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particularly, to a device having a substrate isol ated

hi gh vol tage di ode. Hi gh voltage diodes are needed to
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provide an efficient power nmanagenent sol ution. The ]
fugetéanentuch gy dioss Bnd drirdsrivgies pred ofberrorbletlesienics. Mlustrative

problens, as well as others,
power management functions include up-converters, down-converters, auto-converters,

battery charging, etc.

Present solutions typically implement a diode function using a hybrid circuit
design in which a diode is located externally to the integrated circuit. Such
implementations are costly since they require additional components to be designed and
placed into the portable system. Moreover, because the diode is located externally to the
integrated circuit, performance suffers since it is difficult to achieve high switching
frequencies.

Accordingly, a need exists for a semiconductor device that integrates a high
voltage diode into a semiconductor device in order to provide an efficient power
management solution.

The present invention addresses the above-mentioned problems, as well as others,
by providing a semiconductor device that integrates a high voltage diode into a
semiconductor device in order to provide an efficient power management solution.
Integration of such a diode into a semiconductor process flow reduces cost, but more

importantly improves performance allowing much higher switching frequencies (>2MHz)
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an ormng a
a substrate comprising an epitaxial layer; forming a deep well implant (e.g., a DNWell)
of a first type above the epitaxial layer; forming a deep implant mask (e.g., a DPWell) of
a second type above the deep well implant and below a cathode location; forming a first
well implant of the second type (e.g., an HPW) below an anode location; and forming a
shallow trench isolation (STI) region between the cathode location and the anode
location, wherein a portion of the STI region resides above the first well implant of the
second type.

In a third aspect, the invention provides an asymmetric semiconductor device that

includes an integrated high voltage diode, comprising: a deep well implant; a shallow
trench isolation (STI) region separating a cathode from an anode; a first well implant

residing below the anode; and a deep implant mask patterned above the deep well implant

and below both the cathode (36) and a portion of the STI region.



shall ow trench isolation (STlI) region between the

cat hode | ocation and the anode | ocation, wherein a
w@oerwio3oof the STI region resides above the fPewHIB2E/(154780
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i solation (STlI) region separating a cathode from an
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structure in accordance with the present invention.

Figure 2B depicts cross-sectional layouts of an alternative embodiment of a high
voltage isolated diode structure in accordance with the present invention.

Figures 3A and 3B depict cross-sectional layouts of a polysilicon-walled diode
structure in which the cathode contact SN is physically removed from the STI edge by
self-alignment to the polysilicon layer in accordance with the present invention.

Figure 4 depicts an electrical simulation of the standard diode provided in Figure
2A.

Figures SA-D depict 2D surface layouts of the embodiments of Figures 2A and
3A.

Figure 6 depicts experimental results that measure log IV characteristics of the
high voltage diodes of Figures 2A and 3A.

Figure 7 depicts a table with specie, dose and energy information in accordance

with the present invention.



Fi gures 3A and 3B depict cross- sectional |ayouts of a
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| ayouts of the enbodi nents of Figures 2A and 3A
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utilized to provide improved BVds and robustness.

Figure 1 depicts a cross-section of an extended drain nchannel device 10
(EDNMOS), which is formed using STI region 12 within the unit cell of the device
structure. The device 10 includes a p++ layer 22, an epitaxial layer (epi) 23, and a deep
n-well (DNWell) layer 25. The STI region 12 forms a thick dielectric region between the
drain 14 and gate 16, which allows the device 10 to support voltages much higher than
that for which the baseline CMOS process flow is designed. In the present state of the
art, there are two well and gate oxide thicknesses available to fabricate such a high
voltage transistor, namely

(a) GOI =5.4nm thick with 2.5V (retrograde) wells, i.e., n-type well (NW)
and p-type well (PW), or

(b) GO2 = 12.3nm thick with 5V (retrograde) wells, i.e., high voltage n-type

well (HNW) and high voltage p-type well (HPW).
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process modules to form the extended drain PMOS (EDPMOS).

As noted above, the present invention further integrates a high voltage (HV) diode
into an asymmetric device structure, such as that described in Figure 1. The asymmetric
design technique used to form the device structure of Figure 1 can be extended to form
substrate isolated HV diodes by adding a deep p-type well (DPWell) implant to the
process flow so the active diode current can be isolated from the substrate 22. An STI
region is again used inside the active unit cell of the diode for electric field control, and
unique two-dimensional (2D) layout techniques are used to obtain breakdown voltages in
excess of 30V in an integrated 0.25um CMOS process flow.

Figure 2A shows a 2D cross-section of a device 30 that includes a high voltage
substrate isolated diode that can be fabricated in accordance with the process flow used to
form the device shown in Figure 1, with the addition of a deep-p implant mask, DPWell
layer 34. As shown, device 30 includes a p++ layer 45, an epitaxial layer (epi) 47 layer,
and a DNWell layer 42 that provides substrate isolation. An HPW link up layer 40 is

provided between the DN'Well layer 42 and the SP anode 38 (i.e., source). STI region 46
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| ayer 40 is provided between the DNWell |ayer 42 and
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STI region 49.

Accordingly, each of the devices shown in Figures 2A and 2B provide an
asymmetric 25V-30V diode construction with the STI region 46 inside the unit cell
fabricated using the GO2 and HNW, HPW from the 5V baseline CMOS flow for contact
to the buried layers, anode and cathode of the diode. Both the n-type and p-type well
implants are patterned within the device unit cell to form these contacts. The device may,
for example, include a DNWell implant ~1-2MeV 5el12cm-2 31 Phos for substrate
isolation and a DPWell implant of 500-700keV 1el3 cm-2 11 B for deep isolation
(wherein 31 Phos and 11B are implant species, i.e., phosphorus and boron for n-type and
p-type doping, respectively). Alternatively, the devices of Figures 2A and 2B may be

fabricated using the GO1 and NW, PW from the 2.5V baseline CMOS flow for contact to

the buried layers, anode and cathode of the diode.
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provided in which the SN cathode contact 64 is physically removed from the STI edge 68
by self-alignment to the PS layer 62. The electrical diode 72 is shown in Figure 3A for
clarity.

Thus, Figure 3A provides an asymmetric 25V-30V PS walled diode construction
with the STI region 70 inside the unit cell fabricated using the GO2 and HNW, HPW
from the 5V baseline CMOS flow for contact to the buried layers, anode and cathode of
the diode. Both the n-type and p-type well implants are patterned within the device unit
cell to form these contacts. The device may include a deep NW implant ~1-2MeV
Sel2cm-2 31 Phos for substrate isolation and a deep PW implant of 500-700keV 1el3
cm-2 11 B for deep isolation. Alternatively, the device of Figure 3A may be fabricated
using the GO1 and NW, PW from the 2.5V baseline CMOS flow for contact to the buried
layers, anode and cathode of the diode.

Figure 4 depicts a breakdown voltage simulation (right side) of the standard diode

82 provided by the structure 32 (left side) shown in Figure 2B. As can be seen, a high
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fromthe 2.5V baseline CMOS flow for contact to the
buried | ayers, anode and cat hode of the diode. Figure

3A depicts a cross-section of a further alternative
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the devices are implemented in ring-like fashion (top halves shown in Figures SA-D). As
shown in Figure 5A, the diode structure 30 comprises a non-active (STI) region 46
separating a ring made up of the active SP anode 38 and the active SN cathode 36. The
SN cathode 36 is the center finger or stripe, which is surrounded on all sides by a non-
active (STI) region 46, which is then surrounded on all sides by the active SP anode 48.

In Figure 5B, a PS walled structure 62 is provided such that a portion of the
cathode region between the SN cathode contact 64 and the STI region 70 is covered by
polysilicon (PS). Figures 5C and 5D further show the locations of the HPWs 40, 76 and
DPWs 34, 74, relative to the other surface features, for the devices of Figures 2A and 3A,
respectively.

Accordingly, a device is provided that has a surface layout that is substantially

ring-like in nature, with the STI width in the cylindrical device section being at least 1.2

times the width in the linear section. The SN cathode is located in the center of the ring,
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PS-walled structure shown in Figure 3A gives superior electrical results, with ideal
breakdown voltage to 30V obtained. The PS walled design (D5) increases the breakdown
voltage from 24 to 30V, and exhibits ideal leakage characteristics without punch-through.
The PS walled diode thus results in lower electric fields along the STT vertical surface
closest to the SN (Cathode), resulting in higher breakdown voltage and more robust
avalanche behavior. Figure 6, which depicts log of the drain current versus drain voltage
shows that this has been demonstrated in silicon.

llustrative doses and material parameters for the devices described above may be
as follows. With reference to Figure 2A, the p++ substrate 45 may be implemented with
a 4um-thick p-- epitiaxial layer 47. A GO1 oxide thickness of 5.0 - 5.4nm, or GO2 oxide

thickness of 12.3-15 nm could be utilized. An STI depth of 0.35-0.45um may also be

utilized. Figure 7 depicts a table depicting illustrative species, doses and energy for
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3A, Tlesfoexgbingaleycriptivo®t dhenighgntioa hdebéanepreenipd dui pleposes of
that has a surface |ayout that is substantially

illobtR@ohiake deseripabur B is wdttiktetided (Sbe exhalibtivd 6t tb Mignit the invention to
cylindrical device section being at least 1.2 tines

the gfec% %Ilﬂl Hi@cﬁ)&%, Eﬁd']@cﬁ»rioﬁfﬁ Eﬂa‘ﬂ? -mo-ﬁ'i‘l@cagblné:%d"%ﬁtibﬁs are
| ocated in the center of the rifng,and the device is
Bl SO R R0 G R E Sl e S B ratat % Mg winea i
the PS-walled | ayer 62 |s shorted .the SN cat hgde 64
thg At feinEende o iegPet 1H%1uf1‘?ﬁ2 Wb RereoPoAT BiS HetoRen dganed by the
stripe, e.g., at the termnal end 75 of the cathode
acgomppryi@claings. not ed, for the structures shown in
Fi gures 2A, 2B and 3A, the contact to the buried
| ayers, DNWell and DPWell, can be realized using
retrograde well inmplants for the 5V CMOS (HNW HPW
shown, or 2.5V CMOS (NW PW not shown. The oxide



| ayer beneath the PS over the active (non STI) region

can be G2 or GAO. Figure 6 shows experinental results
wokomwzsw ed | og 1V characteristics for the di PEEIBEN06/054780

versions of the HV diodes ptesented in Figures 2A, 2B

and 3A. The use of the PS-walled structure shown in

Fi gure 3A gives superior electrical results, with

i deal breakdown voltage to 30V obtained. The PS wall ed

design (D5) increases the breakdown voltage from24 to

30V, and exhibits ideal I%ﬁg%gaécharacteristics

W t hout punch-through. The Il ed di ode thus

results in lower electric fields along the STI

vertical surface closest to the SN (Cat hode),

resulting in higher breakdown voltage and nore robust
1. dAmedsymnierid sdmaivomiuctoEidguice (3, 3Wnthethindegdscinsinteggtasf higihgoltage

drain current versus drain voltage shows that this has
dib&gromermingt rated in silicon. Illustrative doses and

mat eri al paraneters for the devices described above

may -

P B e B A LS ) of e

& . oxi de thickness of 5.0 -

.p-epitiaxial .layer 47. . )

fugt. t?(ﬁ?rpatgerme&ﬁ)o %?h eep%tﬁ’f@Klﬁ ¥5 of 12.3-15 nm coul d be
utilized. An ST| depth_ of 0.35-0 45mm may al so he
utild é@ﬁ?vwegal? @0%8% B gegion i) seRaEsing i Gagiode Hom an anode
illustrative species, doses and energy forretrograde

3¢kl I's for both 5V and 2.5V conponents. (N-type
isolation "NI" and power managenent deep-p "PMJ DP"

ar e sfiadedll imphet éfar egaidiypel 6K réspdingbelofv thérenode; and
i nventi on has been presented for purposes of

i || usadeptimPhnBRdsid@as bf Mikis&dndtpd attBRled aBb RME dedOwblE

exhaustive or to limt the invention to
implant and below both the cathode (36) and a portion of the STI region.

2. The asymmetric semiconductor device of claim 1, further comprising a polysilicon
wall (62) that resides above the STI region between the cathode and anode, wherein the
cathode is separated from an edge of the STI region, and wherein the polysilicon wall is

shorted to the cathode.

3. The asymmetric semiconductor device of claim 1, further comprising a second well

implant (44) of the first type that resides next to the first well implant (40).

4. The asymmetric semiconductor device of claim 3, wherein the first well implant and

the second well implant are separated by a second STI region (46).



t he precise formdiscl osed, and obviously, many
nodi fi cations and variations are possible. Such
wo@7i7set i ons and variations that may be appaP@€nB2as/@4780
person skilled in the art d2e intended to be included
within the scope of this invention as defined by the
acconpanyi ng clainms. CLAIMS 1. An asymetric
sem conduct or device (30, 32) that includes an
integrated hi gh voltage diode conprising: a substrate

r|3|n an, ep xi al e 7) .and a de [l .
g Sesmean R ey B b b tRiredueacs gout includes a
epltaX|aI | ayer; a shallow trench |solat|on@éSTI
ringslkoHIICaBs swphigh atce gl logatedershadedhsuroundediby (e Tl region,
first well inplant of a second type (40) residing
andeho®/It rgicanederowded by deepodarpl ant mask (24) of the
second type patterned above the deep well inplant and
bel ow both the cathode (36) and a portion of the STI
region. 2. The asymmetric semi conductor device of

6.01"1% JE:ytlameftHé Eé?ﬁEo&Rtm 'déh@cg otaclgi% ys\bﬂér&ﬁl’ﬂh%’\ﬁi‘ i re )has a

that resides above the STl region bet ween t hode
mﬁ:gag ?6% ein the cathode is separated frontan
ge rregi on, and wherein the polysilicon
mall IS shorted to the cathode. 3. The asymetric

sem conduct or device of claim1l1, further conprising a

second wel | ' ' ' '
7. The asymmetric semiconductor device of claim 1, wherein:

the first type comprises an n-type, such that the deep well implant comprises a
deep n-type well (DNwell),
the second type comprises a p-type, such that the deep implant mask comprises a

deep p-type well (DPWell) and the first well implant comprises a p-type well.

8. The asymmetric semiconductor device of claim 7, wherein the p-type well is a high
voltage p-type well (HPW) comprising a 5 volt retrograde well that is approximately 12.3

- 15nm thick.

9. The asymmetric semiconductor device of claim 7, wherein the p-type well comprises a

2.5 volt retrograde well that is approximately 5.0 - 5.4nm thick.



implant (44) of the first type that resides next to
the first well inplant (40). 4. The asynmetric
waesromiduct or device of claim3, wherein the PCT/BER2006/054780
wel |l inplant and the second3wel |l inplant are separated
by a second STI region (46).5. The asymretric
sem conduct or device of claim1, having a surface
| ayout includes a ring-like structure in which a
centrally located cathode is surrounded by the STI
ion, and the. STl regjon i urrounded by the anode.
1 T R g s E oI irG SF SRy PREOF ¢l ai m 1,
wherein the STl region has a thickness of 0.35 -
0. 45henPPWelirpemprisgpra trpplantsbaf is appioeimstely dvi2Me\opel2em-2 31
claim1, wherein: the first type conprises an n-type,
Plegdor dubstrate velatierpandel | i npl ant conpri ses a deep
n-type well (DNwell), the second type conprises a
p- t ye DPsMencdrhgiset b irﬁﬁ@@t tharb approxiBsikel ¢ 90P70SES/ 813 cm-2
deep p-type well (DPWell) and the first well inplant
1 CBTR desfSsomtdnt ype well. 8. The asymetric
sem conduct or device of claim7, wherein the p-type
well is a high voltage p-type well (HPW conprising a
5 volt retrograde well that is approximtely 12.3 -
15nmthick. 9. The asymmetric sem conductor device of
claim7, wherein the p-type well conprises a 2.5 volt
retrograde well that is approximately 5.0 - 5.4nm
thick. 10. The asymmetric sem conductor device of claim
7, wherein: the DPWell conprises an inplant that is
approximately 1 - 2MeV 5el2cm2 3 1



Phos for substrate isolation; and the DPWell conprises
an inplant that is approxi mately 500-700keV lel3 cm2
wai®7pm3ogdeep i sol ation.11. A nethod of form NPCHIB2006/054780
asymmetric sem conductor ddvice (30) that includes an
i ntegrated high voltage diode, conprising: formng a
substrate conprising an epitaxial layer; formng a
deep well inplant (42) of a first type above the
epitaxial layer; formng a deep inplant nask (34) of a
second t above the deep well inplanpt.a bel aw a
113 7 Rt B0 Sp Sy R o misoad ot e g O Rt it s an
~(40) of the second type bel ow an anode | ocation (38);
integentecoigh neltagestiode, eQMPHBREHh i sol ation (STI) region
(46) between the cathode |ocation and the anode
| ocafoiroimg atubstedtticempuaning amepfaxtahayST|I regi on resi des
above the first well inplant of the second type. 12.

The foghihed dekp leliimplaht (4206F b EiFst GEERIbLSE g ephexisitieyerof
formng a polysilicon wall (62) above the STl region

bet "RRfi a%%ﬁ}%ﬂﬁaﬁ%aﬂ?@ﬁ&daesecm{gg& BbdR&hE aév@qgm fnSplant

separated fro edge of the STI reégion, and erein

t.he: polysilicon wall js shorted to the cathode. 13.
m@ﬁgkﬁ% ﬁg%O%fbg?gwﬁﬁﬁﬁ, further conprising formng a

second wel | inplant (44) of
fr(])rming a firstn\Bel?Pmplgnt (210) of the second type below an anode location (38);

and
forming a shallow trench isolation (STI) region (46) between the cathode location
and the anode location, wherein a portion of the STI region resides above the first well

implant of the second type.

12. The method of claim 11, further comprising the step of forming a polysilicon wall
(62) above the STI region between a cathode and an anode, wherein the cathode is
separated from an edge of the STI region, and wherein the polysilicon wall is shorted to

the cathode.

13. The method of claim 11, further comprising forming a second well implant (44) of

the first type next to the first well implant.

14. The method of claim 13, wherein the first well implant and the second well implant

are separated by a second STI region (46).



the first type next to the first well inplant. 14. The
nmet hod of claim 13, wherein the first well inplant and
wo b@7sesend wel | i npl ant are separated by a serPCntB28Id/054780
region (46).15. The nethod18f claim 11, wherein the
devi ce conprises a surface | ayout having a ring-Iike
structure in which a centrally | ocated cathode is
surrounded by the STl region, and the STl region is
surrounded by an anode 16 The nethod of claim 11,

eint t hi ckness of 35 - .
19" Fscaitnge S Ghin {EGHEib e foathe Dot s faﬁgutrhawg}g a
conprises an n-t such that the deep
rm&rgkeaﬁfucwﬁm VBish a&@@éﬂky Incatgdeathpde)is e@mwdpc} by fhﬁeSTI region,
second type conprises a p-type, such that the deep
andrtp¢d &t regeeskis songpmidsé by an desle. p-t ype wel |l (DPWell) and
the first well inplant conprises a p-type well. 18.
The nethod of claim 17, wherein the p-type well is a
hi gh vol tage p-type well (HPW conprising a 5 volt

I(T ef}{quétﬁQ@ oP@him H]Eu/he'rén mﬂ)ﬁ’e%%h @hya Hcidess é&‘iﬁﬁ@ 0.45um.
19. The net’hod of claim wherei n: the p- type

mell conprlses a 2.5 volt retrograde well that is
approxinately 5.0 - 5.4nm thick; the DPWell conprises

an_i np ppr.oxi mately 1-2MeV 5el2cm2 3 1
17%@?@%}% éﬂfo‘g tli"}’ f8ti on; and

the first type comprises an n-type, such that the deep well implant comprises a
deep n-type well (DNwell),
the second type comprises a p-type, such that the deep implant mask comprises a

deep p-type well (DPWell) and the first well implant comprises a p-type well.

18. The method of claim 17, wherein the p-type well is a high voltage p-type well

(HPW) comprising a 5 volt retrograde well that is approximately 12.3 - 15nm thick.

19. The method of claim 17, wherein:

the p-type well comprises a 2.5 volt retrograde well that is approximately 5.0 -
5.4nm thick;

the DPWell comprises an implant that is approximately1-2MeV Sel2cm-2 31
Phos for substrate isolation; and

the DPWell comprises an implant that is approximately 500-700keV 1el3 cm-2

11 B for deep isolation.



the DPWell conprises an inplant that is approxi mately

500- 700keV lel 3 cm2 11 B for deep isolation.20. An
w@geomoe3nd ¢ sem conduct or device (30) that i ncPCEBR0G054780

i ntegrated high vol tage di déle, conprising: a deep well

i mplant (42); a shallow trench isolation (STI) region

(46) separating a cathode from an anode (38); a first

wel | inplant residing below the anode; and a deep

i npl ant mask patterned above the deep well inplant and

2(f ngalpa‘évﬁg?&e'{hé D& i 048 438 (AN halirRRIbs Ao LOEniZA Voltage
diode, comprising:

a deep well implant (42);

a shallow trench isolation (STI) region (46) separating a cathode from an anode
(38);

a first well implant residing below the anode; and

a deep implant mask patterned above the deep well implant and below both the

cathode (36) and a portion of the STI region.



