LATCH UP DETECTI ON BACKGROUND 100011l n integrated circuits (1Cs), latch up
may occur in a four layer pnpn stnicthrc. The pnpn structure includes

bi pol ar transistors. Under abnormal conditions, the bipolar transistors can
be switched on by a trigger stinulus, such as a positive or negative

vol tage spi ke or positive or high negative current-forcing on an input or
out put pin or power pad of an LA&TOH UMBEJFFS&IUKINH e ge transistors in the
feedback loop is sufficiently large (c.", bl x b2 is greater than 1) to
sustain regeneration, an undesiraBECKGRGINDpath is created in the pnpn
structure. Large anounts of current nay be drawn through the pnpn
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ground. Latch up may cause circuit malfunction and/or irreversible damage to the IC.

[0002] Conventional techniques for preventing latch up include reducing well and substrate
resistances to produce lower voltage drops. Reduced substrate resistance may be achieved with
the use of guard rings to surround the wells of the transistors. For example, a heavily doped n-
guard ring may surround an n-well and a heavily doped p-guard ring may surround a p-well.
Well taps are to connect the well to the guard ring, reducing parasitic resistances. The guard ring
have specific latch up design rules which must be met, such as width of the ring, distances of the
ring to the I/O pad well tap lengths. These design rules are relatively large and inflexible. The
inflexibility of large latch up design rules limits the flexibility for designers in the layout of the
IC as well as requiring large chip area to prevent latch up.
[0003] The present disclosure is directed to providing flexible and compact latch up design
rules.

SUMMARY
[0004] Embodiments generally relate to semiconductor devices which include a latch up

detection circuit. In one embodiment, a device is presented. The device includes a first circuit



detection circuit. In one enbodinent, a device is presented. The device
includes a first circuit coupled to first and second power rails of the
device. The first circuit is subject to a latch up evepresence of a latch
up condition. The latch up event includes a | ow resistance path created
between the first d second power rails. The device also includes a |latch up
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creates a break in the loi .sistance path to termnate the latch up event.
output signal to the first circuit. When the input signal is an active latch up signal which
indicates the presence of a latch up condition, the LUS circuit generates an active LUS output
signal which creates a break in the low resistance path to terminate the latch up event.
[0006] In yet another embodiment, a method of forming a device is presented. A substrate is
provided for the device. A first circuit is formed on the substrate. The first circuit is coupled to
first and second power rails of the device. The first circuit is subject to a latch up event in the
presence of a latch up condition. The latch up event includes a low resistance path created
between the first and second power rails. The method further includes forming a latch up

sensing (LUS) circuit coupled to the first circuit on the substrate. The LUS circuit includes first

and second transistors coupled in series between the first and second power rails. The LUS



100071These and ot her advantages and features of the enbodi ments herein

di scl osed, wi|l becone apparent through reference to the thfow ng
description and the acconpanyi ng drawi ngs. Furthernore, it is to be
understood that the features of the various enbodi nents descri bed herein
are not nutually exclusive and can exist in various conbinations and
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embodi ment, the devices include a |atch up detection circuit, The latch up
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BRIEF DESCRIPTION OF THE DRAWINGS
[0008] In the drawings, like reference characters generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. In the following description,
various embodiments of the present invention are described with reference to the following
drawings, in which:
[0009] Fig. 1 shows an embodiment of a device;
[0010] Figs. 2a-b show embodiments of a device with latch up detection circuit; and
[0011] Fig. 3 shows an embodiment of a latch up detection circuit.
DETAILED DESCRIPTION
[0012] Embodiments generally relate to semiconductor devices. In one embodiment, the
devices include a latch up detection circuit. The latch up detection circuit detects latch up and
prevents it from continuing. The devices, for example, may be any type of semiconductor
devices, such as integrated circuits (ICs). The ICs can be incorporated into or used with, for

example, electronic products, computers, cell phones, and personal digital assistants (PDAs).

The devices may also be incorporated into other types of products.



100131Fig, | shows a portion of an enbodi nent of a device 100. As shown,
the portion des a plurality of cells 120. In one enbodinent, the cells
are inverter cells. The inverter cells, for exanple, are coupled in

paral |l el between first and second power rails 102 and 104. The first power
rail may be VDD (operating voltage) and the second power rail may be Vss
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and 140 coupled in series between the power rails. The first transistor is
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power rail. An input 122 of the inverter is commonly coupled to the gates
of t he hetvaeesitbe power raibs. clHaplinst tt@istdr is hp-tiypametaboxide seoienhicior b )ed t o
the second termnals of the transistors, 100151The inverters are forned on
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];sg Ir m; L tyté gfe@%ﬂé&%fitm%&@fst&ﬁlt WY oRfRY il 2o gt @k ideelePRABMIdMBY ESuplaie thd $edbhdS,
terminals of the transistors.
[0015] The inverters are formed on a semiconductor substrate, such as silicon. Other types
of substrates may also be useful. A product of the inverter structure formed on the substrate is a
parasitic circuit 160. The parasitic circuit is a pnpn-based structure which may be subjected to
latch up. The parasitic circuit, as shown, includes a pair of parasitic bipolar transistors Q1 and
Q2. The first transistor Q1 is a PNP transistor having a first emitter terminal e; coupled to the
first power rail and a first collector terminal ¢; coupled to the second power rail via a p-well
resistor Ryy. The second transistor Q2 is a NPN transistor having a second emitter terminal e,
coupled to a first base terminal b; of Q1 and the first power rail via a n-well resistor Rny. A

second collector terminal ¢, of Q2 is coupled to the second power rail. A second base terminal

b, of Q2 is coupled between the first collector terminal and Rpy.



noi se spi ke at the pads. The trigger stinmulus produces a | ow resistance

path (latch up path) formed by the papa junctions between theails, as

i ndi cated by arrow 170. In sone enbodi nents, the trigger stinulus nay be
intentionally provided at the pads as part of a latch up testing. A pad,

for exanple, may be an 1/0 pad or a power pad. In the case or an I/0O pad,
t he | at[0616]p t &at psitiomol g desicebecladespadehto. i Thegeids provideam ihjeeti@asaraffon
power pad, the latch up test stinmulus may be over voltage injection.
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structure, for exanple, may be derived froma NAND or NOR cell. In other
etnbodﬂ?ﬁ@kits, any type of pripn-based structure may al so be useful.
Furthernore, it is understood that the cells need not be coupled to 1/0
pads. [[O@tA] Fi in oreerahiodimery, the tiggen sidduln cavsiss therrotingedt the Nedd 2 éo bobrlows
shown, the portion includes a latch up sensing (LOS) circuit 270 coupled to
a cell gtdfhd, tesulting ireoireght fleing thieighell, (Ixsw)pto dhangeNeale 2 dF [rew Theaufficiestly er
is simlar to that described in Fig, |I. The elenents of the inverter nmay
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0.7V). When the voltage drop between Node 2 and ground exceeds the diode threshold voltage,
for example, 0.7V, Q2 switches on. Switching on Q2 causes current to flow through Ry (Inw)-
If the voltage drop across Ry, is sufficiently high, Q1 switches on. For example, when the
voltage at Node 1 drops sufficiently, such as below the diode threshold voltage, the PN junction
between the emitter €1 and the base of Q1 becomes conductive. As such, a low resistance path is
created between the ends of the pnpn structure, as indicated by 170. For example, a low
resistance path is formed between the power rails, creating a latch up condition.

[0018] Although, as described, the pnpn-based structure is derived from an inverter cell,
other types of cells which produced a pnpn-based structure may also be useful. The pnpn-based

structure, for example, may be derived from a NAND or NOR cell. In other embodiments, any



[ 0020] The LOS circuit includes a LOS input 272 and a LUS out put 274 coupl ed
to the cell. The LUS input is coupled to the cell to sense a latch up
condition. For exanple, the LOS input receives an active LOS input sinal
fromthe cell at the LL1S input which indicates a |atch up condition. The
latch up condition may be a | ow resistance path between the power rails 102
and 104lyreieé phosbangd structive rogupbe be tsefulh dructbeimordHeis@dersiond that thesceoupl ed
to generate an active LOS output signal to termnate the latch up condition
when a heddatot bp cowpield ol [0D pads. sensed by the LOS input. For exanple, the LUS
output sigial is provided to the inverter circuit to cause an open in thc
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the body of the first transistor 130 to interrupt or cause an open in the
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out put signal does not inpact the normal operations of the inverter.

[ 00221 Fpspn sthacti@ws a portion of an enbodi ment of a device200. As shown,
the portion includes a LUS circuit 270 coupled to a pup structure or
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Fig. 2a. The elenents of the pnpn circuit and LUS circuit may not be
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272 and a LUS output 274. The LUS input and output are coupled to the pnpn
ci r cui t conditionn &heritold iprepnditiothmay US ailong utsistance pathl betiveéan thio ew @ raiisi 1 @2hend
output is coupled to Node 1 of the parasitic circuit. 100231Under nor nal
condi ti to#s Tie. IgJS otput Bicolipled tc®Bdell.i Thg LUNQGRUR isdubpledl th@aygerite a abip@ ¢ 0
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as indicated by aﬂow 170. This causes Node 2 to be charged up tg.a |logic ,
si gnal . °PFRdn fsdpich ¥pop W@tlaﬁaﬁ‘clﬁcbélplcﬁfl Homyp Wehegmgy latchpp pndionisoyi ded
to LUS input. The active latch up signal causes the LUS circuit to generate
an act i spasaduthedd{poetpyi Herl is aminastived b ditpratrsignal.hEhainaiting 1LUS ovipupsignal
signal switches QL off, In one enbodinent, the active LUS output signal is
a | ogi adoks sbiginglacwhe abrnsaliopefad@snsodffth€tell. Thi s term nates the | ow resi stance
pat h between the power 'ails 102 and 104, enabling the device to be in a
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is coupled to the body of the first transistor 130 to interrupt or cause an open in the latch up path
when a latch up condition is sensed or detected. This terminates the latch up condition. When
no latch up condition is sensed, the LUS output signal is an inactive LUS output signal. This

inactive LUS output signal does not impact the normal operations of the inverter.



[ 00251Fi g. 3 shows a portion of another enbodi nent of a device 300. The
portion shows a UUS circuit 270 coupled to a parasitic circuit 160 of an
inverter. The parasitic circuit is simlar to that described in Fig. 1 and
the LUS circuit is simlar to that described in Figs. 2a-b. The el enents of
the parasitic and LUS circuits may not be discussed or discussed in detail.
The LUSJ0622]cui Figl. Db kluslesa portibisof aperhbadideanst addvids 200t pustshaw4, thd pertion
parasitic circuit is coupled to a pad 110 which may provide a | atch up
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coupled to the first power rail. The second terminal 386 of the first
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first transistor is coupled to a second ten al 396 of the second

transi shgt 292 bRd FLA owdfid 25ad ThedYU PinptithdSRENN drd doaPRU$6 e pnpn cRbEL.EEY t O

the second power rail A gate term nal 392 of the second transistor is
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circuit. panUnder normal conditions (e.g., no latch up condition), Node 2
will alfREYYCSECHt ogic 0 ("gmid") signal. Node 2 provides the logic O
signal as an inactive latch up signal to the LUS circuit. The logic_ O,
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t he LUSQu@t pighalSiitlitla 10gicl1 ignad ThigivEll hos afietd hornddl ifsndtidn DE druReic@betsise

>

Q1 will be switched off, preventing the formation of a low resistance path between the power
rails.

[0024] When latch up occurs, a low resistance path is created between the power rails, as
indicated by arrow 170. This causes Node 2 to be charged up to a logic 1 signal. The logic 1
signal is an active latch up signal, which is provided to LUS input. The active latch up signal
causes the LUS circuit to generate an active LUS output signal. In one embodiment, the active
LUS output signal switches Q1 off. In one embodiment, the active LUS output signal is a logic
1 signal which switches off Q1. This terminates the low resistance path between the power rails
102 and 104, enabling the device to be in a latch up free condition. As such, the LUS detects a
latch up condition and terminates it. In one embodiment, the latch up condition is terminated or
prevented by the LUS circuit switching off Q1.

[0025] Fig. 3 shows a portion of another embodiment of a device 300. The portion shows a

LUS circuit 270 coupled to a parasitic circuit 160 of an inverter. The parasitic circuit is similar



100281When | atch up occurs, a |low resistance path is created between the
power rails, as indicated by an-ow 170. This causes Node 2 to be charged up
toalogic 1 signal. The logic 1 signal is an active latch up signal which
is provided to LUS input. The active |atch up signal causes the second
transistor of the LUS circo switch on. resulting in Node 3 equal to a logic
0 si gnab.thaddesgibed h Bigghahd thie [tk cigatitels simildneo fhat dé¢sctibahiailigsoRa-bf Thhe LUS
circuit causes it to he switched on. This results in theLUS out put signa

to be adlerd&its YEthk Poraditic RHE LE VARt hRGinet B distiikéedorsiibdusR8sn alf Thé PUS
interrupt the | ow resistance path between the power rails. As such, the LUS

P R L B A e e S S LT

latch up condition 1s termnate

ff 291As described latch up preyention is achi i thout the need
of i nt 1 AYNEITE" iy R St i bRy tneiecdn G £ L # i 1 1y i

| C des i gni ficant For exanple, latch ug prevention can be
y

g%n and space s 1 t

achi evetimlys, whea proyided af heqad ecaupes lgicd upronditienpil By Figagpstimulps mey bes .
Furthunore, the latch up prevention is independent of the gain product of
t he tr anevidedatshe pad inhd defsetiylsr mtensipaadlyng bet ween t he source of the PMOS
and NMOS transistor, further reducing chip area requirenents. [00301The

i nventijoméray ae enisadicad ihdudys Tt a0 €dohtl ¢rahsiEtads 390tdnauno depsed in@ribs om

the spirit or essential characteristics thereof The foregoi ng enbodi nents,

ther ef QfefivedtBe Hifkt BRI séeBRF hARESTi1L. "FeH dkatBRP B R st dnll 4eddndltia N §istoRL HET
coupled between Vpp and Vss. In one embodiment, the first transistor is a p-type MOS transistor
and the second transistor is a n-type MOS transistor. A first terminal 384 and a body of the first
transistor are coupled to the first power rail. The second terminal 386 of the first transistor is
coupled to the output of the LUS circuit. A gate terminal 382 of the first transistor is coupled to
a second terminal 396 of the second transistor. A first terminal 394 and body of the second
transistor is coupled to the second power rail. A gate terminal 392 of the second transistor is
coupled to the input of the LUS circuit. In one embodiment, the LUS input is coupled to Node 2
and the output is coupled to Node 1 of the parasitic circuit.
[0027] Under normal conditions (e.g., no latch up condition), Node 2 will always be a logic 0
(“ground”) signal. Node 2 provides the logic 0 signal as an inactive latch up signal to the LUS
circuit. The logic 0 signal switches the second transistor of the LUS circuit off. With the second
transistor off, Node 3 of the LUS circuit is floated. For example, the voltage at Node 3 may be a
logic 0 or logic 1 voltage. The voltage at Node 3 depends on the previous state. Regardless of
the voltage at Node 3, the LUS output signal will be a logic 1 signal. This is because Q1 is
switched off. With the LUS output signal being at logic 1, Q2 is switched off to prevent the

formation of a low resistance path between the power rails. As such, the normal function of the

device will not be affected.



ig the invention described herein. Scope of the invention is thus
i ndi cated by the appended clains, rather than by the foregoing description,
and all changes that cone within the nmeaning and range of equival ency of
the arc intended to be enbraced therein. 100311What is clained is: 1. A
devi ce conpri si ng: a first circuit coupled to first and second power
rails dh028je d&hendatch bp oféursta lowrresistindepaguisjcemmtedtt@twednahe howgr reNsas i n
the presence of a latch up condition, the latch up event includes a | ow

resi st anditatb@bi abRaA70d THE! WBER NJIR 2ftbrb‘étchaﬂg@d ag EONhgROVSIndlaiThe logic 1 @
llatch up sensing (ills) crrcult coupled to the tfirst circuit, wherein the

LUS Ci rgitlal islaf aCQU Tafli" u% té r@vﬂi fnppt. IRl a(?tlrvg 'ig.té Al
& toﬂ'?% i B,

circuit nd gener at es a Irst circuit,

wh di ut | d |,.wh

when U1 T8 rmrsfqr&tm{tu S ot B e Ul
si gnal which creates a break in the |low resistance path to term nate the

| at ch Bsigiabnd logic Ogignadiai the gatgof ghefingh tangistar oif et ldS eirpwit cassesdhiotbs nel udes

a pnpn structure. 3. The device of claiml wherein the first circuit
i ncl udewitghed/er.t dhis results in the LUS output signal to be an active LUS output signal (logic 1),

which switches Q1 off to interrupt the low resistance path between the power rails. As such, the
LUS detects a latch up condition and terminates it. In one embodiment, the latch up condition is
terminated or prevented by the LUS circuit switching off Q1.

[0029] As described, latch up prevention is achieved without the need of inflexible latch up
and large design rules. This imparts flexibility in IC design and space significant chip area. For
example, latch up prevention can be achieved with the latch up detection/prevention circuit
which employs two transistors. Furthermore, the latch up prevention is independent of the gain
product of the transistors, which depends on spacing between the source of the PMOS and
NMOS transistor, further reducing chip area requirements.

[0030] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the invention described herein. Scope
of the invention is thus indicated by the appended claims, rather than by the foregoing
description, and all changes that come within the meaning and range of equivalency of the
claims are intended to be embraced therein.

[0031] What is claimed is:



4. The device of claim3 wherein the inverter includes a parasitic circuit
having first parasitic bipolar transistor QL and a second parasitic bipolar
transi stor 2. The device of claim4 wherein the break inesistance path is
created by switching off Q. 6.The device of claiml wherein the LUS
circuit includes firstando d transistors coupled in series between the
first and second power rails. The deVAd®ISof claim 6 wherein the first

power rail isD and the second power rail is Vb5, 8. The device of claim®6
wher ei n t he A idesite EoBpgdiggor is a p- type MOS transi stor and the second
transistor is a n-type tranS|stor . ' The device of claim6 wherem

the first tragg @i}c%ﬁ]t doP eH‘?c?ﬁrsft hﬁi(fé &g&g@ﬂs @ﬁpg‘dé\? lixeaii'nlgPQYcu?tqg a gate

term nal, wherel rst.term na ransi stor are
coupled o0 the fi and the se nd ternlnq%F cou :
out put BhieeE el ShiePETR e pigienge e B oo e oina Bt iniBoBe one
transistor includes first and second termnals a

low resistance path created between the first and second power rails;

a latch up sensing (LUS) circuit coupled to the first circuit, wherein the LUS circuit is
configured to receive a LUS input signal from the first circuit and generates a LUS output signal
to the first circuit, wherein
when the input signal is an active latch up signal which indicates the presence of a

latch up condition, the LUS circuit generates an active LUS output signal which creates a

break in the low resistance path to terminate the latch up event.

2. The device of claim 1 wherein the first circuit includes a pnpn structure.
3. The device of claim 1 wherein the first circuit includes an inverter.
4. The device of claim 3 wherein the inverter includes a parasitic circuit having a first

parasitic bipolar transistor Q1 and a second parasitic bipolar transistor Q2.

5. The device of claim 4 wherein the break in the low resistance path is created by
switching off Q1.
6. The device of claim 1 wherein the LUS circuit includes first and second transistors

coupled in series between the first and second power rails.
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body and a gate teimnal, wherein the first term nal and body of the second
transi storcoupled to the second power rail and the second term nal of the
second transistor is coupled to the gate termnal of the first transistor.
11. The device of claim 10 wherein the gate term nal of the second
transistor is cod to an input of the 1.1.1S circuit. 17.A nmethod of form ng
a devi Ce corffiel deivivg of plagw icdivigeia tisafist p@ve rhidis Vheardetie s&ond powengilas f i r st
circuit on the substrate, thecircuit is coupled to first and second power
rails ofgthe device, the first circuit is subject to a latch up event in
the presence of a latch up condition, the latch up event includes a | ow
resi stance path created between the first and second power ails; and

a latch up sensing US) circuit on the substrate, the LUS circuit is coupled
to the first_ciycuit, wherein the LUS circuit, is confjqgured.to receive a
LUS | nfut o iealevEp GRS oryHestin dre Gl Fasipdenar doa v FES S | gna
to the first circuit, w when the input signal is an active latch up
si gnal segfingriranpigios i as-tyieVpPSdeasis®wrof a | atch up condition, the LUS
circuit generates an active LUS output signal which creates a break in the
| ow resistance path to termnate the |atch up event. 13. The nethod of
claim12 wherein formng the first circuit includes formng a pnpn

struct yre omHeRvRYBSEIaRh 6. wherein the first transistor includes first and second terminals, a

body and a gate terminal, wherein the first terminal and body of the first transistor are coupled to

the first power rail and the second terminal is coupled to an output of the LUS circuit.

10. The device of claim 9 wherein the second transistor includes first and second terminals, a
body and a gate terminal, wherein the first terminal and body of the second transistor are coupled
to the second power rail and the second terminal of the second transistor is coupled to the gate

terminal of the first transistor.

11. The device of claim 10 wherein the gate terminal of the second transistor is coupled to an

input of the LUS circuit.

12. A method of forming a device comprising:

providing a substrate for the device;

forming a first circuit on the substrate, the first circuit is coupled to first and second
power rails of the device, the first circuit is subject to a latch up event in the presence of a latch
up condition, the latch up event includes a low resistance path created between the first and

second power rails; and

11



14. The method of claim 12 Wierein formng the first circuit includes
formng an inverter on the substrate. The nmet hod of claim 14 wherein
the inverter eludes a parasitic circuit having a first parasitic bipolar
transistor Q@ and a second parasitic bipolar transistor . 16. The et hod
of claim 15 wherein the break in the |ow resistance path is created by

swi t chi ng offbrifidng a 1dtéh upkensigt (LdiB)aircait ah thel@byee,eha S Saircaitiis couple wale s
formng first and second transistors coupled in series between the first

and seqppdrpewelit, ek thk8, U9 8irdRE RREnRiured & ftdive ME/SEhPutlsighaf fromithponer
rail is VDO and the second power rail iS second transistor 1s a n-type MOS

transi . i 1. NQ.: i 1 shng: providing a
subst rgtirg{?l%:rﬁﬂtaﬁ%Eg%%iﬁgse?idsoéﬂﬁ%}%a ﬁtg\ﬁé‘gﬁfsgg éfl’ ?J(}:IE%EH on the substrate,
the first circuit js coupled tq.first. and second p r.rails of the deyice,
the first ci roui i@ BepiPuCiiend) iton dtivk g B eigpal Pichindiiates SRpresfiondt & ch
up condition, the latch up event includes a | ow resistance path created
bet ween t he lpichgp capditiendbnbUSawirsrit gangrates amactvedid heutau sgnsh whishgsasndgsiig
(LUScircuit coupled to the first circuit on the substra

break in the low resistance path to terminate the latch up event.

13.  The method of claim 12 wherein forming the first circuit includes forming a pnpn

structure on the substrate.

14.  The method of claim 12 wherein forming the first circuit includes forming an inverter on
the substrate.
15.  The method of claim 14 wherein the inverter includes a parasitic circuit having a first

parasitic bipolar transistor Q1 and a second parasitic bipolar transistor Q2.

16.  The method of claim 15 wherein the break in the low resistance path is created by

switching off Q1.

17.  The method of claim 12 wherein forming the LUS circuit includes forming first and

second transistors coupled in series between the first and second power rails.

18. The method of claim 17 wherein the first power rail is Vpp and the second power rail is

Vss.
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LUS circuit includes first and second transistors coupled in series between
the first and second power rails, wherein the LUS circuit is configured to
receive a LUS input signal fromthe first circuit and generates a LUS

out put signal to the first circuit, wherein When the input signal is
an active latch up signal which indicates the presence of a latch up

condi til®n, tTie théfBod of duin 1Pehereat the fast teansistoe isld jStypetNIOS tsngivtk amditheh
creates a break in the low resistance path to termnate the latch up event.

second transistor is a n-type MOS transistor.

20. A method of forming a device comprising:

providing a substrate for the device;

forming a first circuit on the substrate, the first circuit is coupled to first and second
power rails of the device, the first circuit is subject to a latch up event in the presence of a latch
up condition, the latch up event includes a low resistance path created between the first and
second power rails; and

forming a latch up sensing (LUS) circuit coupled to the first circuit on the substrate, the
LUS circuit includes first and second transistors coupled in series between the first and second
power rails, wherein the LUS circuit is configured to receive a LUS input signal from the first
circuit and generates a LUS output signal to the first circuit, wherein

when the input signal is an active latch up signal which indicates the presence of a
latch up condition, the LUS circuit generates an active LUS output signal which creates a

break in the low resistance path to terminate the latch up event.
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