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APPARATUSES AND METHOD FOR OVER-VOLTAGE EVENT
PROTECTION

CROSS-REFERENCE

[001] This application claims priority o US. Non-Provisional Application No.
137795425, filed March 12, 2013, which application is incorporated herein by

reference, in is entirety, for any purpose.

TECHNICAL FIELD

[002) Embodiments of the disclosure relate generally 1o integrated circuits, and more
particularly, in ene or more of the illustrated embodunents, to circuitry including a

trigger circuit with an electrostatic discharge protection circuit.

BACKGROUND OF THE DISCLOSURE

{003} Integrated crreuits are counectable to external cirouitry through put nodes,
output nodes, or nputioniput nodes such as bond pads, input pads, inputfoutpal pins,
die termumals, die pads, coutact pads, and so forth. The mtegrated circuitry often
mcludes operational circuitry that inclades circuit components, such as transistors, that
are susceptible to damage caused by over-limit electrical events, for example, voltages

caused by electrostatic discharge (ESD) during bandling, testing and operation of the

=

mtegrated eircnit.  An over-linit electrical event {e.g., an ESD event) that may cause
damage to the circuitty of the integrated circuit unless adeqguately protected. Typically,
the susceptible circult components may be protected from over-limit electrical events
via an ESD protection circuit to prevent damage caused by an over-himit electrical
event. Typically, an ESD protection circuit is associated with one of the above-

mentioned nodes.

[004] ESD protection circuits may include circuitry that provides a conductive path to
a reference voltage such as ground and/or to a voltage supply such as VOO, to Himit or
clamp the voltage (e.g., by discharging or shunting the current) associated with the
over-limit electrical event before operattonal circuitry of the integrated circuit i3
damaged.  Although some circuit components may be capable of luniting some

transient ESD voltage without damaging circuit components, other circuit components
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may be damaged as a result of any ESD voltage. For example, high-speed tnput ov
output circuits (or other specialized circuyt components) may tolerate litle to wo
ransienmt ESD voltage or current.  In other words, some circuits may not be selfs
pratecting.  Also, as semiconductor devices continue to shrink, the circuit components
become more prone to and less tolerant of over-limit efectrical events. And, even if the
cirenit conponents can tolerate a small level of transient ESD voltage or curvent, the
ESD protection circult’s breakdown voliage may be lower than the breakdown voltage
of, for example, the circuit components.  In this case, dedicated ESD circatts may be
added to help clamp the ESD voltage level below the breakdown voliage of the

ransistors.

|005] Some dedicated ESD circuits mclode circuit components that exhibit a "snap-
back" characteristic. Generally, a snap-back characteristic provides a wrigger condition
which, when exceeded, causes the circuit to enter a low-impedance state.  The low-
unpedance state s maintained while the elecirical condition on the node exceeds a
minimmm hold condition {e.g., minimum holding voltage andior current levels).
Examples of conventional circuits having snapback charactenistics include overdriven

metal-oxide-semiconductor (MOS) transistors.

j006] In destaning an adequate protection circuit using a snapback circuit, the trigger
condition must be sufficiently low to provide protection before a breakdown condition
occurs for operational ewrcuitry.  Examples of conventional protection circust {or
operational circuiiry coupled to a negative potential node may include an ESD clamp
formed using large p-type feld-effect transistors {(PFETs).  In this case, for example,
should a large negative voltage (with respect to a reference voltage, such as ground)
from an over-limit electrical event be provided 1o the node, the transient ESD voltages
may be limited and the ESD current may be discharged throngh the large ESD clamp to
ground.  However, the large ESD clamp requires a farge footprint to mmplement. An
ESD voltage protection circpit 18 capable of protecting the operation circuitry, vet

requiring a smatler footprint is desirable.

b
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SUMMARY

[007] Examples of apparatuses are provided.  An example apparates may include a
thyristor coupled to a node and configured to discharge carrent associated with an over-
voltage event at the node. The over-voltage event may include a negative voltage having a
magnitude that exceeds a trigger voltage of the thynstor. The example apparatus may
further inchude a transistor coupled to the thyristor and configured to adjust the magnitude

of the trigger voltage.

008} An example apparatus may include a first well doped with a first dopant type,
and a first region and a second region within the first well doped with a second dopant
type. The example apparatus may further inchude a second well doped with the second
dopant type, the second well within the first well, a third region within the second well
doped with the first dopant type, and a gate. The fust region, the gate, the first well, and the
second region together may form a transistor, and the third region, the second well, the first

well, and the second region together may form a thynistor.

{009} An example apparatus may mclude a cirount coupled t0 a negative input node,
and a protection circait coupled to the negative input vode in parallel with the mput civaut,
The protection circolt may nclude a thyristor and a tansistor. The thyristor may be
configured to discharge a curremt associated with an over-voltage event af the negative
mput node. The over-voltage event may wclude a negative voltage at the negative input
node that is more negative than a trigger voltage of the thyristor. The transistor may be

coupled to the thyristor and configured to adjust the trigger voltage.

616 Example methods are discloses heretn.  An oxample method may inchude
triggering a thyristor to discharge current from a negative input node to a reference node
responsive Lo a voltage differential between the reference node and the negative input node
exceeding a trigger voltage of the thyristor. The example method may further mclode

discharging current to the reference node through the thyristor responsive to tripgering the

thyristor.
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BRIEF DESCRIPTION OF THE DRAWINGS

011} Frg. s a block diagram of an exemplary apparatos tncleding an electrostatic
discharge (ESD} protection cireat according to an embodiment of the present

disclosure;

{012} Fig. 2 is a block diagram of an exemplary apparatus including an ESD

protection circuit according to an embodiment of the present disclosure;

[013] Fig. 3 is a block diagram of an exemplary apparatus incloding an ESD

protection circuit according 1o an embodiment of the present disclosure;

{014} Fig. 4 15 a cross-sectional diagram of an integrated circuit maplementing the

ESD protection cireutt of Fig. 3 according to an embodiment of the disclosure; and

o

{015} Fig. 5 13 a schematic diagram of a memory including an ESD protection circuit

according to an embaodiment of the disclosure,

DETAILED DESCRIPTION
[016] Certain details are set forth below to provide a sufficient wnderstanding of

embodiments of the disclosare. However, it will be clear to one skalled 1 the ant that
embodiments of the disclosure may be practiced without these particular details.
Moreover, the particular embodiments of the present disclosure described heren are
provided by way of example and should not be used to limit the scope of the disclosure
to these particular embodiments,  Tn other instances, well-known circuits, control
signals, tuming protocols, and software operations have not been shown m detald m

order to avoid nnmecessarily obscuring the disclosure.

{017] Fig. 1 illustrates an apparatus imncloding an electrostatic discharge (ESD)
protection civcuit according to an embodiment of the discloswe.  As wsed herein,
examples of apparatuses may include an integrated circuit, a memory device, 4 memory
system, an electronie device or system, a smart phone, a tablet, a computer, a server,

ete. The apparatus 100 may include a protected cirenit 105, and a protection circuit
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115, The protection circeit 115 may be coupled to a pad 110 in parallel with the

protected circuit 105,

j018] The protection circuit 115 may be configured to help protect the protected
circuit 105 from harmful events. For example, the protection cireuit 115 may help
protect electrical components of the protected circuit 105 from being damaged by over-
himit electrical events (such as an over-voltage event), for example, electrostatic
discharge {(ESD), or electrical noise events.  Although over-limit electrical events or
other notse mav come from any source within the mtegrated circudt, it may also come
from an extersal sowrce via the pad 110 or other external node. For example 1f & user,
or & metallic part or any other object touches the pad 114, that contact may induce an
over-hmit electnical event. The protection circuit 115 may help liout {e g, clamp) the
voltage and discharge the current associated with the over-limit electrical or other event
to a reference node 150, In some embodiments, the protection circuit may lmit the
voltage associated with the over-himit electrical or other event by discharging a current
associated with the over-limit electrical or other event to a reference node 150, The

protection cirenit 115 may further help innt (e.g., clamp) the voltage.

|019] The protection cirewit 115 may include a conductive path circuit 120 and a
trigger civcuit 130, The conductive path circuit 120 may provide a current discharge
path between the pad 110 and the reference node 150, The conductive path circut 120
may at least partially discharge an electrical condition by discharging current between
the pad 110 and the reference node 150 responsive to a voltage difference between the

ger voltage of the

=

pad 110 and the reference node 150 exceeding a magnitude of a trig
conductive path cirenit 120, The trigger circuit 130 may be configured to adjust the
trigger voltage of the condactive path circuit 120 based on a value of the control node
140, For example, responsive to the control node 140 having a first value, the ngger
circuit 130 may cause the condactive path circuit 120 to have a first tngger voltage.
Further, responsive to the control node 140 having a second value, the trigger civowt
130 may cause the conductive path ciremst 120 to have a second trigger volltage. In
some embodiments, a voltage of the control node 140 may be modulated such thart the
voltage of the control node 140 has the first value while the apparatus 100 is in an
operational mede, and may have the second value while the apparatus 106 15 in an ESD

3
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mode. In some embodiments, the first value of the control node 140 may be set to a
VOO voltage and the second value of the control node 140 may be a reference voltage,

such as ground.

j020] In some emboduments, the pad 110 may be a negative voltage node while the
apparatus 18 in an operational mode, and the conductive path circuit 120 may be
configured to provide a negative discharge path between the reference node 150 and the
pad 110, The conductive path circuit 120 may include a thyristor (e.g., a sihicon-
controlled rectifier (SCR} configured to, responsive to a magnitude of a voltage
difference between the pad 110 and the reference node 130 exceeding {e.g., 18 more
negative than) the trigger voltage, provide a conductive path between the pad 110 and
the reference node 150, The conductive path may be used to discharge an electrical
current provided to the pad 110 The conductive path circuit 120 may countinue to
discharge the current through the conductive path circuit while 1 a holding condition

¢

{e.g., until a magnitude of a voltage differential between the pad 110 and the refersnce

node 150 is reduced to less than a holding vohiage of the conductive path circuit 120).

021} In some embodiments, the trigger circott 130 may include a p-type FET (PFET)
configured 1o adjust the trigger voltage of the conductive path cirowt 120 based on a
state of the PFET. For example, while the PFET 15 0 a first state, the conductive path
circuit 120 has a first trigger voltage and while the PFET 15 m a second state, the
conductive path circuit 120 has a second trigger voltage. The state of the PFET may be
controlled responsive to a value {e.g., voltage) of the control node 140. The PFET may
be coupled n parallel with the conductive path cicut 120, with a gate of the PFET
coupled to the control node 140, Although Fig. 1 Hustrates the protected circuit 105 i
parallel with the protection circuit 1135, a protection circuit may also be placed in series
with the protected cirenit or even merged with the protected circnit.  In some
embodiments, the conductive path cucuit 120 may include addional cireuitry
configured to discharge electrical currents provided to the pad 110 responsive to a

positive ESD or other noise event.

022} Fig. 2 illustrates an apparatus 200 accovding o an embodiment of the

disclosure. The apparatus 200 includes a protected circuit 105 and a protection circuit

6
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215, The protected cirowt 105 13 sinular to that shown n Figo 1. The protection circnit
213 may be coupled to a pad 210 in parallel with the protected circuit 105, The
protection circwt 215 may include a condactive path circwit 220 coupled in parallel
with a trigger civrcuit 230, The trigger circuit 230 may include a trigger bipolar junction

transistor (BJT) 232 and a trigger transistor 234,

{023] In some embodiments, the trigger circuit 230 mchides the trigger BIT 232
merged with the trigger transistor 234, The wigger BIT 232 15 “merged” with the
trigger transistor 234 in that the body of the trigger transistor 234 shares an n-well with
at least a portion of the tngger BIT 232, as will be described further w Fig 4
Returning to Fig. 2, however, the trigger oiveuit 230 may be visualized as including the
trigger BIT 232 and the tigger transistor 234, The tnigger BIT 232 may be a lateral p-
n-p tvpe BIT, with an emitter and a base coupled to the reference node 1350, and a
collector coupled to the conductive path circwt 220, In some embodiments, the trigger

transistor 234 may be a PFET with a source coupled 1o the reference node 150, a drain

coupled to the conductive path circuit 220, and a gate coupled to the control node 240,

{024} In operation, the protection circuit 215 may help protect the protected cironit
105 by linuting the voltage and discharging at least some current resulting from an
over-timit electrical event {or other noise event) rather than having the protected circut
105 manage that carrent and voltage. For example, the protection circat 215 may be
configured to Hinut the voltage {e.g., by discharging a current) from the reference node
150 1o the pad 210 via the conductive path circuit 220, responsive to a negative {e.g.,

refative 1o g voltage of the reference node 150) voltage provided to the pad 210
exceeding a trigeer voltage. The trigger voltage may be adjusted based on a state of the
trigger transistor 234, The state of the trigger transistor 234 may be controlled based
on a value of the control node 240. For example, the trigger voltage set by the trigger
transistor 234 may be greater when a voltage of the control node 240 exceeds a
threshold voliage of the trigger transistor 234 (e.g., the trigger transistor 234 is in a first
state) than when the voltage of the control node 240 s less than a threshold voltage of
the trigger transistor 234 {(e.g., the trigger transistor 234 i3 in a second state). In some
embodimenis, the tngger transistor 234 may be mn the first state {e.g., the voliage of the
control node 240 i3 greater than the threshold voltage of the trigger transistor 234)

7
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while the apparates 200 s in an operational mode and the trigger transistor 234 may be
in the second state {e.g., the voliage of the control node 244 1s less than the threshold
voltage of the trigger trapsistor 234) while the apparates 200 is in an ESD mode. The
pratection circwit 215 including the wigger circuit 230 having the trigger transistor 234
to adjust the trigger voltage of the conductive path circuit 220 may have a smaller
footprint as compared with conventional ESD protection circuits that include large

PFETs.

{025} Fig. 3 illustrates an apparatus 300 according te an embedunent of the
disclosure. The apparatus 300 inclades a protected cirawt 185 and a protection cwraunt
318, The protected circuit 105 1s similar to that shown in Figs. | and 2. The protection
circuit 315 may be coupled to a pad 310 n paraliel with the protected circant 105, The
protection circuit 315 may include a conductive path circuit 320 coupled in paralle!
with a trigger cirenit 330, The trigger circait 330 may include a trigger transistor 334
and a trigger BJT 332, In some embodiments, the trigger circuit 330 includes the
trigger BIT 332 merged with the trigger transistor 334, In some embodiments, the
trigger BJT 332 may be a lateral p-n-p tvpe BIT, with an emiiter and a base coupled to
the reference node 130, and a collector coupled to the condoctive path circwit 320, In
some embodiments, the trigger transistor 334 may be a PFET with a source coupled to
the reference node 150, a drain coupled to the conductive path circuit 320, and a pate
coupled to the countrol node 340, The protection circnit 315 mayv correspond to the
protection circuit 113 of Fig. 1 and the protection circuit 215 of Fig. 2. The conductive

path circuit 320 may be a negative direction (e.g., from the reference node 130 to the

pad 310) SCR having a trigger voltage controlled by the trigger circuit 330,

(o (o

{026] The comductive path civcuit 320 includes & negative direction SCR coupled
between the pad 310 and a reference node 150, The SCR is represented in Fig 3 as a
first BIT 322 and a second BJT 324, The tirst BIT 322 may be an n-p-n type BIT and
the second BIT 324 mayv be p-u-p type BJT, and as will be described in more detail
below, may share a p-type base~collector region and sharing an n-type collector-base
region, The conductive path circuit 320 may be confipured to Hmit voltage between the
reference node 130 and the pad 310 {e.g., by discharging a current} responsive t0 a

magnitude of voltage differential between the pad 310 and the reference node 150

&
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exceeding {e.g.. being muore negative than} a trigger voltage. The trigger circudt 330
may be configured to adjust the trigger voltage of the conductive path cirenit 320 Fer
example, the trigger voltage of the conductive path circuit 320 based on state of a

trigper transistor 334 of the trigger circait 330.

foe

{027} Although Fig. 3 iflustrates the first BJT 322 and the second BIT 324 as separate
devices, as illustrated in Fig. 4 and discussed below, the first BIT 322 and the second
BIT 324 may vot be separate devices but rather may share doped regions and, thus,
form an n-p-n-p type thyristor, rather than form two distincet BITs. For example, the
base of the first BIT 322 way share the same doped region {e.g., an isolated p-well
ISO-PWELL 460 of Fig. 4} as a collector of the second BIT 324, and a collector of the
first BJT 322 may share the same doped region {e.g., an n~well NWELL 410 of Fig. 4)
as a base of the second BIT 324. Returning to Fig. 3, however, the SCR of the
conductive path circuit 320 may be visualized as including the fivst BIT 322 and the

second BIT 324,

{028} Further, althoagh Fig. 3 illustrates the tigger BIT 332 and the trigger transisior
334 as separate devices, as illustrated in Fig, 4 and discussed below, the trigger BIT
332 and the trigger transistor 334 may not be separate but rather may share doped
regions.  For example, a collector of the trigger BIT 332 may share the same doped
region {e.g., a pt+ region 470 of Fig. 4) as a dramn of the trigger transistor 334, and an
emitter of the trigger BIT 332 may share the same doped region {e.g., a p+ region 472
of Fig. 4) as a source of the trigger transistor 334, Additionally, a base of the tngger
BIT 332 may share the same doped region {e.g, the NWELL 410 of Fig. 4) as a body

of the trigger transistor 334,

{029} In operation, the conductive path circait 320 provides a conductive path
between the reference node 150 and the pad 310 responsive (o a voltage differential
between the pad 310 and the reference node 150 exceading (2.g., being more negative
than) a trigger voltage. As koown, SCRs exhibi a “snapback™ cwrrent-voliage
relationship when triggered. The snapback characteristics of the SCR of the conductive
path circutt 320 are advantageousty used to protect the protected circuit 105, The

trigger transistor 334 of the trigger cireat 330 may be configured to effectively adjust

o
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the rigger voltage for the conductive path circait 320 through gate modulanon. For

example, the control node 340 may have a first voltage. Responsive to the conirol node
340 having the first voltage, the tnigger transistor 334 may be in a fust state
Responsive to the trigger transistor 334 being in the first state, the condoctive path
circuit 320 may have a first trigger voltage. Further, the control node 340 may have a
second voltage. Responsive to the control node 340 having the second voltage, the
trigger transistor 334 may be in a second state. Responsive to the trigger transistor 334
being m the second state, the conductive path cireunit 320 may have a second tnigger
voltage. As a result of the conductive path circuit 320 having either the first wrigger
voltage or the second trigger voliage, the conductive path circwnt 320 may trigger at a
sufficiently low voltage to discharge current resulting from an over-limit electrical
event and to forther clamp a voltage protected ciraut 105 1o a low enough voltage to

prevent the protected curcnit 103 from being damaged by the over-limit electrical event.

{036] Fig. 4 dlustrates a apparatus 301 depicting a cross-section view of the protection
circuit 315 of Fig. 3 according to an embodiment of the disclosure implemented an
isolated p-well ISO-PWELL 460 within an newell NWELL 410, The NWELL 410 15
doped with an n-type dopant and the ISO-PWELL 460 15 doped with a p-type dopant.

-~

j031] As explained above, although Fig. 3 illustrates the first BJT 322 and the second
BT 324 of the conductive path circuit 330 as separate devices, as illustrated m Fig. 4,
the first BIT 322 and the second BIT 324 may not be separate but rather may share
doped regions. Referring to Fig. 4, the first BIT 322 (of Fig. 3} of the conductive path
circunt 320 includes an ot region 464 (e.g.. the emitter) coupled to the pad 310, the
ISO-PWELL 460 (e.g., the base), and the NWELL 410 (e.g.. the collector) coupled to
the reference node 150 via the nt region 480, Further, the second BJT 324 {of Fig. 3)
of the condoctive path circuit 320 includes the ISO-PWELL 460 {e.g., the collector),
the NWELL 410 {e.g., the base), which 1s shared with the base of the trigger BJT 332,
and a pt+ region 470 {e.g., the emutter) coupled to the reference node 150, which is
shared with the collector of the trigger BJT 332, Thus, the conductive path circuit 320
may be a single p-n-p-n device {e.g., a p (p* region 470} - n (NWELL 410) - p (180~
PWELL 460) — n (464} device).

10
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1032} Further, as explained above, although Fig. 3 iflustrates the trigger BIT 332 and
the trigger transistor 334 as separate devices, as illustrated in Fig. 4, the tnigger BIT
332 and the trigger transistor 334 of the trigger circoit 330 may share doped regions.
Referring to Fig. 4, the trigger BJT 332 {of Fig. 3} of the wigger circuit 330 includes the
pt region 470 {g.g., the emitter) coupled to the reference node 150, the NWELL 410
{e.g., the base} coupled to the reference node 150 via the n+ region 480, and the p+
region 472 {e.g., the collector). Further, the wrigger transistor 334 of the trigger civeult
330 inclodes the pt region 470 (e.g., the source}, which is shared with the emitier of

the trigger BIT 332, a gate 474 {e.g., the gate) coupled 1o the contrel node 340, a p+

region 472 {e.g., the dram), which is shared with the collector of the migger BIT 332,

and the NWELL 410 {e.&, the body), which is shared with the base of the trigger BIT
332, Thus, the trigger cirewit 330 may be a single p-n-p device with a gate {eg. ap

{pr+ region 470) - 0 (NWELL 410} - p {(p+ region 472} device with a gate 474, The p+
region 472 may be coupled to the ISO-PWELL 460 via the p+ region 462

{033} In operation, the trigger circuit 330 of the apparatus 301 may be configured to
adjust a trigger voltage of the apparatus 301 based on a voltage of the control node 340.
Responsive to a negative voltage ditferential between the pad 310 and the reference
node 130 exceeding {e.g., being more negative than) the tngger volage {e.g.,
responsive to an over-limit electrical event or other noise event), the conductive path
circpit 320 may provide a conductive path between the reference node 150 and the pad
310, The trigger circuit 330 s configured to adjust a voltage of the ISO-PWELL 460
based on a state of the trigger circuit 330, which adjusts the trigger voltage of the
trigger circuit 330, The state of the trigger eircuit 330 is controlied responsive fo a
voltage of the control nede 340, For example, responsive io the conirol node 340
having a first voltage, the trigger civewt 330 15 m a first state. Based on the trigger
circuit 330 being in the first state, the conductive path cireuit 320 has a first trigger
voltage. Further, responsive to the control node 340 having a second voltage, the
trigger circuit 330 15 in a second state. Based on the trigger circnit 330 being i the
second state, the conductive path circuit 320 has a second tngger voliage. In
embodiment, the first mode is an operational mode and the second mode is ESD

protection mode. In some examples, the first voltage of the control node 340 is greater

11
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than the second voltage of the control node 340, and the first trigger voltage of the
conductive path cirouit 320 is greater than the second frigger voltage of the conductive
path circeit 320, For example, doring an operational mode, a negative operational
voltage {e.x., 0 to -4.]1 volts) is expected at the pad 310, Thus, the trigger voltage
should be lowered to a voltage that is more negative than the expected negative
operational voltage at the pad 310 to avoid interfering with operation of the protected
circuit 105, vet providing protection to the protected circuit 105 from damaging
voltages at the pad 310, Puwther, while in an ESD mode, ittle or no voltage 15 expected
at the pad 310, Thus, the trigger voltage may be set to a value that is less negative than
the trigger voltage used durig the operational mode to prevent the pad 310 from

building a charge.

[034] Fig. 5 iflustrates a portion of & memory 300 according to an embodiment of the
present disclosure. The memory 500 includes an array 502 of memory cells, which
may be, for example, DRAM memory cells, SRAM memory cells, flash memory cells,
phase change memory cells, or some other tvpes of memory cells. The memory 300
mclades a command decoder 306 that receives memory conumands through a command
bus 308 and generates comresponding control signals within the memory 500 to carry
out various memory operations. Row and column address signals are applied to the
memory 500 through an address bus 520 and provided to an address latch 510, The

address latch then outpats a separate colunm address and a separate row address.

{035] The row and column addresses are provided by the address latch 310 10 a row
decoder 522 and a colwmn address decoder 528, respectively.  The column address
decoder 528 selects bit lines extending through the array 502 corresponding to
respective column addresses. The row decoder 522 s connected to word line driver
524 that activates respective rows of memory cells in the array 302 corresponding to
received vow addresses.  The sclected data line {e.g., a bit lne or bit lines)
corresponing to a received column address ave coupled to a readfwrite cirenit 530
provide read data to a data output cirowit 334 via an input-output data bus 540, An
output pad 542 coupled to the data cutput circuit 534 is used for electrically coupling to
the memory 500, Write daia are apphed to the memory array 302 through g data wmput
circuit 544 and the memory array read/write circuitry 3300 An input pad 346 coupled to

12
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the data mnput crrcut 5342 45 psed for electrically coupling to the memory 500, The
command decoder 306 responds to memory commands applhed to the command bas
508 1o perform various operations on the memory array 302, In particular, the
command decoder 500 is used to generate internal controf signals to read data from and

write data to the memory array 502

{036] In some embodiments, the memory 300 may also include a voltage generator
518 configured to recerve a vpegative mput voltage VNEG and to provide an internal
voltage VINTERNAL. The voltage penerator 518 may be coupled to a protection
cirewit 314, such as an SCR. The protection crcuit 514 may help protect cirepitry of
the memory 500 in the event a relatively high VNEG voltage is provided to the voltage
generator, such as from an over-linut elecirical event.  Additionally, as previensly
discussed, the protection circuit 514 may allow for modulating the trigger conditions
for the SCRs included in the protection circuit 514, In some embodiments, the
protection cirenit S14 can be used in power-up sequences for the memory 500, as
previously discussed. That is, while no power is applied to the memory 500, the wrigger
conditions for the protection circuit 514 are relatively low. In contrast, during power
ap, or after power has been applied to the memory 300, the wrigger conditions for the
protection cireuits 514 are modulated to a hugher trigger condition relative to when no

power is applied.

{037} From the foregoing it will be appreciated that, although specific embodiments
of the disclosure have been described herein for purposes of illustration, various
modifications mav be made without deviating from the spint and scope of the
disclosure. For example, the protection civcuit 314 may include the protection circult
115 of Fig 1, the protection circuit 2135 of Fig. 2, the protection circuit 315 of Fig. 3,
the conductive path circuit 320 and the trigger circuit 330 of Fig. 4, or any combination
thereof. However, the protection civeuit 514 1s not limited to having the same design,
and may be of ditferent designs and nclade different circuitry from one another. For
example, m some embodnments the protection cirauit 315 of Fig. 3 may be configured
to protect against a nepative over-limit electrical event, while another protection circuit
mchode circutiry configured to protect against a positive over-limitt electnical event.

Accordingly, the disclosure is not limited except as by the appended claims.
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{038] Vanous tlustrative components, blocks, configurations, modules, circusts, and
steps have been described above generally wm terms of their functionality.  Skilled
artisans may implement the described functionality in varying ways for each particular
application, but such implementation decisions should not be interpreted as causing a

departure from the scope of the present disclosure,

{039] The previous description of the disclosed embodiments is provided to enable a
person skilled 1o the art o make or use the disclosed embodiments.  Vanous
modifications to these embodunents will be readily apparent to those skitled m the art,
and the principles delined berein may be apphied to other embodiments withowt
departing from the scope of the disclosure. Thus, the present disclosure is not intended
to be Himited to the embodiments shown herein but is to be accorded the widest scope

possible consistent with the principles and novel features as previously described.
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CLAIMS

1. An apparatus, comprising:

a thyristor coupled to a node and configured to discharge current associated with an over-
voltage event at the node, wherein the over-voltage event includes a negative voltage having a
magnitude that exceeds a trigger voltage of the thyristor;

a first transistor coupled to the thyristor and configured to adjust the magnitude of the trigger
voltage; and

a second transistor coupled to the first transistor, wherein the second transistor is a lateral BJT
merged with the first transistor and wherein the first transistor and the second transistor share at least

two conductive regions.

2. The apparatus of claim 1, wherein the first transistor is a p-type field effect transistor.

3. The apparatus of claim 2, where in the thyristor comprises a first bi-polar junction transistor
(BJT) coupled to a second BJT, wherein the first BJT is coupled to the node and the second BJT is
coupled to a reference node.

4, The apparatus of claim 3, wherein a drain of the transistor is coupled to a base of the first BJT
that is shared with a collector of the second BJT, and wherein a source of the transistor is coupled to

the reference node.

5. The apparatus of claim 1, wherein the first transistor is configured to adjust the magnitude of

the trigger voltage to a first voltage while in first state and to a second voltage while in a second state.

6. The apparatus of claim 5, wherein the first state is associated with an operational mode, and

wherein the second state is associated with an electrostatic discharge mode.

7. The apparatus of claim 5, wherein the first voltage is greater than the second voltage.

8. The apparatus of claim 1, further comprising a protected circuit coupled to the node in

parallel with the thyristor.

9. The apparatus of claim 1, wherein the over-voltage event is an electrostatic discharge (ESD)

event.
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10. An apparatus, comprising:

a first well doped with a first dopant type;

a first region and a second region within the first well, and the first and second regions doped
with a second dopant type;

a second well doped with the second dopant type, the second well within the first well;

a third region within the second well doped with the first dopant type;

a gate;

wherein the first region, the gate, the first well, and the second region together form a
transistor, and wherein the first region, the first well, and the second region together form a lateral bi-
polar junction transistor, and

wherein the third region, the second well, the first well, and the second region together form a

thyristor.

11. The apparatus of claim 10, wherein the third region, the second well, and the first well
together form a first bi-polar junction transistor (BJT) of the thyristor, and wherein the second well,

the first well, and the second region together form a second BJT of the thyristor.

12. The apparatus of claim 10, wherein the third region is coupled to a node, and wherein the

second well is coupled to the first region.

13. The apparatus of claim 12, wherein the first dopant type is an n-type dopant and the second
dopant type is a p-type dopant, and wherein the thyristor is configured to discharge a current from the

node responsive the node having a negative voltage that is more negative than a trigger voltage.

14. The apparatus of claim 10, wherein the trigger voltage is adjusted based on a state of the
transistor, wherein the transistor is in a first state while a voltage of the gate of the transistor has a first

value and is in a second state while the voltage of the gate of the transistor has a second value.

15. An apparatus, comprising:

a circuit coupled to a negative input node;

a protection circuit coupled to the negative input node in parallel with the input circuit, the
protection circuit including a thyristor, a bipolar junction transistor, and a transistor, the thyristor
configured to discharge a current associated with an over-voltage event at the negative input node,
wherein the over-voltage event includes a negative voltage at the negative input node that is more

negative than a trigger voltage of the thyristor, wherein the transistor is coupled to the thyristor and is
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configured to adjust the trigger voltage, and wherein the bipolar junction transistor is coupled in

parallel with the transistor.

16. The apparatus of claim 15, wherein the transistor is configured to adjust the trigger voltage

based on a voltage at a gate of the transistor.

17. The apparatus of claim 15, wherein, while in a first mode, the transistor is configured to
adjust the trigger voltage to a first voltage, and wherein, while in a second mode, the transistor is

configured to adjust the trigger voltage to a second voltage.

18. The apparatus of claim 15, wherein the first voltage is more negative than the second voltage.

19. The apparatus of claim 15, wherein the transistor is a p-type field effect transistor, wherein

the thyristor is a silicon controlled rectifier sharing a drain of the transistor.

20. A method, comprising:
triggering a thyristor to discharge current from a negative input node to a reference node
responsive to a voltage differential between the reference node and the negative input node exceeding
a trigger voltage of the thyristor wherein the thyristor is triggered with a transistor coupled to the
thyristor and a bipolar junction transistor (BJT) coupled in parallel with the transistor; and
discharging current to the reference node through the triggered thyristor responsive to

triggering the thyristor.

21. The method of claim 20, wherein the transistor comprises a p-type transistor, and claim 20
further comprising:

while in an operational mode, adjusting a trigger voltage to a first value using the p-type
transistor coupled to the thyristor; and

while in an electrostatic discharge (ESD) mode, adjusting a trigger voltage to a second value

using the transistor coupled to the thyristor.
22. The method of claim 21, wherein the thyristor includes a first bi-polar junction transistor and
a second BJT, wherein the transistor is coupled to a base of the first BJT and to a collector of the

second BJT.

23. The method of claim 21, wherein the first value is more negative than the second value.

17



24. The method of claim 21, wherein a voltage at a gate of the transistor is a first gate voltage
while in the operation mode and the voltage at the gate of the transistor is a second gate voltage while

in the ESD mode.

25. The method of claim 21, wherein the BJT is merged with the transistor in an n-well in which

the transistor and the BJT are formed.
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