SYMVETRI C Bl POLAR JUNCTI ON TRANSI STOR DESI GN FOR DEEP SUB- M CRON

FABRI CATI ON PROCESSES BACKGROUND OF FI ELD OF THE | NVENTI ON [0001] The
present invention relates to the field of sem conductor devices and nore
specifically to a bipolar junction transistor structure and its nethod of
fabri Cati ofo Jelsn3saesS! ON OF RELATED ART [0002] In bi ppéfiisdobdAGhs®n
transistor (BIT) design the need for device symmetry i s necessary to ensure
opti mum devi ce perfornmance and opti mal matchi ng bet ween devi ces. Proper
mat chi ng bet ween connected devices, allows the use of averaging techni ques
to cancel out linear and non-linear gradients induced by manufacturing
processes. Averaging can be applied to the bipolar junction transistor by
arranging stripes or rectangles of alternating diffusion types that

constitute Ek ct E rther |n3r ovenents can be
achi eved w ay*‘" é?ﬁ&&#mgﬂw OR DESS I\LFQ%'SHW junction
transistor to be usedg W-Ml@ﬁi@lgﬁ gi;e WS bandgap vol t age
ref erences, thermal sensors on-di e 1("fiﬁern%1’$1 calibration devices. To
mai ntain symmetry in a traditional bipolar junction transistor design, the

emtter term I i S pical |y drawmn as a square with the base term nal
surroundi ng CRQUNED OFJHE INVENHOM er . the traditional bipolar

junction transistor also |ncI udes a collector termnal that typically
surrounds the emtter term nal.

FIELD OF THE INVENTION

[0001]  The present invention relates to the field of semiconductor
devices and more specifically to a bipolar junction transistor structure and
its method of fabrication.

DISCUSSION OF RELATED ART

[0002]  Inbipolar junction transistor (BJT) design the need for device
symmetry is necessary to ensure optimum device performance and optimal
matching between devices. Proper matching between connected devices,
allows the use of averaging techniques to cancel out linear and non-linear
gradients induced by manufacturing processes. Averaging can be applied
to the bipolar junction transistor by arranging stripes or rectangles of
alternating diffusion types that constitute the bipolar junction transistor.
Further improvements can be achieved with syminetry. Such averaging
techniques allow a bipolar junction transistor to be used in high precision
circuits such as bandgap voltage references, thermal sensors, and on-die
thermal calibration devices. To maintain symmetry in a traditional bipolar
junction transistor design, the emitter terminal is typically drawn as a
square with the base terminal surrounding the emitter terminal. Moreover,
the traditional bipolar junction transistor also includes a collector terminal
that typically surrounds the emitter terminal.




WO 2008/ 039340PCT/ US2007/ 020289 [ 0003] As the drive to produce snaller
devices in integrated circuit design continues, the result of producing
smal | er devi ces brings about new design constraints that affect the
operating characteristics of certain devices. Despite the adverse effect of
i mpact i ng Wweekmlosdise Characteristics of certain devi cespeiii8sBsBsd 9n
constraints are necessary to ensure uniformty throughout the nmanufacturing
process of sem conductor devices. The uniformty in the manufacturing
process aids in ensuring high yields in high-volune manufacturing
especially in deep-subm cron sem conductor manufacturing processes. To
ensure the uniformty in sem conductor manufacturing processes, sonme design
constraints restrict the physical dinensions of devices such as a bipol ar

junction tr sto For .exa [ n a eep-subm_cron fabrication process
restri ctioﬁ@bgi rré"t mr:g \aresig integrated Argdlt gr awn on a

e A O by

manuf act ur e ed circult. processes m W dt h

di mensi on designdohbtusinedthiae gffedt the op&ratinj ChathetdrRiod bEeemins devichs.pol ar
junction transjstor requires a certain area for a particular bjas current
to ensure Bespitetheadyasseeffeny of mpagiing-opsrating charectedistiesi oficetfaini dt h of a

di f fusion orcsthel h of the deyice to ater than the
wi dt h. Therggi étlfl éje %ﬁ%%wgssﬂ%%?%ﬁtﬁﬂﬁﬁ?%\’ ransi stor havi ng
a square egirbiy ghoﬁ%%uﬁ%r@’ﬁo@é%f's&nmﬁm%%scﬁ&wt desi gns

nmust be adapted to adhere to the 'maxi mum w dt h di nensi ons. When adhering to
t he nmaxi wmmwmﬂmmmmgpmessmdammmmaddsmt ransi st or

having a s e emtter erm,nal nus have | onger Iength t han t he
width to n'aﬁi'f m%’@&‘ah B‘FE E‘F‘FPB%E‘FH U shape of
the bi pol af,gnl H@&Ihhﬁﬂ% Lt 9, Wi Q%IR’H %Qﬂﬂ@orﬁ ¢ ectangle. The
non-symetri c shape a rect ar?gé}'?ar %’Epo ar judnction trélﬁgf stor changes
t he char actranufdchnsing prodessdsy sorae design congradisigstriebtHesiygict or s operating

characteri cs.and the matching characteristics of the transistor between
ot her dev,é@ensmnso devices such as a bipolar junction transistor. For example, in

a deep-submicron fabrication process restrictions are necessary on certain
dimensions that can be drawn on a mask for a given device to ensure high
yields and reliability of a manufactured integrated circuit. In some
processes the maximum width dimension of a diffusion region is restricted.
[0004] Because a bipolar junction transistor requires a certain area for a
particular bias current to ensure desirable operating characteristics, the
restricted width of a diffusion region forces the length of the device to be
greater than the width. Therefore, the uadiﬁonal square bipolar junction
transistor having a square emitter terminal that are used in semiconductor
circuit designs must be adapted to adhere to the maximum width
dimensions. When adhering to the maximum width dimensions the
traditional bipolar junction transistor having a square emitter terminal must
now have a longer length than the width to maintain the required area to
operate efficiently. The shape of the bipolar junction transistor now takes
on the shape of a rectangle. The non-symmetric shape of a rectangular
bipolar junction transistor changes the characteristics of the transistor




SUMMARY [ 0005] Described herein are enbodi nents of a bipolar junction
transistor including a plurality of base termnal rings having an emtter
termnal ring between any two base terminal rings of the plurality of base
termnal rings, and a collector termnal ring surrounding the plurality of
base term ' and the emtter termnal ring and

manuf actur‘?ﬁ%ﬂﬁtwﬁgbg?ane. BRI EF DESCRI PTI ON OF THE DRAM%@%%?Q Figure 1
illustrates an overhead view of an enbodi ment of a ring bipolar junction
transistor. [0007] Figure 2 illustrates a cross-sectional view of an
enbodi ment of a ring bipolar junction transistor. [0008] Figure 3
illustrates an overhead view of an enbodi nent of a ring bipolar junction
transistor. [0009] Figure 4 illustrates an array of an enbodi ment of a

ring bipolar junction transistor.
degrading the transistors operating characteristics and the matching

characteristics of the transistor between other devices.




[0010] Figures 5A - S5Hillustrate a nethod of fabricating an enbodi nent of
a ring bipolar junction transistor according to one enbodinent DIfl |aaDN
[0011]In the followi ng description nunerous specific details are set forth
in order to provide an understanding of the clains. One of ordinary skil

in the artweibdsnaiig eci ate that these specific detail sp@fgshPloaddgsessary in
order to practice the disclosure. In other instances, well-known

sem conductor fabrication processes and techni ques have not been set forth
in particular detail in order to not unnecessarily obscure enbodi nents of
the present invention. [0012] Enbodi ments of the present invention include
a design of a bipolar junction transistor (13]T) and a manufacturing
process thereof that preserves symetry of a bipolar junction transistor
while conform ng to design constraints including a restriction on a maxi mum
di mensi on éiﬂéLgﬁgﬁhsion region in either the X or Y direction. The design
uses a ring geonetry to preserve symretry of a bipolar junction transistor
whi | e adhering to design constraints of a sem conductor fabrication process
such as a [EoU5IUM Dedckied Mereth Gk efibGRAAEMS of EibipBIar flirictibh $andists an

embodi ment of a ring bipolar junction transistor 100 that includes two base
term nal r indudingsa phavakiyyi oftbase terminalaings haying an emittentermiittadeing t er ni nal
ring 115 defjned by diffusion regions. B%? The ri ng geqnetry provides
the area aﬁ&g’f"ﬁ%‘ R @atgrmg\a?%sgf H}tﬁ‘]’%&ffh@?g »100 to be
di mensi onegnjRARINREE Rern¥ingf ri 9!??-3 g.%a 11y HE5S raint
restricting a naxinun1dinens?§§ 0 BP??15|0E’reg?%ns. or exanple, when an
enbodi ment ripigstand the enittenieimaing] ving arehmiethaoils of tamifaGuiringddei gned t o have
base termnal, emtter termnal, and collector termnal rings forned in the
shape of a8Yfiare, the width may be adj usted between the allowed m ni mum

and maxi mum di nensi on along with the I ength of the square ring to adjust
the area to periphery ratio of the




transi stor. For an enbodi ment of a ring bipolar junction transistor 100 the
di mensi ons are designed so that the transistor has an area to perineter
ratio of one-half. [0014] The symetry of a ring bipolar junction

transi stor 100 gives the bipolar junction transistor optim zed device

char act er i (bigdsdsyeh as better relative matching bet wgehy loSdsy OVer a
non-synmetric rectangul ar geonetry. Mreover, the symetry of a ring

bi pol ar junction transistor 100 allows the transistor to be rotated in any
direction without greatly affecting the operating characteristics of a ring
bi pol ar junction transistor 100. Because the operating characteristics are
not dependent on the orientation of the device, this provides nore
flexibility for placenent of a ring bipolar junction transistor 100 on a
sem conductQ 00151 Furthernnre the ring |layout reduces the
parasitic &5 e € 82 r adi ti onal square and

rect angul ar bi pol ar junctlon tranS|stor geonetries. For an enbodi nent of a
ring bipolar junction transistor 100, the use of mnmultiple base term nal
rings 105 i0006pasFigihel RishatdsQin Glehiéddvipwoss dt0bfBod@ndritd¢alridg and from
the emtter termnal ring 110. Because the nunber of paths are increased
the resi st RiRalatjungliomtrensistori t ter and the base is decreased. This
reduction in the parasitic base resistance provides a ring bipolar junction
transi stor 100 with inproved device characteristics over traditional
geonet ri es[oUOFF SUGHuREI Aldstrafis ol B8ss RLHERS W BT ahlem g&@&e{!@agtance of a
ring bipolar junction transistor 100 i1 ncludes an inproved current gain

fact or. Foringbipolgojlinction todnsisten. ng bi pol ar junction transi stor 100, the
parasitic base resistance is reduced by one-half the value of a traditional
bi pol ar junction transistor. Simlarly, for an enbodi ment of a ring bipolar

base 1 osi <[ S0eL.”, BeRNRReRlS ARINAHAR M AR hibod Ml ol g™ Ne

approach rbipeldrquhtticintransistagi ng effect of the parasitic base resistance
and current factor. The effect of averaging within a ring bipolar junction
‘transistor results in an i nprovenent in the relative natching anong severa

"unit"” bipﬂbﬁé ju [g§§ an.a suc as the
enbodi ment"'s dhn ?%& gure kg%ﬁ@%@?‘* q?@ﬂ&? ﬁﬂ B¥Ar act eri stics
and the reguetén Rassistrsi st ance of enbodi nents of a rlng bi pol ar junction

transi stor 100 make the transistor wen suited to be used in precision diode
circuits. For an enbodi nent of a ring bipolar transi stor 100 to be used as
a precisi i,ode.. t he ? S m_nal rln 1 gﬂF}d the collector termnals
ring 115 gpg%onn 14t %g_g?ﬁg‘ﬁ trla%?g i Sbodimentn be used
in circuitg m&ﬁe@m&%ﬁg&&gﬁ@me&% B¥e‘i{ the relative
mat chi ng characteristi’cs and the reduce ase resistance of enbodi nment s
make the ring bipolar junction transistor 100 ideal for use in therma
sensing circuitry such as a thermal sensor used to extract the absol ute
junction tenperature of a chip. The above uses of enbodi nents of a ring

bi pol ar junction transistor 100 are only offered by way of exanple and not
as limtations. [0017]Figure 1 illustrates an enbodinent of a ring style

| ayout for a bipolar junction transistor. The Figure 1 enbodi nent includes
two base termnal rings 105 and an emtter termnal ring 110 between the
two base termnal rings 105. Furthernore, the Figure 1 enbodi nent includes
a collector termnal zing 115 that enconpasses the emtter termnal ring
110 and the base termnal rings 105. The rings of the base termnal ring
105,




emtter termnal ring 110, and collector termnal ring 115 may form any
symmetric geonetrical shape. For an enbodi nent, the base termnal ring 105,
emtter termnal ring 110, and collector termnal ring 115 formthe shape
of a square. Another enbodinent includes a base termnal ring 105, emtter
term nal rywB%ookkGez4@nd col l ector termnal ring 115 thaltc-lf,@gzmﬁag@s@hape of a
circle. [ 0018] For an enbodinent, the inner base termnal ring 105 is
formed around a shallow trench isolation (STD. region 101. Moreover,

enbodi nents may include shallow trench isolation regions 101 between an
emtter termnal ring 110 and each base termnal ring 105. Simlarly,

enbodi nents may al so include a shallow trench isolation region 101 between
the collector termnal ring 115 and a base termnal ring 105. For an

enbodi nent _jRcl rench isolation regions 101, the width of the
base terni & 1 er termnal ring 110, and collector term nal
ring 115 are drawn the sarre based on the design constraints of the
diffusion widths to ensure uniformty of a given deep-subm cron

nmanuf act ur {0031)or ode sise folloaving debcriptidrivuwinassust spetifid aletdilsgs sét0S5, emtter
termnal ring 110, and collector termnal ring 115 are all 1 mcroneter for

an enbodi Wﬁ@h@?@ﬁ@ﬂ?ﬁéﬁ@ﬂ%ﬂ%ﬁ%wm ©nreptordingyat i on
regi ons 10 the ermnal. r 105, .emtter .term nal
ring 110, e coI ect or I; ﬁ%e}‘ﬁ‘?ﬁ ﬁsefﬁ?cg'r LRIV e base
term nal réoRBS td BRactich enBisticBilird. Gh'Bthe inktaR6es] Weil-Jaitat he col | ect or

termnal ring 115 are not all drawn to the sane w dth.
semiconductor fabrication processes and techniques have not been set forth

in particular detail in order to not unnecessarily obscure embodiments of
the present invention.

[0012] Embodiments of the present invention include a design of a
bipolar junction transistor (BJT) and a manufacturing process thereof that
preserves symmetry of a bipolar junction transistor while conforming to
design constraints including a restriction on a maximum dimension of a
diffusion region in either the X or Y direction. The design uses aring
geometry o preserve symmetry of a bipolar junction transistor while
adhering to design constraints of a semiconductor fabrication process such
as a maximum diffusion width dimension. Figure 1 illustrates an
embodiment of a ring bipolar junction transistor 100 that includes two base
terminal rings 105, an emitter terminal ring 110, and a collector terminal
ring 115 defined by diffusion regions. '

[0013]  The ring geometry provides the area and the periphery of a ring
bipolar junction transistor 100 to be dimensioned independently of each
other despite a design constraint restricting 2 maximum dimension of
diffusion regions. For example, when an embodiment of the ring bipolar
junction transistor 100 is designed to have base terminal, emitter terminal,
and collector terminal rings formed in the shape of a square, the width may
be adjusted between the allowed minimum and maximum dimension along
with the length of the square ring to adjust the area to periphery ratio of the




[0019] Figure 2 illustrates a cross-sectional view of a ring bipolar
junction transistor having base termnal rings 105 and an emtter term nal
ring 110 formed in a well 201 within a substrate 205. For a PNP enbodi nent
of a ring bipolar junction transistor 100, well 201 is doped to form an
N-wel | in woPobs/eesseubstrate. For an NPN enbodi ment of pariiignihie! ar
junction transistor 100, well 201 is doped to forma P-well I1n an Ntype
substrate. For an enbodi nent well 201 is doped to have a concentration of
1x1016- 1x1019 atons/cns. Enbodi nents of a ring bipolar junction transistor
100 include wells 201 with a depth that range fromO0.05 mcro neters to
0.25 mcroneters. An enbodi nent includes a well 201 having a depth of 0.1
m cronmeters. [0020] Moreover, the Figure 2 enbodi ment includes diffusion

regions creating base termnal rjings 105, an emjter termnal ring 110, and
a col | ect o%gt“é'lrs " Iorﬁ‘ﬁﬂ{gf’%‘.“eﬁh?pﬁnﬁﬁ . ‘ﬁﬁ%ﬂﬁ’ﬁ?éﬂ{‘?aﬁ‘é‘f?r@f)#‘ﬁal rings
105 are fomﬁmm%@%%%%ﬁﬁ%%aw%g%%ﬁoterm nal

ring 110 and the collector termnal ring 115 are for P+ doped
di f fusi on oéghedhslf. For an NPN enbodi nent, the base terminal rings 105 are

formed from P+ dopgd diffusion regions and the emtter termnal ring 110
and the colY®g orpﬁ@rwmiogé%blﬁpbfﬂ@m?mﬁwlmﬂﬁfusi on

regions. Fgk EQH%‘ H-H% g iggﬂ% .f L. Usi i.ons for a base
t erm nal I‘IBFFg %g@%@% em "F%Ir?o erm n%rp&?ifng %ﬁb%hé% ’38%6{'%%{%& t erm nal
ring 115 arelativpachtdtingbenearddviddsQvePh nbitkPhiinetkichddhnghp#s/ cn8. [ 0021]
Enbodi nents of a bipolar junction transistor according to the present

i nventi on B8Ry Mrreowste the sysametyafiting bipolayjuncipmransistpe 480 eni tt er
t i I i 10, | di t il trat i Fi 3, th
ing. b pol SO ML atiteBE o Be Folp IR At attnsfon bt Geaty sl i ngs ' 105
and two eniid sperb@Ag thibcteriBEs Jf Huag bigRGaHctn BrahBklo?qber terninal ring

115. Therefore, a collector termnal ring I15 may surround any nunber of
em tter tecPedanse the opprating chardctesistics aemoth dependas obhe asiehtatipnas an

emtter terpinal ring.110 surround ase termnal ring 105 and is
cont ai ned ﬁ{;ﬁ‘gdﬁgﬁ’ W%#%@ﬂ&é@%&?%ﬂf@%_%$bmat es an
enbodi mntjﬁgﬁgﬁh%hgﬁ%rqbo%%e&igo hcth#gfet 1 on transistors 100. In an

enbodi ment” of an array of ring ar junction transistors 100, several

ring bi pol @018} anFusthermok) theofing beycrit redudes Yhdparsititdsise dedidtai@r al 1 el to
performas a single transistor. The symmetric nature of the ring bipolar
junction t‘?%gi"?gGP the)ra eare epd iregiangidan binolarjunedobet ween ot her

ring bipolag j.unction Ngi [ h al.l ow. aver aqgi techni ques to
cancel Iin%ar angénon-ﬁe%'eg%éél?aegf%%?@%‘ﬁ%f& '5g§Pc}iﬁﬁﬁ'?‘§§$ﬂri ng processes.
An enmbodi nipansistor 200, &@id ase SHmbltifle BafiDlefthindl Y108 itdraikes thor s 100
includes connecting transistors in an array to use averaging techniques

such as cdpathafer Splagtto Eravelitnand froof theteenitien derpripal @ng | uncti on

or
transi st or 4100, f or Lnte an.array nmay for rrays ingludi ng_any nunber of
ring bi pollélr%' %&ﬁ%‘%ﬁﬁe %8?8?@“3?66& e@i@%ﬁ%mﬁ%ﬁﬂ? of a ring

bi pol ar jLbiﬁiﬂeﬁﬁnﬂrtﬁ@ﬁééétiQHeéQQséd?rlﬁﬁlré&c%@n%ﬁ;ﬁé’gﬁ%fﬂ%@ti on include a

three by three, a ten by ten, or a sixteen by sixteen array of ring bipolar
junction tregiatince previdea ring bipolar junction transistor 100 with improved

device characteristics over traditional geometries. One such benefit of the

reduced parasitic base resistance of a ring bipolar junction transistor 100
includes an improved current gain factor. For an embodiment of a ring
bipolar junction transistor 100, the paraéitic base resistance is reduced by
one-half the value of a traditional bipolar junction transistor. Similarly, for
an embodiment of a ring bipolar junction transistor such as the embodiment
shown in Figure 3, the parasitic base resistance reduces as additional rings
are added. Extending this approach results in an averaging effect of the




[0023] Figures 5A-5H illustrate the formati on of an enbodi nent of a ring
bi pol ar junction transistor 100. For an enbodi nent, a substrate 501 is
formed and a first nasking |layer 505 is forned over the substrate 501, as
illustrated in Figure 5A. For a PNP enbodi nent the substrate 501 is a
P-type subwobr2adsmsesdd t ernatively, for an NPN enbodi mentpedigodbikd ate 501
is an N-type substrate. The first masking | ayer 505 nmay be any wel | -known
material suitable for defining a well 510. For an enbodinent, a first
maski ng |l ayer 505 is a lithographically defined photoresist For another
enbodi ment first masking layer 505 is forned of a dielectric material that
has been |ithographically defined and then etched. For a certain

enbodi ment, first tnasldng Iayer 505 may be a conposite stack of nmaterials.

First maskl r 5 S t att ned ne a reqi on of the
substrate ggﬁﬁgﬁ ﬁgf}ﬁ“‘f‘iﬁ% tdﬁ‘}erﬂ?%df%fﬁ‘@t" BWEfhinS 10, Figure

5B illustrat &oﬁ?@@ﬂ&ﬁ&in&aﬂm if ubstrate 501
t hrough t he additi on of inpurities rougﬁé P ods suc géés%lg%él npl ant ati on

or thermal n@ﬁttlﬁngiamong:snvemi"mifbﬁip&m junatiove tran&itfdrs srrhf é@ibéﬂl a p-type
substrate 501 whe ed W|th N+ dopants to forman N-wel Anot her
enbodi ment a5 ?HFS@S Bgure4.orm a P-vvel | in an n-type

substrate 1[0 for Skl ng layer 505
is rermvedﬁﬁ}éo]r an errbo :th;igas BT r@g‘i’ F@?mved using a
dry etch. rééintamamjﬂmtbcﬁﬁiiﬂﬂtsrﬁfm:uﬁ bi?o éﬁtﬁ:&éﬂﬁéto?%oh?akgmved usi ng
a wet etch, Once first maski ng | ayer 505 i's renpbved, an enbodi nent i ncl udes

a second nHERFIr veglsuitedgothe weﬂ@qumIMeﬂonmr substrate 501

and well 5 k| r 515 ed tqQ define shallqw trench
i sol ation %‘gﬁ&ﬁegl o% agpgigx @ftfﬁ’@%ﬁ&g@dalﬂfe aﬁskl ng |ayer

515, as shmasat&ugﬁamﬁgeu@r&ae&msﬁe&ar@mspt or _an embodi ment
0 | on

the trenches are etched to formshallow trench is STD regi ons 517
hal f the dejseiecie tagethes 1This Hiedwinrsiguratiorncaretheadiermsati in kityuise et ched
usi ng an ani otrclgqndggl as etch. The frenches are then filled with a
dielectric s FEBIRnsEnMareQyre e relagiveimatshing, bl anket

B a;\arﬂlg)‘émyﬁa’bgepoa tron p'&hﬂi&dﬁ!&ﬁﬁﬁ%gﬁ%% or (o)

chem cal deposition proces rocess w m

di el ect r i cimgbipindartjopciion fransistop 100 kizapRirtiee A theafE0 r 515. The
dielectric te“tﬁl is then polished to make the top of t ed|e ectric
%‘gﬁl“ﬁé

mat eri al WW#&@%“?@@QFPMHWGWM Sn¥perpturexi mat el y

pl anar wi tdy Mgl illustrated in Figure 5D. The
pol i shing of the OXI ?%%‘f%%’:ale%g%ltﬁtaéﬁ 9’" t’sﬂﬂ ng techni que

i ncl udi ng mmtmmom@m,nomledwwsjraﬁ Ritddl it as RhitSUARY t echni ques.
[ 0025] As ure S5E illustrates a third nasking Iayer 520 is fornmed and
patt ent ed & efi %ﬂ%@ﬁ@rﬂ!‘ anbodimenitof patnghitplel layoqfocki on transi st or

doped 1o CrRapbhdhe B Rt Tho Hionrd BboEigt maudetio broer, gure oF. (o

formthe herseinhPAABOTIS A G ediferibrifhat MR 16w Ein thd ditibfiePO! ar

junction transistor 100. For a PNP enbodi mént an N-type dopant, such as
phosphor ot&Fmigakdngs 1G5 Burthemngre, the Figen: 1 embodiment ifkludese regi on 525.

For an NP nent .a. ant such as horon, is _used to forma P+
base regi (%lﬁ% d‘%ﬁl 3/\3;‘%%%5 W??%BEEH“W?HH‘&“&I{%&)@%OWM in an
N-type SURAH tRé BaseQbrmitia® @RS TRY rikgs 0P E@Kﬁmﬁ_ techni ques
i ncludi ng thermal diffusion and ion i ngf an?%t#%%\ n e %ﬁgng ‘t echni que

similar temitier teooinal gingsl 16y anvd colidcyordenmirgs einigtia5 neapstend &gy ot her maski ng

| ayers is_then used to remove third maski ng | ayer 520. As shown in Figure
5G, a fouf¥ MR Hgférg‘m ot fpemRpdiment dhe basedgrminalsingne eni tter

'[(ragirgin:tg?&ioo The ar earqﬂéfeﬂ expogélgecg(; %E‘ﬁ"r:[alf%nrrﬁs% (}8 gpct5|38nl s then

doped. Foshapefefla seiaes]i Another amBoblientdagiaides b babs RendiRall g dsr em tter
regi ons 535 and col |l ector regions 540. For an NPN enbodi nen an N-type

dopant i sexiftey tening} AngHl @M@ﬁ@glmngﬁlﬁﬂatlfemdheregl ons 540.

For an enfpdi.nRatyRfce emtter regions 535 and col |l ector regions 540 are
formed the g;gurth maski ng layer 530 is renoved to form an enbodi nent of a
ring bipolar junction transistor 100 the cross-section of whiCh is shown in
Figure 511 At this point all that remains is to formdevice

i nt erconnecti ons. 8




[ 0026] Al t hough enbodi nents of the present invention have been described in
| anguage specific to structural features and/or nethodol ogical acts, it is
to be understood that the enbodi nents of the present invention defined in

t he appended clains are not necessarily limted to the specific features or

acts descrwedssoBasier, the specific features and act speffsHbmciRsed as
particul arly graceful inplenentations of the clained invention. EN THE

CLAIMS W claim 1. A bipolar junction transistor conprising: a
plurality of base term nal rings having an emtter tenninal ring between
any two base termnal rings of said plurality of base termnal rings; and a
collector termnal ring surrounding said plurality of base termnal rings

and said emtter termnal ring, wherein said plurality of base term nal
rings

of "Sai a pl BEIFT 5 Tk lempbodiptiy he B Bare erpimtaine s fowmed | 2. The

Lot mi nal ;‘f%“‘% B B T P L, PRt Tl Ting 1 a P

doped r egi embodiments may include shallow trench isolation regions 101 between an
emitter terminal ring 110 and each base terminal ring 105. Similarly,
embodiments may also include a shallow trench isolation region 101
between the collector terminal ring 115 and a base terminal ring 105. For an
embodiment including shallow trench isolation regions 101, the width of the
base terminal rings 105, emitter terminal ring 110, and collector terminal
ring 115 are drawn the same based on the design constraints of the diffusion
widths to ensure uniformity of a given deep-submicron manufacturing
process. The width of the base terminal rings 105, emitter terminal ring 110,
and collector terminal ring 115 are all 1 micrometer for an embodiment.
Another embodiment including shallow trench isolation regions 101, the
width of the base terminal rings 105, emitter terminal ring 110, and collector
terminal ring 115 are drawn such that the base terminal rings 105, the
emitter terminal ring 110, and the collector terminal ring 115 are not all
drawn to the same width.
{0019}  Figure 2 illustrates a cross-sectional view of a ring bipolar
junction transistor having base terminal rings 105 and an emitter terminal
ring 110 formed in a well 201 within a substrate 205. For a PNP
embodiment of a ring bipolar junction transistor 100, well 201 is doped to
form an N-well in a P-type substrate. For an NPN embodiment of a ring
bipolar junction transistor 100, well 201 is doped to form a P-well in an N-
type substrate. For an embodiment, well 201 is doped to have a
concentration of 1x10'% — 1x10'" atoms/cm?. Embodiments of a ring bipolar
junction transistor 100 include wells 201 with a depth that range from 0.05
micro meters to 0.25 micrometers. An embodiment includes a well 201
having a depth of 0.1 micrometers.




3. The bipolar junction transistor of claim1l wherein said plurality of
base termnal rings, said emtter termnal ring, and said collector
termnal ring are separated by a shallow trench isolation region. 4. A

bi pol ar junction transistor conpri sing: a plurality of base term nal
rings havi f@ aps/@HEbter termnal ri ng bet ween any two ?@fﬁsﬁoﬁ;&hﬁ@' rings
of said plurality of base termnal rings; and a collector term nal

ring surrounding said plurality of base termnal rings and said emtter
termnal ring, wherein the bipolar junction transistor is part of an array
of bipolar junction transistors. 5. The bipolar junction transistor of
claim4 wherein said array of bipolar junction transistors is part circuit
sel ect ed fromthe group consisting of a bandgap voltage reference, a

it on+ 1) st dofest dbf gt Femiighiney ?mc? Gk Sion tegPRonel 11 nos
having an Qf@aﬁhg'bak@féﬂrﬂﬁh ﬁﬂg’.ﬂ(ﬁe 108448 gal rings of said
plurality of base termnal rihgs; and a col I ector termnal ring surrounding
sai d pl ur akdlsctaf tetmiral rigrilsa For a MNP emblodihent, base terminal rings 105

are formed from an N+ doped diffusion region and the emitter terminal ring

110 and the collector terminal ring 115 are formed from P+ doped diffusion

regions. For an NPN embodiment, the base terminal rings 105 are formed

from P+ doped diffusion regions and the emitter terminal ring 110 and the

collector terminal ring 115 are formed from N+ doped diffusion regions.

For some NPN and PNP type embodiments diffusion regions for a base

terminal ring 105, an emitter terminal ring 110, and a collector terminal ring

115 are doped to a concentration of 1x10% —~ 1x10%! atoms/cm®.

{0021] Embodiments of a bipolar junction transistor according to the

present invention may include several base terminal rings 105 and several

emitter terminal rings 110. In one such embodiment as illustrated in Figure

3, the ring bipolar junction transistor 100 includes three base terminal rings

105 and two emitter terminal rings 110 surrounded by a collector terminal

ring 115. Therefore, a collector terminal ring 115 may surround any number

of emitter terminal rings 110 and base terminal rings 105 as long as an

emitter terminal ring 110 surrounds a base terminal ring 105 and is

contained by a base terminal ring 105.

[0022]  Figure 4 illustrates an embodiment of an array of ring bipolar

junction transistors 100. In an embodiment of an array of ring bipolar

junction transistors 100, several ring bipolar transistors 100 of the array may

be connected in parallel to perform as a single transistor. The symmetric

nature of the ring bipolar junction transistor 100 provides matching

characteristics between other ring bipolar junction transistors 100 that allow

averaging techniques to cancel linear and non-linear gradients induced by

manufacturing processes. An embodiment of an array of ring bipolar
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emtter termnal ring, wherein said plurality of base termnal rings, said
emtter ring, and said collector rings formthe shape of a square. 7. A

bi pol ar junction transistor conprising: a first base termnal ring; an
emtter terminal ring forned around said first base termnal ring; a second
base ter m wal2odsiodgssd Or Med around said em tter term nal pddiehooTARcsd
collector termnal ring fornmed outside of said second base termnal ring,
wherein said first base termnal ring and said second base termnal ring
are N+ doped regions. 8. A bipolar junction transistor conprising:

* junction transistors 100 includes connecting transistors in an array to use

averaging techniques such as common-centroid layout. Embodiments of

the ring bipolar junction transistor 100 formed into an array may form
arrays including any number of ring bipolar junction transistors 100. For
example, embodiments of a ring bipolar junction transistor 100 formed in an
array configuration include a three by three, a ten by ten, or a sixteen by
sixteen array of ring bipolar junction transistors 100.

{0023}  Figures 5A-5H illustrate the formation of an embodiment of a
ring bipolar junction transistor 100. For an embodiment, a substrate 501 is
formed and a first masking layer 505 is formed over the substrate 501, as
illustrated in Figure 5A. For a PNP embodiment the substrate 501 is a P-
type substrate. Alternatively, for an NPN embodiment, the substrate 501 is
an N-type substrate. The first masking layer 505 may be any well-known
material suitable for defining a well 510. For an embodiment, a first
masking layer 505 is a lithographically defined photoresist. For another
embodiment, first masking layer 505 is formed of a dielectric material that
has been lithographically defined and then etched. For a certain
embodiment, first masking layer 505 may be a composite stack of materials.
First masking layer 505 is then patterned to define a region of the substrate
501 that impurities will be added into to form a well 510. Figure 5B
illustrates an embodiment where a well 510 was formed in a substrate 501
through the addition of impurities through methods such as ion
implantation or thermal diffusion. For an embodiment, a well 510 is formed
in a p-type substrate 501 when doped with N+ dopants to form an N-well.
Another embodiment includes using P-type dopants to form a P-well in an
n-type substrate 501.

[0024]  After a well 510 is formed, first masking layer 505 is removed.
For an embodiment first masking layer 505 is removed using a dry etch.
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a first base termnal ring; an emtter termnal ring formed around said
first base termnal ring; a second base termnal ring fornmed around said
emtter termnal ring; and a collector termnal ring formed outside
of said second base termnal ring, wherein said first base term nal ring,
said em ttwoZesospaaal ring, and said second base tern patu§donthridsd
separated by a shallow trench isolation region. 9. The bipolar junction
transi stor of claim8 wherein said first base termnal ring, said emtter
termnal ring, and said second base termnal ring are fornmed in the shape
of a square. 10. The bipolar junction transistor of claim9 wherein said
bi pol ar transistor is part of a bandgap voltage reference circuit. 11. The
bi pol ar junction transistor of claim9 wherein said width of said first
base term ' I.d. en.t ter.m nal rj sai d .second base term nal
oo, ana 2ok il eBuifile desl bl Biver 08 S rebfined S wikhe. b pol ar

j unction teehs Oxice Firsf maslahgifomBes & lnfied, ih bilbolfRentiRbiideah "ing, said
emtter termnal ring, and Sai'd second base termnal ring are torned in a
P-wel | . second masking layer 515 that is formed and pattered over substrate 501

and well 510. Second masking layer 515 is used to define shallow trench
isolation (STI) regions 517. The areas left exposed by second masking layer

515, as shown in Figure 5C, are etched to form trenches. For an
embodiment, the trenches are etched to form shallow trench isolation (STI)
regions 517 half the depth of well 510. Trenches, for an embodiment, may
be etched using an anisotropic plasma etch. The trenches are then filled
with a dielectric material. For an embodiment, trenches are filled by blanket
depositing an oxide, for example, by using a high-density plasma (HDP)
chemical deposition process. The deposition process will also form
dielectric on the top surfaces of the patterned second mask layer 515. The
dielectric material is then polished to make the top of the dielectric material
forming the shallow trench isolation regions 517 approximately planar with
well 510 and a-substrate 501 as illustrated in Figure 5D. The polishing of the
oxide may be carried out using any polishing technique including chemical,
mechanical, or electromechanical polishing techniques.

[0025]  AsFigure 5E illustrates a third masking layer 520 is formed and
patterned to define base regions 525 of the rii-xg-bipolar junction transistor
100. Once a third masking layer 520 is patterned, the exposed areas are
doped to create a base region 525ina well 510, as shown in Figure 5F, to
form the base terminal rings 105 of an embodiment of a ring bipolar
junction transistor 100. For a PNP embodiment an N-type dopant, such as
phosphorous, arsenic, or antimony, is used to form an N+ base region 525.
For an NPN embodiment, a P-type dopant, such as boron, is used to form a
P+ base region 525 within a well 510 that is doped with a p-type dopant in
an n-type substrate 501. The doping may be done using any doping

12




13. A nmethod conprising: formng a well within a substrate; formng a base
termnal having a plurality of rings within said well; form ng an
emtter termnal ring between any two of said plurality of rings; and
formng a collector termnal ring that enconpasses said base term nal and

sai d em ttgipomigAdsag@l ring, wherein said substrate is poRpiNefeePstrate

and said well is an NNwell. 14. A nethod conprising: formng a well within
a substrate; formng a base termnal having a plurality of rings within
said well; formng an emtter termnal ring between any two of said

plurality of rings; and

techniques including thermal diffusion and ion implantation. An etching
technique similar to the techniques previously discussed to remove the
other masking layers is then used to remove third masking layer 520. As
shown in Figure 5G, a fourth masking layer 530 is formed and patterned to
define emitter regions 535 and collector regions 540 of the ring bipolar
junction transistor 100. The area left exposed by fourth masking layer 530 is
then doped. For a PNP embodiment, a P-type dopant is used to form P+
emitter regions 535 and collector regions 540. For an NPN embodiment, an
N-type dopant is used to form N+ emitter regions 535 and collector regions
540. For an embodiment, once emitter regions 535 and collector regions 540
- are formed the fourth masking layer 530 is removed to form an
embodiment of a ring bipolar junction transistor 100 the cross-section of
which is shown in Figure 5H. At this point all that remains is to form device
interconnections.
[0026] Although embodiments of the present invention have been
described in language specific to structural features and/or methodological
acts, it is to be understood that the embodiments of the present invention
defined in the appended claims are not necessarily limited to the specific
features or acts described. Rather, the specific features and acts are
disclosed as particularly graceful implementations of the claimed invention.
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formng a collector termnal ring that enconpasses said base term nal and
said emtter ring further conprising formng shallow trench isolation
regions to separate said first ring, said second ring, said emtter
termnal ring, and said collector termnal ring. 15. The nmethod of claim
14 wherein form ng shallow trench isolation regions includes formng said

shal | ow t INAHE CIAMIMS on regi ons at approximately half a depth of said
well. 16. The nethod of claim 13 wherein formng said emtter term nal

ring and formng said collector termnal ring conprises form ng P+ doped
regi ons. Weflaify: met hod conprising: formng a well within a substrate;
formng a base termnal having a plurality of rings within said well;
forming an emtter termnal ring between any two of said plurality of

rings; ang A®tipblaguiticn rh@ikacompfifihgtal ring that enconpasses said base
termnal and said emtter termnal ring used to forman array of ring

bi pol ar j unct i ®RlualiEnef base fegminal rings having an emitter terminal ring between any two
base terminal rings of said plurality of base terminal rings; and

a collector terminal ring surrounding said plurality of base terminal rings and said emitter
terminal ring, wherein said plurality of base terminal rings having an emitter terminal ring
between any two base terminal rings of said plurality of base terminal rings is formed in

an N-well.

2. The bipolar junction transistor of claim 1 wherein said plurality of base terminal rings

are N+ doped regions and said emitter terminal ring is a P+ doped region.

3. The bipolar junction transistor of claim 1 wherein said plurality of base terminal rings,
said emitter terminal ring, and said collector terminal ring are separated by a shallow

trench isolation region.

4. A bipolar junction transistor comprising:

a plurality of base terminal rings having an emitter terminal ring between any two
base terminal rings of said plurality of base terminal rings; and

a collector terminal ring surrounding said plurality of base terminal rings and said
emitter terminal ring, wherein the bipolar junction transistor is part of an array of bipolar

junction transistors.

5. The bipolar junction transistor of claim 4 wherein said array of bipolar junction
transistors is part circuit selected from the group consisting of a bandgap voltage

reference, a thermal sensor, and a on-die thermal calibration device.

6. A bipolar junction transistor comprising:
a plurality of base terminal rings having an emitter terminal ring between any two
base terminal rings of said plurality of base terminal rings; and
a collector terminal ring surrounding said plurality of base terminal rings and said
14
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emitter terminal ring, wherein said plurality of base terminal rings, said emitter ring, and

said collector rings form the shape of a square.

7. A bipolar junction transistor comprising:
a first base terminal ring;
an emitter terminal ring formed around said first base terminal ring;
a second base terminal ring formed around said emitter terminal ring; and
a collector terminal ring formed outside of said second base terminal ring, wherein said

first base terminal ring and said second base terminal ring are N+ doped regions.

8. A bipolar junction transistor comprising;

a first base terminal ring;

an emitter terminal ring formed around said first base terminal ring;

a second base terminal ring formed around said emitter terminal ring; and

a collector terminal ring formed outside of said second base terminal ring,
wherein said first base terminal ring, said emitter terminal ring, and said second base

terminal ring are separated by a shallow trench isolation region,

9. The bipolar junction transistor of claim 8 wherein said first base terminal ring, said

emitter terminal ring, and said second base terminal ring are formed in the shape of a

square.

10. The bipolar junction transistor of claim 9 wherein said bipolar transistor is part of a

bandgap voltage reference circuit.

11. The bipolar junction transistor of claim 9 wherein said width of said first base
terminal ring, said emitter terminal ring, said second base terminal ring, and said collector

terminal ring is 1 micrometer.

12. The bipolar junction transistor of claim 8 wherein said first base terminal ring, said

emitter terminal ring, and said second base terminal ring are formed in a P-well.

13. A method comprising:
forming a well within a substrate;
15




forming a base terminal having a plurality of rings within said well;
forming an emitter terminal ring between any two of said plurality of rings; and
forming a collector terminal ring that encompasses said base terminal and said emitter

terminal ring, wherein said substrate is a p-type substrate and said well is an N-well.

14. A method comprising:
forming a well within a substrate;
forming a base terminal having a plurality of rings within said well;
forming an emitter terminal ring between any two of said plurality of rings; and
forming a collector terminal ring that encompasses said base terminal and said
emitter ring further comprising forming shallow trench isolation regions to separate said

first ring, said second ring, said emitter terminal ring, and said collector terminal ring.

15. The method of claim 14 wherein forming shallow trench isolation regions includes

forming said shallow trench isolation regions at approximately half a depth of said well.

16. The method of claim 13 wherein forming said emitter terminal ring and forming said

collector terminal ring comprises forming P+ doped regions.

17. A method comprising:
forming a well within a substrate;
forming a base terminal having a plurality of rings within said well;
forming an emitter terminal ring between any two of said plurality of rings; and
forming a collector terminal ring that encompasses said base terminal and said

emitter terminal ring used to form an array of ring bipolar junction transistors.
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