
LATCH-UP ROBUST SCR-BASED DEVICES TECHNICAL FIELD  100011The present
disclosure relates to silicon control rectifier (SCR) devices. The present
disclosure is particularly applicable to SCR-based electrostatic discharge
(ESD) protection devices. BACKGROUND 100021FIG. 1 schematically illustrates
a traditional SCR-based ESD protection device. As shown, the device in FIG.
I includes substrate 101 with p-well region 103 and n-well re.gion 105, and
shallow 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-l- 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 ILO 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, 100031FIG. 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 holding voltage (Vh)
(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., Vti 10 V for logic process), a low trigger current
(e.g.,mA), and a low holding voltage (e.g., VI, - 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 holding
voltage (V1) of the SCR, such an approach consumes substantially more
device/chip area than necessary, resulting in the need for larger
device/chip size. 100041A need therefore exists for an efficient latch-up
robust SCR-based device, and enabling methodology. SUFc4MARY [00051An
aspect of the present disclosure is a method for nplementing a latch-up
robust SCR-based device. [00061Another aspect of the present di.sclosure 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. 100081According 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 Elwell 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. 



[00091Another aspect includes providing a holding voltage of the SCR that
is greater than a maximum operating voltage of the SCR during 21 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 v resistor having st 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. 109101Further aspins include:
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.
Some aspects include providing a holding current, a trigger current, or a
combination thereof of the SCR that is greater than 100 mitliamps (Ink)
during a latch-up event. 100111An additional aspect of the present
disclosure is a device including; a first N-1- region and a first Pf 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 a second P-1- region in the second n-well region, wherein the first N+
and P+ regions are coupled to a ground rail, the second N+ region is
coupled to a power rail, and the second P+ region is coupled to an I/O pad.
[00121Another aspect includes a device having a holding voltage that is
greater than a maximum operating voltage of the device during a latch-up
event, Additional aspects include the holding voltage of the device being
provided by the power rail being turned on. Sonic aspects include a device
having a third P.+ region in the second n-well region. Certain aspects
include a device having the third P+ region be between the second N+ and
P-i-- regions. Various aspects include a device having a third N+ region
between the second and third P+ regions. Other aspects include a device
having: a resistor with first and second resistor tertninals; and a
capacitor with 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. [00131Further aspects include a device
having the first N+ and P-F 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. 



100141Another 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-  region,well and a second + 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. 100151Further aspects include: 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 temiinals; 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. [00161Additional aspects
and technical effects of the present disclosure will become readily
apparent to those skilled in the art from the following detailed
description wherein embodiments of the present disclosure are described
simply by way of illustration of the best mode contemplated to carry out
the present disclosure"As will be realized, 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  [00171The present disclosure is illustrated by
way of example, and not by way of lim in the figures of the accompanying
drawing and it i which like reference numerals refer to similar elements
and in vibich: 



100181FIG. I 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;
100201EiGs. 3A and 38 schematically illustrate concepts to overcome
latch-up issues; 100211Hes. 4A and 48 schematically illustrate latch-up
robust SCR-based devices, in accordance with exemplary embodiments of the
present disclosure; and 100221FIGs. 5A and 511 schematically illustrate
characteristics of latch-up robust SCR-based devices, in accordance with
exemplary embodiments of the present disclosure.  DETAILED DESCRIPTION
100231In the following description, for the purposes of explanation,
numerous specific details are set forth in order to provide a thorough
understanding of exemplary embodiments. It should be apparent, however,
that exemplary embodiments may be practiced without these specific details
or with an equivalent arrangement. In other instances, well-known
structures and devices are shown in block diagram fotm in order to avoid
unnecessarily obscuring exemplary embodiments. In addition, unless
otherwise indicated, all numbers expressing quantities, ratios, and
numerical properties of ingredients, reaction conditions, and so forth used
in the specification and claims are to be understood as being modified in
all instances by the term "about." 



[00241The 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 Pm region in a substrate for
a SCR; providing first and second it-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 around rail, the second N+
region to a power rail, and the second P+ region to an I/O pad. 100251FIGs.
3A and 313 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 ON of an SCR is greater than the maximum
operating voltage (max. V0p) (e.g., diagram 301 of FIG. 3A). Moreover,
latch-up issues may be overcome by setting the trigger current (It) or the
holding current (ih) of the SCR to be greater than 100 mA (e.g., diagram
303 of FIG. 38), 100261FIGs. 4A and 48 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 PH- 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 ST1 regions (e.g., su 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 NI+ region 409 that is coupled to power rail 421. As such, power
rail 421 and N+  region 409 may be utilized to set a high holding voltage
(Vh) for the SCR-based structur      cc, during static latch-up testing or
transient ESD-induced latch-up testing. P+ region 401 and N+ region 407 may
be coupled to ground rail 423, and P-1- region 405 may be coupled to I/O
pad 425, similar to corresponding components in conventional SCR-based
structures. 100271Moreover, the structure in FIG. 4A includes an additional
P-F region 403 to reduce the 



trigger voltage (VO of the SCR-based structure during an ESD event.
Furthermore, a sensing approach may be utilized to further reduce the
trigger voltage (Vi). For example, 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
another end of capacitor 429 to I/O pad 425. Furthermore, N+ region 411 may
be removed from the SCR-based structures of FIG. 4A and 4B to reduce their
size, for example, to free up chip area for other components. [00281FIGs.
5A and 513 schematically illustrate characteristics of latch-up robust
SCR-based devices, in accordance with exemplary embodiments of the present
disclosure. For example, FIG. 5A illustrates transmission-line pulse (T12)
characteristics of a latch-up robust SCR-based device under PAD to VSS ESD
testing conditions where the maximum operating voltage (max. V"p) of the
SCR-based device is 3.6 V. Diagram 501, for instance, includes curve 503 to
represent the holding voltage (Vh) of the SCR-based device when VDD (e.g.,
power rail 421) is floating, curve 505 to represent the holding voltage
(VE,) 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 (Vh) when VDD is floating
(e.g., curve 503). Nonetheless, as a result of a low trigger voltage (e.g.,
Vt1 93 V), the latch-up robust SCR-based device may still provide adequate
protection. However, when .VDD is biased to 33 V (e.g., VIM) 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 (Vh) is significantly greater than the maximum
operating voltage (max. V0p)).  PAMMoreover, FIG. 513 illustrates direct
current (pc) characteristics of latch-up robust SCR-based devices with VDD
biasing conditions where the maximum operating voltages of the SCR-based
devices are 3.6 V. In this scenario, 100 int! is forced into the PAD node
(e.g., I/O pad 425) to produce measurements under static latch-up testing
conditions. As shown, in diagram 531, both SCR-based devices (e.g., DIE #1
and DIE #2 represented by curves 533 and 535) will snapback to holding
voltages of 6 V, which is greater than the maximum voltages of 3.6 V.
Therefore, as discussed, there will be no latch-up issues when the holding
voltage (Vh) of each SCR-based device is greater than its maximum operating
voltage (max. \Tap) of 3.6 V. 



PMThe embodiments of the present disclosure can achieve several technical
effects, including latch-up robustness for SCR-based devices with minimal
impact on device size and chip area. Embodiments of the present disclosure
enjoy utility in various industrial applications as, for example,
microprocessors, smart phones, mobile phones, cellular handsets, set-top
boxes, DVD recorders and players, automotive navigation, printers and
peripherals, networking and telecom equipment, gaming systems, digital
cameras, or any other devices utilizing logic or high-voltage technology
nodes. The present disclosure therefore enjoys industrial applicability in
any of various types of highly integrated semiconductor devices, including
devices that use ESD protection devices to pass ESD/latch-up standards
specifications (e.g., liquid crystal display (LCD) drivers, synchronous
random access memories (SRAM), One Time Programming (OTP), and power
management products). 10031fIn 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.  WHAT IS CLAIMED IS: I. A method
comprising: providing a first N+ region and a first P+ region in a
substrate for a silicon control rectifier (SCR); providing first and second
n-well regions in the substrate proximate theand P-3- regions; providing a
second N+ region in the first n-well region, and a second P4- region in the
second n-well region; and coupling the first N+ and P+ regions to a ground
rail,the econd N+ region to a power rail, and the second P+ region to an kV
pad. 



2. The method according to claim I, 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 Pregion 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.   6. The method according to claim 5,
further comprising: providing a third N-iionbetween the second and third P+
regions.  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 1/0 pad.  8. The method according to claim 1, further comprising: 



providing the first N-1- and Er regions on a first side of the firsveil
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  a second P+
region in the second n-well region, wherein the first N-i- and P+ regions
are coupled to a ground rail, the second N+ region is coupled to a power
rail and the second P+ region is coupled to an I/0 pad.     11. The device
according to claimwherein a holding voltage of the device is greater than a
maximum operaung 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 -hi+ and P+  15. The
device according to claim 14, further comprisin a third N+ region bsecondhe
and third P+ regions.     16. The device according to claim 13, further
comprising: a resistor having first and second resistor tenminals; and a
capacitor having first and second capacitor terminals, wherein the third
P-I- region is coupled to the first resistor and capacitor terminals, the
second resistor terminal coupled to the ground rail, and the second
capacitor terminal is coupled to the I/O pad.      17. The device according
to claim 1, wherein the firand P+ regions are on a first side of the first
n-well region, and the second n-well region is on a second side of the
first n-well region that is opposite the first side.     18. The device
according to claim I, 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 (8CR); providing a first N+ region and a first
P+ region in the substrate on a first side of the first ii-well region;
providing 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 holding
voltage of the SCR that is greater than a maximum operating Inge of the SCR
during a latch-up event by turning on the power rail.  20. The method
according to claim 19, thither 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 to  terminal to the ground rail, and the second capacitor
terminal to the I/O pad. 


