LATCH UP ROBUST SCR-BASED DEVI CES TECHNI CAL FIELD 100011The present

di sclosure relates to silicon control rectifier (SCR) devices. The present
disclosure is particularly applicable to SCR-based el ectrostatic di scharge
(ESD) protection devices. BACKGROUND 100021FIG 1 schematically illustrates
a traditional SCR-based ESD protection device. As shown, the device in FIG
| includes substrate 101 with p-well region 103 and n-well re.gion 105, and
shal l ow trench isolation (ST1) region 107 between well regions 103 and 105.
As depicted, p-well region 103 includes P+ region 109 and N+ region 111
coupled to ground rail 113 (e.g., VSS), and n-well region 105 includes P-1-
region 115 and N-1- region 117 coupled to 1/0 pad 119. In general,

SCR- based ESD pr ot ect i ohAJEH-EBROHS HR-BaSEEXDIPEOESer f or nance and conpact
si ze. However, typical SCR-based ESD protection devices suffer from

| atch-up issues. For exanple, an ESD event (e.g., fromILO pad 119 to
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current, d&@RO31FI G 2 schematically illustrates characteristics of a
traditional SCR-based ESD protection device under an ESD condition. As
shown, in diagram 201, once the trigger voltage (Vt) is reached, the

SCR- based ESD protection device will snapback to the hol ding voltage (Vh)
(e.qg., fBACKEIRQENWDI ng the parasitic PNP and NPN structures). In addition,
as depicted, a traditional SCR-based ESD protection device has a high
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static | atﬁrr]eglil(% }(ﬁslthcl &s p+ region 109 and N+ region 111 coupled to ground rail 113 (e.g.,
VSS), and n-well region 105 includes P+ region 115 and N+ region 117 coupled to 1/0 pad 119.

In general, SCR-based ESD protection devices provide robust ESD performance and compact
size. However, typical SCR-based ESD protection devices suffer from latch-up issues. For
example, an ESD event (e.g., from I/O pad 119 to ground rail 113) may induce reverse
breakdown with respect to n-well region 105 and substrate 101. If there is enough charge to
maintain parasitic PNP and NPN structures, latch-up path 121 may occur, causing disruptions
with regard to proper functioning of a circuit (e.g., that the SCR-based device is supposed to

protect) or even destruction of the circuit due to excess current.

[0003] FIG. 2 schematically illustrates characteristics of a traditional SCR-based ESD

protection device under an ESD condition. As shown, in diagram 201, once the trigger voltage
(Vy) is reached, the SCR-based ESD protection device will snapback to the holding voltage (V)
(e.g., for maintaining the parasitic PNP and NPN structures). In addition, as depicted, a
traditional SCR-based ESD protection device has a high trigger voltage (e.g., Vi ~ 10 V for
logic process), a low trigger current (e.g., I;; ~ mA), and a low holding voltage (e.g., Vy, ~ 2 V).

Consequently, a traditional SCR-based ESD protection device fails to adequately provide

protection from latch-up events (e.g., transient ESD-induced latch-ups, static latch-up testing,



etc.). Although latch-up issues may be reduced by increasing the p-n
junction space of the SCR and cascading the SCR to increase the hol ding
voltage (V1) of the SCR, such an approach consunmes substantially nore
devi ce/ chip area than necessary, resulting in the need for |arger

devi ce/chip size. 100041A need therefore exists for an efficient latch-up
robust SCR-based device, and enabling net hodol ogy. SUFc4MARY [ 00051An
aspect of the present disclosure is a nethod for nplenenting a | atch-up
robust SCR- based device. [00061Anot her aspect of the present di.sclosure is
a latch-up robust SCR-based device. [0007] Additional aspects and ot her
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regions; providing a second N+ region in the first n-well region, and a
second P+ region in the second Elwel| region; and coupling the first N+ and

P+ regions to a ground rail, the second N+ region to a power rail, and the
second PSUMMARK to an |/ O pad.

[0005] An aspect of the present disclosure is a method for implementing a latch-up robust

SCR-based device.
[0006]  Another aspect of the present disclosure is a latch-up robust SCR-based device.

[0007] Additional aspects and other features of the present disclosure will be set forth in the
description which follows and in part will be apparent to those having ordinary skill in the art
upon examination of the following or may be learned from the practice of the present disclosure.
The advantages of the present disclosure may be realized and obtained as particularly pointed out

in the appended claims.

[0008] According to the present disclosure, some technical effects may be achieved in part
by a method including: providing a first N+ region and a first P+ region in a substrate for a SCR;
providing first and second n-well regions in the substrate proximate the first N+ and P+ regions;
providing a second N+ region in the first n-well region, and a second P+ region in the second n-
well region; and coupling the first N+ and P+ regions to a ground rail, the second N+ region to a

power rail, and the second P+ region to an I/O pad.

[0009] Another aspect includes providing a holding voltage of the SCR that is greater than a
maximum operating voltage of the SCR during a latch-up event. Additional aspects include
providing the holding voltage of the SCR by turning on the power rail. Some aspects include
providing a third P+ region in the second n-well region. Various aspects include providing the
third P+ region between the second N+ and P+ regions. Certain aspects include providing a third
N+ region between the second and third P+ regions. Other aspects include: providing a resistor

having first and second resistor terminals; providing a capacitor having first and second capacitor



[ 00091Anot her aspect includes providing a holding voltage of the SCR that
is greater than a maxi num operating voltage of the SCR during 21 |atch-up
event. Additional aspects include providing the holding voltage of the SCR
by turning on the power rail. Sonme aspects include providing a third P+
region in the second n-well region. Various aspects include providing the
third P+ region between the second N+ and P+ regions. Certain aspects
i nclude providing a third N+ regi on between the second and third P+
regions. Ot her aspects include: providing v resistor having st and second
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and the second capacitor terminal is coupled to the 1/O pad.

[0013] Further aspects include a device having the first N+ and P+ regions on a first side of
the first n-well region, and the second n-well region on a second side of the first n-well region
that is opposite the first side. Certain aspects include a device having a holding current, a trigger

current, or a combination thereof of the SCR being greater than 100 mA during a latch-up event.

[0014] Another aspect of the present disclosure is a method including: providing a first n-
well region in a substrate for a SCR; providing a first N+ region and a first P+ region in the
substrate on a first side of the first n-well region; providing a second n-well on a second side of

the first n-well region that is opposite the first side; providing a second N+ region in the first n-



100141Anot her aspect of the present disclosure is a nmethod including:
providing a .first n- well region in a substrate for a SCR;, providing a
first N region and a first P+ region in the substrate on a first side of
the first n-well region; providing a second n-well on a second side of the
first n-well region that is opposite the first side; providing a second N+
region in the first n- region,well and a second + region in the second
n-wel |l region; coupling the first N+ and P+ regions to a ground rail, the
second N+ region to a power rail, and the second P+ region to an I/ O pad;
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and i n vidntemplated to carry out the present disclosure. As w1ll be reahzed the present disclosure is
capable of other and different embodiments, and its several details are capable of modifications
in various obvious respects, all without departing from the present disclosure. Accordingly, the

drawings and description are to be regarded as illustrative in nature, and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The present disclosure is illustrated by way of example, and not by way of limitation,

in the figures of the accompanying drawing and in which like reference numerals refer to similar

elements and in which:
[0018] FIG. 1 schematically illustrates a traditional SCR-based ESD protection device;

[0019] FIG. 2 schematically illustrates characteristics of a traditional SCR-based ESD

protection device under ESD condition;
[0020] FIGs. 3A and 3B schematically illustrate concepts to overcome latch-up issues;

[0021] FIGs. 4A and 4B schematically illustrate latch-up robust SCR-based devices, in

accordance with exemplary embodiments of the present disclosure; and

[0022] FIGs. 5A and 5B schematically illustrate characteristics of latch-up robust SCR-based

devices, in accordance with exemplary embodiments of the present disclosure.



100181FI G | schematically illustrates a traditional SCR-based ESD

protection device; 100191FIG 2 schematically illustrates characteristics
of a traditional SCR-based SD protection device under ESD condition;
100201Ei Gs. 3A and 38 schematically illustrate concepts to overcone

| at ch-up issues; 100211Hes. 4A and 48 schematically illustrate |atch-up
robust SCR-based devices, in accordance with exenplary enbodi nents of the
present disclosure; and 100221FI Gs. 5A and 511 schenmatically illustrate
characteristics of |latch-up robust SCR-based devices, in accordance with
exenpl ary enbodi nents of the present disclosure. DETAILED DESCRI PTI ON
1002311 n DEAAILED [DRMCRGPHEORCr i pti on, for the purposes of explanation,
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specification and claims are to be understood as being modified in all instances by the term

“about.”

[0024] The present disclosure addresses and solves problems of latch-up in a SCR ESD
protection device attendant upon an ESD event. The present disclosure addresses and solves
such problems, for instance, by, inter alia, providing a first N+ region and a first P+ region in a
substrate for a SCR; providing first and second n-well regions in the substrate proximate the first
N+ and P+ regions; providing a second N+ region in the first n-well region, and a second P+
region in the second n-well region; and coupling the first N+ and P+ regions to a ground rail, the

second N+ region to a power rail, and the second P+ region to an 1/0O pad.

[0025] FIGs. 3A and 3B schematically illustrate concepts to overcome latch-up issues. For

example, according to latch-up specifications, latch-up risk may be eliminated if the holding
voltage (V) of an SCR is greater than the maximum operating voltage (max. Vp) (€.g., diagram
301 of FIG. 3A). Moreover, latch-up issues may be overcome by setting the trigger current (1)

or the holding current (I,) of the SCR to be greater than 100 mA (e.g., diagram 303 of FIG. 3B).

[0026] FIGs. 4A and 4B schematically illustrate latch-up robust SCR-based devices, in
accordance with exemplary embodiments of the present disclosure. For example, FIG. 4A
illustrates a structure with various P+ regions (e.g., P+ regions 401, 403, and 405), N+ regions
(e.g., N+ regions 407, 409, and 411), well regions (e.g., n-well regions 413 and 415), and STI
regions (e.g., STI regions 417) embedded in substrate 419. As depicted, n-well region 413
includes N+ region 409, and n-well region 415 includes P+ regions 403 and 405 along with N+
region 411. Compared with a traditional SCR-based device, the structure in FIG. 4A includes an
additional N+ region 409 that is coupled to power rail 421. As such, power rail 421 and N+



[ 00241The present disclosure addresses and sol ves problens of latch-up in a
SCR ESD protection device attendant. upon an ESD event. The present.
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proxi mate the first N+ and P+ regions; providing a second N+ region in the
first n-well region, and a second P+ region in the second n-well region;
and coupling the first Nv and P+ regions to a around rail, the second N+
region to a power rail, and the second P+ region to an I/0O pad. 100251FI Gs.
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illustrates transmlssmrel-line pulse (TLP) characteristics of a latch-up robust SCR-based

device under PAD to VSS ESD testing conditions where the maximum operating voltage (max.

Vop) of the SCR-based device is 3.6 V. Diagram 501, for instance, includes curve 503 to
represent the holding voltage (V) of the SCR-based device when VDD (e.g., power rail 421) is

floating, curve 505 to represent the holding voltage (V) when VDD is biased (e.g., set to 3.3 V),

and curves 507 and 509 to represent the respective leakage currents. As shown, the latch-up

robust SCR-based device produces characteristics similar to a traditional SCR-based device due
to a low holding voltage (V) when VDD is floating (e.g., curve 503). Nonetheless, as a result of
a low trigger voltage (e.g., Vi1 ~ 9.3 V), the latch-up robust SCR-based device may still provide

adequate protection. However, when VDD is biased to 3.3 V (e.g., VDD is turned on), the
holding voltage of the SCR-based device increases from 2.3 V to 7.5 V, which is more than

twice the maximum operating voltage (max. Vop) of 3.6 V. Accordingly, there will be no
transient ESD-induced latch-up problem (e.g., since the holding voltage (Vy) is significantly

greater than the maximum operating voltage (max. Vop)).



trigger voltage (VO of the SCR-based structure during an ESD event.
Furthernore, a sensing approach may be utilized to further reduce the
trigger voltage (Vi). For exanple, FIG 413 illustrates a RC trigger
approach that includes coupling first ends of resistor 427 and capacitor
429 to 13+ region 403, another end of resistor 427 to ground rail 423, and
anot her end of capacitor 429 to I/O pad 425. Furthernore, N+ region 411 may
be renmoved fromthe SCR-based structures of FIG 4A and 4B to reduce their
size, for exanple, to free up chip area for other conponents. [00281FI Gs.
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protecti B}930]|—|ov@beepmbw¢emts vDIhei pregsinadiedotuee @@ aghiewe geveral/iteghnica) afigethed on)
t he hol di I 7.
Inldfhdih® 1%{@19@ PJbuEtHe%ﬁ RERARERM QLS %{hﬂﬁﬁlﬁﬁati grégicz 8H1d@w% d &hfd 36 v

which is nore e nmaxl mum operati ng _
Accor di ngli arephEméodiinkts pEthe preseng dis¢lesure mwmwoefdrwlatlmhlstupl qupbfbherm (e.qg.

oL nce, s Bl ARGt P SOOI, QUL SEp A DG oBT Tu

current DY®) recorderaciné plagetiscatafiotivatnehigatipns piintes aBCRetipis e, d@wptkmg andt h VDD

devi cos Sy g et Ik IS e TR 3 A L ARE B 0B S e

(e.g., |rdiapatct@Bpeynodesr dteipresentdisiusarsshdrefogredoys wilestriat apphicdhlitnm anyst i ng

and D £ B Sk SR8 DLl e RoRT B bond b 4R A B S ShOPsprg -

vol t agespwofecGonvdewdss ¢h pass ¥ Etabrupt Hiandatdh epevilicationn (v.gl, tlagi@scrmdtal 3liglay.

vol tage. (o ROl ARG hsls ol | AD, ORe 1R BReRGE CREC, 21 10

vol t age {migpowek Mapzerodnt Brogudts).

[0031] In the preceding description, the present disclosure is described with reference to
specifically exemplary embodiments thereof. It will, however, be evident that various
modifications and changes may be made thereto without departing from the broader spirit and
scope of the present disclosure, as set forth in the claims. The specification and drawings are,
accordingly, to be regarded as illustrative and not as restrictive. It is understood that the present
disclosure is capable of using various other combinations and embodiments and is capable of any

changes or modifications within the scope of the inventive concept as expressed herein.



PMrhe enbodi nents of the present disclosure can achi eve several technical
effects, including | atch-up robustness for SCR-based devices with m nima

i npact on device size and chip area. Enbodi ments of the present disclosure
enjoy utility in various industrial applications as, for exanple,

m croprocessors, smart phones, nobile phones, cellular handsets, set-top
boxes, DVD recorders and players, autonotive navigation, printers and

peri pheral s, networking and tel ecom equi prent, gam ng systens, digital
caneras, or any other devices utilizing |ogic or high-voltage technol ogy
nodes. The present disclosure therefore enjoys industrial applicability in
any of varWalssl ISy@esIMID H:ghl y i nt egrat ed semi conduct or devices, including
devi ces that use ESD protection devices to pass ESD/| atch-up standards
specifications (e.g., liquid crystal display (LCD) drivers, synchronous
random accqss ABRARY doapriciaRAM) , One Tine Programmi ng (OTP), and power
managenent products). 10031fln the precedi ng description, the present

di scl osur e pisvidiess fitsPRA rWibiaddef BKEPC Rl i REEHsirhie 3 a)silko6R ¥R Yectifier

enbodi nents thereof. It wll, however, be evident that various

nodi fi cationgsepyl changes may be nmade thereto without departing fromthe
broader spirit and scope of the present disclosure, as set forth in the
claims. Therspegd filsEatd QRBoRNA Wl W HGSinAhE subBEAO HExREHLY thet frstOR+ 6@ @rded as
illustrative and not as restrictive. It is understood that the present

di scl osure i seggfabl e of using various other conbinations and enbodi nents
and i s capabl e of any changes or nodifications within the scope of the
inventive GRS a RSorNPF R598 ¢h ME KRk Awell Witdh, hid {deCdNED rbgdon in-thdsebdidhod
conprising: providing a first N+ region and a first P+ region in a
substrate forp.geibiekiogomdacontrol rectifier (SCR); providing first and second
n-well regions in the substrate proxi mate theand P-3- regions; providing a
second N+ e@hliap tHeMirkther Srdr st reFrow@!ola FrEEHIQRi, (REcéhdIeC RBHnRGa pbR&iMm i n the
second n-wel |l region; and coupling the first N+ and P+ regions to a ground

rail, the econglq i sk@dl O rdgfordo BRY®pad.ai |, and the second P+ region to an kV
pad.

2. The method according to claim 1, further comprising:
providing a holding voltage of the SCR that is greater than a maximum operating voltage of

the SCR during a latch-up event.

3. The method according to claim 2, further comprising;:

providing the holding voltage of the SCR by turning on the power rail.

4. The method according to claim 1, further comprising:

providing a third P+ region in the second n-well region.

5. The method according to claim 4, further comprising:

providing the third P+ region between the second N+ and P+ regions.



2. The nethod according to claiml, further conprising: providing a holding
voltage of the SCR that is greater than a maxi num operati ng vol tage of the
SCR during a latch-up event. 3. The method according to claim 2, further
conprising: providing the holding voltage of the SCR by turning on the
power rail. 4. The nmethod according to claim11, further conprising;
providing a third Pregion in the second n-well region, 5. The nethod
according to claim4, further conprising: providing the third P+ region

bet ween the second N+ and P+ regions. 6. The nethod according to claimb5,
further conprising: providing a third N-iionbetween the second and third P+
regi ons. 4. Theenettiotl hadrdapaorkinng, fiuohee banpristheg: f urt her conpri si ng: provi di ng
a resistor having -first and second resistor termnals, providing a

capaci t or lpaowiidige 4 ihiré N-+aaglosetwerd tiegoemid tand third Prrirepds. and coupl i ng t he
third P+ region to the first resistor and capacitor term nals, the second
resistor termnal to the ground rail, and the second capacitor termnal to

the 1/0 pad. 8. The nethod according to claim1, further conprising:
7. The method according to claim 4, further comprising;:

providing a resistor having first and second resistor terminals;
providing a capacitor having first and second capacitor terminals; and
coupling the third P+ region to the first resistor and capacitor terminals, the second resistor

terminal to the ground rail, and the second capacitor terminal to the I/O pad.

8. The method according to claim 1, further comprising:
providing the first N+ and P+ regions on a first side of the first n-well region; and
providing the second n-well region on a second side of the first n-well region, wherein the

first side is opposite the second side.

9. The method according to claim 1, further comprising;:
providing a holding current, a trigger current, or a combination thereof of the SCR that is

greater than 100 milliamps (mA) during a latch-up event.

10. A device comprising:
a first N+ region and a first P+ region in a substrate;
first and second n-well regions in the substrate proximate the first N+ and P+ regions;

a second N+ region in the first n-well region; and



providing the first NN1- and Er regions on a first side of the firsvei
region; and providing the second n-well region on a second side of the
first n-well region, wherein the first side is opposite the second side.

9. The method according to claim1, further conprising: providing a holding
current, a trigger current, or a conbination thereof of the SCR that is
greater than 100 mllianps (MA) during a |latch-up event. 10. A device
conprising: a first N+ region and a first P+ region in a substrate; first
and second n-well regions in the substrate proximte the first N+ and P+
regions; a second N+ region in the first n-well region; and a second P+
regi on i n tahecodcincgivnvielthe seegridomyvelMnegiaei, whetei the fisst NN and Rindbgleas reegi ons
are coupled to a ground rail, the second N+ region is coupled to a power
rail and the ®epledth Prowrelgnihrihé ®cadpt edionds @upled ® guzuaver rail, antikhe sSEbanddevi ce
according to clai mherein a holding voltage of the device is greater than a
maxi mum oper akinggivolistcaggedto an© mdvi ce during a | atch-up event. 12. The
devi ce according to claim 11, wherein the holding voltage of the device is
provi ded by the power rail being turned on.

11. The device according to claim 10, wherein a holding voltage of the device is greater than

a maximum operating voltage of the device during a latch-up event.

12. The device according to claim 11, wherein the holding voltage of the device is provided

by the power rail being turned on.

13. The device according to claim 1, further comprising:

a third P+ region in the second n-well region.

14. The device according to claim 13, wherein the third P+ region is between the second N+

and P+ regions.

15. The device according to claim 14, further comprising:

a third N+ region between the second and third P+ regions.

16. The device according to claim 13, further comprising:

a resistor having first and second resistor terminals; and

a capacitor having first and second capacitor terminals, wherein the third P+ region is
coupled to the first resistor and capacitor terminals, the second resistor terminal is

coupled to the ground rail, and the second capacitor terminal is coupled to the I/O pad.
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13. The device according to claim1, further conprising: a third P+ region
in the second n-well region. 14. The device according to claim 13,
wherein the third P+ region is between the second -hi+ and P+ 15. The
device according to claim 14, further conprisin a third N+ regi on bsecondhe
and third P+ regions. 16. The device according to claim 13, further
conprising: a resistor having first and second resistor tenmnals; and a
capacitor having first and second capacitor term nals, wherein the third
P-1- region is coupled to the first resistor and capacitor termnals, the
second resistor termnal coupled to the ground rail, and the second

capaci t or tl&r mhadévitesaccardipp edcléio 1, véhetelrQhp idst N+ and P1 Fegiohk @rechena first sidec or di ng
to claim1, wherein the firand P+ regions are on a first side of the first
n-wel | r efjiherfirstandelt lgioapaminte secord h-wedgegion issonomseaosiegdnof the fiest ofwdllhe
first n-well region that is opposite the first side. 18. The device
accor di neggton tiedt & opposite Wedirgisidea hol ding current, a trigger current, or a
conbi nati on thereof of the SCRis greater than 100 mllianps (M) during a
| at ch-up event.

18. The device according to claim 1, wherein a holding current, a trigger current, or a

combination thereof of the SCR is greater than 100 milliamps (mA) during a latch-up event.

19. A method comprising:

providing a first n-well region in a substrate for a silicon control rectifier (SCR);

providing a first N+ region and a first P+ region in the substrate on a first side of the first n-
well region;

providing a second n-well on a second side of the first n-well region that is opposite the first
side;

providing a second N+ region in the first n-well region, and a second P+ region in the second
n-well region;

coupling the first N+ and P+ regions to a ground rail, the second N+ region to a power rail,
and the second P+ region to an I/O pad;

providing a holding voltage of the SCR that is greater than a maximum operating voltage of

the SCR during a latch-up event by turning on the power rail.

20. The method according to claim 19, further comprising:
providing a third P+ region between the second N+ and P+ regions;
providing a resistor having first and second resistor terminals;

providing a capacitor having first and second capacitor terminals; and

11



19. A nmethod conprising: providing a first n-well region in a substrate for
a silicon control rectifier (8CR); providing a first N+ region and a first
P+ region in the substrate on a first side of the first ii-well region;
provi ding a second n-well on a second side of the first ti-well region that
is opposite the first side; providing a second N+ region in the first

n-well region, and a second P+ region in the second n-well region; coupling
the first N+ and P+ regions to a ground rail, the second N+ region to a
power rail, and the second P+ region to an 1/0 pad; providing a hol ding
voltage of the SCR that is greater than a maxi mum operating I nge of the SCR
during a | abgliingpheethizad P+bygidrutortha frsoresistoe amplosapacitbaietminal@Qhe SEhendmeditiad
according to claim19, thither conprising: providing a third P+ region

bet ween t he stemtna td\the grodndPraily anditiersscong kapacithr igminal ©3shedi@padnavi ng first and
second resistor termnals; providing a capacitor having first and second
capacitor to termnal to the ground rail, and the second capacitor
termnal to the 1/0O pad.
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