uysing |ithography and dry etching, see Fig._l19a. In thi i ep,
Phe cont adPiafdds (PO ntRs br LEYETantp bol PES: oF19.921BF 1 pricn definds
NPN-t r ansi;shak, e 1¢96eRe lse idade o123 ((?3c ot eyl tEddec R Q2 qtgﬂ&?g’areas
PCT/ SE02/ 00838 32 capacitor, the gates 194°0of the PMOS-transistor- and the
subst rat eld@nt ASB ,1934f idhepbSrnednsastotheanghoswhardusi git aral emergy

resistors (not explicitly illustrated in _Fig. 19a) are _ defipned., Note that
the 111 usPFABDECENES B aBY o dRes Qg TNDST | 1 TRt e Ravtiy THEAS S vio
gate ffeagal41650n sf @RELaELER PEmBved.

The high wvalue resistors (Ry) thus obtained will have a sheet
resistivity of about 500 Ohms/square, while the low value
resistors (R,) will have a sheet resistivity of about 100
Ohms/square. These resistance values can be changed by adjusting

15 the doses and energies.

An important feature is that the polysilicon in contact with the
emitter window receives two consecutive arsenic implants at
different energies. No phosphorus is allowed to enter the

emitter polysilicon 182, see Fig. 18c.

20 The polysilicon in contact with the collector, however, is
typically implanted wusing a combination of arsenic and
phosphorous. By use of two different dopant species of same
doping type, but which have different diffusivities, a low-

resistive and deeper collector contact is achieved.

25 19. Emitter etch

The doped polysilicon 182 (in Fig. 18c¢c) will next be patterned
using lithography and dry etching, see Fig. 19a. In this step,
the contact areas to the emitter 191 and collector 192 of the

NPN-transistor, the deeper electrode 193 of the nitride



qgquasi -l ateral PNP device). Wiere the polysilicon is in direct contact with
the nonocrystalline silicon surface in the emtter opening 162, the

pol ysi | i cwp onfodpl46at a | ater process step operate as a dopiPeg/SE02/&888 ce
during the drive-in of the emtter in the intrinsic base region 174. Using
photoresi st mask 196, called EM POLY nmagk, portions of the doped
polysilicon is renoved until the field oxide areas 81 are exposed. This
etching is preferably done using RRE with a Cl2/HBr/ Q2 plasnma. 15 The

resul ting I e i ho i1, Fi 19 f.fer t resist js;r ved
usi ng com‘%&ftal%%trlféﬁ’rret h%ds%tﬁ%e 01%4de &ay§ﬁ§52§%§sﬁ%ﬂb l%ersp-é{rf/dpeec@e
pol ysi | i cemblsayerel Tontua Mess t 6f beheermogdtiaabibtbust aatdedbw Hid Higgh be
done by dry_ etching, either globally all over the wafer, or locally using
a 20 phot ¥ohHek ASFLISERTS ed NBASEXNREM sk ilsvetraged 198 T chlPd) tawre
preferred chdn this.e di; p LS.

t hat openF%SEB%?é gbggtgg%gvgggtﬁggg%tgnggiPﬁégnggfgﬁér}nﬁiéé§gpﬁgb2%?%%

i s rempvedranisigtBids Watvingn tAusCdkd/ GR4e plaasnloThefet chalug ¢ st Sdroppet
when the polysilicon is _exposed 25 in the resist openings. The advantage of
usi ng a pHYeSimaskeral,ENBadeyicq)gl obal etch, is that the field oxide
areas 81 will be protected by the photoresist, otherw se they would have

been - er oy V0 D6 09AA3 A2/ 90838 33a8LLeE Cladiing: Nayipg T agle!
still in place, an additional boron 1nplant is perforned to dope the
respecti veonoerystaid ideaisiliaoeasuiFacef itrhecHeMami e Fomgenit¥h.16khe the
extrinsic base 151 of the bi pol transi stor, the to]agéate 151 of _the
capaci t or POAN§18156Py ST+t oftf & %T%epgﬁf'}???atsé:e@o LG @t ehgimping

Wil @1 Milol 2RO mRE 4P| iR i ATd e O R ALES eI NKY Aidrinsic base
region 174. Using photoresist mask 196, called EMI POLY mask,
portions of the doped polysilicon is removed until the field
oxide areas 81 are exposed. This etching is preferably done

using RIE with a Cl,/HBr/0, plasma.
15 The resulting structure is shown in Fig. 19a.
After the etch, resist is removed using conventional methods.

The oxide layer 152 on top of the p-type polysilicon layer 151
now has to be removed (not illustrated). This may be done by dry
etching, either globally all over the wafer, or locally using a
20 photo mask 197, called BASE OXREM mask, see fig. 19b, which is
the preferred approach in this embodiment. The photo mask is
patterned such that openings are created over the p+ polysilicon
layer. Then, the oxide is removed using RIE with an Ar/CHF,/CF,-
plasma. The etching is stopped when the polysilicon is exposed
25 in the resist openings. The advantage of using a photo mask,
instead of a global etch, is that the field oxide areas 81 will
be protected by the photoresist, otherwise they would have been

eroded.



i npl antation, the photoresist is renoved. 20. Emtter activation and
drive-in A thin, about 30 nm oxide |layer 200 is deposited on the wafer.

10 Preferablog/0TEHES i s used, but anot her oxides, such a LT®CO®SEPEW@SE can
alternatively be used. On top on the oxide 200, a silicon nitride |layer 201
of about 100 nmthickness is confornably;deposited using LPCVD-technique.
The resulting structure is shown in Fig. %Oa. 15 After the deposition, the
wafer is exposed to high tenperature to activate and drive-in the
previous| ¢, pl %?:E:ﬁ_dm 9PﬁQ¥r§ng' Peéi"ﬂStpé@IfireH e&f%gé’} tadé:*}@jfél%?ﬂ% boron
treatnment Ts perforimed’in a two-Step procedure: e'wafer 1s first given a
furnace anmgakntofiB5PefLfthéd( tabadpas30thientHethecttiiveh poipeseand tdralth
redi stribute the dopants nore evenly in the inplanted |ayers. This first

step may PHeREctle ofi ShensRPH t3£F "Fi%he pPlsefibe FREECETSIFI SRSesilide qthe

sem condu r fer_alr e ceiye t.fiGiie aﬁﬁg . { ng
t he depos%&jlgor?wgpﬁtaﬁe trgﬁgﬁggﬁﬁééxitﬁ&% %Io r%&é‘%‘z’o&%zlo%tf I chéalrpgdac‘tl;%ltc’al yCi
per f orsredpallysadiabaut £dH0 fodyple npubsthatet hh@e-dwis S.(nB&CcosHobyn ) anatiielr

heat treatnment in nitrogen at about 1075 C during 16_secaqonds, using an RTA
(Rapi d ThELRHILtARBEHELY eqiepmeitPlantathde. AFHRY puFpBRéCERIt hisSCAdRGal a7 to

prof 11 s aPRIB 52 888ac s BRI RERS She S P L1 o7 base | unction of ©
the NPN-transistor, and the profile of the PMOS device. Note that the

previ ousl g0demaditted sckicehioni sed2@fiwedisilicon nitride 201 | ayer
remain on the wafer. Their purpose is to stop 5 out-diffusion of the

mpl ant edAd(ij:%a:i.rxlw.t,S a&:%utth%os %,O%ch.ld%giay%%r IZ%% tirlc,e J'ee}'\pac;[sj:[tre?torlrne r]cth'e wafer.

10 Preferably TEOS is used, but another oxides, such a LTO or PECVD

can alternatively be used.

On top on the oxide 200, a silicon nitride layer 201 of about
100 nm thickness is conformably deposited using LPCVD-technique.

The resulting structure is shown in Fig. 20a.

15 After the deposition, the wafer is exposed to high temperature

to activate and drive-in the previously implanted dopants.

In the preferred embodiment, the heat treatment is performed in
a two-step procedure. The wafer is first given a furnace anneal
of 850 °C during about 30 minutes, which purpose is to
20 redistribute the dopants more evenly in the implanted layers.
This first step may in fact be dispensed with in the present
process flow, since the semiconductor wafer already have
received sufficient heat treatment during the deposition of the
silicon oxide/nitride 200/201, which is typically performed at

25 about 790 °C for more than three hours.

Secondly, another heat treatment in nitrogen at about 1075 °C
during 16 seconds, using an RTA (Rapid Thermal Anneal) equipment
is made. The purpose of this anneal is to electrically activate

the implanted species, and to set the final doping profiles of



During the heat treatnent, the arsenic, which was inplanted in the upper
n- poly layer 191, will by diffusion penetrate into the intrinsic base and
form t he woikieredbase junction. For this 10 enbodi nent, tIiReTSEPYINSEE t he
emtter 202 is about 50 nmand the remaining thickness of the intrinsic
base 174 under the emtter about 50 nm3Jhe concentration of arsenic in
the emtter opening at the junction between the surface of the
nonocrystalline silicon layer and the polycrystalline layer is typically

5E20 15 a LCE h re ndi ng.-c at] ron. | :
ntrinsi o Bas e aE tPhasRRCt U ACBRen Pancry oy et EEBs 2ty Hd G Brors e
cnC3 . At ofheheapmobi geyitbe boron, which was inplanted in the extrinsic
base contact poly layer, will diffuse and connect to 20 the intrinsic

base. For the described manufacturing grocess, the extrinsic base d%pth is
about 200NREf BR&tt RBSCBEPELBBRY ngePedhEeAt Pt 1EAR o?X 1 ol PR 1licon

i nterface Nobhe 19681 B3kt 1 nDR3E 1A Yl del COMRNg: ¢ ROGIY ARl
silicon i29?§%?§aepg l%é%o atonénlghnﬁ. Tﬁ%g higﬁiy gb&@%*?%bion of p-f&ﬁe
i s cald edouRbdeffushenc bAsethdheimpibstitreat e dopahast te foheedsunraundings

correspondi ng mannerh b£ out-di ffusion of boron fromthe polysilicon |ayer
of p-typedUFhBIghhEsneaE EFSRRESPROS transistor structure consists of the
n+ poly layer (182 in Fig. 18b), i.e. the emtter poly, and the WO

02/ 091463pRETHSERHOGRIZ BRed BN NGhOT akBenié! Skndahe waRt Ghilankbl2 i
Fig. 11), which was undoped polysilicon. During the heat treatnent, the n+
type dopahes upper redi potybliegeri ndlhe whte buyeris fogionf esiesmrateucinto

LDt the DR toRetedig BRIROSeRURly, d9ped bl S eft gl 005 3 Ui 1
of the PMRpblaAehst Okhal @edht$0 of the emitter 202 is about 50 nm and the
remaining thickness of the intrinsic base 174 under the emitter
about 50 nm. The concentration of arsenic in the emitter opening
at the Jjunction between the surface of the monocrystalline
silicon layer and the polycrystalline layer is typically 5E20
15 atoms/cm™. The corresponding concentration of boron in the
intrinsic base at the emitter-base junction is typically 1E18

atoms/cm™.

At the same time, the boron, which was implanted in the
extrinsic base contact poly layer, will diffuse and connect to
20 the intrinsic base. For the described manufacturing process, the
extrinsic base depth is about 200 nm, and the corresponding
concentration of boron in the interface between the extrinsic
base polysilicon and the monocrystalline silicon is typically
1E20 atoms/cm™. This highly doped region of p-type is called

25 extrinsic base.

The substrate contact is formed in a corresponding manner, by

out-diffusion of boron from the polysilicon layer of p-type.

The gates 194 of the PMOS transistor structure consists of the

n+ poly layer (182 in Fig. 18b), i.e. the emitter poly, and the



activated by the heat treatnent. The resulting structure is shown in Fig.

20a. After the annealing the resistor is lithographically defined, so 10
that a prwoaeidmes | ayer of photoresist will remain only oPET/SENB008BESI St Or
bodi es (not shown). End portions of the resistors will be exposed. After

patterning the silicon nitride |ayer 2013§nd the silicon oxide |layer 200
are etched away in the surface portions not covered by the photoresist

| ayer. The etching is 15 anisotropic, such that spacers 203 are forned

| t he_edges. of th il | 194 of 1y, Fig.. 20b. Th
D ocuss GESURTBLRS nef oraE R SRmR TR CUA B P, 10y s s
silicon nhhabggdorpdl%icﬁiciuri.hi PusihfCUhOXhdat | @y&ithent N suBst@ant idipe

portions simlar to the manufacturing 20 process as described in U S
Pat ent 4, 42D2uB3 havel re@gistriphiead in . thRhgaupokmyanie phcslidifasiion, sypeh i s

removed. r I hot.oresi st | aver, . the. pal,ysilicon |layer 194

of type hﬁﬁéﬁdt{‘%gg%{é%gs%&?cgﬂgl rg?/lg?gﬁﬁm%%ﬁf ydpoep Gfﬁk V%:lééél gE H&Q&ﬁlc?g'd \ﬂntdn a
thin g 1i¢hde haygatés DIslefor ot Mas tieandh J1eit HaARC Sin ToReheet.ors to
the different electrode regions of the conponents to be manufactured -

t hese conductors will then be shunted by such a silicide layer. This
silicide TBer SeHRCHAIradnst | ahees byfe. é.hept 8MOSCo Srangi stk 2aren also

preferred i i i LsiJdicide TiSi2 is used, which is formed WO
02/ 091463aﬁg$§%%%8%%é qg%yﬂns%le;éééh%oacal | ed "sel f-aligning method" on
top of exposed silicon surfaces. Since the resistor bodies are not

exposed, The reselpingestedctyrd hies redrmmrmiing Rigyt i2oes. of the silicon
nitride |layer 201, no silicide is obtained thereon. 5 In such a

SBr6: ];];1? lo:,]ggfgaflilz %:jg%tl%gf i gg Lé %%gtﬁi%eite%l{isiihoga'aa:[p%rycadi’lz?gol’egf%.?letdo, so
10 that a protective layer of photoresist will remain only over the
resistor bodies (not shown). End portions of the resistors will

be exposed. After patterning the silicon nitride layer 201 and

the silicon oxide layer 200 are etched away in the surface

portions not covered by the photoresist layer. The etching is

15 anisotropic, such that spacers 203 are formed along the edges of

the polysilicon layer 194 of type N+, see Fig. 20b.

The process described herein in the manufacture of such so
called spacers of silicon nitride on top of a thin silicon oxide
layer is in substantial portions similar to the manufacturing
20 process as described in U.S. Patent 4,740,484 to H. Norstrdm et

al. Thereupon, the photoresist layer is removed.

After removing the photoresist layer, the polysilicon layer 194
of type N+ and the polysilicon layer 151 of type P+ can be
provided with a thin silicide layer in order to reduce the
25 resistance of conductors to the different electrode regions of
the components to be manufactured - these conductors will then
be shunted by such a silicide layer. This silicide layer can be
constituted by e.g. PtSi, CoSi, or TiSi,. In a preferred

embodiment titanium disilicide TiSi, is used, which is formed



Shibata, a thin netal layer is deposited, in this case a layer of titanium
havi ng a thickness of about 50 nm preferably by sputtering, over the
surface ovotopeImes er. The netal |ayer is 10 thereupon nad®CIGSErE@SsS f or a
short tinme, about 20 seconds, with exposed silicon at an el evated
temperature of about 715C in a nitrogensgas atnosphere in an

RTA-equi pnent. In certain cases also a mxture of oxygen gas and ammoni ac
can be enployed. Thereafter, the titanium which has not reacted with

il : h o ich_had il f
orior o PRAEGI Al Hepar P, Tt Aah Ay B R e ShertBed

Thi s et chisigigbap sutiiaeksselseatievehy repp¥esrt bbahesNare WAbE heigSsd®) but
reacted, affects the very titaniumsilicide only to a smal| extent. After
the wet cR&Ri PHOtECHAhPYrbeesEePRenPDIpPREE1IPESapfedihad St ligmutnByscie
during ab 0 conds,..: t hat esi st formof titanium
disilicidasy S}f gr%?védggTﬁ’éﬁggg |ec?geoﬁgég}ﬁle{ihﬁ%é%%%gﬁﬂced, whi ch has a
surface resistance of about 2 - 5 ohns/square, will then only be present
on thes proevi pushy expesefi-slidgweed sirlfiacemtdfon he "ghAIEeIDE ¢, beeseld-s25
aligned with these_surfaces. The structure_after outside spacer

: 203
f or mat i onPARENEALK CPPE 2 Ps &Pt BELEGREE &FI Réi d8Rd2B4St oPARERBN i 82%hbIh T
Fig. 20b, iLh Ej : i h - : § f NPN _transi
Fabri cat e TA2gedor, o pracess Tion 30 Fracoibata op qett e = i
base- col | edt oritcapam t Aaeéngf aa BN khiessost @boat: a50 unat, i rederbibdy by
base-col | ector vqltage. The WD 02/0Q91463 PCT/ SE02/ 00838 37 | ower. curve,
shows t he SPHS4EFERAce GT aMNPNSPFoatEe@faddts dYHEET t oThRe Mefdntiayer is

o 00 LB aReEn Raietol Lhathensl B, snihe! Seiel hepateyy UGS O
using a. ehpeked silicon at an elevated temperature of about 715°C in a
nitrogen gas atmosphere in an RTA-equipment. In certain cases
also a mixture of oxygen gas and ammoniac can be employed.
Thereafter, the titanium, which has not reacted with silicon,
15 i.e. at those portions, which had no exposed silicon surface
prior to the metal deposition, is solved away by wet chemical
methods. This etching step, which selectively removes titanium,

which has not reacted, affects the very titanium silicide only
to a small extent. After the wet chemical etching process the
20 plate is annealed at about 875°C during about 30 seconds, such
that a low resistive form of titanium disilicide is formed. The
silicide layer thus produced, which has a surface resistance of
about 2 - 5 ohms/square, will then only be present on the
previously exposed silicon surfaces of the plate, i.e. be self-

25 aligned with these surfaces.

The structure after outside spacer 203 formation and SALICIDE
(self-aligned silicide) 204 formation is shown in Fig. 20b, and
in Fig. 20c is shown a SIMS-profile for an NPN transistor
fabricated in described process flow.

30 Fig. 20d displays the base-collector capacitance of a NPN

transistor as a function of the base-collector voltage. The



5 epi and a higher well-doping. Both the total capacitance val ue
(represented by Cbc at 0 V Vbc) and less variation during the full range
are obt aiwed2/oNase that the transi stor produced accordi ngPCa/SEhE0G8B8/ent i ON
fully depletes already at a bias voltage of about 1 V. 10 By carefully
tuning the retrograde profile as descri in US Patent 6,198, 156 by
Johansson and Arnborg, the linearity of e transistor can be further

i nproved. 21. Mask |l ayouts, contact holes to first netal l|ayer Figs. 2la-c
show nask | u ' t he thr [ ey ce t 1 ansj st .
quasi -1 at PR RRpEEE Brtle, HherdoRRnTRAon SOt B, MR, R SR B0

di scussedtontheeinfentioe! pepsiuction epadicasls kel eeseiegdEredaial,t erned) to
the first netal layer are also shown. In Fig. 2la masks for the NPN

transi st oWhpEegfokhe WRPLE SRIVE SPhoWshé&hsuBapasKktapre ifonr k& FPN nask (see

section 5 [ r sk _(:see i . .3 -wel |
ok (seo TaBEEEsRTof® pIBRACH AL ittt ST H:Nce uEihd B A |
the EM PebY emgka &idhk7 wed li-teopBASE B¥REMties kothlr idagrac itemicac tvalalees
are illustrated for the base 214, for the 25 emtter 215, and for the

col | ect or (FEBreFERSEEt PYeCPC BY Bi §. VhL) RaskdoFsr Vike aGuddi duat@dalthenp
transisto u'liz%gﬁ:é‘%’ taﬁ‘e@h?i)eca%%e'ds. & SWRBHe %ﬁdsﬁg)tt%?:zﬁgo (see

section 5), eep trench mask (see section I's the p-wel
mask (seeaseotrddngdko tht iisviehne iMOSBLEK lyaslepledts o lireadINGAP aNDiG2/ 091463
PCT/ SEO2/ 00838 38 mask, 196 is the EM PCLY nask, and 197 is the BASE
OXREM nasKO1tRELe Ofh&P%Mre 1d¥si gn of this conponent differs fromthe cross
sectional views as also the substrate contact is forned of annul ar shape.

10 By carefully tuning the retrograde profile as described in US
Patent 6,198,156 by Johansson and Arnborg, the linearity of the

transistor can be further improved.

21. Mask layouts, contact holes to first metal laver

Figs. 2la-c show mask layout views of the three main devices
15 (NPN-transistor, a quasi-lateral PNP (i.e. the PMOS device) and
the nitride capacitor), discussed in previous sections. The
contact holes (chequered patterned) to the first metal layer are

also shown.

In Fig. 2la masks for the NPN transistor is shown, where 22 is

20 the SUB mask, 211 is the STI mask (see section 5), 212 is the
deep trench mask (see section 6), 213 is the p-well mask (see
section 9), 142 is the E/B mask, 161 is the REFEMIT mask, 196 is
the EMI POLY mask, and 197 is the BASE OXREM mask.

Further, contact holes are illustrated for the base 214, for the

25 emitter 215, and for the collector 216, respectively.

In Fig. 21b masks for the quasi-lateral PNP transistor is shown,
where 22 is the SUB mask, 211 is the STI mask (see section 5),
212 is the deep trench mask (see section 6), 213 is the p-well
mask (see section 9), 121 is the MOSBLK mask, 131 is the DNCAP



5 Further, contact holes are illustrated for the gate 217 (grounded), for
the source 218 (collector) and drain 219 (emtter), and for the substrate
contact 280 o¢bested, respectively. In Fig. 21c nasks for Pha/SEDL/eG88k
capacitor is shown, where 22 10 is the SUB mask, 211 is the STI mask (see
section 5), 212 is the deep trench mask;§see section 6), 213 is the p-well
mask (see section 9), 131 is the DNCAP mask, 161 is the REFEM T nmask, 196
is the EM POLY nmask, and 197 is the BASE OXREM mask. Further, contact

hol es are_LL]us t a r }?&ﬂp

Connect i oﬁh%%’flﬁ?gt Ergreitgl% Lﬁglée%%gé%&a%dsﬁ?vé g\r%egggﬁztjﬁpgrgﬁi eat Et}aeS%%'f

t he NPN tnafisi shet wHendesbyecbingHilse dompmieitordidféhe fromt thet alross

| ayer. To obtain a | onwest base resistance gcorresponding to.the best . 20
frequencySBEELBPARNCEYEVHadE cBRFACt I 2FURBETBESC PR Hot HS sfefeRedt e
emtter E o 19 Fig. 22a. Thanks to the dense |ayout rules, this
can be naagﬂ§%§ o%?a%%énging the size of the transistor (which is usually
not the case in prior art processing nethods). 25 However, sone

transist oFsrthen, ci conttctieshgihesny alre usédusaradedputfor ghheur rerttes. ZTHe

| ayout in Fig. 22a may_then be limted the wdth of the tal .

cont act| n§SFHERERR T of TEE (1 HEScUPPRHES OI! { (MMt (4 - CBifridbt (%)
Sl nce the(@fmt@fzc bageg WO Q3/ 09483 REHSSEAA 00833132 +COMPL ¢t €l phase) ,
surrounds the emtfer and is covered by TiSi2 to further |ower the base

resi st anceespbetiree¢dy.connecti ons would then be placed as shown in Fig.
22b, with only a very small increase of the base resistance. 5 Further,

the same {1apsiStohd s AL eS8l 06 92UBLE B0Y is shown, where 22
10 is the SUB mask, 211 is the STI mask (see section 5), 212 is the
deep trench mask (see section 6), 213 is the p-well mask (see
section 9), 131 is the DNCAP mask, 161 is the REFEMIT mask, 196

is the EMI POLY mask, and 197 is the BASE OXREM mask.

Further, contact holes are illustrated for the upper 222 and

15 lower 221 electrodes.

22. Connection to first metal laver

Figs. 22a-b show an additional feature of the NPN transistor

when connecting the transistor to the first metal layer.

To obtain a lowest base resistance (corresponding to the best
20 frequency performance), base contacts 221 are placed on both
sides of the emitter E, as shown in Fig. 22a. Thanks to the
dense layout rules, this can be made without changing the size
of the transistor (which is usually not the case in prior art

processing methods).

25 However, some transistors in a circuit design may be used to
output high currents. The layout in Fig. 22a may then be limited
by the width of the metal contacting the emitter E (the current

density in the emitter connection). Since the extrinsic base



si ngl e base contacts (only the contact holes and the netal |ayer have to
be made differently). The continued processing follows then essentially the
process WbDowogligsxri bed in the international patent appli eaTisen2/qskd i shed
10 as WD 9903151 (inventors H Norstrom S. Nygren and 0. Tylstedt). If an
NMOS device is to be manufactured in thiggprocess typically four nore
processi ng steps have to be added: masking and ion inplantation of the
NMOS gate region and nasking and ion 15 inplantation of the NMOS source

and drain i ug C r t
descri bed Joﬂ%l%ﬁ%lft erna ?%‘%%I I\t/m&)lglt e&ﬁgg%ép i ca%lno%gp% q:necl{d) %Q Lf?O 2pa 2nt
6, 100, 133 furthent dievdt dok shasen asdiStahlggl efthe hietdll |cdrnedniones wdald

the invention may. be varied in a 20 pIuralléé of ways. Such variations
are not td&hea r%a?ééﬂeés af TR t dfe Fiom 2R, s¥dE Anthedi Wegmt | smallh |

such rmdl f'c%%tas%”%fa%g\éoi&'a% bge Qg{__gﬂé to one skilled in the art are
e

i ntended to be includ I'n t e scope of the appended claims. WO

02/ 091463 PCT/ SE02/ 00838 40 CLAIMS 1. A nethod in the fabrication of an

i nt egrat edruziuh@mi t thepasdme utwayi sitor Nt @goat edani beuidseldort aradimild Tee qamdcy
appl i cations, | udi 51:% at | east ine bi pol ar transistor and at 5 | east one

MOS deV|c§ln§ﬁ§r & CLEF3HVSt heRLY epBS0 ?ontaCBrBQFﬁ?nﬁn% Eheimeesub’Yfht e

(10, 41); paddforid e %@d%cghﬁgegggtgg y(41) for the bipolar transistor and
an active region (41) for vice in said silicon substrate (10);

10 - formng field |sol ation areas (81) around, in a horizontal plane,
sai d acti Viher egpmwinsnued processing follows then essentially the process

flow described in the international patent application published
10 as WO 9903151 (inventors H. Norstrdm, S. Nygren and O.
Tylstedt).

If an NMOS device is to be manufactured in this process
typically four more processing steps have to be added: masking
and ion implantation of the NMOS gate region and masking and ion

15 implantation of the NMOS source and drain regions.

Further, an MIM capacitor can be added to the flow as described
in the international patent application published as U.S. patent

6,100,133 (inventors H. Norstrom and S. Nygren).

It will be obvious that the invention may be varied in a
20 plurality of ways. Such variations are not to be regarded as a
departure from the scope of the invention. All such
modifications as would be obvious to one skilled in the art are

intended to be included within the scope of the appended claims.



- formng a MOS gate region (111, 112) on said active region for the MOS
device; - formng a layer (141) of an electrically insulating material 15
on sai d MUBogaryes egi on and on said active region (41) forCriseo2/mispol ar
transistor; and - defining a base region in said active region for the

bi pol ar tran5| stor by neans of producingpan opening (143) in said
electrically insulating |layer (141), mhereln 20 - said opening (143) in
said electrically insulating layer is produced such that the remaining
portions of the electrically insulating |ayer (141) partly cover said
active region for the bipolar transisg ﬁ?& gnd - said electrically

i nsul ating |layer (141) remains on said 25 gate region to encapsul ate
and protect the MOS gate region WD 02/ 091463 PCT/ SE02/ 00838 41 during
subsequent.maAufmetbodngist efise pRaHridtrdy iofcl adi ngnaegstepdofcircuit,
oxidation, ion inplantation and/or an etchi, ng step._ 2. The nethod as

cl ai ned |Ha€|téFH11?rMere?% sdiFedEted cafity utlﬁsul%lf ngrla%}@r i SFAWRRGY de

| ayer (14%§g1§c§t139 ,metRad as, 5’0 ?&4 Mpdasp ghal Wliamger s atsq%rtogorg;{d i

the manu turing o "acapaclt 1, 141, 151 portion

sai d & ecflekeal byei MO8| deivigel, aget a(ﬂ1b1¢ 4 & witii d: iezéd by t hke dtepecoftc in

said capacitor. 4. The nethod as clainmed in any of clains 1-3 wherein said

MOS 10 gate_region is forned as ilicon_lay (112) on top of an oxide
1 Brbaere oibrnid)

| ayer (1lI) Previghadng: fdd1580cFY wherein an oxide is formed
on top of the silicon layer (112) prior to formng said electrically

i nsul ating !{fﬁa‘z(ﬁfln(gl%ﬁ adeide FBEiAR! had)agoy! ainEGbigbid @i #RthPistod Uiddner
conprisin e
w gn active region (41l) for the MOS device in said silicon

substrate (10);

10 - forming field isolation areas (81) around, in a horizontal

plane, said active regions;

- forming a MOS gate region (111, 112) on said active region for

the MOS device;

- forming a layer (141l) of an electrically insulating material
15 on said MOS gate region and on said active region (41) for the

bipolar transistor; and

- defining a base region in said active region for the bipolar
transistor by means of producing an opening (143) in said

electrically insulating layer (141), wherein

20 - said opening (143) in said electrically insulating layer is
produced such that the remaining portions of the electrically
insulating layer (141) partly cover said active region for the

bipolar transistor; and

~ said electrically insulating layer (141) remains on said MOS

25 gate region to encapsulate and protect the MOS gate region



step of formng an oxide |ayer (111) on top of said active region (41) for
the bipolar transistor prior to formng said electrically insulating |ayer
(141). 7.wohenmasthod as clainmed in claim6 further conpri #CAGEN@S3t ep 20

of producing said opening (143) also through said oxide |ayer (111) on top
of said active region (31) so as to expoge a portion of said active region
(41) for the bipolar transistor. 8. The frethod as clained in claim6 or 7

wherein said oxide |layer (111), on top of which said gate polysilicon

| ayer (112) 25 is forned .and said_.oxi.de |ayer (111) forned on top of said
bt v redlBand e SR I R S s | e RO A B s
si nul t aneqisdy o ANBxQ YR bHG3 iBETARED3h088B8n 4BdPor The sl astad ai ned in

any of clains 1-8 wherein said active region (41) for the MOS device is

ion inplanted prior to the formation of said MOS gate region (111, 112).
10. The net-hotRr@sMerbpdedsi £ladpest & afhain- § Wherein $aigl sekemeaigally

i npl ant ed . t.Qr. ( :171) ks i.d Y ion (41) for the bipolar
transistoﬂggﬁgﬁgngﬁk%gkgghééd%pp%grggbsé?géka %%g ‘region (41) for the MOS
device are formed sinultaneously in an ion inplantation step. 11. The

met hod5as 3l ditreednétthard sisn diaisdeet eim clmiextl iowsiZ hasthed cdniil)s iy tie
bi pol ar transistor i,s fornmed on said electrically _ _insulating |ayer (141)

and part | VSN SGHHTARG WRE r2gFRRREHRYT 1 bR L/t RAlpi polar MREREIS: Gf R EEOY
openi ng (¥B)sd Q3 tbeLeby; define; St e ni 162) Is Xtyd nsj
base bei ng f&?ned pr%or lto é%ihn?%ngg%p§an?g??oﬁmg%ép§§n tﬁgﬁ%ﬁgpfg%ggﬁéd
by phot or ekiiesitectiic idlsaddr cagasatdri.on i npl antati on step. 12. The net hod
as claimed in claim1l wherein said extrinsic base (151) is doped and
source an%fméﬂélég H&?Saélgfgiﬁég in any of claims 1-3 wherein said MOS
10 gate region is formed as a silicon layer (112) on top of an

oxide layer (111).

5. The method as claimed in claim 4 wherein an oxide is formed
on top of the silicon layer (112) prior to forming said

electrically insulating layer (141).

15 6. The method as claimed in claim 4 or 5 further comprising the
step of forming an oxide layer (111) on top of said active
region (41) for the bipolar transistor prior to forming said

electrically insulating layer (141).

7. The method as claimed in claim 6 further comprising the step
20 of producing said opening (143) also through said oxide layer
(111) on top of said active region (3l1) so as to expose a

portion of said active region (41) for the bipolar transistor.

8. The method as claimed in claim 6 or 7 wherein said oxide
layer (111), on top of which said gate polysilicon layer (112)
25 is formed, and said oxide layer (111) formed on top of said
active region for the bipolar transistor are formed, preferably

grown, simultaneously.



formed in said active region (41) for the MOS device sinultaneously in an
ion inplantation step. 20 13. The nethod as clainmed in claim 12 wherein

al so an ewewmenodes (151) of a capacitor (41, 141, 151), amdTGEIH00S3Nt act

| ayer for a substrate contact are/is doped in the ion inplantation step,
in which said extrinsic base is doped. % The nethod as clainmed in claim
12 or 13 wherein a silicon 25 oxide (20 § and silicon nitride (201)
bi-layer is formed on said doped source and drain regions (198) to thereby

pr event fr f f actiye 4.
WO 02/ 091463 %Eér/ %E%gﬁg g?l%gd agigllgllsrre%l ?lnwgl%%% c{%#arrs
1-14 mherebﬂlﬁélﬁeg&bhlVelnegbﬁn&h@4ﬁbg(ﬁEﬁﬂvElmqﬂﬂdﬁ imp&&nﬁﬁdwpfﬁmktﬁm

MOS device are forned b¥ means of ion |nplantat|on through an oxi de-
h

nitride bthpafermasiep ofngaidi¥ed aate| ueaeeni hlhhy bt2ttai ms 1- 15 wherein
a collector (31, 41, 171, 192) including a coIIector plug (192, 41) for

sai d bi pohgr t'f'l@?S'm%ttcHod sagorgfglméad Mhergl gl d1£00d egtar \%ggehﬁ a

doped by neans ion I nplantation wth t mo ferent opant specles (As,
P) of 3hessaunddﬂp|mgpﬂypée@nppllachot WiISIZEh) Hde)mﬂﬁeB&md abffvesivegias,

so as to achieve a | ow i stive and deep col | 7., The thp
as cl ai med4itn éP&lﬁPthﬁP n RSSO ashiaa e qﬁﬁ%&ﬁ éiﬁﬁﬁﬁbd’

wherein sgi.d; e E:E%’ioﬁorlh%t fot 49ReGo tdbvite Hfe %ﬂn@&%ﬂﬁuf@&?é&?sw
in said collector plug 15'inplantation. 18. The nethod as clainmed in claim

16 or 17 wherei nosaitipilentatiphaatepi on of the collector plug is perforned
in three separate steps, each step conprising the ion inplantation of a

11. The method as claimed in claim 10 wherein an extrinsic base
10 (151) for the bipolar transistor is formed on said electrically
insulating layer (141) and partly on said active region (41) for
the bipolar transistor in said opening (143) to thereby define
an emitter opening (162), said extrinsic base being formed prior
to said ion implantation step and being protected by photoresist

15 (161) during said ion implantation step.

12. The method as claimed in claim 11 wherein said extrinsic
base (151) is doped and source and drain regions (198) are
formed 1in said active region (41) for +the MOS device

simultaneously in an ion implantation step.

20 13. The method as claimed in claim 12 wherein also an electrode
(151) of a capacitor (41, 141, 151), and/or a contact layer for
a substrate contact are/is doped in the ion implantation step,

in which said extrinsic base is doped.

14. The method as claimed in claim 12 or 13 wherein a silicon
25 oxide (200) and silicon nitride (201) bi-layer is formed on said
doped source and drain regions (198) to thereby prevent
implanted species from diffusing out of said active region

(41).



dopant species at a set energy and a set dose. 20 19. The nethod as cl ai ned
in claim18 wherein high resistance and |ow resistance resistors (Rx2,

RLO are Wwormmeli4sh said three- step ion inplantation. 20. PCASEnEISsR] as
claimed in any of clains 1-19 wherein the bipolar transistor is an
NPN-transistor and the MOS device is a 25 PMOS transistor. 21. The nethod
as clainmed in any of clains 1-20 wherein - a buried collector region (31)
for the bipolar transistor is forned in said substrate (10), said buried

col | ector jegi@ %%?89%6 1F’Cfb% Olg{#OQﬁ?%é Pl hoiﬁtl%ﬁﬂ der neat

sai d actlve regi o for t ansistor; - the'f solatlon
area forrradtaweundegh@nact(lzl\/]e) régn:ontrie)r biplé alri pbi.‘anisi$ﬂb’tSI Snel the MOS
produced as a shallow trench (51) in 5 said silicon substrate, said

shal | ow t FENERCeREENIPHESHe PYi E&rPy PEoHPRhETREBRER B RN sthyaReE ARl Ubitie-

into (z) the i gd_ Ll.ector region (31); and - said shallow trench is
filled vmtE glr%zu%l ect}:’ag l1I:Iy insulating material (81). 10 22. The nethod as

claimed in claim21l wherein said buried collector region (31) and said
shal | ow trléncth(lél,me&:nocm es fokarekd eliat i a/reye@cfh olhoms sulctlX haheseiid a

buri ed coll ector on te ar ea | ocat ed_under ne aj d
shal | ow FPE Efto f5 (g%l Tﬁi mg?ﬁlodqé’% )el Jinrg c"f‘aFﬂrd%?cﬁHEré’i gsaﬁjd9
buried calilhect@r RQIPONLESoshF ORFahsNsdorReds PEBLREAD! Yak® @herein said

concentrati on of at |east about 1E19 ciri3, and said active region for the
bi pol ar t ceddiestor imlugppes tiopadcbtycenetmmﬁ\ ipot impdhetathan atdin thél7

cns, pref%.%g %en%té%ﬁgng éﬁE%&es (As, P) of the same doping type (n),
10 but which have different diffusivities, so as to achieve a low-

resistive and deep collector plug.

17. The method as claimed in claim 16 wherein an emitter contact
(191) is formed, and wherein said emitter contact is doped with
one of said dopant species used 1in said collector plug

15 implantation.

18. The method as claimed in claim 16 or 17 wherein said ion
implantation of the collector plug is performed in three
separate steps, each step comprising the ion implantation of a

dopant species at a set energy and a set dose.

20 19. The method as claimed in claim 18 wherein high resistance
and low resistance resistors (Ry, R,) are formed in said three-

step ion implantation.

20. The method as claimed in any of claims 1-19 wherein the
bipolar transistor is an NPN-transistor and the MOS device is a

25 PMOS transistor.
21. The method as claimed in any of claims 1-20 wherein

- a buried collector region (31) for the bipolar transistor is

formed in said substrate (10), said buried collector region



20 about 5E16 cm 3, and nore preferably not higher than about 1E16 cni 3,
and nost preferably of about 1E16 cnB. 24. The nethod as clained in any of
claims 2IwDP32hsei n a deep trench (63) is forned in sai @dC3isabt/agsg r ench
(51), and particularly self-aligned to said shallow trench. 25 25. In the
fabrication of an integrated circuit, paﬁgicularly an integrated circuit
for radio frequency applications, a netho for formng a shallow trench
for isolation of a vertical bipolar transistor conprised in said circuit,

characteri b he s f. ;0 PCT/ 2/ 3 45 - i di.ng
a senicongégggrXgﬁgggganaéfgfagﬁoggggr§%€g§8i%%g§ yp&?g? ?%?n?%% %géﬁégéd
col | ect or tregsa8tobs}) of a second doping type for the bipolar transistor
in said substrate; 5 - epitaxially growing a silicon |ayer (41) on top of
said substrate; - formng an active region (41) of said second doping type
for the bi pACarfigiths1SebrtIor sargdepPEARAaPrPUgfokiiesiaqtdsie 1E8&ECR e

active reghqn j qgﬁg L e;:th 1 | LLe I (Wolg) T3z
form ng ag:glh%al ?v?ﬁ%rljenc ’%%15 I'n lsééli %rﬁ%ﬁ?%%é)i(’i g?l ? %trh%\/%o%gl Il%gfg(ri:l I(g:%[i?? and
sai d shli ecendsshiticane subaittaskal baidt shathowstirenohdergending et zaenl B

pl ane, said active region and extending vertically, a distance (z) into
sai d substtrRfe; tARd SHPSTEALR n§usipdeshaPPowlPYBnch™iPt h(ah eFdRt P eEtsqd

i nsul ating, lﬁ%E%BEaEe$§$£'(§§)'TQ gmethod as clainmed in claim25 wherein
col'l i (31?

said burie ector region and said shallow trench (51) are forned

rel ati ve each other such that said buried collector region
- said shallow trench is filled with an electrically insulating

material (81).

10 22. The method as claimed in claim 21 wherein said buried
collector region (31) and said shallow trench (51, 81) are
formed relative each other such that said buried collector
region extends into areas (X) located underneath said shallow

trench.

15 23, The method as claimed in claim 22 wherein said buried
collector region 1is strongly n-doped, preferably +to a
concentration of at least about 1E19 cm™, and said active
region for the bipolar transistor is doped to a concentration
not higher than about 1E17 cm™, preferably not higher than

20 about 5E16 cm™, and more preferably not higher than about 1E16

cm®, and most preferably of about 1E16 cm™.

24, The method as claimed in any of claims 21-23 wherein a deep
trench (63) 1is formed in said shallow +trench (51), and

particularly self-aligned to said shallow trench.

25 25. In the fabrication of an integrated circuit, particularly an
integrated circuit for radio frequency applications, a method
for forming a shallow trench for isolation of a vertical bipolar
transistor comprised in said circuit, characterized by

the steps of:



20 extends into areas (x) | ocated underneath said shallow trench. 27. The
method as clainmed in claim25 or 26 wherein said shallow trench is forned
by neans wbD oamskebhg and etching. 28. The nmethod as cl ai ne@®CirrsEazi§ossf cl ai ns
25-27 wherein said substrate doping is of p-type and said buried collector
region 25 and said active region dopings-are of n-type. 29. The nethod as
claimed in claim 28 wherein said buried "collector region is strongly

n- doped, preferably to a WD 02/ 091463 PCT/ SE02/ 00838 46 concentration of

Concentr ari O FOCHIGRSr R LBBELOTEF oL r LFRFaBEy hof SHEGndloRing,

about 5Eléypa®, and nore preferably not higher than about 1E16 cnB, and
nost preferably 5 of about 1E16 cnB . 30. The nethod as clainmed in any of
clainms 25-29 wherein a deep trench (63) is forned in said shallow trench
(51), and- Parmi-egl ar byréeﬁf cal L grker 15t chbl IQﬁN%rFeﬁ‘RHP FPPing type

| ntegr at edoGl LAUI b oRAEL chALIYeap INegRlabalral 10 for radio
frequency applica conprising: - a senicon uctor substrate (10) of a
first doping type, sald substrate having an upper surface; - a vertical

bi pol & tpampﬁtmiéblyrecyxiawim@ dasuhisitircadre, laffer t (4bhpi stror topcl afli rsgian
active region (41) of a second doping 15 type, wherein an emtter (202)
and a bas&UPE¥4#t&ie formed, and a buried collector region (31) of said
second doping type, said buried col l ector region being | ocated underneath

the active f@%ﬁﬂ%& éH“Ectf%é”Eﬂdeﬁt(@ﬁfhof5%%1&05ebéﬁbahbgﬁn@ft&ﬁ% for

vertical bipolar 720 transistor,” wherein said shallow trench surrounds, as

seen aIonghetbepsaata¢eaaﬁlshersubs&@adeﬁpﬂhammamlwegmgmnomuﬂiqam(iayer,
the active region being located above the buried collector

10 region (31);

- forming a shallow trench (51) in said epitaxially grown
silicon layer and said silicon substrate, said shallow trench
surrounding, in a horizontal plane, said active region and

extending vertically a distance (z) into said substrate; and

15 - £filling said shallow trench with an electrically insulating

material (81).

26. The method as claimed in claim 25 wherein said buried
collector region (31) and said shallow trench (51) are formed
relative each other such that said buried collector region

20 extends into areas (x) located underneath said shallow trench.

27. The method as claimed in claim 25 or 26 wherein said shallow

trench is formed by means of masking and etching.

28. The method as claimed in any of claims 25-27 wherein said
substrate doping is of p-type and said buried collector region

25 and said active region dopings are of n-type.

29. The method as claimed in claim 28 wherein said buried

collector region is strongly n-doped, preferably to a



transistor, and is filled with an electrically insulating material (81),
characterized in - that said shallow trench (51) extends vertically from
the 25 wwpar/osusd ace of the substrate and down into the POISENZCS83E 0 a
depth (z) where said buried collector region is |ocated. WD 02/091463

PCT/ SE02/ 00838 47 32. The integrated ci %guit as claimed in claim31
wherein said buried collector region (31) extends into areas (x) |ocated
underneath said shallow trench (51). 33. The integrated circuit as clai ned

inclaim [ ei 5 .sai ri |1 r gi on_j . QNng :
n- doped, %ﬁ’gﬁgpﬁ%@‘ﬁ’@% (gfco%%en rala%tll—’l o§g8ﬁgat ﬁsl‘;ie%stc‘rngb’ou%nf‘élggéﬁﬁ,é%%hve
said acti vegib@giin dspédped =0 cormmiaatitiain ofoohibhgherhaharahaut 18EL7
cnB, preferaply not hi%her than about 5E16 cnB, and nore preferably not

hi gher t h&R abo®referePdirg, nahd Pshepr dfdmblapouty GE1&boGR 1E18RENENOra Y,

The net ho L.ai i / i - 24 reim a . vertical i
transi stogrlgge%gfg%ggq}dr?s%%eg‘{:t%%ﬂ p%%c}%% %%{rig ? e 'biap% alﬁésﬁ?a%%g%%%h(he
dopi ngs pr effi kesuandehneatmt.eat ment thereof being designed to produce a
transistor, which will 15 fully deplete fromits base (174) to its

subcol | ect ar (r26) at a . base-col | ectoor bias voltage Iar\gﬁ}; than 2 V. 35.

The et ho&oas @Ieain}’?é:&fq% aénfjtﬁl“ﬁdai% %&@W%’r‘?ﬁ a2_5 t“I’t&%lTeHi‘ pdI 4¢P
transi st Or(k):?:!eﬁcilor Wﬁl n ;sai kAgtddve irrpglﬁe]irg Orshd 1o p@@ﬁcﬁra@1 )S;[ orang he

doping protiles a eat treatnment 20 t eof belng designed to produce a
transi st oparwticof awllyl selflgldgpedt eof saidi sBabhow t4&d¢hto its
subcol l ector (26) at a base-collector bias voltage larger than 1 V. 36.

The method as gl ainpd o, chalm og or 35 wherel o fhe,collegtor Ip Lorged,

10 for radio frequency applications, comprising:

- a semiconductor substrate (10) of a first doping type, said

substrate having an upper surface;

- a vertical bipoiar transistor formed in said substrate, the
transistor including an active region (41) of a second doping
15 +type, wherein an emitter (202) and a base (174) are formed, and
a buried collector region (31) of said second doping type, said
buried collector region being located underneath the active

region; and

- a shallow trench (51) for isolation of the vertical bipolar
20 transistor, wherein said shallow trench surrounds, as seen along
the surface of +the substrate, the active region of said
transistor, and is filled with an electrically insulating

material (8l1), characterized in

- that said shallow trench (51) extends vertically from the
25 upper surface of the substrate and down into the substrate to a

depth (z) where said buried collector region is located.



25 doping level that is increased with the distance fromthe upper surface
of the active region for the bipolar transistor.
WO 02/091463 PCT/SE02/00838

47

32. The integrated circuit as claimed in claim 31 wherein said
buried collector region (31) extends into areas (x) located

underneath said shallow trench (51).

33. The integrated circuit as claimed in claim 31 or 32 wherein
5 said buried collector region is strongly n-doped, preferably to
a concentration of at least about 1E19 cm?®, and said active
region is doped to a concentration not higher than about 1E17
cm”, preferably not higher than about B5E16 cm®, and more
preferably not higher than about 1E16 cm™®, and most preferably

10 of about 1El6 cm™.

34. The method as claimed in any of claims 1-24 wherein a
vertical bipolar transistor is formed in said active region for
the bipolar transistor, the doping profiles and heat treatment
thereof being designed to produce a transistor, which will

15 fully deplete from its base (174) to its subcollector (26) at a

base~collector bias voltage larger than 2 V.

35. The method as claimed in any of claims 1-24 wherein a
vertical bipolar transistor is formed in said active region for
the bipolar transistor, the doping profiles and heat treatment
20 thereof being designed to produce a transistor, which will
fully deplete from its base (174) to its subcollector (26) at a

base-collector bias voltage larger than 1 V.

36. The method as claimed in claim 34 or 35 wherein the
collector is formed with a retrograde doping profile, i.e. a
25 doping level that is increased with the distance from the upper

surface of the active region for the bipolar transistor.



