POAER TRANSI STOR DEVI CE H&Viehlr IFBA.DEEP | NCREASED CONCENTRATI ON REG ON
This invention relates to structures for 5 - and nmet hods of nmanufacture
of power transistors, and nore specically relates to a power transistor
conprising an increased concentration regi.on between cl osely spaced bases
or base regions or body regions which is deeper than the bases. A very deep
I ncreased concentration region in an insul ated gate bipolar 10

transi stor (hereinafter an "I GBT") permits a substantial increase in the

| atch current of the device and a substantial decrease in switching |oss

Wi t hout

i ncreasing forward voltage drop and w thout significantly reducing

br eakdown vol tage., Wen applied 15 to either an | GBT or power MOSFET,
the invention also forces a uniform aval anche breakdown fromthe bottons of
the deep increased concentration regions to inprove the device [err] ,
capability. The very deep increased concentration region also permts the
use of heavy 20 nmetal diffusion increase lifetime killing, that is to
reduce the carrier lifetine, and reduce pwitching | oss without an excessive
increase in forward vol tage drop. Power | GBT devices enploy the | ow current
gate control of a power MOSFET device, which is capable 25 of very high

swi tching speed in conblnatlon with a blpolar type of deV|ce whi ch
operates with
havi ng the ca

a devi ce

=, and is

di sti ngui shed fron1the 5|gmm QQEEEQSBLELQQQBEEEQHEV|ce whi ch handles much

smal | er
MOSFET,
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power |evels. |GBT devices, while slower than a standard power
are still rmuch faster than

This invention relates to structures for
and methods of manufacture of power transistors, and

mre sSpecif .allyute.wammmtwmﬁ.uganiwedmxaﬁm
‘region  between clceely spaced bases or base regions or body regions
wvhich is deeper than the bases. A very deep increased

concentration region in an jinsulated gate bipolar
transistor (hereinafter an "IGBT") permits a
substantial increase in the latch current of the device
and a substantial decrease in switching loss without
increasing forward voltage drop and without
significantly reducing breakdown voltage. When applied
to either an IGBT or power MOSFET, the invention also

c

forces a uniform avalanche breakdown from the bottoms éﬁ

of the deep increased concentration regions to improve
the device 12L capability. The very deep increased
concentration region also permits the use of heavy
metal Qiffision ts increase lifetime killing, that is. to reduce the carrier lifetime,
and reduce switching loss without an excessive increase in forward
voltage drop.

. Power IGBT devices employ the low current
gate control of a power MOSFET device, which is capable
of very high switching speed in combination with a

2




conpar abl e power bipolar transistors, are voltage controll ed and have
significantly higher current densities than conparable power MOSFETs. | GBT
devi ces are shown, for exanple, in U S. Patent 4,672,407 dated June 9, 1987
and U-S. Patent 4, 364,073 dated Decenber 14, 1982. A properly designed

| GBBT enpl oys design principles which ordinarily -would be used for a | ow

vol t age povver Hipiel R chype rof Gevice winidlh openatemiwithne kighhs for the

poly gate. [ h t N ft
polysili con gat e Uboti'rég‘%#é# th eyz’ev Wl—ﬁﬁ\‘}e"\sﬁe&r ejfweﬁ%{gg s&%gjé
primarily at 5&avigg £hecapahid ity toﬁthWQlelsimé\lOMSthme the | ow
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fhe B! Ig_hter t][letsrmﬁn \pdweTﬁhﬁlé\#adrat TCBY déﬂ&:és,ghm:l.lé\lewagiﬁgenf}hoakl ng
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i ncreases on- r@&‘ﬁ%ﬁé ﬁf%f’i?e\ﬁ H%‘V%ﬁi %ﬁ%ﬁ n@hﬂ‘equenm es
| ess than aboutcoﬁ@dddbl@@mrmhﬂpqlam tranmigtars, tare mlinqé ect or
curent duri ng dediy:dihien WP ha i halild i d L PIUIGE: Nhed it WO d

ng siticon C

conduction sw tC" osses, requlri I’ ncreas I p ar ea 3to

neet a given cdlensities .wu aerpasable powar MOSFET®Hr war d conducti on
swi tching | osses | 3dgr QI die sHRE, DY QBtanlss, U n RY. 'Potene

[or g he S S ok e o, YT é%?se-us IR
o dated December 14, 1982.
A properly designed IGBT employs design principles
which ordinarily would be used for a low voltage power
MOSFET geometry, particularly very small line widths for
the poly gate. (N.B. The line width of a poly gate is
the width of the polysilicon gate web region of the
device.) However, the IGBT is used primarily at 500
o/ volts and above so that the designer must use the low
voltage design on a high voltage starting material which
has a high resistivity relatively thick epitaxial
material. A high resistivity epitaxial material must be
used for receiving the:jﬁnction patterns since the
higher the resistivity of the material, the higher the
voltage blocking capability of the device. This higher
resistivity material ordinarily increases on-resistance.
.~ Existing IGBT devices have switching frequencies
less than about 25 kHz due primarily to a long fall time
of collector current during turn-off. These long fall
times produce high forwafd conduction switching losses,
requiring increased silicon chip area




of the silicon surface, and nmakes the device |ess imune to latch-up of the
I nherent parasitic thyristor present in the junction pattern. It would be
desirable to reduce | osses while keeping 8 small spacing between device .
cells. The follow ng term nol ogy shall be used hereinafter to identify the
el ectrode and f-unctions of an N channel 1GBT: The emtter termnal of the
packaged unitoi pe68NBEGLYEn! QuirFent Fakivigle OUNE waY O 'FEBucE dlkendi e.
(N. B. A"die" is a single "chip" which conmes froman overall wafer. In
the manuf act peewakdt Bontudelioneswiltiehdngdl ossesciis o ey the snal |
square die are formed i'n the single |arge wafer which may be six inches in
di aneter. | depaceabeitween baspabixe botdyaregionse fammistg ttheeldevice hese
devices and are then cut apart by laser-scribing or the like after the
wafter is colphetibp pattecra: cdIncreesd ngndthe spacelhetwesn hasemunted in
separate housings to formconplete devices.) It.is sonetines called the
cat hode ternieafsate, a poerppackipgsdensity ampd an dneffdalient use The

collector ternminal of the packaged unit. is_connected to the back side power

el ectrode of ©fhthg; 81licon, syusiace, 8nd,Makes; tRe, qayd ae Lass, tapepe; h 5
oter nal prrter IatpBrip of,the ahemrt, nedpbils thvlnrsi-Prep et | cor
raneistor ahf Fboad bASEREY pREReRR. | e boll® B Rebsgdid X' 0L N
general in ap LGBl 1bHGedhite kBEpiRdca Qﬁhﬁ&?@pacing between

device cells. - ' _ ;;

-

 The following'terminology'éhail'be used hereinafter
to identify the éiectrqde and fuﬁctioﬁS_bf an N channel
IGBT: |
The emitter terminal of the packaged unit is

connected to the ftont side power elect;qde of the die.

(N.B. A "die" is a single *"chip*" which comes from an ~
overall wafer. In the'manuféctu:e'of these devices,
hundreds, soﬁetimes thousands of small square'die are

 formed in the gsingle large wafer which may be six inches C;

in diameter. Identical junction pattefns are formed

- repetitively in these devices and #:e then cut apart by
laser-scribing or the like after the wafter is
completeiy fabricated. Theﬁe individual_die are then
mounted in sepafate:hpusingé to form’cbﬁplete devices. )
It is sometimes called the cathode terminal and, in a

power MOSFET, is the source terminal.



bases, the larger the latch current. Mre specifically, when an N-channel

| GBBT operates in its forward conduction node, carriers are injected across
the back side emtter-base junction and toward the front side enitter

el ectrode. If there is a |arge space between bases, a | arger percentage
of the full collector current flows into théf’side walls of the surface base
regions and under the front side emtter and through the resistance [err]
beneath the front ehdecellectBi te2hinalhbf éhe pBeRagadCchnife farasitic
thyristor at a lower current. A snaller space between bases reduces this
ef fect. Howevetonhbctbar eoi ¢the bavkl siflacpotrerveecitaode, ofhethe @ild. be

al nost no conductivity nodulation in that area since holes are 10 swept
away by col | ecItobsasombtimest caldedt bthedanmpdbaterminali andhefiar @ t hey can
nodul ate the active region. Al so, decreasing the space between the bases
and i ncreasi ngpewer| ¥O§FETof ishthecdratnl tesmiinali onIpalh Bdswcdhec| osel y

spaced bases al so i.ncreases the pinch 15 effect of the parasitic JFET
defined bet weefmittesasésthenintpsnal BEBFE¥GRSEF§°€auses a substanti al
i ncrease in device_on-resi stance, and.in an T it _causes substantlal

i ncrease in the fofRfr B-F¥Pealaser spgiep RSuFBeb§°§§§?r§BI§hPo GRFe 18 snal |

space between base

| ow f orwar d vo??ﬂ@giﬂPBpca%i°Ps%?ﬁo&ﬁgyL%%8?ﬂ§u;; c?@n%b oﬁhggeh VHgétlc
he baces of thECRERALIEN E23ndfstoR SBH 4R ShnY bhe' LokdEmd aiﬁniff s
cakL?d an enhaggfﬂgggoglgku§hgnpﬁ5 hggﬁgggggrconduct|V|ty region.

In general in an IGBT, the smaller the space between
bases, the larger the latch current. More specifically,
when an N-channel IGBT operates in its forward
conduction mode, carriers are injected adross thé.back
side emittér-base junction and toward the front side

emitter electrode. If there is a large



Such increased conductivity regions for power MOSFETs are shown in U S
Patents 4,376,286 and 4,593,302, each of which is owned by the assi gnee of
the present 30 i nvention. Such increased conductivity regions are em -
pl oyed in the power MOSFET products sold by the assignee of the application
under its registered trademark "HEXRET". In practice, the inplant dose
used to disable the parasitic JFET of power MOSFET is about 1 x [err]
atons/[err]. H gher doses -will begin to degrade the reverse breakdown

vol tage of the MOSFET. 5 This sanme kind of increased concentration
regi on has also been used in prior art |GBT devices sold by the assignee of
t he present n €3 ak I | RGBC30,
| reato. 1 HPRYE bk bRean bagER D C 12k %'Sﬁggec%ﬁ;tag@@g] qué 015

3.5 x 1012 ePdA8Cher FBFFF“ﬁhf&HVFslatPfG?Gdsﬂ ea“ggﬂﬁh t han the
sour ce, butsﬁbﬂhbev\basbh&egﬁbﬁsdaaa onder thies fromnaidetemittersi on

I ncreases |latgh_gurre Lnce it Rerm s, I .Rackin fhe. cells and,
thus a snmal P ﬁgryup n& EFﬁ‘sﬁgﬁ&? i‘b h‘?%z‘%f%% (;'Ise grﬁg %M

di f f &i on, emétteritsTHigt kandshenndatehi tbe whgqaﬂtknthhr:ﬁsﬂbtwer its
full |engthgeTYp eptig y region in
prior art | T§ :18% ou%ﬁ"?%n@ Q\{»{?Iil.:ing[ %?ﬁ%base was agout 6 m crons?‘J
20 Fur t neduses, this; #égé%rol oMﬁNelr'Ffdé\hQ!-’@s i 8 #§makhct uring '
tol erances ggacaYBeétweled yagregg tRhGira" wigQaBa am{dgq-_r nd’l | ateral extent and

t he deep base l_ar er .and t hape Qf the base or ,bod me nore squared
in cross- seSPRERC ?HG§ ulatdon Ja | [RTAR s‘“?ﬁl éiF%Fﬁﬁebetmeen -
basad i ncr eswepti avagn®yhcollection at the bottom of the deep base (™

junction before they can modulate the active region.
Also, decreasing the space between the bases and
increasing the length of the vert:cal conductzon path
betveen closely spaced bases also increases the pinch

15 effect of the parasitic JFET defined between the bases.
In a pover MOSFET, this causes a substantial increase
in device on-resistahce, and in an IGBT it causes a o
substantial increase in the forward voltage drop. It
would be desirable to have a small space between bases

20 for a large latch current while also having a low
forward voltage drop.

It is known that the efficiency of the
parasitic JFET can be reduced by increasing the con-
ductivity in the space between the bases of the MOSFET

25 portion of the device. This is sometimes called an
enhancement diffusion or increased conductivity region.
Such increased conductivity regions for power MOSFETSs
are shown in U.S. Patents 4,376,286 and 4,593,302, each
of which is owned by the assignee of the present

30 invention. Such increased conductivity regions are em-
ployed in the power'MOSFET products sold by the
assignee of the application under its registered



However, the increased concentration region remained at about 3 mcrons in
depth and extended for only about one half the length of the effective
parasitic JFET produced between spaced bases. It would be desirable 30
to be able to defeat the parasitic JFET over its full effective |ength.

In sone cases, it may be desirable not to use any lifetine killing in an
| GBBT. However, the swi tching speed of a® BT may be increased by reducing
the lifetine of the carriers in the silicon. In prior 5 art | GBTs sold

by the assignee of the invention, the carrier lifetinm was reduced by
el ectron beamirradi ati on of the conpleted chip by a dose of about 8

-megarads. This produced, in one particular.device fall tj o] out 300
nanoseconds a¥RRGEMATHK- oﬁ?xEEWtch|¥E;?EEStbﬁ 10 ghé 1%Bgﬁ#t66€§ﬁig?§?oules.
Ebmever redueéId&ssﬁlsatheepafaﬁtti¢murmmamfIéfﬁbwetrHBSEETf68mard vol t age
-drop since |t t | bi S p negf the

5 T catolle G, 7\ APoREe AGBEL W ELIPBERLACLE

devi ce. That tion e _sane gate
vol tage in th&egraéentheorqurse bt%ﬂh@@““gﬁ?htag¢t°ﬁoﬁbﬁ MESEETkr abi e to

'.OWEV W t Chipgs L OSgha ?Yn&sbflgﬁc?éﬂ@é‘d ééﬁbéﬁt?ﬂtﬂeﬁer!gibﬂuhuncr easi ng
fQrwar voltage drop. E ron irradiatio o carrier
liYetine in t%@sﬁs§9gﬂeﬁs§ ptRoPT1PY ?Eing#is# acég %§g§ys§eggf
doping, e.g. g8sil ﬁéepbﬁtthanprésenusbnhentyonetﬁbrdepam919mcn6§ses t he
I hor casi n;efhiééﬁ.# EnpiBefS . LHERCET, “TREREN; " IRABRRD, IREREND. 151 on
can anneal ou&ndtIBGBCEBnd Fbﬁgeréﬁﬁ?ésusﬂhﬂbhlmglant @888l Pfates the
asgenjlgy procgss. x 1bRehenms bBr”&ﬁg which is diffused to a depth
deeper than the source, but shallower than the deep
base. This enhancement diffusion increases latch
current since it permits closer packing of the cells
and, thus a smaller poly line width. However, this
15 enhancement diffusion, due to its depth, does not
offset the parasitic JFET over its full length.
\_ Typically, the depth of the increased
conductivity region in prior art IGBTs is about
3 microns while the deep base was about 6 microns.
20 Furthermore, in these prior art IGBT devices, as
- manufacturing tolerances improved, the source region
became smaller in lateral extent and the deep base
larger and the shépe of the base or body became more
. squared in cross-section. Thus, the effective length
25 of the JFET between bases increased in length.
However, the increased concentration region remained at
about 3 microns in depth and extended for only about
one half the length of the effective parasitic JFET
produced between spaced bases. It would be desirable
30 to be able to defeat the parasitic JFET over its full
effective length.



cases, heavy netal lifetime killing is prefefred to radiation. It wuld be
desirable to be able to use heavy netal doping in an | GBT w t hout

i ncreasing forward vol tage drop above that of a conparable 30 el ectron-
irradiated | GBT. An inportant characteristic of power MOSFETs and | GBTs is
t heir aval anche energy. General |y, aval anche occurs at relatively few

sites at the periphery. of the device. Tﬂerefore, in the GBT, the emtter
base junction of the active bipolar transistor is non-uniformy biased and
injects non- 5 uniformy in small areas with high current density,

| eading to local failure. It would be desirable to inprove the aval anche
energy of a power MOSFET or | GBT. Fromthe above, it wll be seen that the
use of a narrower poly ERnSOWRJERSeShadti maYcbgs@epirable N dQ| bases

has the bengidd aify I NiFéRimd ki Pl iy CiH 't 1@ET, t Rowevess eHerent density,
but the drawback .0f causi ng hjgher ward .ol fage drop., Lifetine killing
can be used 5@?%@%@)&&#}%@ dqnay l??]'e"égf)%?éﬁgo Y FefusiBe forward
vol tage drortheld ifettimerafirgiee vedirides piresehe siliconon, Inhprioer eased
concegtrati ' _ t, spaced .bas :] e deep,
art Bl ar | ks oy HHIE My CIfs ERTEE P fhe ﬁé‘n%%g%#ﬁﬁ%se b
concent r at i i fntiimesivas xaduced (bE celectron beamtinradigtiansefp in the
process. 1n g WD "Byl Hodd of NMSHNE 08 mégaraakant THege of

I 1é&ed
about 3.5 x 10 err]|. atons per cenii neter_.sqguared h horus for an N
channel devi &icid, {3_0&2 particular de&%ke, a(Paffptgme of

about 300 nanoseconds and a turn-off switching loss of .
10 about 600 microjoules. FHowever, reduction of carrier lifetime -’
in an IGBT increases forward voltage drop since it '
. reduces the gain of the bipolar transistor portion of
the device. That is, there is less conductivity
modulation for the same gate voltage in the presence of
15 reduced gain. It would be desirable to lower switching
losses by using a higher radiation dose without
increasing forward voltage drop. - : -
‘Electron irradiation is used to reduce the carrier lifetime in the
assignee's prior art IGBTs instead of heavy metal
20 doping, e.g. gold or platinum, because heavy metal
doping increases the apparent resistivity in the active
region between bases, thus further increasing the JFET
pinch between bases. However, the effect of radiation
can anneal out at die bond temperatures, which
25 complicates the assembly process. Therefore; in many
cases, heavy metal lifetime killing is preferred to
radiation. It would be desirable to be able to use
heavy metal doping in an IGBT without increasing
forward voltage drop above that of a comparable
30 electron irradiated IGBT.
' _ An important characteristic of power
MOSFETs and IGBTs is their avalanche energy.



25 Is driven for a total of 10 hours at 1175C to reach a depth of about
7.0 mcrons which is deeper than the deep body region. An increased
di ffusion tenperature can be used to shorten the drive time. In contrast,

the increased concentration region diffusion in the 30 prior art |GBT
of knternational Rectifier Corporation to pl ace after form ng the deep P+
base regi ons and was driven for only 2bours at 1175[err]C to reach a

depth of about 3 mcron, nuch |l ess than the deep base depth of about 6
m crons. In an enbodi nent of the present invention, the space between
adj acent bases is less than about 12 mcrons. The lifetinme killing

radi ati on dose per 5 waf er can be increased_from 8 negarads used in the
prior art IGBﬁﬂaeqﬁﬁkﬁﬂﬁﬁ?%ﬁéﬂcﬂ€xﬁ¢$ $E§ 2% §9H5§évgi¥aféﬁ Eiies At

megar ads, for ¢gped é@gﬁié%\r?@@aUS‘PthefB?eQ'eQﬁe'thbm!mEd
concentratlongig SJOﬂ | the actlve11§%o€pbetme en ses The fall time

was t hen redu ieRiL LRy Qﬁﬁzﬂuﬁﬁﬁ#%% gogcgbve iPRLASseconds to 100
nanoseconds artd-sdﬁswm iﬁfnwmmmipsmwsdreﬂacedgécem ROA-

mcrojqules tg [ oul Accordi ngl y e o] ention is
app,le to anqqég%éﬁﬁx $§?\§ﬁﬁﬁ§l%@ %**Q gﬁéggng5ﬁgkszg ded to

maxi m ze Iatcﬂemdﬂngutaﬂibcatrinﬁlukﬂmlt&t eonld bargesirablet ton dose can
be used to Ieqyioid WHY NHrd t\é@ V&L&%@ aﬁqeﬁ&eﬁ ﬁes»ggdoi‘ohgﬁqe drop

above | evel s pr vi ously accepta ¥ dlatlon se
shal | ower increased conceRFPRE: tBR GPPVBS|GE "2@

I nmased cCongige! igt & airwer S5 rym@wmmﬁfehaedzbneemm | ocati on
ot e LA L6 B Sy o e Lk o
current and the device current density, but the
drawback of causing higher forward voltage drop.
Lifetime killing can be used to increase switching
speed at the expense of increased forward voltage drop.

18 ;

- In accordance with the present invention,
the increased concentration region between the spaced
bases of an IGBT is made very deep, particularly deeper
than the base. To this end, the deep increased

20 concentration diffusion between bases is the first

(s diffusion step in the process.

In a preferred embodiment of the invention,
an implant dose of about 3.5 x 1012 atoms per
centimeter squared (phosphorus for an N channel device)

25 is driven for a total of 10 hours at 1175°C to reach a
depth of about 7.0 microns which is deeper than the
deep body region. An increased diffusion temperature
can be used to shorten the drive time. In contrast,
the increased concentration region diffusion in the

30 prior art IGBT of International Rectifier Corporation
took place after forming the deep P+ base regions and



active area of the chip, aval anche current will flow 25 uniformy and
capability of the chip is substantially inproved. The novel
deep increased conduction regions are also beneficially applicable to power:
MOSFETs and will simlarly inprove théir current density, on- 30
resi stance and aval anche energy capabipjty and will permt use of larger
doses and/or- heavy netal lifetime killing to decrease [err] and
[err] of their inherent diode. Figure 1 is a top view of the silicon

the [err]

radi ati on

f f ' t | BT device, Fi '
Figure 1t AREIHIPBCLoT AR ZckUrR 1t TS G 1B ik KipEn

I ne

S, EB&H?' view of 5
aﬁgcshoms t he cel

pattern of 3amperon, mudn LEET thén dheede®pi base drpilt oS RRGUSYO MICRARY vol t age
drop as a function of total _eﬁml‘%}%ghpg,fteg?é ﬁsy.égé}&s 1hedntivR, lteBTsgirei ces and
n _ ota

denpnstrates the reducfion i

switching loss for the sane

forward volbesweeniadjraesknbpseneisiiless thanaRokatk 848FRRSdi f f usi on of the
Figure 3a shows f.aorward voltage drop. versus.radi ation dose for
Q~. ‘r 19 &ﬁ?h@é

i nventi on.

two devices which have ThRgyHdref5me

e

<APR&PERat of the

deviges of Wdfur ccan beé olnicrdaséed af eemss- meghradsl usiedyiof gHe starting
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i nventi on.
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Figure 6 showse ldfod Op0! OQY QL. ibé ?H&E@ﬁ?begvéen:bases. ‘The fall
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20

25

time was then reduced in a particular device from 300
nanoseconds to 100 nanosecénds and tbé tu:n-off
switching loss was reduced from SOO_microjoules to 200
microjoules.
Acecrdingly, when the novel in@gntion is
applied to an IGST device, a minimum line width can be
used to maximize latch current and current density, and
a larger radiation dose can be used to reduce switching
logss while not increasing forward voltage drop above
levels previously acceptable with a lower radiation
dose and shallowver increased concentration diffusion.
The very deep increased conduction regions aléo serve
as a preferred breakdown locatisn for avalanche current
under inductive loads. Since the deep increased
conduction regions are i.:n'for:xlg_ distributed over the
active area of the chip, avalanche current will flow
uniformly and the 1% capability of the chip is
substantially improved. ) |

The novel deep incfgased conduction regions
are also beneficially applicable to pqwet MOSFETs'and
will similarly improve thgir-cu:rent'dénsity, on-
resistance ané avalanche enercy capability and will
permit use of larger radiation doses and/or heavy metal
lifetime killing to cecreszse t__ and Q. of their
inherent dioce. T |

S



of the structure of Figure 5 after the etch of the first wi ndow pattern to
prepare the structure for the 25 i mpl ant of the future ultra deep

i ncreased concentration region. Figure 7 is a cross-sectional view of
Figure 6 taken across the section line 7-7 in Figure 6. Figure 8

il lustrates the inplant of 30 phosphM@us atons through the windows in
Figure 7 into the exposed silicon. Figure 9 shows the structure of
Figure 8 followi ng renoval of the photoresist and deep diffusion of the
phosphorus atons of Figure 8 to a depth of approximtely six mcrons. 5
Figure 10 shows the structure of Figure 9 following the formation of an
oxi de | ayer over the surface of the device, the deposition of a photoresist
over the oxide |ayer and Fhgupet Leisi agtep viewpldt ehesisilicon he second

maski ng step. ho the structure of Figure 10
after the etcﬁiﬁ%ga&fe 5 e%tﬁfa"% rﬁrglu{)%%e‘ﬁv’r&t he oxi de of Figure 10,
renoval of the photoreS|sF1gnde|ﬁphsna crosseseetiional vHieyuraf 12 shows the
struct e of fysd dsi vq t he
bor on |l§rrpl ant e g#]reet L%%cen oaf'?ﬁ'—‘J ur%%k?é%tr%ﬂ % ? %lgtgﬁcgngge 1
t hgreafter théngr @hquofthsad;ﬂalb\mttm swﬁlacwmrr&gtoﬁgﬂm gure 13 shows
the structure of Figure 1g; g?rE 3 tgl?owhggtsgﬁg§1h ﬁ?lst S
| patter e

deposited over. the surface gure I S appr prla ¥ d by a
third maski ngSSOSH a%o Hisrt Ao tRfAd switching energy loss for

two IGBT devices and demonstrates the reduction in

(. 10 total switching loss for the same forward voltage when
using the ultra deep enhancement diffusion of the
invention.

Figure 3a shows forward voltage drop versus
radiation dose for two devices which have higher
15 blocking voltages than that of the devices of Figure 3.
Figure 4 is a cross-sectional view of the
starting wafer for the manﬁéacture of an IGBT in
accordance with the present invention.
Figure £ shows the portion of the wafer of
20 Figure 4 after the deposition of an initial coating of
protective oxide and a photoresist.
| Figure 6 shows the topology of the surface
\ of the structure of Fzgure § after the etch of the
first window pattern to prepare the structure for the
25 implant of the future ultra deep incr eased
concentration region.
Figure 7 is a éross-sec;ional view of
Figure 6 taken across the section line 7-7 in Figure 6.
Figure 8 illustrates the implant of
30 phosﬁherus atoms thrcugh the windows in Figure 7 into
the exposed silicen.



pattern shown in Figure 13 after the oxi de exposed by the wi ndow pattern is
et ched away. 25 Figure 14 shows the structure of Figure 13
foll owing the renoval of photoresist, the formation of a thin oxide |ayer
which will define the gate oxide of the device and then the deposition

t her eupon of polysilicon and then the ;frnation of a photoresist 30 ]
| ayer which is photolithographically pAtterned in a fourth masking step as

shown. Figure 15 shows the structure of Figure 14 follow ng the etching
away of polysilicon and gate oxi de exposed by the wi ndow pattern in Figure
14, the stripping of the photoresist and the inplant of a 5 relatively

Ilggt dos?tof boron |nt€% ﬁpesgr%gsesafggfsgfuégggélbfcga goged by thg 4
wi ndow pa jur e S cture o | owi ng a body
G 11 oet bn sEedtaviy aemval,dh the, Riatensais o And fees A PEEiR" 15 ore
driven deepo:fOthe phospliortise atons toﬂm‘itdm:en& etd ighdépthiopfd boron

regi ons are ot m a conposi-te body which is shall ower
than the N+3 gi onWﬁ é;‘%?«u OWS ‘the structure of Figure 16 after

de- gl%ssi ng and shows aRigureni@ shpwanthehstuyntuse of Piguren® wi ndows
through whi %ﬁ%? Hg e F0ia iR OB rda;ﬂ‘&ar Bl b Ldvdr StRet drive usedy

to formthe + source regions of the device, gﬁ, 18 shows the structure

of Figure 18upfiace qf thedawics, she,depasit 3 Rhoteresist oo
entire waf erov%# fmae ciild ayey @id dhopacgdmiitig¢sesith@yer over the

fsgiaqatcﬁev\,{;gcp 1:pe se‘.:r nie!{j 'I'lhne asefc.lt;xw nPahsclt'Ol | t @egs aphic patterning step to

10 Figure 11 shovs the structure of Figure 10 ' '\J
after the etching of a second window pattern”in'the
oxide of Figure 10, removal of the photoresxst and
implant of the P+ boron.

Figure 12 shows the structure of Figure 11

15 - after a short diffusion drive to drive the boron
implanted in the step of Figure 11 for a short distance
and thereafter the growth of oxzde over the shallow P+ "
regions.
' Figure 13 shows the structure of Figure 12

20 following steps in which a photoresist is deposited
over the surface of Figure 12 and is appropriately
patterned by a third masking:step to produce the window S
pattern shown in Figure 13 after the oxide exposed by
the windov pattern is etched away.

25 Figure 14 shows the structure of Figure 13
following the removal of photoresist, the formation of
a thin oxide layer which will define the gate oxide of
the device and'then the deposition thereupon of
polysilicon and then the formation of a photoresist

30 layer which is photolithographically patterned in a
fourth masking step as shown.



mask. Figure 19 shows the conplete wafer of 25 Figure 18 after the
etching away of all oxide exposed through the windows of the nmask in Figure
18, the stripping of the photoresist and the application of an al unm num

| ayer.,, an anor phous silicon | ayer and a photopol yim de | ayer. 30

Figure 20 is a cross-sectional view of second enbodi nent of the invention
in which the deep N+ regions extend to iac6hnnn pl ane. Figure 21 is a

di agram showi ng the nethod by which the depth of an Nt region into an N(-)
epi taxi al background is nmeasured. Figure 22 is a diagramof a further 5
eﬂbodinent o; the invention wth both emtter and collector electrodes on
-the sanme surface. DETAIL gggg P iR \RIES T d 2
show, in schematic fashi ?r? C?Fo}hﬁsqiggggy of {Ehmg eels’;fld by the
10 aSS|gﬂ%%lQﬁlﬁﬁet%#e%%##lﬁﬁvﬂﬁﬁYdﬂfUHG ié??ndﬁv cl E?pe nunber s

‘previously i depidéi €étpodé@ Bf otike WDhdywdpattérguinsFigane 24i,stheeat |y

enl ar ged, and n Fi orted r h
description d? g?%s% tt$ﬁv€h?§%ﬁestiFyQ%a gﬁ# ? %Lﬁﬁaggehnﬁnber 15
of hex8gonal telésivekyshnght do§EgufeeronN®nbovbhe suefacesaxgas scl osure

Lhe termn eséigﬁéaﬁeeﬂéogé Sﬂﬁéaﬁf?%SQt Eie?ﬁr the ch|p S|nce
th are unre ate |nv ntion evice has
substrate 20 of 20 §11I91t!~'(§1 16 shoys £he aﬁ&rd-?c"'r‘b"gﬁ d#/ %’1"59 vvn at op

substrate 20. fdiigolrtRgt A0Boagt 2PuEtoncdtep 2 whdchi+the high
concentration P+ regions of Figure 15 are driven deep
(/10 and at the same time the more lightly doped boron
regions are less deeply driven to form a composite body
which is shallower than the N+ regions.
Figure 17 shows the structure of Figure 16
after de-glassing and shows an arsenic implant through
15 the same windows through which the P(-) channel regions
were formed with a short drive used to form the N++
source regions of the device.
Figure 18 shows the structure of Fzgure 17
after the deposition of an interlayer oxide over the
20 entire wafer surface and the formation of a photoresist
layer over the surface which is patterned in a fifth
) photolithographic patterning step to form the contact
At mask.
Figure 19 shows the complete wafer of
25 Figure 18 after the etching away of all oxide exposed
through the windows of the mask in Figure 18, the
stripping of the photoresist and the application of an
aluminum layer, an amorphous_silicon layer and a
photopolyimide layer. .
30 _ Figure 20 is a cross-sectional view of a
second embodiment of the invention in which the deep N+
regions extend to a common plane.



region 21A is identified as junction J2. Atop N+ epitaxial region 21Ais
grown an N(-) epitaxial region 21. Cellular bases (sonetines called "body
regions") 25 are then formed into the upper surface of epitaxial |ayer”
21 by processing techniques such as those disclosed in U S. Patent

4,593, 302 dated June 3, 1986, assigned to the assignee of the present

I nvention. The three bases shown in Figﬂ&e 2 have deepened central P+ 30
regions 22, 23 and 24 which have a relatively high concentration and are

surrounded by shal | ower shelf- type P(-) regions sonetines called
"channel " regions 25, 26 and 27, respectively. Channel regions 25, 26 and
27 have a sufficiently pr cone&ptratlg? t hat t can |nveé d by the
application of a |ow t hreSiH B Y{)th ﬁe’WE éate in the

manner wel | Byowhich bﬁSFﬁipthcbﬂohngu+ régdonuidatioomn Bi=jeen the bases
and the epit nk S junctions JlI. Each of the
pol ygonal , €§*€+§$§ga§gc§ég§gﬁg g%e é%éggﬁéés an annul ar source 28, 29 and
30, 10 respectivel Wigune 1223 sisy ahidiagrearief iaifyrthesource region. A

web og mesh ghpedimenti ¢ Eh&e@ﬁﬁeﬁiieﬁst%ﬁthEhtGﬁ:%@ék’%ﬁﬁﬂ”e| regions
of each base. of silicon d|0X|de shown as segnents

15 34, 3@o££ac§3r gg?§ﬁ5°89§r°ﬁttPSa§Pth§u5€ 8C€ehannel regions 25, 26

and 27 of each cell shown in Figure-2. A conductive polysilicon gate is

then provi degesi PPeh "Sr8fkIpP¥bREOFE EﬁﬂﬁIN | ysilicon gate segnments 31,

32 and 33 ¢ segnents 20 34, 35

and 36, respectively, sFHGHIRS thand & aewbemmhmtaqj fashionase .

regions and gxpe9drnNdreVeEBT device of ‘the type sold by the _ -’
10 assignee of the present invention under their device

type numbers previously identified. The scale employed
in Figures 1 and 2 is greatly enlarged, and in Figure
‘2, is distorted, in order to clarify the description of
‘the present invention. Only a few of the large number
15 of hexagonal cells are shown in Figure 1. Moreover,
there is no disclosure of the termination structure or v/
other surface features for the chip since they are |
unrelated to the present invention.
The IGBT device has a P+ substrate 20 of
20 silicon. An N+ epitaxial region 21A is grown atop
substrate 20. The junction between P+ region 20 and N+ -
region 21A is identified as junction J2. Atop N+
epitaxial region 21A is grown an N(-) epitaxial region
'21. Cellular bases (sometimes called "body regions®)
25 are then formed into the upper surface of epitaxial
layer 21 by processing techniques such as those
disclosed in U.S. Patent 4,593,302 dated June 3, 1986,
assigned to the assignee of the present invention. The
three bases shown in Figure 2 have deepened central P+
30 regions 22, 23 and 24 which have a relatively high
concentration and are surrounded by shallower shelf-



the P(-) channel regions of each of the bases. The polysilicon gate
segnents are then covered by a suitable silicon dioxide |ayer with seg- 25
ments 37, 38 and 39 of this layer being shown in Fig- ure 2 which
encapsul ate the gate segnents 31, 32 and 33. The gate segnents 31, 32 and
33 will be connected to an appropriate onnDn gate pad (not shown). For
purposes of illustration, a gate electrg Is 30 shown connected to
segnent 31, it being under st ood that this gate el ectrode will be connected
to all of the gate segnents of the entire gate nesh. Amin emtter

el ectrode 40 is forned over the mmjor portion of the upper surface of the

.d d ' i

25" 55 and 24ERE BeT Pedioherathet MHeS caTIea Tt RENED" Foqitng TO01 ONS
shown in Fi gu2®, 226i andpdTi ctespechivedy: onChannpd P39#9950352025The dopant
-concentrati O”ai?ﬁ éﬁfh?&é' ¥es{zfﬂF8FeREW’ef8wt EsnéaﬁErsehba 'tha*l:nQ'h%QS ed

above that of epltax]a

ayer Ea & &#5
concentrat i oncaprbe éBperted HBOEPESaHPEFSﬁEIRﬁl gvethzeshelf ¢ he
depth gf the éﬂﬁéCOoleﬂgénﬁobﬂheshableéegatbaﬁnthhedmphhewfwbud base

22, 2 d 24 d h
SRt 0 F g knouR,§1; HoSREr, ERRnflobs ' HERCIRA; R Betuna thie 0SS
and 44 are fobasdsbgndhehprepetaxdsicregegnlﬁluase Pd#@ﬁﬂf4e§935302 Thus,

the diffusiong yBEgoha! 0% gagﬁpbénihBQPBQQ?BHQ&UScéhl%Iﬁ@ tage of about

120 keV and a ose 0 err LI N I mpl ant
for about 2 hE8g40BRE & @;en reEE?BES a‘Fh§§BuF-ﬁEr &y, &ecgﬁe #ré?\%%%r'egim;ns

me&{ 10 respectively, which is a high conductivity N+ source
region. _
" A web or mesh of gate oxide extends across
each of the P(-) channel regions of each base. Thus,
segments of a web of silicon dioxide, shown as segments
15 34, 35 and 36, extend over at least the P(-) channel
regions 25, 26 and 27 of each cell shown in Figure 2.
U A condﬁctive_polysilicon gate is then provided atop the
gate oxide web. Thus, polysilicon gate segments 31, 32
and 33 can be seen in Figure 2 overlying oxide segments
20 34, 35 and 36, respectively, spanning the distance
between the adjacent base regions and extending over
the P(-) channel regions of each of the bases.

o ' The polysilicon gate segments are then
covered by a suitable silicon dioxide layer with seg-
25 ments 37, 38 and 39 of this layer being shown in Fig-

ure 2 which encapsulate the gate segments 31, 32 and
33. The gate segments 31, 32 and 33 will be connected
to an appropriate common gate pad (not shown). For
purposes of illustration, a gate electrode “"G" is

30 shown connected to segment 31, it being understood
that this gate electrode will be connected to all of
the'gate segments of the entire gate mesh.



used to offset the effect of the parasitic JFET which exists between the
spaced bases when they are brought close together. By depth of the N+
regions 42, 43 and 44 25 into the N(-) region 21 is nmeant the depth at *
which the conductivity is neasurably greater than that of the background
epi | ayer. This depth is |located withip the range of experinental error at
about the inflection point of the curvhgof concentration versus depth (see
Figure 21) 30 whi ch exists for any N+ diffusion into an N(-) back-
ground. The exact depth which is reached by this nmea- sure is not critical
and it can be shown that the vast bul k of the added charge (at | east
97% exists between the silicon surface and the defined depth of the deep
di ffused inplant. Note AnBeinhemigterasdectsiodendlatisofarned qyer pe

o eat er ok WhPjdO et fon of [4ife AR Shrtave of ltnedduvhkedect case
wi th depth int the | & ackground concentr.at hon of layer 21
i s reached. aﬂé) 9#%|?ﬁF f° ?]ﬁ} Seu ed???h@?ﬁnapﬁt £n PR type
background Husd xkegimfsi 22y cnmmm 24 n apphventionallfashion.
The chip of Fi 0 0, u |at|on .
dose fpabOLﬁ"gj%etg%ﬁ @ ‘E%’ﬁ%u@plﬁ%‘fﬁ ni'ﬁgﬂgﬁﬁgé gCrgé épg’\(h i ng spegd)
and thus dedeasshe hattdn af | e PAheegiomn a2@d device had a fall tine of
about 300 nanoseconds ailed PbﬁﬁfoEég#igtfaf¥” (¥H'Hhé;§5i e 2bout 600

ur.es

m croj oul es. The operatlon 0 omn I'n 1 and 2 is
as fol | ons: TAGHPTH BRENEGSH the Rase epbls oist bnereased EPPBP &hast r ode 41

Wi th respectoff *HaNE+) tépitaxial layer 21 to a greater N+

10 concentration for a depth of about 3 microns which is
greater than the depth of the source regions but
shallower than the depth of the base regions 22, 23 and
24. The depth of the increased concentration regions
is shown in‘Figufe 2 by the dotted lines 42, 43 and 44.

15 Regions 42, 43 and 44 are formed by the process
described in U.S. Patent 4,593,302. Thus, the
diffusions were formed by implanting phosphorus at a o’
voltage of about 120 keV  and a dose of about 3.5 x 1012 |
atoms/cm2 and driving that implant for about 2 hours at

20 1175°C. These increased concentration regions were
used to offset the effect of the parasitic JFET which
exists between the spaced bases when they are brought
close together.

By depth of the N+ regions 42, 43 and 44

25 into the N(-) region 21 is meant the depth at which the
conductivity is measurably greater than that of the
background epilayer. This depth is located within the range
of experimental error at about the inflection point of
the curve of concentration versus depth (see Figure 21)

30 which exists for any N+ diffusion into an N(-) back-
ground. The exact depth which is reached by this mea-
sure is not critical and it can be shown that the vast

3



20 el ectrode 40, current flow is blocked because the emtter-base
junction J2 of the PNP transistor fornmed by P+ region 20, N regions 21, 21A
ard P regions 22, 25, 23, 26 and 24, 27 becones reverse-biased. This
provides the device with its main reverse bl ocking 25 capability. Wen
a positive voltage is applied to the coljector 41 relative to the emtter
40 and the gate el ectrode segnments 31, é 33 are shorted to the source 40,
the collector-base junctions J1 of the above- 30 descri bed PNP

transi stor are reverse-biased so that the device will operate in a

f orwar d- bl ocki ng node. If now a positive gate voltage of sufficient

-magni t ude is pB%@HJQd{iE& ?ﬁé?gée%?”ié 3¢, 9$€)aéﬂ13€sahétivbenchannel

regi ons 25, Inver ons can
28, 29 and 30the shdicpn) synfacecgndnthe. d#.enagvigeet heﬁ gg{ﬁ@ﬁéﬁeo;e? 05
its forvard cqpdigbeadigbibfit, Mote thaththel envredsednducting state, the

emtter-base junction econes forwayd-bias

d th 2
hol es into t hcORERNEEALAAN, XRLYA N&l} gs8rpre PS ngar$h§%§'$% e%FLQLefons
0” to garry cy éeBbzthliBQ repeer 20f and14ill decpebse pdtdr depddsi st or

Gorgi Ty “avar | ABke the.188REa PALRBEuEhd\ FRERGFORAR, Rnlcdperdtior (100
?rfe L ; SI g 1‘ 53(2)nb:r£] lagers20y isoreeched.t hThist deffiiad tiosmofhdepthe ofe@n 15
ogi ons 25, 2Btafitspsid SREECUE K @ﬁg{&% idpindy SIS Y uled Channe
base 21 and i thiricaghouthahisr applicatiens '
\ 10 The chip of F1gures 1 and 2 was exposed to
an electron flux or radiation dose of about 8 megarads
to reduce lifetime -and to increase switching speed and
thus decrease switching loss. The radiated device had
a fall time of about 300 nanoseconds and a turn-off
15 switching loss of about 600 microjoules.
. The operation of the IGBT device shown in
\_ Figures 1 and 2 is as follows:
when a negative bias is applied to the
collector electrode 41 with respect to the emitter
20 electrode 40, current flow is blocked because the
'emittgr-base junction J2 of the PNP transistor formed
by P+ region 20, N regions 21, 21A and P regions 22,

o 25, 23, 26 and 24, 27 becomes reverse-biased. This
~ provides the device with its main reverse blocking
25 capability.

when a positive voltage is applied to the
collector 41 relative to the emitter 40 and the gate
electrode segments 31, 32, 33 are shorted to the source
40, the collector-base junctions J1 of the above-

30 described PNP transistor are reverse-biased so that the
device will operate in a forward-blocking mode. If now
a positive gate voltage of sufficient magnitude is



As pointed out previously, electron 20 radiation is used to increase
switching speed. Wile a greater dose than 8 negarads is .desirable,
additional radiation increases the forward voltage drop to unacceptabl e

| evel s. Moreover, heavy netal doping, which is preferable to radiation,
cannot be used 25 because it incre ses the apparent resistivity of the,
regi ons between bases-which increases t effect of the parasitic JFET,

i ncreasing the forward voltage drop to an even greater extent than that
expected fromthe effect of the increased irradiation. 30

The devi ce descri bed above in Flgures 1 and 2 contains a parasitic NPNP

thyri st f f. a €q40 urce 29, P
boé;l ;30r C%fﬁ%%o glieogﬁ&and é_{ng‘%?e rgi‘ HH& 83 %Pwﬁlag parasitic
thyristor | Aharnelregiony %@er%ﬁl%ﬂdo?7th@vﬁ§§vcéleﬁ§ﬁﬁﬂélcéﬂ gate bias

w 'l not Ca_LEfbﬁ her&gveRe N4 ééﬁﬁcéffezf&§ PHFN2SEEAG B8 kBOWReAS

| at ch- tch-u hen o n of course,
ex?rgners uhﬁ%s)r%ﬂﬁ 5531%95%ice§g &l g?%ﬁedgggﬁnsré Sﬁéslﬁnwﬁth t he

| at chSup curiwt.foswhrahcmdiseﬂmgyswteentmnehznstmwmm flow
during device ‘gﬂ tlon

Current ot EoRRSEEthe spdfe. Fae emitteropme; dShEE eh. 72 HeERIAR orh o
nore speci fifodvgrdtbiasedcandetheeregilpnc20t injectsuholesaiato ?hoglgfbfhe
barasi ti o 1oohe "HokfoRGrixtabfol' €17 HALE'FeabhlpE%] T Ae¥ich
i ncreases t hthenrturasvont bgecarvy eunrentsincthecmannercofr @ant rating of .
the dgvice. pipolar power transistor having extremely high current
density in comparison to the lower current density
available in a comparable power MOSFET.
In order to turn the device off, it is only
necessary to remove the gate bias from the gate seg-
15 = ments 31, 32 and 33, This removes the inversion re-
gions at P(-) channel regions 25, 26 and 27 and shuts
off the supply of electrons to the N(~) base 21 and o’
initiates‘thg turn-off process..
As pointed out pfeviously, electron
20 radiation is used to increase switching speed. While a
greater dose than 8 megarads is desirable,’ addzt:onal
radiation 1ncreases ‘the forward voltage drop to S
unacceptable levels. Moreover, heavy metal doping,
vhich is preferable to radiation, cannot be used
25 because it increases the apparent resistivity of the
regions between bases which increases the effect of the
parasitic JFET, increasing the forward voltage drop to
an even greater extent than that expehted from the
effect of the increased irradiation.
30 : ‘The device described above in Figures 1 and
2 contains a parasitic NPNP thyristor consisting, for
one cell by way of example, of N+ source 29, P body 23,



The poly line width can be reduced if addi- tional charge is added to the
active N+ regions 42, 43 20 and 44 between the cellul ar base
structures. However, in the prior art devices of Figures 1 and 2, regions
42, 43 and 44 used the same depth of about 3 microns which was used in
HEXFET power MOSFETs nmade by applicants' signee. This was done
infentionally to 25 .avoi d maki ng regﬂgﬁs 42, 43 and 44 deeper than the
base. However, it has now been found that this depth is too shallow for
optimum | GBT operation and, further, if its depth is nmade greater than that
of the deep base, a | arge nunber of unexpected advant ages are 30

. d d; b I h
ot cheup currcths i% $aRS colectla TROEF FoRR8 YeREBBCE0s, FEaEh hey o
lifetime killipgrasdtbe thynssﬂorsMatchesgonp@edlngnoperancoaagﬁdthﬁthout
‘I nereasi ng for%?%g?%°|f§ﬁ8vgio fa$9¥§ Bi§¥'9 fl'ﬁ&@'éaﬁgd EH@'&BGEEee“ergy

IS increased SW tC ener

sse
forward vol t ageodtopnoeffhe Tithy phenppenesn 1sa Bo!nhg¥|n&aﬁcpe98§sg

bl ocki ng vol t aggyet $E6BTYO! t@hechhhﬁpsﬁaéhemenanl 88, Sof2cobdsegnd 44 in
conpari son to ‘an equi va

uses_the e
i n'véntion. It S¥FFe Elgegﬁ&thﬁﬁbxgra?ﬁd?a??ﬁﬁe§g§§i ?%Bqlagggggnﬁflcantly
greater than zene Wﬁgﬁh&dhthheelaSch—gpeeuerenhamsSDQQhepr@hcnennm n

ner cased concBREFRPEORRAEN 48 BREEREY, FRORLOPRPeRE Havlee' TP LY Cont

invention provope:aalopyor | nprovenent in 15 reduction of sw tching
eﬂgtyy' @SS as a function g dAidPIb VdAdse! e FurrdRe bt Whiche

latch-up occurs, it is known that the poly line width
or, more specifically, the space between adjacent cel-
lular bases, should be reduced. Reducing the poly line
width, however, increases the effect of the parasitic
15 JFET between the spaced cells of the device which
increases the forward voltage drop and thus reduces the
. current rating of the device. |
The poly line width can be reduced if addi-
tional charge is added to the active N+ regions 42, 43
20 and 44 between the cellular base structures. However,
in the prior art devices of Figures 1 and 2, regions
42, 43 and 44 used the same depth of about 3 microns
which was used in HEXFET power MOSFETs made by
applicants' assignee. This was done intentionally to
25 avoid making regions 42, 43 and 44 deeper than the
base. However, it has now been found that this depth
is too shallow for optimum IGBT operation and, further,
if its depth is made greater than that of the deep
base, a large number of unexpected advantages are
30 produced; namely, the bases can be more closely spaced
together, the latch-up curent is increased, a higher
radiation dose or heavy metal lifetime killing can be



an increased lifetinme killing. Figure 3a shows the forward voltage drop Von
versus radiation dose for twd, 1200 volt devices, 20 one with the prior
art shallow inplant and the other with the deeper driven inplant of the

i nvention. The data on the curve of Flgure 3a were neasured for a forward
current of 10 anperes at 25C on a deviCﬁ n which the N(-) region 21 was 85
ohm centineters and 95 25 m crons t k and in which the N+ reglon 21A
was 0.04 ohmcentinmeter and 7.5 mcrons thick. The device | abel ed "deep
enhancenent” had deep N+ regions such as regions 60, 61 and 62, shown in
Figure 19. Figure 3a clearly denonstrates that the deeper inplant enables a

30 hi ghe di e (to C wi t hout undul y

i ncreasi ng fﬁ?&&dﬁf&%&?‘%ﬁ&&“ﬁ\&% % q%%é%}d qggén% s of the

i nventi on beinoeresasing foswand wniﬂagﬁﬂdnqy\ﬂhQQgﬁP#QMtgﬂse&evelsF|gures 4
t hrough 19 dgﬁarhbglhﬁgegpurgﬁ%@us omﬁn gﬂgﬁred enbodi ment of the

present invention wt g e ul ti mat, e%&éconpleted junction
pattern. The figures arephﬁ?r?o355h°“ss hectBtRlnaVa toeang /nangY

e?a?ﬁs ?L ed tegsﬁur Pﬁseidi’fwaﬂﬁﬁr:taltMadéuﬁﬂw of thé i IGBBSoShPigases a few
0 e ous S .0 I C cellsS O l.IN e r

o e o mousiana’ s, ST Y e bR T il ECRE yoifE,
unr el at ed townlhh phesshallov impilantst 4@y, 43s and |4%ein compariisenri bed,
the novel '”‘éE“EhOQ &%\mé%%zowm- nfswrt% ébé%(eﬁi a?fc}gségahera'

structures venent of, aval anche - en y ca g evi ce
Ref erri ng f| §FePGIPPgurét4w1 L he |seen, ¢ radiation levels -
- 10 significantly greater than zero maz_-ad,_ume is a greater -’

than 50% improvement in switching: losses at the same
forward voltage drop when using the very deep. increased
concentration diffusion. As will bgrlate: described,
the present invention provides a major improvement in

15 reduction of switching energy loss as a function of
forwvard voltage drop as a result of the ability to use _
an increased lifetime killing. : Q_J

| _ Figure 3a shows the forward voltage drop
van versus radiation dose for two, 1200 volt devices,
20 one thh the prior art shallow implant and the other
with the deeper driven implant of the invention. The
data on the curve of Figure 3a were measured for a
forward current of 10 amperes at 25°C on a device in
which the N(-) region 21 was 85 ohm centimeters and 95
25 microns thick and in which the N+ region 21A was 0.04
ohm centimeter and 7.5 microns thick. The device
labeled "deep enhancement” had cdeep N+ regions such as
regions 60, 61 and 62, shown in Figure 18. Figure 3a
clearly demonstrates that the deeper implant enables a
30 higher radiation dose (to reduce switching loss)
' ' without unduly incressing forward voltage drop. Note
also that the benefits of the invention become more
important as blocking voltage increases.



15 portion of the starting wafer of silicon is disclosed. The wafer has
flat parallel upper and | ower surfaces and has a substrate 50 of boron
doped P+ material having a thickness for exanple of 15 mls (0.015 inches
or 380[err]). The P+ material is doped to a resistivity of |ess than about
20 0.02 ohmcentinmeter. A thin epiqp?ially grown N+ layer 51 is grown
atop the P+ substrate 50 to a thickness of about 7 microns and, for a 600
volt 1 GBT device, has a resistivity of about 0.05 ohmcentineter. The N+
region 51 would be thicker and nore heavily doped for 25 hi gher vol t age
rated devices. For exanple, for a 1200 volt device, region 51 could have a
.thickness from8 to 9 n1@M@urasuiaxhnunghllﬁtdesﬁrbbe3ﬁhehn1centlneter

For a much | % a % may be
el i m nat ed. E@%ﬁﬁ%ﬁé%@gg ?g éoﬁregg Sé gﬂbgdﬁégﬁgngﬁai {¥§ usedylnto
-substrate 50 invention teithr Fibgupe asrsbpwmage# Boﬂéﬁﬁyatelﬂ\second

epi taxial | a)@cw df&ggg& hﬁaggk?nvol q-ggeflgbgg.légngrrﬁ?gidm ¥ the

device_ is the used éunctloné %re or med |nd%P|s
epitaxPal |y SR QﬁWSZbeeFtS’FﬂF&¥n§§ gggrage T BRFROACEH R vol t
| GBT device iclawity. 60Furehens vhehfdgueessshoit pnd.ﬁr abdiew E the -

cont LTt S, gl o7  PUEfeTéa) e REpH BTaThBIU A, A (hcker and

exampl e, for mmwolthqempertmgu paripheral sgrmmafe tdhe hi ckness
of about 100 JHf Ofl§ @eE EneeR! Sih¥b! Y£OlgalinreldtedBcC tNe Piiekent FOr a

30%&& Vi ?ivbﬁawéﬁf‘o?ﬁ;&ah Bt cfGrthef deseribely the MOVAY wi i
erstand invention removes some of the responsibility ot the
peripheral structures for improvement of avalanche
energy capability of the device.
Referring first to Figure 4, a small
15 pcrtzon of the starting wafer of silicon is disclosed.
The wafer has flat parallel upper and lower surfaces
and has a substrate 50 of boron doped P+ material
~ raving a thiciness for example of 15 mils (0.015 inches or 38Qum). The P*
material is doped to a resistivity of less than about
20 0.02 ohm centimeter. A thin epitaxially grown N+ layer
51 is grown atop the P+ substrate 50 to a thickness of
about 7 microns and, for a 600 volt IGBT device, has a
\ resistivity of about 0.05 chm centimeter. The N+
region 51 would be thicker and more heavily doped for
25 higher voltage rated devices. For example, for a 1200
volt device, region 51 could have a thickness from 8 to
9 microns and a resistivity of 0.035 ohm centimeter.
For a much lower voltage device, for example, 300
volts, region 51 may be eliminated. Regiocn 51 could
30 also be a region which is diffused into substrate 50 or
could be formed by direct wafer bonding.



15 that the thicknesses and resistivities of regions 51 and 52 can be
appropriately adjusted relative to one another for different voltage
ratings. The first processing step on the wafer of Figure 4 is shown in :
Figure 5 as the formation of an 20 oxide | ayer 53 to a thickness of
about 400 angstrons. A conventional phgtoresist 54 is applied to the top
surface of oxide layer.53 and is pattefed to the nesh- type pattern shown
in Figure 7. The oxide layer 53 is etched away within the wi ndow pattern.
This results in 25 the formation of a plurality of rectangul ar oxide

i sl ands 54 through 58 shown in Figures 6 and partly in Figure 7. The

G carly. hoever 30 A SReoRYER} PRxEER ?Qs%%ﬁé?ﬂ"ﬁ%%gﬁi%éﬁh%”?t"g%y
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hexagonal uration us preferre odiment 1Ts not a
synnetrlcaleﬂé%égdﬁ formeds iragd ax quall t8 hicknessitIonsdead the cells

gre gi gh}glxyglzemam wm—.hezdmt ee%.é 1|s| abdtﬁfltjso)ﬁnﬁ@réﬁ@twiﬁﬁ \A#alt er alh
G otance bephaintabdey B et o, o Hansia i ns a e ol b |
symet ri cal llamgﬁﬁallspdnpammh q:lnis;:hd:mal.sed\ thicker mnderred
T o verti cBioyer TeBIBUITIeY naser a1 Ui W G5 ot MEGLE U0 OTne
center-to- c8§ﬂéﬁ9&$&taﬁ@5 G@Pﬂﬂ%@nxﬂqnnﬂslﬁOQnHQii|Q#¥#Q5n|Eegb©ut 22 .
m cms. 52 would have a thickness of about 100 microns and a o/

resistivity of about 85 ohm centimeters. For a 300

volt device, region 52 will have a thzckness of about

35 microns and a resistivity of about 7 ohm

centimeters.’ Those skilled in the art will understand

15 that the thicknesses and resistivities of regions 51
and 52 can be appropriately adjusted relative to one
another for different voltage ‘ratings. W)

The first processing step on the wafer of
Figure 4 is shown in Figure 5 as the formation of an
20 oxide layer 53 to a thickness of about 400 angstroms.
A conventional photoresist 54 is applied to the top
surface of oxide layer 53 and is patterned to the mesh- .-
type pattern shown in Figure 7. The oxide layer 53 is A
etched avay within the window pattern. This results in
25 - the formation of a plurality of rectangular oxide
islands 54 through 58 shown 1n Flgures 6 and partly in
Figure 7.
-The preferred embodiment of the invention
employs a hexagonal cell topology. Ciearly,'however,
30 the invention will be equally applicable to any desired
surface topology including square cells, offset square
cells, interdigitated fingers and the like. It will be



Next, as shown in Figure 8, phosphorus is 15 I npl anted into the
S|I|con t hrough the wi ndow pattern fornmed by the first

phot ol i t hogr aphi c- oxi de etch step. The photoresist itself acts as the mask
to the inplanted atons. N+ phosphorus regions 60, 61 and 62 are segnents of
a nesh pattern shown in Figure 6. In 20 33 the preferred enbodi ment of the
I nvention, the phosphorus inplant is carried out at an accel erating energy,
for exanple, of 120 keV and has a preferred dose of about 3.5 El 2
atons/[err]. The dose can between about 2 E12 and 7 E12 aons[err] is
preferaly greater than about 3 E12 [err] 25 the dose are that it

shoul d not be fagthiegh nidtac ltthafreotume Heésgenve) see VD! tonéipueakdonn beyond
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direction between oxide islands 54 and §5 is 25
microns. The center-to-center distance between columns
of oxide islands is about 22 microns.
Next, as shown in Figure 8, phosphorus is
15 implanted into the silicon through the window pattern
formed by the first photolithographic-oxide etch step.
Lo The photoresist itself acts as the mask to the
implanted atems. N+ phosphorus regions 60, 61 and 62
are segments of a mesh pattern shown in Figure 6. 1In
20 the preferred embodiment of the invention, the
phosphorus implant is cérried out at an a;celerating
. energy, for example, of 120 kev and has a preferred
o dose of about 3.5 E12 atoms/cm®. The dose can rarge between about 2 E12 and
7 E12 atcos/cx® and is preferably greater than about 3 E12 atoms/c’. The limitations oo
25 the dose are that it should not be so high that it reduce the
reverse voltage breakdown beyond acceptable limits, but
should be high enough to have a significant impact on
the parasitic JFET along its full length.
The implant of Figure 8, after stripping
30 the photoresist, is next driven deep below the surface
of region 52. In the preferred embodiment of the
invention, the . implants 60, 61 and 62 are initially



In order to measure the depth of additional N type carriers into an N type
background, it is 15 conveni ent to consider the shape of the -curve of
the log of total donor concentration in region 52 of Figure 9 as a function
of - dept h beneath the silicon surface, as shown in Figure 21. This curve
can be created either by direct experbgzntal t echni ques using a 20
spreadi ng resistance .probe--on | arge a diffusions or can be

conput er-simul ated.: The i-nflection point in the curve of Figure 21 occurs
at the depth -at which the concentration |levels out to approxinmately that of
the initial background of the epitaxial material 52 and-is 25 a measure

of the dephpiQlen %% e eﬁﬁ%m% W) TP R £ é%&%ﬁmlg of- the

curve of Figure 2 ct1on point. occurs. at approxi nat ef
m cr onet er Bigherc Aemperatane Can heused 0 Feduge tﬂéet%’é'bvechar ge added
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in Figure @ltlm&ephh-noths hidld rheyi latersaeen; tmeeﬂlbl be are spaced
or xyerlapaboudtl 2 more hours of subsequent processing drives —- -/
which will increase the depth of these reg1ons by -
approximately 1 micron. ' '
' In order to measure the depth of add:tzonal

N type carriers into an N type background, it is

15 ~ convenient to consider the shape of the-curve of the
log of total donor concentration in region 52 of Figure |
9 as a function of depth beneath the silicon surface, Q_J
as shown in Figure 21. This curve Can be created.
either by'direct’experiméntal'teéhniqﬁes’ﬁéing a

20 spreading resistance probe on large area diffusions or
can be computer-simulated. The inflection point in the -
curve of Figure 21 occurs at the depth at which the
concentration levels out to approximately that of the
initial background of the epitaxial material 52 and is

25 a measure of the depth of the increased concentration -
region. In the example of the curve of Figure 21, the
inflection point occurs at approximately 7.0
micrometers. It can be shown that more than 97% of the —
total charge added by implants 60, 61 and 62 is -

30 ‘contained to the left of (above) the 7.0 micron depth.
As will be later described and -in accordance with the
invention, this depth of the increased concentration




little consequence to the invention. It should be further noted that the N+
regi ons such as regions 60, 61 and 62 do not extend to 15 t he

peri phery of the chip but exist only within the active cell region of the
chip. The increased concentration regi ons cannot extend beyond the active
region of the chip and into the junction term nation area (not shown) since
they will reduce device 20 breakdowﬁ“foltage Figure 10 shows the next
step in the process in which an oxide layer 70 is grown atop the surface of
the wafer of Figure 9 to a thickness of about 8,000 angstrons. A
photoresist layer 71 is 25 deposited atop the oxide layer 70 and is

.then appropri idn@ai%e%iaéﬁlteﬁst V‘E‘hénwglﬂudéfiﬂeaobﬂgélBEp‘ﬁhndOWS whi ch

are, in fact, xagona expose ns_abo
i sl ands 54, ‘b&ﬁ‘?ﬁpfroﬂ%d h%rﬁg%?ryeﬁﬁ %s.asgﬁagé !4 55
-30 and 561@égtéae01eh;ﬁedhéhspygboﬁhe spaced mnndoms in the photoresist
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of the deviced® pac%grp %
doge, qged as shown 1n Figure 9. Whether or not these regions

meet at the center or are spaced or overlap is of
little consequence.to the invention.
‘It should be further noted that the N+
‘regions such as regions 60, 61 and 62 do not extend to
15 the periphery of the chip but exist only within the
active cell region of the chip. The increased
concentration regions cannot extend beyond the active
region of the chip and into the junction termination
area (not shown) since they will reduce device
20 breakdown voltage.
Figure 10 shows the next step in the
. process in which an oxide layer 70 is grown atop the .
St surface of the wvafer of Figure 9 to a thickness of
about 8,000 angstroms. A photoresist layer 71 is
25 deposited atop the oxide layer 70 and is then
appropriately patterned, as shown in Figure 10 to
define windows which are, in fact, hexagonal openings
which expose the regions above oxide islands 54, 55 and
56. The oxide 70 and the underlying oxide dots 54, 55
30 and 56 are then etched through the spaced windows in the
photoresist 71 to expose the silicon surface, as shown
in Figure 1l1. Thereafter, the photoresist is removed



for the boron inplant in Figure 11 should be as high as possible. However,

. the dose should be | ower than the val ue at which S|I|con damage begi ns or
overal | device performance is dimnished. 15 Fol l.owi ng the-
impl'ant step of Figure 11, there is a short initial drive of the inplant in
dry nitrogen plus lwboxygen in order togobtain an initial drive of 1-2
mcronmeters. This initial drive for t P+ regions 80, 81 and 82 is shown
in Figure 12. 20 Thereafter, oxide segnents 83, 84 and 85 are grown
over the P+ regions 80, 81 and 82. Note that the boron regi ons 80, 81 and
82 were initially driven for a short depth to avoid a substantial depletion

of the surfac on dugin roqwt b of the oxlde segments 83, 84 25
and 85. ThefB f?ei‘eagﬁdgaé'%ghgﬂﬁ%l AsFigplanted inko,the.sxposeder 90 is

deposited astpicbn surface: ahreus i lastwm At Mnmsoaaa,eramchﬁd) define a

third w ndo p:i\ht g.riggg% \iAj_l ch bg)g g'T tit;latr,. %}?Q )ifngi he P+ 30

regi ons 80, s éf'ché amay I gure 14,
t he photoregngnpdyentgan an gecederatdon mlrtagm @ﬂ))ﬂhﬂ!ﬁt SOdwr 95 is

gr owrs over {fenf @l BbseXBES aBoRt! Iavez@aﬁas/aﬁz { i 1s Pherarabe oxide 95
has a thlckngss of _abqut._1050 anqstro polysbg con . que 96 is then

deposited a® centhe, ABplapt, T 81 856 timately r ons.
Al t hough no&eebemd got henoﬁ\'éo@-l-amhr mﬁgxmﬁwﬂmrerhawe X Qﬂy!ﬁt op the
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accor di ng t shehsousce: ofithie MPSFEFpportion of the device. A low .

10 Rb' will produce a large latch current. The dose used N\
for the boron 1mplant in Figure 11 should be as high as
possible. waever, the dose should be lower than the
value at which silicon damage: begxns or overall device
performance is diminished.

15 Following the implant step of Figure 11,
there is a short initial drive of the implant in dry )
nitrogen plus 1% oxygen in order to obtain an initial o/
drive of 1-2 micrometers. This initial drive for the
P+ regions 80, 81 and 82 is shown in Figure 12.

20 Thereafter, oxide segments 83, 84 and 85 are grown over
the P+ regions 80, 81 and 82. Note that the boron
regions 80, 81 and 82 were initially driven for a short ;;
depth to avoid a substantial depletion of the surface
boron durxng the growth of the oxide segments 83, 84

25 and 85. '

' Thereafter, and as shown in Figure 13, a

photoresist 'layer 90 is deposited atop the surface shom in
Figure 12 and is patterned to define a third window
pattern by whzch all oxide except that over1y1ng the P+

30 regions 80, 81 and 82 is etched avay.

' Thereafter, as shown in Figure 14, the
photoresist layer 90 is removed and a thin gate oxide



10 form ng hexagonal openings 98, 99 and 100, which enclose P type
regions 80, 81 and 82, respectively. Thereafter, the thin oxide |ayer over
the palysilicon is etched to the pattern of wi ndows 98, 99 and 100, the
photaresist is stripped and the so-etched 15 thin oxide |ayer is used
as a mask to etch the polysilicon, form ng hexagonal w ndows above the gate
oxi de layer 95. Thereafter, the gate oxi @l ayer i s etched which al so
renoves the thin oxide |layer (not shown) on top of the polysilicon |ayer.
As shown in 20 Figure 15, this exposes the remaining polysilicon web
and the surface of the silicon substrate 52 inside the windows 98, 99 and
100. Note that this 8hotollthograph etch step | eaves in place oxide islands
(slightly dini he¥eed9fnishgrawaseyesithesfukdysexpasedsactivecpreasofhe
hexagonal |y shepgdwgtes, re@nesgaisdoQYdaaés ﬁégds GH@cRﬁb!&'bECSBPﬁﬁg”E”tS
respectively 1%8 111, 112 and 113, 115 ereg ter gF rther
shown in Fi gurti98 apgstroms. |nblgﬂ%¥ﬂlih98ntﬁéygﬁr 8:.E8oEPBRe vafer 30
and, in particdepositedoatbpt thelwafigpntd di thicknessi ofiods0088~-59908nd 100.

The bor dose LSeOPE S 1 h | ower
éhgp tth of ahgsﬁgbaﬁbroéfégggg#nn Fg%?e 1 ?3&&&& ?$ﬁ aﬁé%&r?ﬁ r] boron
oSe after difewidenlayer i8rgeowntatepethegpe Yaé%écearéﬁypsgﬁéntend\M||
forma |0w1Conﬁeahbaélaathehcéyes ehenﬁﬁbtéﬁesegtwmaybrs9vreuaéh 3gd is

ggﬁLLﬁ?ﬁét?on ?Eg?gﬂ§5§oat82 gﬂg Egi ﬁgéggg?gﬁter hﬁpgbog8fﬁg19§gﬁgns 120,
121 and 122 ar ésfthendpabhterned according to the fourth masking step
.~ 10 . forming hexagonal openings 98, 99 and 100, which
enclose P type regions 80, 81 and 82, respectively.
Thereafter, the thin oxide layer over the
polysilicon is etched to the pattern of windows 98, 99
and 100, the photoresist is stripped and the so-etched

15 thin oxide layer is used as a mask to etch the
polysilicon, forming hexagonal windows above the gate
U oxide layer 95. Thereafter, the gate oxide layer is

etched which also removes the thin oxide layer (not
shown) on top of the polysilicon layer. As shown in

20 Pigure 15, this exposes the remaining polysilicon web
and the surface of the silicon substrate 52 inside the
@ windows 98, 99 and 100. Note that this

photolithograph-etch step leaves in place oxide islands
(slightly diminished in thickness) 83, 84 and 85, as

25 vell as the hexagonally shaped grid represented by gate
oxide and polysilicon segments respectively 110, 111,
112 and 113, 114, 115. -

Thereafter, and as further shown in Figure

15, boron is implanted into the surface of the wafer

30 and, in particular, through the hexagonal diffusion
windows 98, 99 and 100. The boron dose in this
operation is 1El4 atoms/ca® at 50 keV, much lower than that of



FigUre 15. These regions are then driven for about 2 hours at 1175C to
reach a depth of about 4.5 mcrons. 10 Regi ons 120, 121 and 122 which
are annul ar regions, are shown partly in dotted line in Figure 16, al though*

Y

it” s obvious that where these regions overlap the P+ regions 80, 81 and 82
they merge with.one another. The P(-) shallow "shel ves" 120, 121 and 122 15
whi ch surround deep P+ regions 80, 81 d 82 are lightly doped channel
regi ons extendi ng beneath the gate oxide. These lightly doped regions,
along with the deep P. body regions after diffusion, define a roughly
square cross-section for each cell as conpared 20 to the inverted head

and shoul ders cross-sectiop used in the Erios art and as shgwn is U S
Patent 4, 598he0boropcoasecingRagurpaticfABLS) pr BuadBY dsamsims doramuf act uri ng

tol erances aalse gﬁ’eéﬁvegffﬁsibﬁ anthmébgéew&!&a thel hqgneﬁ-)ads@: ons C?n be
VB s 1 M R R o A R el
encr oachi ngtypeochannebaregionewhdoh sturrouhdsecandt ¢ shaillowercach drive
e Sdeoper CHainEAR B cBoaR PhEYiEn Bradiben BEbhChe Higheri T 012 (%5,
regi ons 80, cencentratianycegionss8fenBit andr§2s JdTHnSe. Lighteral so obvi ous
to those skabbed baréhereﬂsohsaam 10g dhlf ¥2RoRFedEormedcdms they al so
e 2 o Sl g e e Tabh ol L 2haH b fpn b b ™Y
structure ochoérguat 1B755Ct benrepphoar depthyoficabbatsdd Samicronair ce s
| mphgnt Regions 120, 121 and 122 which are annular regions, are o/
shown partly in dotted line in Figure 16, although it
is obvious that where these-regionsfoverlap the P+
regions 80, 81 and 82 they merge with one another.,
* The P(-) shallow "shelves" 120, 121 and 122
15 vhich surround deep P+ regions 80, 81 and 82 are
lightly doped channel regions extending beneath the. .
gate oxide. . These lightly doped regions, along with \_)"
the deep P+ body regions after diffusion, define a '
roughly square cross-section for each cell as compared
20 to the inverted head and shoulders cross-section used
in the prior art and as shown is U.S. Patent 4,593,302.
The more square pattern is produced because
-manufacturing tolerances have improved to the point
where the shallow P(-) regions can be very accurately
25 defined and the P+ regions can be made relatively
wider, thus reducing R," as much as possible, without
adversely encroaching into the channel region.
It will be noted that, in each drive
including the P(-) drive in Figure 16, all junctions
30 continue to move deeper. The N+ regions 60, 61 and 62
move to a lesser degree and P+ regions 80, 81 and 82
move to a somevhat larger degree. It is also obvious



step is carried out, as shown in Figure 17. Thus, arsenic atons at 50 kev
are inplanted through wi ndows 2 98, 99 and 100 at a dose of -3 [err] 10

i s then anneal ed and driven in at a tenperature of 975C for approximtely
120 .m:nutes to formthe annular N++ source regions 130, 131 and 132. The
space between the.N++ source and the po;&'on of junction JI formed by the
shal l ow P(-) region forminvertible cha %I regi ons 15 beneath the
previously fornmed gate oxide. The source regions could al so have been
formed through the use of phosphorus, but the arsenic inplant is preferred

fian.ghosphorus woul d be driven deeper and would, therefore, increase
Lerr 0

..Jhereafter, _and S i_n sfi ., an
interl ayer siFPCBBoﬂFoﬁka%Iﬁgafpngﬁf46? a&ﬁ%& ggrﬁpgkﬁéggﬁéﬁoé%proxinately
3g,000 anZtrgﬁﬁvesdﬁepardtpayr?lbe movealdaterallAy,cwherehy the surface is
-then coated w . r 113CRH 2ipS 3 v a3
photol!thograﬁh?&gpgyaéggﬁg#ﬁéa ?ésde%?%egﬁﬁéEggnyéggmﬁgggybg$ﬁﬁﬂieem
shown in Fi gunnde®. thecgatei naddespeni ngs are | ocal, generally hexagonal
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in the photoresist is then appropriately 30 tched to expose the
undér i yi ng i na8r then; EWF&PrQGFﬁ#NnQEGEXPﬁé%-P"?D& SQUTSR 3 Ak ¢ al

Phot oresi ot, B A e o B e e oy
pol ysi | i con séﬁﬁsﬁg ff?,'“%lfg %Hda‘ffgraf%yﬁh‘?&%%%q @(@S\r@;ﬁ%&% om a
subsequently 98, 99 and 100 at a dose of 3 EI5 atoms/cn”. The source implant
\ 10 is then annealed and driven in at a temperature of
975°C for approximately 120 minutes to form the annular
N++ source regions 130, 131 and 132. The space between
the N++ source and the portion of junction J1 formed by
the shallow P(-) region form invertible channel regions
15 beneath the previously formed gate oxide.
' The source regions could also have been
U ' formed through the use'of phosphorus, but the arsenic
implant is preferred since phosphorus would be driven -
deeper and would, therefore, increase Rb'.
20 Thereafter, and as shown in Figure 18, an
interlayer silicon dioxide coating 140 having a
thickness of approximately 10,000 angstroms is formed

- over the surface of the chip and the surface is then
‘coated with a photoresist layer 150 which is
25 photolithographically patterned to define the contact

mask opening, as shown in Figure 18. These window
openings are local, generally hexagonal openings in the
photoresist 150. The'surface“exposed through the
openings in the photoresist is then appropriately

30 etched to expose the underlying inner peripheral
pdrtions of the N++ sources and the central body of the
P+ regions 80, 81 and 82. After removing the



deposited al um num | ayer, as shown in Figure 19. The 5 al um num | ayer
I's then photolithographically patterned and etched to form source and gate

el ectrodes (not shown).

shorts each of the P+ body regions and the inner periphery of their

respective annul ar N++ source Tegions.

The aluminumenitter electrode 160 is a continuous’
el €Gtrode, which electrically connects each 10 cell in parallel and

anor phous silicon |ayer 161 is

deposited over the surface of. the wafer "and is, in turn, covered by a thin

phot opol yi m de | ayer 162. 15
I's then appropriately photolithographically patterned and the anorphous
silicon | ayer etched (not shomn) to expose appropriate enitter and gate

pads.
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containing-trnhohnhxete | GBT die. The wafer may then be placed in a

sui tab! e el ectron i rradi aﬁieogﬁﬂﬂ rad#%dttﬁ&n%]'éwrfwc th t he

i nventi on, i'sS about tw ce the.-

dose
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30

rradiated to
continuous electrode,_which electrically connects each

cell in parallel and shorts each of the P+ body regions
and the inner periphery of their" respective annular N++
source regions. An amorphous silicon layer 161 is
deposited over the surface of the wafer and isg, in
turn, covered by a thin photopolyimide layer 162.

_ The photopolyimide layer 152 is then
appropriately photolithographically patterned and the
amorphous silicon layer etched (not shown) to expose
appropriate emitter and gate pads. During this
operation, the amorphous silicoh:may be etched with a
suitable plaSma etch. The polyimide layer 162 is then

imidized as by heating at between 400-500°C.

Thereafter, the device of rigure 19 has
material removed from its bottom surface, for example
as by grinding 2-3 mils of silicon from the bottom of
the P+ layer 50. The grinding operation could be
replaced by an appropriate etch or sand blast. A
suitable collector eléctrode 170 is then attached to
the bottom surface, as shown in Figure 19, and can be a
conventional chrome nickel silver tri-metal.

~ This completes the manufacture of the wafer
containing the discrete IGBT die. The wafer may then
be placed in a suitable electron irradiation apparatus

A‘Fﬂgéré- 159" has
r 50. Theﬂrl ndi ng

Qﬁ
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which was used in prior art | GBTs. After radiation, the wafer is anneal ed
at 300[err]C for about 30 mnutes. 5 The i ncreased dose is nade
possji-bl e because of the extremely deep N+ drain enhancenent diffusions 60,
61 and 62 which prevent an excessive increase in forward voltage drop of

t he, device due to reduced lifetine. Thatlfys, the N+ regions 60, 61 and 62
have locally 10 decreased the need for conductivity nodul ation to
reduce the resistance in the JFET regions of closely spaced bases. By

i ncreasing the dose to 16 negarads, it has been found that the fall tine of
the ultimately formed | GBT device is reduced from about 300 15

-nagosegoPds t andjoin Hordamtecaith wheh inverition,ofifrradiatedictd as bfi ng
reduce rom t 1,CI.QJ+0 S to ut. 200 nj.crQj resul t,
and as shown ﬁ?&e&%%%d;to[\%él IlHéF'of I%q&lrlégz fg’qﬁ%}s t[%%gcﬁt}reacﬁeﬁ?st I CS
shown in the hxichnwas wsedatial [pad drGRE Wi lGBTsep Xfter raddatiomnent. |t
will be seen Wiyl wdflir H°IAANAdd dH 19000 |dd Gbo [ a9V 1 0SS s
substantially reduced for any given forward vol tage drop. _Thus, devices
usi ng the feaflheednsreased tig made inpssddieherausp ¢hhR ed at

higher frequeniitiemely dedd N2 rPRAMEMEntnt [ FRIPIIALBENCELAS a
prior art device \rgj %&ﬁbstant i al l’i/ reduced forward vol§a dro

Obvi ousl y, anyfh LG Rpevelds &N \RFGeRF KA HIRTeass, i lf)‘é’a'tp‘?;\rget ed.
Radi ati on dosemltagfedrdpofl the @evite due to wudutdd Yifetimée, but it

Conduot 1 on chdatk e dite Y et Aot A, g3 Ve ity 1c, TN
apfroath aboutdedreassd e need fdrldonduttivity modulation to -
reduce the resistance in the JFET regions of closely
spaced bases. By increasing the dose to 16 megarads,
- it has been found that the fall time of the ultimately
formed IGBT device is reduced from about 300
15 nanoseconds to about 100 nanoseconds with the turn-off
switching loss being reduced from about 600 microjoules
U to about 200 microjoules. As a result, and as shown in
Figure 3, the IGBT of Figure 19 has the characteristics
shown in the bottom curve labelled IGBT with deep
20 enhancement. It will be seen that, for increased
lifetime killing, switching energy loss is
substantially reduced for any given forward voltage
ol drop. Thus, devices using the features of the present
invention can either be operated at higher frequencies
25 or can be operated at the same frequency as a prior art
device with a substantially reduced forward voltage
drop. Obviously, any combination of these two
improvements can also be targeted.
Radiation doses higher than 16 megarads
30 would be desirable, but it has been found that a _
switchback characteristic is produced in the forward
conduction characteristic of the device at radiation



that the switchback characteristic my be undesirable. If it is, in fact,
undesirabl e, the dose used should be | ower than about 20 negarads. 5

The present invention also makes it possible to use heavy netal doping to
k{I} lifetinme in place of irradiation. Heavy netal doping is preferred to

radiation since the lifetime killing g&tect of radiation can anneal out at
di e bond tenperatures.. 10 "This is t true of heavy netal doping which
remai ns constant through die bond. However, heavy netal lifetime killing

i ncreases the apparent resistivity of the silicon and thus increases the
resistivity between bases whi-ch would, in turn, increase the efficiency of

vol tage or QON% Yhich Sprgich, SWou€ M0 pUGaFEaR: “OIF, 1 paaIERAT, TN

metal dopi rkhat Hherswitchhackcharacteristiximaveby undgsirebdsions 60, 61

and 62, whiph pgeigleepRr£4de) dhdes£La8Ié, 2fhe doSer bsed shouild Bese.
Thus, in acgordance with a f#éther feature of the invention, heavy netal

dopi ng can YRVEF (AR AL ¢ MEBRERBri or to the deposition of the

al unBnum source el ect r The presemtFiipventlieon Hisd @Ekew\vite of Figure 19 is
designed s : that = : b ST UL s dep rispg turn- '
off, with the d%%*%t?%ﬁuégg¥g%v%x+€%§¥négyaﬁgheéuylgggisﬁgg&gﬁ,iﬁhe N+ ~
regi on 51. PBiece|ef dizradbationeq Beayy metaltdenindeis Prefegred 52 will

be svept ing® Fa&isLibRCEPRce CoheNlifet IReIRPLELRGNeEEBERNOEEEPS 30
downwar dl y. %he femai ning holes in the N+ éeﬁbpn wi || have the | owest
lifetime of FRALARAPD Can ANRGL; AU b, 1R PBRE; HEMBGCLATRTRSeh great er

rat 20 thus This is not true of heavy metal doping which remains -
constant through‘die bond. - However, heavy metal
lifetime killing increases the apparent resistivity of
the silicon and thus increases the resistivity between
bases which would, in turn, increase the efficiency of
15 the parasitic JFET and thus cause unacceptable
increases in forwvard voltage drop. In the case of the
present invention, this drawback of heavy metal doping W/
is overcome by the use of the extremely deep diffusions
60, 61 and 62, which are deeper than the deepest
20 portion of the base. Thus, in accordance with a
further feature of the invention, heavy metal doping
can be diffused into the wafer prior to the deposition #
of the aluminum source electrode 160 in Figure 19.
The IGBT device of Figure 19 is designed so
25 that the N(-) layer 52 is fully depleted during turn-
off, with the depletion region extending into, but not
through, the N+ region 51. This is desirable because
holes within the N(-) region 52 will be swept into the
collector region as the depletion region sweeps
30 downwardly. The remaining holes in the N+ region will
have the lowest lifetime of the N type region,-
therefore recombining at a much greater rate, thus



- 32- turning off the device faster. The designer can ensure the ful

depl etion of region 52 by proper adjustnent of the thickness and
resistivity of the epitaxial region 52. 5 Anot her feature
of the present invention is that the deep N+ regions 60, 61 and 62, which
are, in fact, segnents of a deep dlffused I ncreased concentration grid,
are uniformy distributed throughout tRhe acflve regi on of the device and
will act 10 as preferred points of aval anche breakdown. These deep
regions will tend to reduce the total breakdown voltage of the device
(which it would have in the absence of these deep regi ons) by about 50

-volts, but ineagH§H§) &%g ég@ﬁ?@g er the
15 - full area heﬁgﬁ%héj ‘%jstr utln av?ﬁanc e rg&lidown i(%rrent

over the full the pf‘ﬁ'rledi%tﬂé?ﬂ)\ﬂﬁg'qglqmﬁﬁj tPEPRENy 3diustment pofnts on
‘the periphery e i citidhs ldid Q*Ed:.éﬁ‘iﬁt# he¥ enve Cépi’&hi‘?é‘ﬂ' Pegi@nctive

| oads (its [er capability) is substantially increased.
Wil e these d regions 60, 61 and 62 are shown in connectlon with an | GBT
in Figu5e 19, it will be Ahother featboecofkithecpresenitc iavention tise sane

degp regions r g#Ig: you!! e e sane
structure as tclﬁ*ﬂ @%I gégr‘pe 19%%%1%?)% hout % C‘gl reg?%ﬁ SSHand
woul d produce qﬁiznﬁﬂSW?ﬁﬁﬁtQﬁnat§9ﬂ9|4¥fﬁ?FQ4ma%3&# of the aval anche
energy of thedbmuéﬁtrdﬁxamIérfﬁ;ﬂhﬁ&aﬁﬁngﬁkﬁiyudiérriBWtemsed lifetime

R S
regions051, Sasprefarfed e:g:nmss&ﬁ @alancis? ) breakdown so Thesevdeephe
[err] capabilifegfind i1 edlf WS reduce the total breakdown voltage
of the device (which it would have in the absence of
these deep regions) by about S0 volts, but in exchange
they distribute avalanche breakdown current over the
15 full area of the chip. By distributing avalanche
breakdown current over the full chip area and removing
it from just a few localized points on the periphery of
the chip, the ability of the device to handle inductive
loads (its 12L capability) is substantially increased.
20 While these deep regions 60, 61 and 62 are
shown in connection with an IGBT in Figure 19, it will
; be obvious to those skilled in the art that the same
% deep regions could also be used in a power MOSFET which
would be the same structure as that of Figure 19 but
25 without the P+ region 50 and would produce the same
important benefits in the increase of the avalanche
energy of the device. .It will also be noted that the
increased lifetime killing obtained with the 16 megarad
dose will also lower the gain of the PNP transistor in
30 Figure 19 (the transistor formed by P region 50, N
regions 51, 52 and the P regions 80, 81 and 82) which
also improves the IZL capability of the IGBT device.



A further inportant aspect of the invention is that the short circuit

wi thstand t

di ffusions 60, 61 and 62. The short circuit withstand tine is the tinme 5

whi_gh the d
t hat short

the PNP bip
radi ation d

I me has been about doubl ed when using the very deep N+

evice can stand a.short circuit without failure. It is believed
circuit withstand tine has en increased because the gain of
ol ar transistor was substantdally reduced by the increased

ose made possi ble by the deep 10 . enhancenent diffusion,

thereby lowering the saturation current of the | GBT for a given gate drive.

This, in tu
p0|nted out
62 in Figur

This | oweri
bases. Thus
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rn, lowers power dissipation during short circuit conditions.
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current of the IGBT for a given gate drive. This, in
turn, lowers power dxssipatzon dur;ng short circuit
-condxtxons. ' L

 AS poznted out prev1ously, the deep
enhancement diffusions 60, 61 and 62 in Figure 19 will
lower the gain of the PNP transistor formed of P region
50, N regions 51, 52 and the P regions 80,120, 81,121
and 82,122. This lowering of the gain is localized to
the regions between the spaced bases. Thus, holes from
the emitter base junction of the PNP transistor will be
deflected toward the higher gain center of the P wells
80, 81 and 82 and away from the common conduction
regions which are filled with the increased
concentration regions 60, 61 and 62. Regions 60, 61
and 62 also have a lower lifetime and, therefore,
higher recombination rates due to the higher
concentration of impurities. 1In addition, the
concentration gradient in the N+ diffusion will tend to
deflect holes away from the N+ region due to the built
in electric field it causes. All of these effects
produce a higher latch current. That is, it is
undesirable to have holes collected at the vertical

-/

5



side walls of the P bases 80,120, 81,121 and 82,122 because this produces
current flow under the sources and through the resistor [err]. If the
enfangenent regions 60, 61 and 62 were shallow then holes could 5

readid'y reach the | ower portions of the vertical walls of the P wells
80,120, 81,121 and 82,122, as in the prigg art structure. Wth the
extrenely deep enhancenent di ffusi on, however, many fewer holes will reach
t he device side walls. 10 A second enbodi nent of the

i nvention is shown in Figure 20. Referring to Figure 20, conponents simlar
to those described in Figure 19 have simlar identifying nunerals. The

-enmbodi ment  of sidpun@alls &ff fttres H basds'@0,aM205 9815 1AL iy 82, 12;t the N+

ot of S ek (R rbdtils GRS L L Slte e o
Teplaces the @nd thiroigppahed rés ist@roR;, r.eprids aieccerthameegwent s 60, 61 and
o RO e e
hS<ohor s at o t[ﬁﬂ éi‘ﬁfsr gtdﬂiﬁt |8\iegrﬁg|% | e o tf ﬂ‘Lare si(l }géﬁ

phosphor us at ons/ 'ne 7

surface (not B¥ q}'dlarﬁ} tﬁ?é"’c%%at With the exﬂ‘?%“ﬁﬂh Pinpl ant woul d
then be drlVe@dhhﬁﬂhﬂiﬁﬁ*ﬂ@ﬂﬂﬁ#idhlﬂHEwEVékﬁﬁdhniﬂﬁﬁwﬁﬁtﬁﬁleéfﬁﬁIIOCGSSIng

steps shown H}elgcq‘urt%s %et rou%‘lﬂl@[ %fol | ow t o produce the device of

Figure 20. 30 e description, the invention has
begn dE@cri bed for an N chAasecbndecembedikenti bf bthe invention is

shown in Figure 20. Referring to Figure 20, components
similar to those described in Figure 19 have similar
identifying numerals. The embodfment of Figure 20
differs from that of Figure 19 only in that the N+
15 region 180 is a solid well diffusion with a relatively
constant depth of approximately 7.0 microns. Thus, a
constant depth N+ region 180 replaces the grid of
deepened N+ regions represented by segments 60, 61 and
62 in Figure 19. It should be noted that region 180 is
20 a planar junction and terminates on the upper surface
of the chip in regions not shown in the drawings.
_ ~ In the manufacture of the device of Figure
s 20, a unzform blanket implant over the actzve regions
of the die of 3.5 x 1012 phosphorus atoms/cn would first be
25 applied to the bare silicon surface (not including the
termination area). This blanket implant would then be
driven to an approximate 6 micron'depth. Thereafter,
the processing steps shown in Figures 9 through 19
would follow to produce the device of Figure 20.
30 : In the above description, the invention has
been described for an N channel device. It will be
apparent to those skilled in the art that the device



apparent to those skilled in the art that the device could just as well
have been a P channel device with appropriate process nodifications and al
conductivity regions reversed. As stated previously, the invention can 5
apply to any topology. Thus, by spaced, base regions is neant any geonetry
in which there are either totally isolgfed basé¢ cells, totally isolated
strips of interdigitated bases or a sifigle el ohgate base which traverses a
si nuous path, such that a cress-section 10 - shows spaced base segnents
of the single base. Figure 22 shows a lateral FGBT embodi ment of the
invention in which the emtter electrode 160, collector electrode 170 and
gate el ect I ed1alJudtead weQd h*aeeum%rn i m:ﬁfelt eviice withaddition a

trinmetal él,ectrode 302 is f.arned 4ii5|de of {he P+
substrate 380PERPTARtE, PROCEES, m&é%}"—é’%% ( tiyytyhe
emtter eleebqugsleavemshag top of the chip. The. deV|ce 1s constructed on
starting materi al mhlch con é 3 of a, P+ ubstﬁate 30

#Fets

Q
epitaxial |ayer 301 and®$, éBF?%&?3§ Yay 336§V5P3198q&§§|eu|y gr own
on td@ of Pappllysitoaanystdpology.undhus)s by spated base axegionsyts 303 may,

e oos. sec e, a0 G¥BReddd AC IR e G A Sor g YL ° 07 PIONS
each finger isolatedd hasa,umelda,t gdtialiss izmiated mipss@éct ively.
Referring f '1@}%?&%@%@3 Hafges® dr'd ‘Hﬁgrlté‘eéfo%é \Mbdé§§3 jERsSe regions

310 and 311 recelrve source I.ons respectively.
"The traverses a sinuous path, such that a cross-section o
10 shows spaced base segments of the szngle base. -’

‘Figure 22 shows a lateral IGBT embodiment
of the invention_iﬁ which the emitter electrode 160,
collector electrode 170 and gate electrode 113 are all
on the upper surface of the die. In addition a
15 trimetal electrode 302 is formed on the back side of
the P+ substrate 300 and is connected, as by a wire
bond (not ‘shown), to the emitter electrode 160 on the Y,
top of the chip. The device is constructed on starting
material which consists of a P+ substrate 300. A P(-)
20 epitaxial layer 301 and an N(-) ep1tax1a1.layer 303 are
sequentially grown on top of P+ substrate 300.
The junctions formed in epitaxial layer 303
may have any-desifed topology and are shown as o
interdigitated. Figure 22 shows a cross-section
25 through the centers of two fingers of the topology,
each finger centered around dotted lines 304 and 305,
respectively. :
‘Referring first to the emitter structure,
there are two spaced base regions 310 and 311 which
30 ‘receive source regions 312 and 313, respectively. The
ultra deep increased concentration region is shown as
region 314 interposed between and deeper than spaced



ultra deep increased concentration region is shown as region 314 interposed
bet ween and deeper than spaced base regions 310 and 311. The channel s
defined by the P(-) regions extending fromghe P+ bases are overlaid by
gate okxide and the gate electrode 113. An oxide (silox) layer 315 covers
gate 113 and insulates it fromalumnumemtter el ectrode 160. Figure 22

al so shgvxs tlhe B&Us&feajjim lﬁrmc&n& esfnr ]gmga rélc&tinéwd?é%%@fbyhenstri psd
centered on i ' cludin a ur i on iC covere
by field oxi der#a(a- er”égﬁé.‘yk( |\?’§F° "eé%r?* e‘gﬁ%"‘ﬁf%ﬁqﬁfﬁ ¥gi on
whi ch has a corgade rogids axd aﬂtmtgau:a QJesaﬂrodmgbiar skwamald:czntsh.’ebr)

Such regions ary %\I 4 u#)ﬁgrf
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322 and 323 ar endithrr elestrodaib®i el d pl ate 322 contacts el ectrode 160

and controls the suyifqgh fa2ldad e dife Hedii A K sducturd deplat e
323 contacts coIIector elect (iﬁljo and term nates the gggt hand_ si de of
%‘Fﬁé i»e 1304

resurf region e (9% Bhe ftripacenkp
col |l ector side as‘ ﬁ@uﬁ@,a Rreswagt M%Jregi.dﬁ maieth:ttcm dEeeteréde nain
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that in the | atwon"emefﬁ;:s ko & rsg;una wid,ch thas-@r qnnqemat;icmtefal in

operation, whilg, |,poioalr2 tirda&sbsé]pr S Udht it 63_4. Cugj&pt conduction
to enitter 160 as mel as sone vertical CTurrent con ctlon to el ectrode
302. regions are well known and are desigaed to fully deplete

% upon the application of reverse breakdown voltage. )

Stepped polysilicon field plates 322 and 323 are
disposed as shown. Field plate 322 contacts electrode
160 and controls the surface field at the edge of P+
region 311. Field plate 323 contacts collector
electrode 170 and terminates the right-hend side of
resurf region 320 and one side of the floating N+ region
U 330. | |
On the collector side of Figure 22, P+ region 331 is
provided to complete the main PNP transistor, and
corresponds, in function, to region 50 of Figure 19.
The collector electrode 170 is connected to region 331.
It will be noted that in the lateral IGBT device of
Figure 22, the FET portion is lateral in operation,
while the bipolar trangsistor has both lateral current
conduction to emitter 160 as well as some vertical
current conduction to electrode 302. _
Although the present invention has been described in
relation to partiouler embodiments thereof, many other
- variations and modifications and other uses will become
apparent to those skilled in the art. It is preferred,
therefore, thet the present invention be limited not by
the specific disclosure herein, but only by the appended
claims.



Al t hough the present invention has been described in relatlon to particul ar
enbodi ments thereof, many other variations and nodifications and ot her uses
wi |l becone apparent to those skilled in the art It is ed, :
. therefore, that the present -itnvention be Ii

rted not by the s ecrflc
di scl osure herein, but only by the appén ed ¢ mm\ A power .
transi stor devi ce having bi pol ar device forma‘ﬂlwn““k
characteristics and MOS gat e control characterl*sthsL shi d deV|ce com
prising a chip of senmiconductor material having a substrate of one

conductivity type, a lightly doped |ayer of sem conductor material of the
opposite cdﬁﬂEEELV|ty type :di sposed atop one surface of said substrate, a

plurality of SDaced basg, reglp@ﬁeef tﬁanglzéeor uev@&e tandwet i vity type

extending i to Q g surface of said |a er onduct or _materia
Co o gi van BiBphaF,ABRRS Eoivae Gt gt ind PSRRI EHEEs
conductrV|t;nﬁynGSfgamedcamuwaﬂxuﬂan&:z!nxsuﬁcs;ush;ﬁLdeW1¢g ofmspaced

basegr egi Onﬁf‘%ﬁgf'g él ni ng jén of rs%mf‘:g}d anne fn?f@axc{'gfnﬁévgﬁgugtlve gat e

gat e |nsula di spose §¥e regrons
| ayer d|sposubSQVGFesaﬁdqyﬁ(&dﬁﬂ&ﬂﬁﬂﬂhﬁ?IQﬂRﬂ %tkig%tlhaﬂﬂpeﬁectrode

connect ed | Sagdrop! uedls (?fo%aefc-%quﬁeuﬁwor& ik SoFgsoDge M N el ectrode

connected 2 0 ,sal bsirate, the reg’ons befween sai d apaced base

regi ons havFﬁﬁdHﬁti‘N&Féfamec@rm APPSR ACR 0SS ¥i@pposi t e
conduct i vi t yubgpeacei,ca Uil ty @ pated bEsd cregidnscof Osazdept h

greiber than thgoggﬁ'&t:v’.tsalt%phéaséenree%&ngs mstacl ck | ncreased concent ration

surface of said layer of semzccnduc ar ma:er:al to a
given depth, a- pluvalzty of source regzons of said - _
opposzte.ccncuc ivity type formed 1n respect.ve ones of
said pluralicy o._spaced base reg:ons and defining

15 respective sur ace channel reg'ons, a gate 1nsu1atzon
layer d;sposea over said c“annel reczons, a conductive
gate layer d*snosed over safd gate 1nsulatzon layer, a
first main e‘ec:roce connected to said plurality of
source regzc»s and .a second main elec*rcce connected

20 to said subs:rate, the *egxons between said spaced base
regions havzng an 1ﬁc-eased con:ent'atzon of carriers
of said opposite ccncacz.vz.y type which extends from e
said oppos;te sur‘ace to a depth greater than the depth o/
of said base -egzcns said increased ccncentratzon

25 being ‘greater than that of the remaxnzng portion of
said layer of semicanduc:cr material over its full
depth. :

-

2. The device of claim 1, wherein said
1ncreased conductivity regions are formed by an implant
dose of greater than about 3 x 102 atoms per square
centimeter of a dopant cf sa1d opposite conductivity



25 bei ng greater than that of the remaining portion of said |ayer of

sem conduct or
whérein said

material over iits full depth. 2. The device of claiml,

i ncreased conductivity regions are for

of greater t han ‘about 3 x [err] atonms per square cent

said opposite conductivity [err] * Cxy M S* 5 Lli@“ﬂ!ﬁﬂj ﬂ!!@
di ffusion for about 10 hours at about 11/5[err]C 3.

wherein said increased conductivity regions have a depth greater than about

6 mcrons. 4. The device of claim1l1l, wherein said base regions have a

t of
by a
|n11

cellular topology. 5. The device of claim4, wherein said cellular base
1 egi on® have tybexfigbbawedebypeargiffusion fleri about 2Dahoutrs alterein said
QﬁggFaglg epgated geometry. 7. The device of claim1, wherein

base regi ons

a further layer o

sal d opposite conductivity type, which is nore highly

‘doped than said lightly doped |layer and which is thinner than said lightly

doped | ayer,
The devi ce of

is 5 di SaQOSQdidJQié&ﬁQié oI Clerl Awheérrd Th ssdidr at e.

8.

| wh b dj b |
(nan about 12°AFEPBREs EATRSFRAYEEY; RESEnRS| HRRR BLRRERR' oP38ERs douice

whi Le the for

wherein said

than abbutgé micpons.reduced. 9. The device of claim?7,
layer of lightly doped opposite conductivity is fully

4. The device of claim 1, wherein said
base regions have a cellular topology.

5. The device of claim 4, wherein said
cellular base regions have a hexagonal geometry.

6. The device of claim 1, wherein said
base regions have an elongated geometry. '

7. The device of claim 1, wherein a

further layer of said opposite conductivity type, which

. is more highly doped than said lightly doped layer and

which is thinner than said lightly doped layer, is
disposed between said layer and said substrate.

8. The device of claim 1, wvherein the
space between adjacent bases is less than about 12
microns, thus increasing the latch current of said
device while the forward voltage drop is reduced.

9. The device of claim 7, wherein said
layer of lightly doped opposite conductivity is fully
depleted under blocking voltage conditions.



depl et ed under bl ocki ng voltage conditions. 10. The device of claima1,
2, 3, 4, 5, 6 or 7, wherein the bottomof said regions of increased
concentration define a symmetrical pattern deeper—thanrsaird deep bases and °
facing said drain electrode, which 5 pattern h f said
" spaced regions over the surface area of3 chlp lmm ﬁ E“ﬂfﬁ“ﬁ
enl arged area of preferred aval anche bre domn |n amea and to
increase the [err] capability of said device. The device of claim1,
2, 3, 4, 5, 6 or 7, wherein the lifetime of sald chip is reduced. 12. The
deV|ce of claim1l, wherein said chipis irradiated to reduce lifetineg;

said chip receiving a dosg gre@ée&,@hag gbodt 12 negarads. 413:5, Tde device
of claim9, wherein said chipis irradiated to feduce I%f tlne " sai d chip

re- ceiving 8Fddse VheESaiEy tt‘??a#"éﬁ&&"t of) SAifariRBIONS Of ThRCHRSSEE of claim

10, wherein aanéeahra:u%uIaéﬂhﬁseﬁsznéxksﬁaﬂI&aﬁtémn @eeﬁeehtaahe-
ceiving a dose t, 12 nme

ater .than a ?f devi ﬁ& a|n111
wherein said éﬁap 29 P@é\ff Ifaft‘o"ﬁs% é‘?rr‘P’t’b ?‘Ft‘t?éﬁtl The
devi c8 of cl pasternihascitbessiopoiingy lofs sedal/\spaned zegienshevern to Kill
lifetine. tﬁz ség?ﬁggv q.e“ofofcf?lra lq,hiwnerel rhéad&{ﬁ'ép llgas heavy net alv

atons therein to ower transi stor deV|ce sai d device
enlarged area of pre‘er-eu avalanche breakdown in said

enlarged area anéd :to increase the ;2- capability of

said device.

' 11.:-*he'device of claim 1, 2, 3, 4, §, 6
or 7, wherein the lifetime of said c“.p is reduced.
12. 'The'device of claim 11, wherein said
chip is irradiated to reduce lifetime; said chip
receiving a dage greater than about 12 megarads.
| "

13. The device of claim 9, wherein said
chip is irradiated to reduce lifetime; said chip re-
ceiving a dose greater t=han about 12 megarads.

14, The device of claim 10, wherein said _
chip is irradiated to reduce 1li ifetime; said chip re- o
ceiving a dose cgreater =han about 12 megarads.

15. The device of claim 11, wherein said
chip has heavy metal atcms therein to kill lifetime.

- 16. ' The device of claim 9, wherein said
chip has heavy metal atcms therein to kill lifetime,



conprising a chip of sem conductor material having a substrate and a
lightly doped | ayer of sem conductor material of one conductivity type
glsposed at op ?nehS " surface of said sagstrate a plurality of spaced
ase regions of the opposite conductivit e ext osite
surface of said |layer of sem conduct or rr)eltt e)r/:oal m“mﬂllﬂnmmnmmmpp
plurality of source regions of said one conduct|V|tY t§pe-fdtned i'n 10
respective ones of said plurality of spaced base regions and defining
respective surface channel regions, a gate insulation |ayer di sposed over
sai dI channe: regions, a cafuctTve dericeé ayfrctiaépoid u‘crresau sajs e
.insulation |ayg u r,qQd rality of
source regi onscg Hig é?%"? ?ng’r gdgég‘ﬁnéc(?te q?{})etsga?%iéﬁbgﬁ%%gsal Y
spaced base regions being so closely spaced as to define a highly efficient
.parasitic JFET when using fsd]? t[gmggpcgngﬁg;g@g-bggwgg.sghqua@gq%ebase

regi ons 20 of the value o concentration of said
seni conduct or GERBFESENGt Be regi GHdPHOE Wé@ﬁ"-% uSrRe 4Jegli’5'ﬁ§nﬂaw ng

an ggg;effg?n Cangaséﬁehten apt %agﬁ:car:ayo? cpeidl layerc ofisenicendagper whi ch
said sur sai er .to th
dgp‘(h of sai d BREBTREG ?15 Ry AR g‘giédn%?%%g%&;aééﬁh%ﬁét hat of ©
t he rengini ng snrfateoofotasdlduhsyemte a[@uqraizty(pf spaced \pases * 19,
The devi ce of %a&%;8°fw%r el ?,gggiqer [To T @%.anlﬂprwdemﬁé ation are

formed by an i doSe o ter than JEHFJ at ons per
layer

into the oppcszte surface of said
s semiconductor material to a given depth, a plurality of
source regions of said one cenductivity type formed in
10 respective ones of said plurality of spaced base

regions and defining respec:tive surface channel
regions, a gate insulation layer disposed over said
channel regions, a ccnductive gate layer disposed over
said gate insulation layer, a source electrode
15 connected to said plurality of source regions and a
drain electrode connected to said substrate; said
spaced base regions being so closely spaced as to
define a highly efficient parasitic JFET when using a
doping concentration between said spaced base regions
; 20 of the value of the cocncentration of said layer of
- semiconductor material; the regions between said
spaced base regions havihg'an inc:eased concentration
- of carriers of said one conductivity type wvhich extends
.~ from said surface of said layer to a depth greater than
25 the depth of said base regions and having a
conductivity greater tman that of the remaining por-
tion of said layer.



square centineter of a dopant of said one conductivity 5 type foll owed
by a diffusion for about 10. hours at about 1175 [err] 20. The device of
claim 18, wherein said regions of increased i dept h :
grgﬁter t han about 6 microns. 21. The device | ein said -
baSe regi ons have a cellutar topol ogyl\22. Th§muﬂﬁwuﬂmﬁn 21, wher ei.n
said cellul ar base regi ons have a hexagonal geo Y- L S devi ce of
claim 18, wherein a further|layer of said opposite conductivity type, which
is nmore highly doped than said Iightly doped | ayer and which is thinner
than said lightly doped layer; is'5 - disposed between said | ayer and
sai d substrate. 24. Th®.dePheedeficeaotn ¢Baim9ol820whereirC said3, wherein
the botto s Sali ' : i ; ' ' f i ers which
ext end degggglf"%%n%s?;ﬁgf%a%s%ggdde %ﬁ%ﬁ%&f%ﬁ%ffé %rhr’lfﬁélﬁconf or mance

with 5 impd apsr dosec ofoigreatenisharnahantantl ¥ ki NG 8tems dparn
el ectrode, gfefalva r£f | s | tage area
sag?gie ec??ﬁﬁm&r%%fp_ ol e VR SGHE oRULOIRIY

to increase’ capabi -ty of "said ce. device of
claifn 18, kAPecifoldawed: By & diffusion £P8 AWK A0 1 RPRYS B said chip .-
recei ving apdute 197%®r than about 12 negarad. 26. The device of claim 18,/
wherein said chip has heavy netal atons therein to kill lifetime. 27. The
device of claiml1, 2, 3, 4, 5,-6, 7 or 18, wherein said increased
concentrations of carr2@is Theeddviceaofinclaim A8pt wherain aifdil | active

regions of increased concentration have a depth greater
than about 6 microns. o - . -

21. The device of claim 18, wherein said
base regiqgs.have.a.cellular topology.

22. Thé:device of claim 21, wherein said
cellular base regions have a hexagonal geometry.

23. The device of claim 18, wherein a e
further layer of said opposite conductivity type, vhich
is more highly doped than said lightly doped layer and
wvhich is thinner than said lightly doped layer, is
5 disposed betweeh said layer and said substrate. o
o/

24. The device of claim 18, 19, 20, 21, 22
or 23, wherein the bottoms of said regions of increased
concentration'of carriers which extend deeper than said
bases define a symmetrical pattern in conformance with

5 the perimeter of said deep bases and facing said drain
electrode, define an enlérged preferéntial avalanche
breakdown voltage area to increase the Izn capability
of said device.
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area of said devices beneath said base regions and 5 term nates at the
surface of said chip. 28. The device of claim1ll, wherein
i mcreased concentration extend to a uniformdepth over the ful |l active area

of said devices beneath said bases and tggpinates at “mmnﬁ \sal d
chiip. 29. The net hod of manufacture of a@%omer SEW\AMI

conprising the steps of.. formng a first mask w ndow hedns “on the surf.ace
of a sem conductor chip which is of the 5 first conductivity

type and applying carriers of said first conductivity type to the exposed

surface of said chip and ggffuskhpossqideCatr teasmt 282 Wheteidedldid nto said
substrate to formregions Qof |ncreased congﬁﬁglon the%§$ ghboundarles of

sai d regi ons 6RiPndsScdsc@di@ted to, SRARGS thARG 1§ tBwar d one
anot her to bowggdaiviResial id¥te Yrcdted & in latit dDedarade anot her;

sformng a second mask w ndow neans which overlies and is centered on t he

boundari es between said 15 regions of increased conduction and
applying a fi rst gi ven COzlGent'méiQev@f:ecefrteasmon.st,hwhemm saidiuctivity

type. to said sur ce throu ald n o} formng a
gate dielectr F %’G ‘3& 5%* W #’efgggﬁ?east
portions of the surface of sa|d reglons of increased conduction; formng a

third mask annul ar shaped ndayver’@?,g&ghgghcs?gﬁogndg and |4s 3( Ieeast

adj acent to the Iocatlons of réspectivé ones_ of said second masK w'ndow 25
means and bouffded By ,r e&mnméﬂrdeals\@e%ﬁdj qongengRations of

carriers extend to a uniform depth over the full active
area of said devices beneath said base regions and
5 terminates at the surface of said chip.

. 2B. The device of claim 11, wherein said
regions of increased concentration extend to a uniform
depth over the full active area of said devices beneath
said bases and terminates at the surface of said chip.

~ 29. The method of manufacture of a pover
semiconductor device comprising the steps of:
forming a first mask window means on the
surface of a semiconducter chip which is of the
5 first conductivity type and applying carriers of said
first conductivity type to the exposed surface of said
chip and diffusing said carriers to a first depth into
said substrate to form regions of increased conduction;
the side boundaries of said regions cf increased
10 conduction side diffusing toward cne another to
boundary positions which are at least close to one

another:

w

forming a seccnd mask window means which
overlies and is centered on the boundaries between said



dielectric and applying a second given concentration of carriers of the
second conductivity type, which is Iess than said first given
concentration, to said chip through said annul a ndow neans;

diffusing said carriers of said first and second ons of
sai d second conductivity type to their final deptﬂ“ﬂﬂ“ﬂmﬁﬂmﬂm t han t he
final depth of said increased conductkEEsregions I mst scohductivity
type, with said carriers of said 35 first given concentration formng
a body of relatively high concentration and said carriers of said second

gi ven concentration formng a'relatively | ow concentration channel region
whi ch surrounds said body -of -relatively high concentration and underlies
sailf 40 regions mft dnfireased eondppt {Pngandr aPRLY¥BBY ahifdrsdoncent rati on

of carri ergﬁferﬁad&ééhﬂﬁamw'aéfhéyeeofhﬁsegge&aha third mask w ndow
means and di ffusin emto forms SJ om/sourge regbons ich diffuse
lateral ly @ Ct1V1%d’eﬂP?e QF$31d ChiPEUELFR| ERTPHERaS@ WFounds t he

i nner edges@kdﬁa(hdgnwﬁiﬁuawnméﬁngp channel région; [err\ *C LM S
rai n ol cetrode ahi ch FETBRBS A cal |y SBARGHT S HR I p. 30. The
net2hd of donducdive rgate cdlectroderoversadf least porsiongpefitheh are
Pl MRAE S 4 e) sl o REpasaaccthalisedny® o (L 0e) dent)
about 1175[err]C for afogming. a third mask annular shaped window
means which surrounds and is at least adjacent to the
locations of respectzve ones of said second mask window

25 means and bounded by respective areas of said thin gate
dielectric and applying a second given concentration of
carriers of the second conductivity type, which is less

-than said first given concentration, to said chip
through said annular shaped window means;

30 ' diffusing said carriers of said first and .
second given concentrations of said second conductivity e
type to their final depths which are less than the

- final depth of said increased conduction regions of the
first conductivity type, with said carriers of said

35 first given concentration forming a body of relatively _
high concentration and said carriers of said second ' Q,
given concentration forming a relatively low
concentration channel region which surrounds said body
of relatively high concentration and underlzes said

40 - gate dielectric; _ -

applying a relatively high concentration of
carriers of said first conductivity type through said
third mask window means and diffusing them to form
shallow source regions which diffuse laterally to

45 underlie said gate dielectric and bounds the inner
edge of said low concentration channel region;

?

o/



hours. 31. The nmethod of claim29, which includes the further step of
reducing the lifetinme of said sem conductor chip. 32. The nethod of claim
29, wherein said conpleted chip is thereafter expos ﬂ fl ux
of greater than about 12 negarads. 33. The net hod of mm"wm“munl n said
conpl eted chip is thereafter exposed to lW¥radiation to kilt [Mfétime. 34.
The met hod of claim29, which includes the further step of diffusing heavy

netal atons into said chip to kill lifetime. 35. The nethod of claim 30,
whi ch includes the further step of diffusing heavy netal atons into said

chip to kill lifetinmne. r.tr n5|stor devi hayi n ol ar
devi ce forward current caﬂ@ 'r?@f‘p?%& %rﬁmﬁ% ﬁ%"gﬁﬂ‘?g
characteristi@s; saaddsquvceeregnonpraadng drazn EdbcprOﬂESMMUGbndﬂbtor

mat eri al haV'@ﬂeét?1call UEShﬁ?EE af B”EaQE”éHQb'V'ty type, a lightly doped
1ayer of sem conductor teria OF e opposi te conductivity type di sposed

atop one surface. of, said substrate, a plurality of spaced base regi ons of
sai d one conductivity extsem.di rmhé ﬁﬁél:lidii? dmmma’ine w;fmewﬁﬁch sai)d sai d

| ayer of sem conductor teri a,given de our ce
regions of saFgerﬁ5§iPg35858u5?F§Ft§9P§pghf8 nﬁﬁe|ﬁ%P§§% s of
said pluralitgsad@ fpasedmaskewisdovnmeansd derei diffusedodot |a/é isulf ace
channel regi oggpe 9Rien 18UrdakhBalBy a aikBusiod SEOwHdeover said channel

reglons a con
concentratzon of carriers at about 1175°C for about 10

, hours.
L/.

31, The method of claim 29, which includes
the further step of reducing the lifetime of said
semiconductor chip.

32, The method of claim 29, wherein said
completed chip is thereafter exposed to an electron

— flux of greater than about 12 megarads.

33.. The method of.claim 29, wherein said
completed chip is thereafter exposed to irradiation to
kill lifetime.

s

34. The method of claim 29, which includes
the further step of diffusing heavy metal atoms into
said chip to kill lifetime.

_ 35. The method of claim 30, which includes
the further step of diffusing heavy metal atoms into
said chip to kill lifetime.



gate | ayer disposed over said gate insulation layer, a first main el ectrode

connected to said plurality of source regions, the regions betwen said
spaced bases having an increased concentrati e rers of said 20

opposite conductivity which extends fm sai d oppQs; I mt:o a depth
greater than the depth of said base r ons; siiﬁ@m@‘ \‘n entration s
% C I

being greater than that of the renaining porti ml ayer* over its
full depth. 37. The device of claim36, which further includes a further
regi on of said one conductivity type which is spaced fromsaid plurality
spaced base regi ons and which extends into said opposite surface of 5
said |ayer; and -a third8mid & ﬁé%ﬁ?&%-&?‘?’(ﬁ%&?ﬂviﬁﬁt her region.
[err] * Cbipdda® devce Thervareceupfeit abaryingi charadduridtidsides a

f h ' i d one_conducti Vi . WA, Is df id
plural i 1y AR s Fhte cEFRERh ChntacketiPE Fahcamih %R AR v

of

surface of prisingad d | ayechipndf asehicdnductorl materdalchrawred to said

furtder reg o T i genof .ot akm,3 7 Qre3 Y aid
incr%ased gcgon utc 1T t#;%?o%éng?%efg?%dgg@ééngi %ggé‘ﬁw}g(??ﬁﬁ greater
t han about layey of |semripenduetaymateriali abt theoPPROS3 St of said

OpPOS & 5 condODEHELY 4iYe | APEpbeeacHREpNE SuFEuEEORY Wasboul 10 hours
er .

at about 117[err . The deyice of ctal. 7, wherein the bottpom of sai
regi ons of qvq{s( 8 R ‘-h’t‘?ggc/?%n"g space gas-e regions oef saxé)

one conductivity extending into the opposite surface

10 of said layer of semiconductor material to a given
depth, a plurality of source regions of said oppesite
conductivity type_formed in respective ones of said
plurality of spaced base regions and defining
respective surface channel regicns, a gate insulation

15 layer disposed dvef said channel regions, a conductive
gate layer dispcsed over said gate insulation layer, a
first main electrode connecfed to said plurality of
source regions, thé.regions between said spaced bases
having an increased concentration of carriers of said

20 opposite conductivity which extends from said opposite
surface to a depth greater than the depth of said base
regions; said increased concentration being greater
than that of the remaining portion of said layer over
its full depcth.

37. The device of claim 36, which further
includes a further region of said one conductivity type
which is spaced from said plurality of spaced base
regions and which extends into said opposite surface of

L} said layer; and a thiré main electrode connected to
said further region.

L~
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define a symmetrical pattern deeper than said deep—bases and facing said

drain el ectrode, which pattern 5 has the topolo of said spaced

redi ons over the surface area of said chip tojﬁl !“'H"m"ﬁlllﬂ d area
of preferred aval anche breakdown in said enlarged a se the
[ert] capability of said device. 41. The device of clai m 36 "87,° 38 or 40,

wherein the lifetime of -said chin is redysd. 42. The deV|ce of claim 39,
wherein the lifetime of said chip is reduced.

38. The device of claim 1, which further
includes a further region of said one conductivity type
which is spaced from said plurality of spaced base
regions and which extends into said opposite surface of

5 said layer; and a third main electrode connected to
' said further region.

39. The device of claim 36, 37 or 38,
wherein said increased conductivity regions are formed
\— by an implant dose of greater than about 3 x 1012 atoms
per square centimeter of a dopant of said opposite
5 conductivity type followed by a diffusion for about 10
hours at about 1175°C.

40. The device of claim 37, wherein the
bottom of said regions of increased concentration
define a symmetrical pattern deeper than said deep
bases and facing said drain electrode, which pattern

5 has the topology of said spaced regions over the
surface area of said chip to define an enlarged
area of preferred avalanche breakdown in said enlarged
area and to increase the IZL capability of said device.

41. The device of claim 36, 37, 38 or 40,
wherein the lifetime of said chip is reduced.

42. The device of claim 39, wherein the
lifetime of said chip is reduced.




