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SILICON-CONTROLLED RECTIFIER AND
AN ESD CLAMP CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional application under
35 U.S.C. 120 of U.S. application Ser. No. 14/793,598, filed
on Jul. 7, 2015 and entitled SILICON-CONTROLLED
RECTIFIER AND AN ESD CLAMP CIRCUIT, now
allowed, the entire contents of which are hereby incorpo-
rated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention generally relates to silicon-
controlled rectifiers (SCRs), and more particularly to SCRs
with increased holding voltage and to polysilicon resistance
triggered stack SCRs.

[0004] 2. Description of Related Art

[0005] A silicon-controlled rectifier (SCR) is a solid state
current controlling device and a bidirectional device adopted
as an electrostatic discharge (ESD) device. FIG. 1 shows a
current-voltage curve of a typical SCR concerning ESD in
an integrated circuit (IC). In general, a trigger voltage should
be less than a safe voltage V., which assures no break-
down to an oxide layer in electrostatic discharge. On the
other hand, a holding voltage should be higher than maxi-
mum rated device voltage V ..., Which assures no latch-up
to a normally operated device.

[0006] Some schemes have been proposed to increase the
holding voltage in order to prevent latch-up. However, those
schemes may incur current crowding and decrease the
current value at the second breakdown, thereby sacrificing
ESD capability. Moreover, those schemes may disadvanta-
geously increase the trigger voltage.

[0007] When the conventional SCRs are connected in
series, the holding voltage and the trigger voltage become
proportional to the amount of the SCRs. A scheme has been
proposed by using a guard ring. However, the trigger voltage
may increase to some extent when the amount of the
connected SCRs increases.

[0008] A need has thus arisen to propose a novel scheme
to overcome the disadvantages of the conventional SCRs.

SUMMARY OF THE INVENTION

[0009] In view of the foregoing, it is an object of the
embodiment of the present invention to provide a novel
structure of a silicon-controlled rectifier (SCR) with sub-
stantially increased holding voltage. One embodiment pro-
vides polysilicon resistance triggered stack SCRs without
increasing the trigger voltage.

[0010] According to one embodiment, a silicon-controlled
rectifier (SCR) includes a first-type field, a second-type first
field, a second-type second field, an entire first-type doped
region, a segmented second-type doped region and a seg-
mented first-type doped region. The first-type field, the
second-type first field and the second-type second field are
formed in a first-type well, and are disconnected. The entire
first-type doped region is formed within the first-type field;
the segmented second-type doped region is formed within
the second-type first field; and the segmented first-type
doped region is formed within the second-type second field.
Ion dose of the entire first-type doped region is greater than
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ion dose of the first-type field, ion dose of which is further
greater than ion dose of first-type well. Ion dose of the
segmented second-type doped region is greater than ion dose
of the second-type first field, ion dose of which is further
greater than ion dose of the first-type well. Ion dose of the
segmented first-type doped region is greater than ion dose of
the second-type second field, ion dose of which is further
greater than ion dose of the first-type well.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 shows a current-voltage curve of a typical
silicon-controlled rectifier (SCR);

[0012] FIG. 2A shows a top view of an SCR according to
a first embodiment of the present invention;

[0013] FIG. 2B shows a cross-sectional view of the SCR
of FIG. 2A along a section line 2B-2B";

[0014] FIG. 2C shows a cross-sectional view of the SCR
of FIG. 2A along a section line 2C-2C";

[0015] FIGS. 3, 4A, 4B and 5 show top views of an SCR
according to alternative embodiments of the present inven-
tion;

[0016] FIG. 6A shows a top view of an SCR according to
a second embodiment of the present invention;

[0017] FIG. 6B shows a cross-sectional view of the SCR
of FIG. 6A along a section line 6B-6B";

[0018] FIG. 6C shows a cross-sectional view of the SCR
of FIG. 6A along a section line 6C-6C";

[0019] FIG. 7 shows a cross-sectional view of polysilicon
resistance triggered stack SCRs;

[0020] FIG. 8 shows an embodiment alternative to FIG. 7,
[0021] FIG. 9 shows an ESD clamp circuit implemented
by stacking two SCRs according to one embodiment of the
present invention;

[0022] FIG. 10 shows an ESD clamp circuit implemented
by stacking three SCRs according to one embodiment of the
present invention; and

[0023] FIG. 11 shows an ESD clamp circuit implemented
by stacking four SCRs according, to one embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0024] FIG. 2A shows a top view of a silicon-controlled
rectifier (SCR) 200 according to a first embodiment of the
present invention, FIG. 2B shows a cross-sectional view of
the SCR 200 of FIG. 2A along a section line 2B-2B', and
FIG. 2C shows a cross-sectional view of the SCR 200 of
FIG. 2A along a section line 2C-2C".

[0025] The SCR 200 of the embodiment includes at least
a unit cell 200A. As shown in FIG. 2A, the SCR 200 may
include an additional unit cell 200B that mirrors the unit cell
200A. The following description refers to the unit cell 200A
while description of the additional unit cell 200B is omitted
for brevity.

[0026] In the embodiment, a first-type well 21, for
example, a p-type well is provided. A first-type field 22F, a
second-type first field 23F and a second-type second field
24F are formed in the first-type well 21. In the embodiment
as exemplified in FIG. 2A/2B/2C, the first-type refers to
p-type, and the second-type refers to n-type. The first-type
field 22F, the second-type first field 23F and the second-type
second field 24F are disposed in sequence latitudinally.
Moreover, the first-type field 22F, the second-type first field
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23F and the second-type second field 24F are disconnected.
A polysilicon gate (“poly gate” for short) 26A is further
formed on the first-type well 21, and is disposed between the
second-type first field 23F and the second-type second field
24F.

[0027] Still referring to FIG. 2A/2B/2C, an entire (or
non-segmented) first-type doped (e.g., P+) region 22D is
formed within the first-type field 22F, a segmented second-
type doped (N+) region 23D is formed within the second-
type first field 23F, and a segmented first-type doped (e.g.,
P+) region 24D is formed within the second-type second
field 24F. An entire second-type doped (e.g., N+) region 24E
is formed within the second-type second field 24F. In one
exemplary embodiment, the entire second-type doped region
24E is disposed between the segmented second-type doped
region 23D and the segmented first-type doped region 24D,
and is connected with the segmented first-type doped region
24D. In another exemplary embodiment as shown in FIG. 3,
the segmented first-type doped region 24D is disposed
between the segmented second-type doped region 23D and
the entire second-type doped region 24E.

[0028] According to one aspect of the embodiment, ion
dose of the entire first-type doped region 22D is greater than
ion dose of the first-type field 22F, ion dose of which is
greater than ion dose of the first-type well 21. Similarly, ion
dose of the segmented second-type doped (N+) region 23D
is greater than ion dose of the second-type first field 23F, ion
dose of which is greater than ion dose of the first-type well
21. Similarly, ion dose of the segmented first-type doped
region 24D is greater than ion dose of the second-type
second field 24F, ion dose of which is greater than ion dose
of the first-type well 21. Similarly, ion dose of the entire
second-type doped region 24FE is greater than ion dose of the
second-type second field 24F, ion dose of which is greater
than ion dose of the first-type well 21.

[0029] In the embodiment, the term “segmented” means
that the doped region, for example, the segmented second-
type doped region 23D, is composed of a plurality of doped
sub-regions that are disposed longitudinally and are sepa-
rated from each other. In one exemplary embodiment, the
doped sub-regions are separated by other sub-regions with
ion dose of the second-type first field 23F. In another
exemplary embodiment, the doped sub-regions are separated
by lightly-doped sub-regions doped with same type as
shown in FIG. 4A. For example, ion dose of the lightly-
doped sub-region N- is less than ion dose of the segmented
second-type doped (N+) region 23D, but is greater than ion
dose of the second-type first field 23F. In a further exemplary
embodiment, the doped sub-regions are separated by other
doped sub-regions doped with opposite type as shown in
FIG. 4B. In this example, if the first-type doped sub-regions
of the segmented first-type doped region 24D are separated
by other second-type doped sub-regions, the entire second-
type doped region 24E may be omitted and replaced with
isolation region 25, as shown in FIG. 5. In a further
exemplary embodiment in between, some of the doped
sub-regions are separated by other sub-regions with ion dose
of the second-type first field 23F, while the other of the
doped sub-regions are separated by other doped sub-regions
doped with opposite type.

[0030] FIG. 6A shows a top view of a silicon-controlled
rectifier (SCR) 600 according to a second embodiment of the
present invention, FIG. 6B shows a cross-sectional view of
the SCR 600 of FIG. 6A along a section line 6B-6B', and
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FIG. 6C shows a cross-sectional view of the SCR 600 of
FIG. 6A along a section line 6C-6C".

[0031] The second embodiment is similar to the first
embodiment with the exception that the poly gate 26A is
replaced with a shallow trench isolation (STI) 26B disposed
in the first-type well 21. Compared with the first embodi-
ment, the holding voltage and the trigger voltage in the
second embodiment are reduced a little.

[0032] According to the embodiments presented above,
the maximum electric field and the maximum current den-
sity may be separated due to the use of the variety of fields
22F, 23F and 24F, thereby decreasing joule heat caused by
current crowding effect. Therefore, the current value at the
second breakdown may be maintained even N+ or P+ area
is less than the conventional SCR, therefore substantially
increasing the holding voltage.

[0033] FIG. 7 shows a cross-sectional view of polysilicon
resistance triggered stack SCRs composed of multiple (two
in this example) SCRs 200 of the first embodiment con-
nected in series. Although two SCRs are exemplified in FIG.
7, it is appreciated that more SCRs may be connected in the
same manner. As shown in FIG. 7, a polysilicon region 71
is connected between a cathode of a first SCR 701 and an
anode of a second SCR 702, and is utilized to trigger the
second SCR 702. The trigger voltage may be adjusted
according to resistance value of the polysilicon region 71,
such that the holding voltage may be proportional to the
amount of the SCRs without increasing the trigger voltage.
It is noted that the polysilicon region 71 is an element that
is specifically manufactured in the SCR, rather than parasitic
resistance due to or possessed by conventional guard rings.
[0034] FIG. 8 shows an embodiment alternative to FIG. 7.
Specifically, an additional first-type doped region 81 may be
further formed and adjacent to the poly gate 26A, and be
overlapped with the second-type second field 24F and the
first-type well 21 in order to accelerate triggering.

[0035] A silicon-controlled rectifier (SCR) may be
adopted as an electrostatic discharge (ESD) device con-
nected the input/output pad to V,,/V . terminal or function
as the ESD power clamp between V,, and V. terminals of
an integrated circuit (IC). In order to accelerate the trigger
of the SCR, a trigger voltage (V,) of the SCR should be as
low as possible. Upon conduction, the resistance of the SCR
changes from high to low, and a voltage across the SCR
becomes low. In order to prevent latch-up between V, to
Vs, a holding voltage (V,,) of the SCR should be as high as
possible. Accordingly, the distance between the trigger volt-
age and the holding voltage (i.e., V,-V,), commonly called
the ESD design window (FIG. 1), should be as low as
possible.

[0036] FIG. 9 shows an ESD clamp circuit 900 imple-
mented by stacking two SCRs, that is, a first SCR (SCR 1)
and a second SCR (SCR 2). The ESD clamp circuit 900 also
includes a shunt resistor (R, in this example) associated and
connected in parallel with the second SCR. In practice, the
first SCR should satisfy a basic requirement that Vz,>1.
2Vyp (Vgp is a breakdown voltage and V,,, is power
supply) such that low leakage can be maintained in a normal
operation (i.e., non-ESD event). Suitable SCRs for such
basic requirement are lateral SCR (LSCR), modified lateral
SCR (MLSCR), and low-voltage triggering SCR
(LVTSCR). Details of such SCRs may be referred to “Elec-
trostatic Discharge Protection Circuits in CMOS IC’s Using
the Lateral SCR Devices: An Overview,” entitled to Ming-
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Dou Ker, Electronics, Circuits and Systems, 1998 IEEE, the
disclosure of which is incorporated herein by reference.

[0037] To ensure that the second SCR can be triggered
immediately after the conduction of the first SCR, a second
SCR with low trigger voltage should be utilized. Suitable
SCRs with low trigger voltage are MLSCR and LVTSCR.

[0038] Upon conduction of the first SCR, a current will
flow through the shunt resistor R, associated the second
SCR. As a voltage across the shunt resistor R, becomes
higher than the trigger voltage (V, scz») of the second SCR,
the second SCR is thus conducted and the resistance of the
SCR changes from high to low. Accordingly, the current will
now almost flow through the second SCR.

[0039] In a case that a trigger voltage (V, g, ) of the first
SCR is higher than a sum of a holding voltage (V;, cz;) of
the first SCR and a trigger voltage (V, scz») of the second
SCR, that is, V, gcr1 >V}, ser1+Vescrs, an overall trigger
voltage of the entire ESD clamp circuit 900 is equal to the
trigger voltage (V, gcz,) of the first SCR. As a result, the
overall trigger voltage of the stack SCRs composed of the
first SCR and the second SCR will not exceed the trigger
voltage of any composing SCR.

[0040] Inan adverse case that a trigger voltage (V, 5oz, ) of
the first SCR is lower than a sum of a holding voltage
(Vi.scry) of the first SCR and a trigger voltage (V, goz.) of
the second SCR, thatis, V, sz <V}, scr1+Vsscra» an overall
trigger voltage of the entire ESD clamp circuit 900 is
approximately equal to a sum of the holding voltage (V,,
scr1) of the first SCR and a trigger voltage (V, scz») of the
second SCR, that is, V), scr1+V, scro-

[0041] FIG. 10 shows an ESD clamp circuit 1000 imple-
mented by stacking three SCRs, that is, a first SCR (SCR 1),
a second SCR (SCR 2) and a third SCR (SCR 3). The ESD
clamp circuit 1000 also includes a shunt resistor R, associ-
ated and connected in parallel with the second SCR, and a
shunt resistor R; associated and connected in parallel with
the third SCR. In this embodiment of the present invention,
the shunt resistor R, is larger than the shunt resistor R;. In
practice, the first SCR should satisfy a basic requirement that
Vzr>1.2V,, such that low leakage can be maintained in a
normal operation (i.e., non-ESD event).

[0042] To ensure that the second SCR and the third SCR
can be triggered in turn immediately after the conduction of
the first SCR, a second SCR and a third SCR with low
trigger voltage should be utilized. Suitable SCRs with low
trigger voltage are MLSCR and LVTSCR.

[0043] Upon conduction of the first SCR, a voltage
approximately of a difference of a trigger voltage (V, scr;)
of the first SCR and a holding voltage (V,, s¢z;) of the first
SCR, that is, V, ger1=V), scris 18 across the second SCR
(provided that R,>>R;). When this voltage becomes higher
than the trigger voltage (V, g,) of the second SCR, the
second SCR is thus conducted and the resistance of the
second SCR changes from high to low.

[0044] Upon conduction of the first SCR and the second
SCR, a voltage approximately of V=V, ¢or =V}, soro 18
across the third SCR. When this voltage becomes higher
than the trigger voltage (V, oz, ) of the third SCR, the third
SCR is thus conducted and the resistance of the third SCR
changes from high to low. An overall trigger voltage of the
entire ESD clamp circuit 1000 may be approximately equal
to a sum of a holding voltage (V,, scz;) of the first SCR, a
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holding voltage (Vh,SCRz) of the second SCR, and a trigger
voltage (Vt,SCR3) of the third SCR, that is, Viseri+Viscrat
Vt,SCR3'

[0045] FIG. 11 shows an ESD clamp circuit 1100 imple-
mented by stacking four SCRs, that is, a first SCR (SCR 1),
a second SCR (SCR 2), a third SCR (SCR 3) and a fourth
SCR (SCR 4). The ESD clamp circuit 1100 also includes a
shunt resistor R, associated and connected in parallel with
the second SCR, a shunt resistor R; associated and con-
nected in parallel with the third SCR, and a shunt resistor R,
associated and connected in parallel with the fourth SCR. In
this embodiment of the present invention, the relation of
those shunt resistors is R,>R;+R,, and R;>R,,. In practice,
the first SCR should satisty a basic requirement that V,>1.
2V ,p such that low leakage can be maintained in a normal
operation (i.e., non-ESD event).

[0046] To ensure that the second SCR, the third SCR and
the fourth SCR can be triggered in turn immediately after the
conduction of the first SCR, a second SCR, a third SCR and
a fourth SCR with low trigger voltage should be utilized.
Suitable SCRs with low trigger voltage are MLSCR and
LVTSCR.

[0047] Upon conduction of the first SCR, a voltage
approximately of a difference of a trigger voltage (V, scr:1)
of the first SCR and a holding voltage (V), scz,) of the first
SCR, that is, V,gcz1—V, scr1> 15 across the second SCR
(provided that R,>>R,+R,). When this voltage becomes
higher than the trigger voltage (V, scz») of the second SCR,
the second SCR is thus conducted and the resistance of the
second SCR changes from high to low.

[0048] Upon conduction of the first SCR and the second
SCR, provided that R;>R,, when a voltage across the third
SCR becomes higher than the trigger voltage (V, g.z3) of the
third SCR, the third SCR is thus conducted and the resis-
tance of the third SCR changes from high to low.

[0049] Upon conduction of the first SCR, the second SCR
and the third SCR, a voltage approximately of V, —V}, gor1 -
Vi.scr2= V. scra 18 across the fourth SCR. When this voltage
becomes higher than the trigger voltage (V,gcz4) of the
fourth SCR, the fourth SCR is thus conducted and the
resistance of the fourth SCR changes from high to low. An
overall trigger voltage of the entire ESD clamp circuit 1100
may be approximately equal to a sum of a holding voltage
(Vi,scry) of the first SCR, a holding voltage (V, scz.) of the
second SCR, a holding voltage (V), scz3) of the third SCR
and a trigger voltage (V, gcg4) of the fourth SCR, that is,
Viscri+Viscrot Vi scra+Y scra-

[0050] Generally speaking, an ESD clamp circuit may
include n stacking SCRs, in a sequence from a first SCR to
an n-th SCR. It is appreciated that the composing SCRs of
the ESD clamp circuit may be the SCRs described in FIGS.
2A-6C, or may be other SCRs. The ESD clamp circuit also
includes (n-1) shunt resistors, being associated and in
parallel with (n-1) SCRs, respectively, in a sequence from
the second to the n-th SCR.

[0051] To ensure that the n SCRs can be properly triggered
in turn, in a sequence from the first SCR to the n-th SCR,
resistances of the (n-1) shunt resistors monotonically
decrease from a shunt resistor associated with the second
SCR to a shunt resistor associated with the n-th SCR.
[0052] To be more specific, resistance of a shunt resistor
with a given sequence number should preferably be greater
than sum of resistances of shunt resistors with sequence
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numbers higher than the given sequence number. For
example, regarding the ESD clamp circuit shown in FIG. 11,
R,>R +R,,.
[0053] Although specific embodiments have been illus-
trated and described, it will be appreciated by those skilled
in the art that various modifications may be made without
departing from the scope of the present invention, which is
intended to be limited solely by the appended claims.
What is claimed is:
1. An electrostatic discharge (ESD) clamp circuit, com-
prising:
n stacking SCRs in a sequence from a first SCR to an n-th
SCR; and

(n-1) shunt resistors, being associated and in parallel with
(n-1) SCRs, respectively, in a sequence from the
second to the n-th SCR;

wherein resistances of the (n-1) shunt resistors mono-

tonically decrease from a shunt resistor associated with
the second SCR to a shunt resistor associated with the
n-th SCR.

2. The circuit of claim 1, wherein resistance of a shunt
resistor with a given sequence number should preferably be
greater than sum of resistances of shunt resistors with
sequence numbers higher than the given sequence number.

3. The circuit of claim 1, wherein the n stacking SCRs
comprise lateral SCR (LSCR), modified lateral SCR
(MLSCR), or low-voltage triggering SCR (LVTSCR).

4. The circuit of claim 1, wherein the second SCR to the
n-th SCR comprise MLSCR or LVTSCR.

#* #* #* #* #*
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