
LATCH UP DETECTION BACKGROUND 100011In integrated circuits (ICs), latch up
may occur in a four layer pnpn stnicthrc. The pnpn structure includes
bipolar transistors. Under abnormal conditions, the bipolar transistors can
be switched on by a trigger stimulus, such as a positive or negative
voltage spike or positive or high negative current-forcing on an input or
output pin or power pad of an IC. If the product Hie ge transistors in the
feedback loop is sufficiently large (c.", bl x b2 is greater than I) to
sustain regeneration, an undesirable current path is created in the pnpn
structure. Large amounts of current may be drawn through the pnpn
structure, resulting in latch up. For example, large amounts of current may
be drawn from the power supply or the I/O pad to ground. Latch up may cause
circuit malfunction and/or irreversible damage to the [00021Conventional
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 nauard ring may surround an
it-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, dis ring to the Il0 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 100041Embodiments 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  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 low resistance path created
between the first d second power rails. The device also includes a latch up
sensing (1.1.1S) circuit coupled to the first circuit. The WS circuit is
configured to receive a LUS input signal from the first circuit and
generates a LOS 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 [00051In
another nbodiment, a method of foitiling a device is disclosed. The method
includes providing a substrate for the device. A first circuit is formed on
the substrate. The first circuit 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. A latch
up sensing (LOS) circuit is formed on the substrate. The LUS circuit is
coupled to the first circuit. The LUS circuit is configured to receive a
LUS input signal from the first circuit and generates a LEIS 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 LOS output signal which createsbreak in the low
resistance path to terminate the latch up event. [0006]In yet another
embodiment, dimethod of forming a device is presented. A substrateis
provided for the device. A first circucd 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 alow resistance path created between
the first and second power rails. The method further includes forming a
latch up sensing (LOS) 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 LOS  circuit is
configured to receive a LUS input signal from the first circuit and
generates a LDS 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 loi .sistance path to terminate the latch up event. 



100071These and other advantages and features of the embodiments herein
disclosed, wil become apparent through reference to the thfowing
description and the accompanying drawings. Furthermore, it is to be
understood that the features of the various embodiments described herein
are not mutually exclusive and can exist in various combinations and
permutations. 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 drawing in which:
[0009]Fig. I shows an embodiment of a device; 100101Figs, 2a-b show
embodiments of a device with latch up detection circuit; and 100111Fig, 3
shows an embodiment of a latch up detection circuit. DETAILED DESCRIPTION
f00121Embodiments 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 froming. The devices,
for example, may be any type of semiconductor devices, such as integrated
circuits ([Cs). 'The R.ls 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, I shows a portion of an embodiment of a device 100. As shown,
the portion     des a plurality of cells 120. In one embodiment, the cells
are inverter cells. The inverter cells, for example, are coupled in
parallel 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
(ground). [00141An inverter cell includes first and second transistors 130
and 140 coupled in series between the power rails. The first transistor is
a p-type metal oxide semiconductor  (MOS) transistor and the second
transistor is a n-type MOS transistor. As such, the inverter is a
complementary MOS (CMOS) structure. A first terminal of the first
transistor is coupled to the first power rail while a second terminal of
the first transistor is coupled to a second terminal of the second
transistor. The first terminal of the second transistor is coupled to the
second power rail. The body of the first transistor is coupled to the first
power rail and the body of the second transistor is coupled to the second
power rail. An input 122 of the inverter is commonly coupled to the gates
of the transistors. An output 124 of the inverter is commonly coupled to
the second terminals of the transistors, 100151The 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 a pnpn-based structure
which may be subjected to latch up. The parasitic Math, as shoincludes a
pair of parasitic bipolar tran ors Q1 and Q2. The first transistor Q1 is a
PNP transistor having a first emitter terminal e; coupled to the first powr
rail and a first collector terminal ci coupled to the second power rail via
a p-well resistor Ri". The second transistor Q2 is a NPN transistor having
a second emitter  a 2 coupled to a first base terminal bi of Q1 and the
first power rail via a n-well resistor Rim., second collector tinninal 02
of Q2 is coupled to the second power rail. A second base terminal b2 of Q2
is coupled between thet collector terminal and RI,.  a trigger stimulus, as
indicated by arrows 112, which creates a latch up condition. The trigger
stimulus may be inadvertently provided at the pads. The trigger stimulus,
for exy be a 



noise spike at the pads. The trigger stimulus produces a low resistance
path (latch up path) formed by the papa junctions between theails, as
indicated by arrow 170. In some embodiments, the trigger stimulus may be
intentionally provided at the pads as part of a latch up testing. A pad,
for example, may be an I/0 pad or a power pad. In the case or an I/O pad,
the latch up test stimulus may be a current injection. For the case of a
power pad, the latch up test stimulus may be over voltage injection.
Providing other types of latch up stimuli may also be useful. [0017]in one
embodiment, the trigger stimulus causes the voltage at the Node 2 to be
below ground, resulting in current flowing through Rp"" (Low) to charge
Node 2. If IRpw is sufficiently large, Q2 switches on. Q2 switches on when
.h.ww causes a voltage drop across It which exceeds the diode threshold
voltage. The diode threshold voltage is about 0.7V (i.e., IR pw 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 02 causes current
to flow through R,", (I"). If the voltage drop across R, is sufficiently
high, Q1 switches on. For example, when the voltage at Node I drops
sufficiently, such as below the diode threshold voltage, the PN junction
between the emitter el and the base ofQl becomes conductive. As such, a low
resistance path is created between the ends of the pnpn stmchire, as
indicated by 170. For example,low resistance path is lbad between the power
rails, creating a latch up condition. [0018]Although, as described, die
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
etnbodirneiits, any  type of pripn-based structure may also be useful.
Furthermore, it is understood that the cells need not be coupled to 1/0
pads. [0019]Fig. 2a shows a portion of an embodiment of a device 200. As
shown, the portion includes a latch up sensing (LOS) circuit 270 coupled to
a cell 120. In one embodiment, the cell is an inverter cell. The inverter
is similar to that described in Fig, I. The elements of the inverter may
not be discussed or discussed in detail. In some embodiments, the cell may
be a NAND or NOR cell. In other embodiments, the cell may be any type of
cells which produce a pnpn structure. 



[0020]The LOS circuit includes a LOS input 272 and a LUS output 274 coupled
to the cell. The LUS input is coupled to the cell to sense a latch up
condition. For example, the LOS input receives an active LOS input simal
from the cell at the LL1S input which indicates a latch up condition. The
latch up condition may be a low resistance path between the power rails 102
and 104. The LOS output is coupled to the cell. The LOS circuit is coupled
to generate an active LOS output signal to terminate the latch up condition
when a latch up condition is sensed by the LOS input. For example, the LUS
output sigial is provided to the inverter circuit to cause an open in thc
latch up path, terminating the latch up condition. When no latch up
condition is sensed, the LOS output signal is an inactive LOS output
signal. The inactive LOS output sigmal does not impact the normal
operations of the cell. 100211In one embodiment, the LOS circuit is coupled
to an inverter. The LDS input is  coupled to the body of the second
transistor 140 to sense a latch up condition. The LOS output 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 p condition is sensed, the
LOS output signal is an inactive LOS output signal. This inactive LOS
output signal does not impact the normal operations of the inverter.
[00221Fig. 2b shows a portion of an embodiment of a device200. As shown,
the portion includes a LUS circuit 270 coupled to a pup structure or
circuit 160. The pnpn structure, for example, may be derived from an
inverter circuit. Providing pnpn strucLires derived from other types of
circuits may also be useful. The papn structure is similar to that
described in Fig. I and the LUS circuit is similar to that described in
Fig. 2a. The elements of the pnpn circuit and LUS circuit may not be
discuss discussed in detail. As shown, the LUS circuit includes a LUS input
272 and a LUS output 274. The LUS input and output are coupled to the pnpn
circuit. In one embodiment, the LUS input is coupled to Node 2 and the
output is coupled to Node 1 of the parasitic circuit. 100231Under normal
conditions (e.g., no latch up condition), Node 2 will always be a logic 0
("ground") signal. This results in Q2 being off or non-conductive. With Q2
being of1 the LUS output signal will be a logic I signal. This will nomal
thnction of the device because Qi will be switched off, preventing the
formation of a low resistance path between the power rails. 100241When
latch up occurs, a low resistance path is created between he power rails,
as indicated by anow 170. This causes Node 2 to be charged up to a logic ,
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 Ql. This terminates the low resistance
path between the power 'ails 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 Ql. 



[00251Fig. 3 shows a portion of another embodiment of a device 300. The
portion shows a UUS circuit 270 coupled to a parasitic circuit 160 of an
inverter. The parasitic circuit is similar  to that described in Fig. 1 and
the LUS circuit is similar to that described in Figs. 2a-b. The elements of
the parasitic and LUS circuits may not be discussed or discussed in detail.
The LUS circuit includes a LUS input 272 and a LUS output 274. The
parasitic circuit is coupled to a pad 110 which may provide a latch up
trigger stimulus, indicated by arrow 112. The trigger stimulus, when
provided at the pad, causes a latch up condition. The trigger stimuli's may
be provided at the pad inadvertently or intentionally. [0026]The LUS
circuit includes first and second transistors 380 and 390 coupled in series
between the first and second power rails. For example, the first and second
transistors are coupled between V00 and V. In one embodiment, the firs'
sistor is a p-type MOS transistor and the second transistor is a ii-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 outpe LUS circuit. A gate terminal 382 of the
first transistor is coupled to a second ten al 396 of the second
transistor.s 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. panUnder normal conditions (e.g., no latch up condition), Node 2
will always be a logic 0 ("gm id") 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 oft 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 I 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 



100281When latch 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
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 second
transistor of the LUS circo switch on. resulting in Node 3 equal to a logic
o signal. A logic 0 signal at the gate of the first transistor of the LUS
circuit causes it to he switched on. This results in theLUS 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 Q 100291As 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 significantFor example, latch up prevention can be
achieved with the latch up detectionlpre which employs two transistors.
Furthumore, 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. [00301The
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 



. ig 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 arc intended to be embraced therein. 100311What is claimed is:   1. A
device comprising:       a first circuit 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;       a
latch up sensing (ills) 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 die input siwild is an active latch up signal which indicates the
presence of a latch ndition, the LUS circuit generates an cove 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 I wherein the first circuit
includes an verter. 
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1.   A device comprising: 

 a first circuit directly coupled to both first and second power rails of the device, the first 

circuit comprises complementary metal oxide semiconductor (CMOS) transistors, 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; 

 a latch up sensing (LUS) circuit, wherein the LUS circuit senses a latch up condition in 

the first circuit and terminates the latch up event when the latch up condition is sensed, the LUS 

circuit and the first circuit are distinct circuits, the LUS circuit is coupled to the first circuit, 

wherein the LUS circuit is configured to receive a LUS input signal at a LUS input from the first 

circuit and generate a LUS output signal at a LUS output to the first circuit, the LUS input signal 

and LUS output signal comprise voltage signals, wherein 

 the LUS circuit includes first and second transistors coupled in between the first 

and second power rails, 

the first transistor is a p-type MOS transistor and includes a first p-transistor 

terminal, a second p-transistor terminal, a p-transistor body, and a p-transistor gate 

terminal, wherein the first p-transistor terminal is coupled to the first power rail, the 

second p-transistor terminal is coupled to the LUS output of the LUS circuit, and the p-

transistor body is coupled to the first p-transistor terminal, 

the second transistor is a n-type MOS transistor and includes a first n-transistor 

terminal, a second n-transistor terminal, a n-transistor body, and a n-transistor gate 

terminal, wherein the first n-transistor terminal is coupled to the second power rail, the 

second n-transistor terminal is coupled to the p-transistor gate terminal, the n-transistor 
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gate terminal is coupled to the LUS input of the LUS circuit, and the n-transistor body is 

coupled to the first n-transistor terminal, and 

when the input signal is an active latch up signal which indicates the presence of 

the 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 pnp parasitic bipolar transistor Q1 having a first collector terminal, a first 

emitter terminal and a first base terminal, and  

a second npn parasitic bipolar transistor Q2 having a second collector terminal, a 

second emitter terminal and a second base terminal. 

 

5.   The device of claim 4 wherein:  

the LUS output is coupled to the first base terminal; and 

the break in the low resistance path is created by switching off Q1. 

 

6.   The device of claim 1 wherein the first power rail is VDD and the second power rail is 

VSS. 
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7.   The device of claim 4 wherein: 

the LUS output is coupled to the first base terminal; and 

the active LUS output signal switches off Q1 to break the low resistance path to terminate 

the latch up event. 

 

8.   The device of claim 7 wherein the LUS input is coupled to the second base terminal of 

Q2. 

 

9.   A method of forming a device comprising: 

 providing a substrate for the device; 

forming a first circuit on the substrate, the first circuit is directly coupled to both first and 

second power rails of the device, the first circuit comprises complementary metal oxide 

semiconductor (CMOS) transistors, 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 on the substrate, wherein the LUS circuit senses 

a latch up condition in the first circuit and terminates the latch up event when the latch up 

condition is sensed, the LUS circuit and the first circuit are distinct circuits, the LUS circuit is 

coupled to the first circuit, wherein the LUS circuit is configured to receive a LUS input signal at 

a LUS input from the first circuit and generates a LUS output signal at a LUS output to the first 

circuit, the LUS input signal and LUS output signal comprise voltage signals, wherein 

forming the LUS circuit includes forming  
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a first p-type transistor comprising a first p-transistor terminal, a second p-

transistor terminal, a p-transistor body, and a p-transistor gate terminal, wherein 

the first p-transistor terminal is coupled to the first power rail, the second p-

transistor terminal is coupled to the LUS output of the LUS circuit, and the p-

transistor body is coupled to the first p-transistor terminal, and 

   a second n-type transistor comprising a first n-transistor terminal,  

a second n-transistor terminal, a n-transistor body, and a n-transistor gate 

terminal, wherein the first n-transistor terminal is coupled to the second power 

rail, the second n-transistor terminal is coupled to the p-transistor gate terminal, 

the n-transistor gate terminal  is coupled to the LUS input of the LUS circuit, and 

the n-transistor body is coupled to the first n-transistor terminal, and 

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. 

 

10.   The method of claim 9 wherein forming the first circuit includes forming a pnpn 

structure on the substrate which comprises: 

a first pnp parasitic bipolar transistor Q1 having a first collector terminal, a first emitter 

terminal and a first base terminal;  

a second npn parasitic bipolar transistor Q2 having a second collector terminal, a second 

emitter terminal and a second base terminal; and 
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wherein the low resistance path is from the first power rail and through the first emitter 

terminal, first base terminal, second collector terminal, second emitter terminal and to the second 

power rail. 

 

11.   The method of claim 10 wherein forming the first circuit comprises forming an inverter 

on the substrate. 

 

12.   The method of claim 10 wherein the active LUS output signal switches off Q1 to break 

the low resistance path to terminate the latch up event. 

 

13.   The method of claim 10 wherein:  

the LUS input is coupled to the second base terminal of Q2; 

the LUS output is coupled to the first base terminal of Q1; and 

the active LUS output signal switches off Q1 to break the low resistance path to terminate 

the latch up event.  

 

14.   The method of claim 9 wherein the first power rail is VDD and the second power rail is 

VSS. 

 

15.   The method of claim 9 wherein:  

the first circuit comprises an inverter which includes a parasitic circuit having 

a first pnp parasitic bipolar transistor Q1 having a first collector terminal, 

a first emitter terminal and a first base terminal, and  



 

13B 
 

a second npn parasitic bipolar transistor Q2 having a second collector 

terminal, a second emitter terminal and a second base terminal; 

the LUS input is coupled to the second base terminal of Q2; 

the LUS output is coupled to the first base terminal of Q1; and 

the active LUS output signal switches off Q1 to break the low resistance path to terminate the 

latch up event.  

 


