
;e3e<j6T%1 V  ELECTROSTATIC DISCHARGE PROTECTION SILICON CONTROLLED
RECTIFIER (ESD~SCR) FOR SILICON GERMANIUM TECHNOLOGIES CRASS REFERENCE TO
RELATED APPLICATION [0001] This patent application claims the benefit of
U.S. Provisional Application, serial number 601318,e0, filed September 1'i,
20"f, and U.S. Application) Serial number 1 G1238,699, filed September 10,
2002 the contents of which are incorporated by reference herein. FIELD OF
THE INVENTION [000] This invention generally relates to the field of
electrostatic discharge (ESD) protection circuitry, and mare specifically,
silicon controlled rectifier (SCR) structures useful In ESD protection
circuitry. BACKGROUND OF THE INVENTION [0003] Technologies utilizing high
frequency signals, such as the mobile telephone and other wireless devices,
are currently incorporating silicon germanium (SIGe) Into the Integrated
circuits (ICs). The silicon germanium technology gives the chip
manufacturers the ability to satisfy the analog/RF design requirements)
such as transistor speed, while maintaining a high transistor current gain.
The introduction of a Site layer aver a silicon layer (e.g.) N-epltaxlal
layer) forms a heterojunction therebetween. Accordingly) a heterajunction
bipolar transistor (HET) may be farmed and integrated with functional
circuitry, e.g., Complimentary metal oxide semiconductor (CMOS) circuitry,
on a chip. That is, the HETs are used as functional RF circuitry, where the
SIGe layer allows for producing high-speed transistors, which may be used
for RF applicatlons. [0004] Semiconductor devices) such as IC's having the
Site HBT transistors are sensitive to the high voltages that may be
generated by contact with an ESD event. As such, electrostatic discharge
(ESD) protection circuitry is essential for Integrated circuits. An ESD
event commonly results from the discharge of aa high voltage potential
(typically, several kilovolts) and leads to pulses of high currant (several
amperes) of a short duration (typically, 100 nanoseconds).    



~oaa~~ Recent studies have Shawn that functional hetero]unction bipolar
transistors also have same intrinsic ESD protection capabilities. Far
example, In one publication, it was shown that a functional HBT, without
any additional ESD protection circuitry, was found to have measurable
intrinsic ESD protection characteristics, as between two transistor
terminals {e.g., base-collector, baseemitter, and the like). For a detailed
understanding of one such study, the reader is directed to the publlcaticn
entitled "Electrostatic Discharge Characterization of Epitaxlal-Base
Silicon-Germanium Heterojunction Bipolar Transistors" by S. Voldman et al.,
Electrical C~verstresslElectroatatic discharge Symposium Proceedings 2000,
EOS-22, pp.239-250, IEEE Catalog No. 00'TH847B, ISBN-1-S8537-0'1$-5. [0006j
However, the intrinsic ESC protection capabilities of a functional
heterojunctian bipolar transistor are limited, such that ESD protection
(voltage damping and current capability) for the functional circuitry may
not be adequately provided. Far example, an emitter base junction can
handle only very limited ESD current until a destructive failure occurs.
One reason is that the ESD stress current has to flow from the base contact
to the active base emitter junction. Therefore, the current wilt flow In
the extremely thin (e.g., 50 nanometers) layer of the SIGs that Is
connecting the base contact to the active firansistor region. Th(s leads to
an early failure, as well as a slgntflcant,valtage build-up at the device
terminals) which makes the device unpractical for any ESD application, far
example) of protecting RF receiver Inputs where the base of the HgT is
connected to the input terminal while the emitter Is grounded. ~OOO7j An
additional reason for such low current ESD failures may also be ~ttrlbuted
to the long and narrow base poly-crystall(ne silicon connections that
became necessary in practical RF transistor layout. Along these base
polycrystalline silicon connections, resist$nce Is Increases, while the
voltage drops during END, which Is not permissible. Therefore) there is a
need in the art far improved ESD protection devices in semiconductor
technologies utilizing silicon-germanium technologies. 2   SUMMA1~Y CF
INVENTItyN [0008] The disadvantages heretofore associated with the prior
art are overcome by the present invention of an electrostatic disoY~arge
(ESd) protection device having a silicon controlled rectifier (SCR) for
protecting circuitry of an integrated circuit (IC). The SCR comprises a
vertical NPN transistor and a latet~l PNP transistor. (0009] In one
embodiment, an N-doped (e.g., lightly doped or N-epttaxial) layer Is
disposed over a substrate and a first p doped region disposed aver the
N-epit$xlal layer. A first N+ doped region Is disposed aver the P-doped
region and coupled to ground. The first N+ doped region, first P-doped
region, and Nepltaxlal layer form the vertical NPN transistor of the SCR,
where the first N+ doped region forms the cathode of the SCR. [0t)14] A
second P doped region Is coupled to a protected pad. The second P doped
region forms an anode of the SCR, and is disposed over the Nepltaxial layer
and laterally positioned with respect to the first P doped region arid
electrically isolated from the first P doped region. The second P duped
region) N-epltaxial layer, and first P doped region form the lateral PNP
transistor of the SCR. A triggering device may be coupled to a gate of the
SCR. Far example, an external on-chip triggering device may be coupled to
the gate of the SCR, where the triggering device resides on the same IC,
but the triggering device does not share any components with the SCR.
Alternatively, an integrated triggering device may be coupled to the gate
of the SCI, where the triggering device resides on the same IC, as well as
>aha~res at least one component with the SCR. L0011] In one embodiment, the
first P-doped region is fabricated from a silicon-germanium (Site) lattice.
As such, the vertical NPN translator Is a heterojurtction bipolar
transistor (HBT), which has low junction capacitance between the base (SIGs
layer) and the collector (N-epl Si). An SCR incorporating a vertical HBT of
the present invention is suitable for protecting circuitry opere~ttng under
high frequency appltcatlons) such as clrcuftry in wireless devices.  



BRIEF aESCRIPTII~N OF THE DRAWINGS (0p121 FIGS. 1A and 1B depict schematic
diagram embodiments of an ~Ci~ ESC protection device of the present
invention; j0013 FIG. 2 depicts a cross-sectional view of a first
embodiment of the BCR E5D protection device of FIGS. 1A and 1 B; j0014]
FIG_ 3 depicts a top view of a second embodiment of the SCI ESD protection
davits of FIGS. 1 A and 1 B; j0015] FIG. 4 depicts a cross-sectional view
of a third embodiment of the SGI'i ESa protection device of F1GS. 1A and 1
B; j0a16~ FIGS. 5A and 5B depict crass-sectional views of a first
embodiment of a trigger device of the present invention; [001 T] FIG. 6
depicts a cross,seGtional view of a second embodiment of a trigger device
of the present invention; j001$] FIG. 7 depicts a arose-sectional view of a
third embodiment of a trigger device of tire present Invention; [0019]
FIGS. 8A-~C depict schematic diagram embodiments of the trigger devices
Illustrated in FIGS. ~ end 7; and j0020] FIG. 9 depicts a schematic diagram
of the SCR E8D protection device of FIG. 1 B coupled to a shunt diode.
j002'l] Ta facilitate understanding, Identical reference numerals have been
used, where possible, to designate identical elements that are common to
the figures. pETAILED DESCRIPTION G1F THE INVENrICaN j0022] The process
steps and structures described below do not form a complete process flow
far manufacturing integrated ciroults (ICs). Rather, since the present
Invention can be practiced In conJunctlon with integrated circuit
fabrication techrtlques currently used in the art, a portion of the
commonly practiced process steps Is included as ryecessary to assist in
understanding of the present Invention. The figures repre$entlng
cross-sections and layouts of portions of an IC during fabrication are not
drawn to scale, but instead are drawn to illustrate the various features of
the Invention. Furthermoro) where possible, the figures Illustratively
include a schematic diagram of the circuitry 



4   (e.g., an SCR circuit) as related to the P and N-type doped regions of
the integrated circuit. [0023] FIGS. 1A and 1B depict schematic diagram
embodiments of an SCR ESD protection device 102 of the present invention.
Each of the embodiments In schematic diagrams A and B illustratively
depicts a portion of an integrated circuit (IC) 100 having protected
circuitry (functional circuitry) 10"I , and an SCR ESD protection device
102 coupled to a pad 9 04 c~f the protected Circuitry 101, Although a
single pad 104 and SCR ESD protection device 102 is illustr$tively shown in
the schematic drawings, one skilled in the art will appreciate that
additional ESD protection devices 102 may ae coupled to other pads (e.g.)
IICI pads) 904 for the functional circuitry 101 of the IC 100, as required.
[0024] The ESD protection device 102 comprises a SCR 103 coupled between
the pad 104 and ground 11Z, with an external on-chip triggering device 105
coupled to the SCR 103, The triggering device 105 and SCR 103 together
serve as an electrostatic discharge pratectton device 142 for the circuitry
(Le_, functional circuitry) 101 of an Integrated circuit (IC) 9 00. (n
particular, the SCR 103, in conjunction with the triggering device 105,
protects the I~ circuitry 101 from, electrostatic discharges (ESD) that may
occur 2~t the pad 104 of the IC circuitry 101. When fumed on, the SCR 103
functions as a shunt to redirect any ESD currents from the pad 104, through
an anode 122 and cathode 124 of the SCR 103, to ground 112. The trigger
device 105 turns on) that Is triggers" the SCR 103, to quickly dissipate
such over-voltage ESD condition. [0025] It is noted that the configuration
of the SCR 103, with regard to the pad 104., ground 112, and the protected
circuitry 101 Is the same for both embodiments shown In FIGS. 1A and 9 B.
Only the coupling of the tr(ggering device 105 to the SCR 103 differs
between the schematic diagrams of FIGS. 9A and 1 ~. [0026] Referring to the
exemplary schematic diagram of FIG. 9 A) the SCR protection device 902
includes a PNP translator CAP 132 and an NPN transistor CtN 131.
Specifically, an anode 122 of the SCR 103 is connected to the pad 104 and
optionally to a first side of a resistor RN 142. The resistor RN 142 Is
used to suppress unintended triggering at low currents. Additionally) the
anode 122 is coupled to an emitter 9 08 of the PNf~ transistor QP 9 32,
which is parallel 5   to the shunt resistor RN 142. Cptlanally) a number of
serial diodes Ds {not shown) may be coupled between the anode 122 and the
emitter 108 of the PNP transistor GlP 132. The serially connected diodes DS
{typically 1-4 diodes) are optionally provided to increase the holding
voltage of the SCR 103 as may be required to fulfill latch-up
specifications. (0Q27) A first node 134 Includes the base of the PNP
transistor QP 132) the other side of the resistor RN 142, and the collector
of a NPN transistor QN 131. Additionally, the collector of the PNP
transistor c~P 132 Is connected to the bane of the NPN transistor ClN 131,
as well as to one side of a resistor RP 141, which forms a second node 136.
The other side of resistor Ftp 941 is connected to a third node 124, which
is coupled to ground 112. The resistor Rp 141 Is used to suppress
unintended triggering at law currents, such as leakage currents.
Furthermore, the emitter of the NPN transistor CAN 131 is also connected to
the grounded third node 124 and functions as a cathode of the SCR 103. 



[0028l These skilled In the art will appreciate that the resistors 141 and
142 can control the total resistance to ground 11 Z, and thus control
triggering and holding current of the SCR 103. Furthermore, any leakage
currents from the trigger device 105 are shunted to ground 112 via the path
through this resistor 141. [0026 The triggering device 105 in the schematic
diagram of FIG. 1A is an external on-chip trigger device 105 that 1s
coupled between the first node 134 and ground 112. Specifically, the
trigger device 105 is coupled to the base of the PNP transistor CiP 132,
which is commonly designated as a second gate G2 of the SCR 103. In an
alternate embodiment shown In F10.1 B) the triggering device 105 is coupled
between the pad 104 and the second node 136. Specifically, the trigger
device 105 is coupled to the base of the NPN transistor QP 131, which Is
commonly designated as a first gate C~1 of the SCR 103. in either
embodiment, the trigger device '165 is considered "external" to the SCR 1
a3) since the trigger device 1 d5 does riot have any structural components
that sre integrated (i.e., shared by) the structural components of the SCR
103. A further aspect of the invention is to provide SCR triggering via
various embodiments of external on-chip triggering diodes utilizing a HST
structure, as discussed with regard to FIGS. 5~9. It is noted that the
triggering of the SCR Is 6   also possible by using internal trigger
mechanisms such e,s the breakdown of the junction formed between the N-
epltaxial layer and the first p-doped (p-base) region, as iflWStrated below
in FIG. 2. (11030] Varicus.embodiment$ depicting the structure and dapirtg
materials of the SCR are shown and discussed with regard to FIGS. 2-4. For
example, one inventive feature of the SCR of the present Invention is the
structural formation comprising a lateral bipolar transistor and a vertical
bipolar transistor to farm the SCR 103. Another Inventive aspect of the
Invention pertains to the utilization of silicon germanium (SIGs)
technologies in the SCR 103 to form a vertical heteraJunctlan bipolar
transistor (HBT). [0d3"1] FIG. 2 depicts a cross-sectional view of a first
embodiment of a SCR ESD protection device of FIGS. 1 A and 1 B_ The
illustrative schematic diagram in FIG. 2 represents the components of the
SCR 103, which correspond to the schematic diagram embodiments in FIGS. 1 A
and 1 B. That Is, FIG. 2 Is illustrated and discussed as a SCR farmed by a
lateral bipolar translator and a vertical bipolar twanststar. tt is noted
that the trigger devices 1G5 are not depicted an the crass-sectional view
of FIG. 2. (0032 In particular, the lateral bipolar transistor 1s formed by
the PNP transistor 4P 13Z, while the vertical bipolar transistor Is farmed
by the NP'N transistor QN 131. The SCR protection device 103 comprises a
stack of doped layers that include a P-type substrate 203, a buried N-Japed
layer (hereinafter referred to as a `buried layer N-type" (BLN)) 205, a
N-doped layer (e.g., a lightly Japed ar N-epltaxlal layer) 208, and at
least one N+ sinker region 205. The SGR ESD protection device also
comprises a first P doped region 214, at least one second P doped region 21
Z) a first N+ Japed poly silicon region 216, at least one second N+ Japed
region 210. (0033] On the silicon ~'-substrate 203, is farmed the heavily
N~iaped (e.g., 2x9 0'9 $tc~mslcm'~) and thus hlghty conductive HLN 205. The
lightly N-doped layer 20$ {e.g.) 9 0~8 to 10~~ atomslcm'~, and hereinafter
illustratively termed Nepitaxlal" layer 208) is formed over the BLN 205.
Lateral Isolation of the Nepltaxlal layer 203 is provided by s ring of deep
trench isolation (bTl) 29 9. That Is) a deep trench is etched around the
active device region and filled with an isolating oxide, such as silicon
dioxide (SiOZ), among others. 7  



[0034y Deep highly N,doped regions (Le., N+ sinker regions) 20G and 2082
(collectively N+ sinker regions 2Q8) are formed proximate the aTl 219 by
Implanting N-type dopants having a doping concentration of about 10'e
atamslcm~. As such, the lightly N-doped layer ZO$ is farmed over the BLN
205 and between the N~slnker regions 206. The N+ sinker regions 206 are
used to form an ohmic connection from N+ diffusion regions 210 down to the
~LN 205. [n035] Shallow trench isolation (STI) 21 B is used to separate
regions that are designated for formation (e.g.) implantationldiffuslon) of
the high-doped reglona (e.g., second N+ and P+ doped regions 210, 212,) as
illustrated In FIC. 2. In particular, shallow trenches are etched tn
specific areas, and an insulator material (e_g_, silicon dioxide (Si02) and
the like) is deposited in the shallow trenches. The regions 210 and 212 may
also be separated by other techniques known in the art that are beneficial
to the SCR operation) as described in commonly assigned US patent
application Serial Na. lpI0Q7,833, filed November 5, 2001, which Is hereby
lnaarparated by reference in Its entirety. [f1D36] As Illustratively shown
in FIG. 2, the SCR 103 Is preferably formed symmetrically) such that the
cathode 124 is substantially centered between the two P+ regions 212 and
2122 forming the anode 122, where each p+ anode region 122 is on opposing
sides of the cathode 124. The symmetry Is preferably provided as a
technique to save real estate on tt~e IC '100, and thus provide a mare
compact implementation and less area overhead, instead of Just providing a
single large P+ region 212 to serve as the anode 122. Further, the symmetry
allows for more efficient geometric layouts that promote Increased current
how. [013T1 It is noted that N+ and P+ implant and annealing steps are
conducted following the STI region formations to form the high-doped N+ and
P+ regions 210 and 212, respectively. The implantations are provided
through separate photo masks for the N+ and P+ to allow the dopants to
penetrate only into the dedicated regions of the IC 100. Referring to FIG.
4) the areas surrounding the cathode region$ 216) first gate regions 226,
anode regions 212, and second gate raglans 210 are shown as being covered
by the insulative STI material during the processing. 8   [0038l During
Implantation, the second N+ regions (N+ diffusion regions) 210 and 210z
(collectively second N+ regions 210) are provided over each Nsinker region
206, which form the second gate G2 134. Additionally, the seGOnd P+ region
(P+ diffusion region) 212 and 212z (collectively second P+ regions 212) are
provided over the N-epl layer 208 to form the anode 122. As shown in FIG.
2, the STI 218 separates and electrically isolates the second N+ regions
210 from the second P+ regions 212, as well as the second P+ regions 212
fr~am the first P+ region 214. 0039J The vertical NPN transistor QN 939 Is
formed by the first P doped raglan 214 formed aver the N-epl layer 208 and
the first N+ poly silicon region 216 fom~ed over the first P doped region
214. In particular, the first N+ poly siliran region (N+ emitter) 296 and
the first F~ doped raglan 2'14, respectively form the emitter and base of
the vertical NPN translator (~N 131. Furthermore, the N-epl layer 208,
N-sinker regiorys 2Q6, and BLN 205 together form the callevtar of the
vertical NPN transistor (~N 139 . The first N+ poly silicon raglan
(emitter) 216, as Its name Implies, Is typically a N+ doped poly silicon
material that also forms the cathode 124 of the SCR 103. [00401 FIG. 3
depicts a tap view of a second embodiment of the SCR ESp protection device
of FIGS. 1A and 1B. FIG. 3 illustrates one embodiment of many possible
layouts of the SCR components to conserve real estate on the IG 100 and
enhance performance by minimizing the SCR transistor base widths. Many
aspects shown in FIG. 3 may be applied to the embodiments depicted in FIGS.
2 and 4 herein. Far example, the cathode 124 is formed by a plurality of
the first N+ poly silicon regions (e.g.) 216 through 21 f3, collectively N+
regions 216), which are linearly interspersed aver the first P doped region
214. Furthermore, the trigger gate G9 formed by the P+ poly silicon raglans
228 are interspersed and aligned with the plurality of second N+ poly
silicon raglans 216 over the first P doped region 214. [Q04~f ] Sirnilarly,
the anode 122 may be fomled by a plurality of the second P+ poly silicon
regions (not shown), which are Anearly Interspersed over the Nepl layer
2Q8. Moreover, the trigger gate G2) which Is formed by the second N+ doped
region 210, may also comprise a plurallfiy of second N+ doped regions 9   



(not shown) that are interspersed and aligned with the plurality of second
P+ poly silicon regions over the N-epi layer 208. [0U42] Referring to FIG.
2, the lateral PNP transistor CAP 132 is formed by at least one second P+
doped region (e.g., 2121 and 2122, collectively 2'12), the Nepi region 208
collectively with the BLN 205, and the f rat P doped region 214. The second
P* doped region 212, the N-ep1 region 20S collectively with the r~LN 2C15,
and the first P doped region 214 respectively form the emitter, base, and
collector of the lateral PNp transistor QP 132. The second P+ doped region
212 is typically a P+ doped poly silicon material, however, In an
alternative embodiment, the second P+ doped reg(on 2i2 is fabricated from a
P+ duped Site material, as discussed below in further detail. It Is noted
that the first P doped region 214 serves dual functions as forming the
collector of the lateral PNP translator GiP 132, as well as the base of the
vertical NPN transistor t~N 131. Likewise, the N-epi layer 20$ and the BLN
205 collectively serve dual functions as farming the collector of the
vertical NPN transistor QN 131, as well as the base for the lateral PNP
transistor QP 132. [0043J The first gate ~1 130 is formed by at leant one
P+ base poly silicon region 228, which is respectively disposed over first
P doped region 214. In the embodiment shown in FIG. 2 and 3, the first gate
136111ustrattveiy comprises a plurality of P+ base poly regions (e.g.,
regit~ns 226 and 2262) located on opposing sides of the first N+ cathode
poly silicon region Z'10. [0044] For example, referring to FIG. 3, the
fiirst gate regions 228 and 22G are respectively disposed proximate and
between each of the plurality of first N+ emitter poly silicon regions 210.
That is) the first gate regions 226y and 220 are respectively disposed
between 'the first N+ emitter regions 210 and 2962, as well as between the
first N~- emitter poly silicon regions 2162 and 2163. Providing multiple,
Interspersed first gate regions 226 in line with the N+ emitterlcathode
poly silicon regions 216 allows the anode regions (i.e.) second P+ doped
regions 212) to be placed closer to the cathode such that the lateral
dlmens~lons LN may be reduced for faster tum-on of the St~R 103, as
discussed below )n further detail with regard to FI~. 2. [OQ45~ Insulative
regions 224 and 2242 (e.g., silicon dioxide {5102)) Isolate the first N+
emitter poly silicon region 216 from the P+ base poly silicon regions 10
220 of the first gate 136. In particular, the insulative regions 2241 and
224z. are disposed aver the first P doped region 214 and between the first
N+ emitter poly silicon region 216 and the P~- poly silicon regions 220 and
226. It is noted that the first N+ emitter poly silicon region 21 fi is
also formed aver a portion of the insulative regions 224 and 2242.
Furthermore, the portion of the first N+ emitter poly silicon region 216
positioned between the Insulative regions 224 and 224z define a window
(l.e., "emitter opening") 23C1 therebetween, as is dlsauss~d in further
detail below. (0046] Clptionally, a slliclde layer 220 Is formed aver the
first N+ poly silicon region 216 (cathode), the first gate regions 226 (G1
), the second gate regions, 29 0 (G2), and the second P+ regions 212
(anode). In particular, a metal layer (e,g., using cobalt, titanium, and
the like) is deposited an the surface of the IC 100. During a thermal
treatment) a highly conductive allay is formed between the metal and the
silicon ("silicide"). The slllclde layers 220 serve as a conductive bond
between the high~aped regions (210, 210, 212, and 226) and their respective
metal contacts, which provide external connectivity at the anode 122,
cathode 124, fiirst gate 136, and second gate 1 ~4 of the SC;R 103. (004]
To complete processing of the SCR of the present invention, oxide layers
known as Inter-Level Dlefectric (ILD) 250 (drawn (n phantom) are deposited
over the doped regions. An etching process Is performed to form the contact
holes, which are subsequently filled with metal to form the metal contacts.
Several contact holes may be placed in rows aver the emitter opening 23U to
increase tt~e maximum current. It Is noted that that the total number of
contact holes over the anode 122 (i.e.) second P+ regions 212)
approximately matches the number of contact holes in the cathode 124 (i.a.,
first N+ poly ailican raglan 296). (004B] In one embodiment of FIG. 2, all
of the P and N-type raglans (210, 212, 214, and 216) are formed from a
silicon-only lattice structure. In particular, the first and second doped
regiana 214 and 212 have a doping concentration of about 102' atomslom'~.
The first N+ poly silicon region (emitter) 216 and second N+ region (second
gate) 210) as well as the P+ poly silicon regions 22fi, have doping
concentrations of about 102' atomslcm~. The BLN layer 205 has a doping
concentration of about 10'e atamslcm's, the N+ sinker region 206 has a 11



doping concentration of about 102 atomslcm 3, and the N- epltaxlal layer
Z08 has a doping concentration in the range of 10'i to 10" atoms/cm~, which
Is the lowest doping concentration of the protection device 103. [Q04g] In
a second embodiment of FIG. 2, the first P doped region 214 comprises a
silicon germanium (SIGe) lattice structure. In particular, the first P
doped region 214 Is formed from silicon and Cemtaniurn. The concentration
Is gradually Incre2~aed with the depth of the layer from 0/a to up to a
peak concentration of approx. 10-13%. The silicon concentration reduces
respectively from 100/a down to apprax. 8Q-87%. Furthermore, the Site is
doped with Baron at a concentration of about 10' atoms/cm"~_ The remaining
layers and regions of the protection device 102 are the seine as dlscusaed
above. The utilization of the silicon germanium l2~ttiae structure Is
particularly suited for circuitry operating under RF applications, such as
wireless chips and devices. [0050] The implementation of the SiQe HBT
(i.e., vertical NPN tratlaistor 131 ) has a very low junction capacitance,
which makes the SCR suitable for the high (RF) frequencies, since the
parasitic junction capacitance of the SCR 103 may be minimized by having a
law junction capacitance while providing a very high level of ESD hardness.
Specifically, the Junction area between the base and collector (i.e., SIGe
P doped region 214 and the N-epl region 20$ region Is defined by the
emitter opening, and therefore is minimized. Moreover, the N-epl layer 208
(collector) Is very lightly doped as compared to a standard non-epi
semiconductor processes. The typical junction capacitance is 0.7 femto
Farad per square-mlcrorr area (compared to 1.6 femto Farad per
square-micron for P+IN-well per square-micron area). Por other parasitic
capacitances such as the one between the BLN and the P-substrate or at the
sldewalls (DTI) of the device, all capacitance values have been already
minimized to meet the high frequency requirement for the functional HBT
devices. [0059] In a third embodiment of FIG. 2, the first and second P
doped regions 214 and 212 are each fabricated from Site) and are doped with
Boron at a concentration of about 10'i cm's. The joint formation of the
first and second P doped regions 214 and 212 allows far easier fabrication
processing, thereby reducing casts. Furthem~are) the perfom~anos of thla
third embodiment Is 92   substantially the same as the second embodiment in
which the second F~ loped region 29~ is formed from only a silicon-based
lattice structure. [lyla~2] One objective of the present (nventian is to
increase,the speed in which the SCR 103 turns on. Decreasing the tum on
time of the SCR 103 is realized by two particular difFererices over SCRs
103 that are formed by a pair of lateral bipolar transistors In the prior
art. tine difference over the prior art is a reduction In the size of the
respective base regions of the transistors QN 139 and QP 132 In the SCR
103) which Influences the turn an time of the SGR 103, as well as the
current gains ~ of the transistors 131 and 132. The increased transistor
current gains [3 help ensure that enough current is provided to forward
bias the bases of each transistor QN 131 and QP 132, and thereby quicldy
and reliably activate the SCR 103. [0053] In FIG. 2, the dimensions Lp and
LN represent the respective base lengths of the vertical NPN transistor t~N
131 and the lateral PNP transistor QP 132. In the embodiments where the
first P+ doped region 2'14 comprises a crystalline structure of silicon and
germanium, the base length L~ of the NPN transistor GtN 13'1 is in the
range of 15-5b nm. [0054 The base length LN is measured from the edge 211
of the second P+ reglvn 212 to the emitter opening 230, As discussed above,
the emitter opening 230 Is defined as the N-epl region located below the
first P+ region 2'I4 that is not covered by the insulatfve material (e.g.,
SIOZ) 224. The size of the emitter opening Z30 determines the cross-section
for the current flow. In one embodiment, the base length L~ of the PNP
translator ciP 132 is in the range of 1.0 to 2.0 microns. [Q05] The SCR
turn-an time is related to the combined tum-on times of the each transistor
QN 131 and QP 9 32. The turn-on times of the bipolar transistors 131 and
132 are proportionally related to the square of their respective base
widths. Accordingly, since the base width {Lp) of the NPN bipolar
transistor has been reduced by virtue of implementing the vertical NPN
transistor QN "131 ) the tum on time of the SCR has also been greatly
reduced es compared to an SCR having a pair of laterally formed
translators. [406] Further, far the embodiments utilizing the Site lattice
structure In the base of the vertical NPN transistor QN 139 ) the ~IGe
heterojunation transistor 13  



allows for control of the electrons and holes independently. As a result,
the overall gain-bandwidth product (fmax), which characterizes the maximum
frequency of operation, may be improved. The overall gain-bandwidth product
(fm~) may be Improved by two fabricafiion methods. The first fabrication
method is to provide a high germanium cancentra~tian In a uniform base,
while a second method is to provide a low germanium concentration in a
graded base. [0057] !n the first fabrication method, the reslstivity in the
base layer is greatly reduced. In particular, the heterojunction at the
base-emitter Interface of the NPN transistor QN 131 reduces hole Inf ection
Into the emitter, such that the current gain remains high. The speed of
the, device, ass measured by the emitter-collector transit time is
equivalent to that of a conventional bipolar transistor, but the
gain-bandwidth product Is greatly Increased due to the large reduction In
base spreading resistance. This first fabrication method Is most suitable
for power applications. [0058] In the second fabrication method (low
germanium concentration In a graded base), the germanium varies from very
low concentration at the emitter base Junction to around 10% at the
collector base Junction of the NPN translator QN 181. In this case, the
current gain is only slightly affected, However, the speed of the device,
as measured by the emitter collector trans(t time, is increased due to a
built-in field generated by the Germanium concentration gradient across the
base. Moreover, the base-width modulation (modulation of the base-collector
depletion layer width caused by variations In the collector base voltage)
is diminished) however the high current gain fall-off is increased due to
the heterojunctian at the collector base interFace. accordingly) this
second fabrication method Is most aultable for small signal applications.
The latter technique has the drawback of a higher resistivity in the base
layer. Therefore, the ESD capability in the mentioned prior art devices is
relatively low. [0059] FIG. 4 depicts a cross-sectional view of a third
embodiment of a SCR ESp protection device of FIGS.1 A and 1 B. The
embodiment shown irt FI(3. 4 is the same as the embodiment of FIC. 2,
except that the 8LN 205 and N+ sinker regions are omitted, and an N well
406 Is formed over the N-ep( layer 208. 14   [0060j In particular, the
N-epitaxl2~1 layer 208 Is farmed over the P-substrate 2a3, and the N-well
4Q6 Is diffused Into the N-epi layer 208 and laterally isolated by the aTl
219. The N-well 40B has an N-doping concentration of about 1 air atoms/crri
3, which is less than the BLN 205. The first F' doped region 214, second p
doped regions 212) second N+ doped regions 210, and first N+ doped region
216 are formed over the N-well 406 as discussed above with regard to FIC.
2. It Is further noted, that the first and second P doped regions 214 and
21 ~ may comprise only silicon doped material, or Site, as also discussed
above with regard to FIG. 2. [0069] The omission of the BLN 2G5 and
inclusion of the N-well 408 prevants any possible deterioration of the
current gain in the distributed lateral PNP transistor QF' 132 of the SCR
103. In particular, the deterioration of the current gain, which Is due to
the high doping concentrations of the ELN 205) may ofFset the advantages of
having a law reslsttve current path through the P~.N 2Q5. Accordingly, the
diffused N-well 4a6 farms the base of the lateral pNp transistor 132 {as
well as the collector of the vertical NPN transistor 132), with minimal
reduction In current gain p. [0062] It is further noted that in an
alternate embodiment of FIGS. 2-4, an asymmetric layout may also be
Implemented. In the asymmetric layout, only a single second I~+ doped
region 212 (e.g., 2120 is utilized, as well es a single second N+ doped
region 21 U forming the first gate and a single P base poly region 226
forming the second gate. As such, the anode 122 defined by the P+ region
212 1s larger than the symmetrlcal'embodlment, since the number of contact
hales in the anode 122 must substantially match the number of contact holes
In the cathode 124. Furthermore, the DTI ring of insulative material Is
formed under the DTI regiary approximately where the second p+ base poly
silicon region 226z Is farmed. Thus, everything to tha right of the ring is
omitted from the SCR 103. ESD protection pertormance of an asymmetrical SCR
of the present invention i$ carnparable with regard to current gain and SCR
turn-on time as to the performance of the preferred symmetrical SCR layout.
[063] The SCR of the present embodiments provide a vertical NPN transistor
QN 131 with a distributed (i.e., lateral) PNP translator QP 132. The
vertical NPN translator has reduced base length Lp and veitlcal current
flow 95   



from the emitter to the collector, which increases the current gain,
current flaw, and turn-on time, as compared to a SCR having distributed
{i.e., lateral) NPN and PNP transistors. [DOC4~ In Instances where the base
of the NPN transistor 1 ~1 comprises Silicon-Germanium, the SCR 103 is
vertically isolated from the P-substrate 203 by the a reverse diode farmed
by the BLN 205 and P-substrate 203 junction, as well as laterally by the
DTl 218, Accordingly, the SCR 103 may be used as an ESa protection device
In various situations usually encountered for ICs used In RF applications,
such as wireless devices. in such RF circuits, signals may swing above the
positive supply voltage or below the negative supply voltage. Protection
devices that and isolated from the P-substrate 203 are beneticlal in both
instances, since only they can comply with the circuit requirement that na
conductive path opens to the supply or ground line if such an overshoot or
undershoot of the signal occurs. [Q065 Additionally, It Is noted that In
some ESD protection applications, the gates may be omitted completely) or
only a single gate or both gates {i.e., gate G1 or G2) may be required
based upon the circuitry of the IC 100 to be protected. For example,
referring to FIG. 1A, only the second gate G2 136 is used to trigger the
SCR 103 when protecting against an ESD event occurring at the pad 104_ As
such, the P+ poly silicon base regions Z26 that form the first gate D1
would not be required. Utilizing only the second gate G2134 avoids any
potential heating Issues that may occur by using the first gate a1 136, due
to lateral {trigger) current flow through the SIGs base 214 of the NPN
transistor 131. [OOgB~ Similarly, referring to FIG. 1 B, only the first
gate G1 134 Is used to trigger the ~~R 103. As such, the N+ regions 210 and
N+ sinker raglans 206 that farm the second gate G2 would not be required.
Eliminating an unused gate provides for a more compact layout of the ESa
protection device 102. Furthermore) the trigger gate G1 136 is a short and
direct way of Infecting the trigger current Into the highly effective HBT
base region, as well as lessening the trigger speed Qf the SGft 102 as
compared with using the second gate G2 134 to trigger the lateral PNP
transistor 132. 16   [0067j However, bath gates rat and G~ 134 and 136 may
also be implemented to provide connectivity to independent triggering
devices 105. Specifically, there are instances where earrh gate may be used
to trigger the SCR 103 and protect against different types of ESD events.
Such ESD events may include positive or negative ESd events occurring at a
particular pad, ESa events occurring at different components of the
functional circuitry 101, among others. ' [0068] As mentioned above, in yet
another embodiment of the S~R103) the trigger gates may be eliminated
entirely. Elimination of both gates allows for a more ro~mpact IC layout
because the N+ sinker region 5n6, the N+ G2 region 510) and the P+ base
poly silicon 522 are no longer required. ~misslon of both gates G1 and G~
is applicable where the tr(gger voltage of the SCR can be determined by the
avalanche bre2~kdown of the heterc~Junotlon between the Nepi a~r~d the
P-base layer (SIGs). [0069] FI~S. 5A and 5B depict crass-section$l views of
a first embodiment of a diode trigger device 105. As mentioned above, the
SCR Is turned on (i.e., "triggered") by an external an-chip trigger device
105. The trigger device 105 Is external to the StrR, since neither the SCR
103 nor the trigger device 105 has any Integrated or shared components. The
triggering devices dlscus5ed In FI~S. 5-9 are utilized fr~r SCR
embadirnents utilizing the SIGs I$ttlce structure In the first P dapad
region 214. That is, the trigger devices 105 of FIGS. 5-9 may be used In
instances where the vertical NPN transistor 131 Is a heterajunotian bipolar
transistor (HBT). [0070j The exemplary triggering device 1 Q5 (trf both
FIGS. 5A and 5B) is a heterojunction diode (HBD} triggering device 105 that
utilizes a collector (C} to base (B) breakdown of the heteroJunctlon
tranalstor (HBT). In particular, the HBC>' trigger device 105 comprises $
stack of doped layers that Include a P-type substrate 203, a buried N~loped
Iayer (hereinafter referred to as a "buried layer N-type" (BLN)) 505, sn
N-epltaxlal layer 508, and at least one N+ sinker region 508, as discussed
above with regard to the SCR 1 a3. The HBD trigger device 1 tla also
comprises a~ SIGs doped region 514, at least one N+ diffusion region 510,
and at least one P+ poly base raglan 522. 1T   [<;1p71] The structure of
the trigger device 105 is similar in many aspects to the structure of the
SCR 103. In particular, an the $liicon P-substrate 203, is farmed the
highly conductive BLN 505. The N-epitaxial layer 508 is farmed aver the 8LN
Q05. Lateral isolation of the N-epi layer 60$ Is provided by a ring of deep
trench isolation (DTI) 519, such as $iiioon dioxide (S(C2), among others.
jOQ72] Deep highly N-doped regions (l.e., N+ sinker regions 5051 and 5062
(collectively N+ sinker regions 506) are farmed proximate the DTI 519 by
implanting N-type dapants as discussed above with regard to the SCR 103. As
such, the N-epi layer 50$ is formed over the BLN 205 and between the N+
sinker regions 506. The N+ sinker regiarls 506 are used to form a low-ohmlc



connection from N+ diffusion raglans 510 down to the BLN 505, Shallow
trench isolation (STl) 518 is used to separate regions that are designated
for formation (e.g., Implantation) of the high-doped raglans (e.g., N+
diffusion region 510 and SIGe P-doped region 5"t4) as di$cusaed above with
regard to the SCR 103. [tya73] It Is noted that N+ implant and annealing
steps are conducted following the STI region formations to form the
high-doped N+ regions 510. During implantation, the N+ diffusion regions
5101 and 510z (collectively, N+ diffusion regions 510) are provided over
each N+ sinker region 506, which form the cathode 532 (equivalent to the
collector contact of the HBT)) of the heterojunctlon diode. [0074] In FIGS.
5A and 5B, STI regions 518 and 51$Z isolate N+ diffusion region 510a while
STI regions 51$3 and 5184 isolate N+ diffusion region 5102. Moreover, N-epl
layer raglan 509 Is maintained between STI regions 5182 and 5183. Further,
the Site P doped region 514 is broadly deposited over the N-epl layer
region 509 and adjacent STI regions 518Z and 5183. [00T5] In FIG. 5A, the
P+ base poly s111can region 522 Is formed over the P doped region 514,
which collectively form the anode 534 (equivalent to the base contact of
the HST) of the Hgp 105. In one embodiment of FIG. 5A, the P+ base poly
silicon raglan 522 Is centered over the P doped region 5'14 and N-epi layer
508. That is, the anode 53~. has direct contact over the active Site P
doped region 514. [0076] In FIG. 5B the P+ base poly silicon region 522 is
divided into two raglans 522 and 522z with each P+ base poly silicon region
5~2 fiormed 18   laterally on the P doped region 514 and aver the STI 518
formed beneath the Site P doped region 514. That is, the anode 534 has
indirect contact to the active junction, since the P base poly silicon
regions 5221 and 5Z22 are placed lateral to the active Site P doped region
514. In either of the embodiments, it is noted that the high-doped regions
(N+ diffusion and P+ base poly silicon regions 5113 and 522) may optionally
be sllicided 520, as discussed above with regard to the SCR 903. [007T] It
is noted that there Is no emitter contact region present in the
Illustrative trigger device layout. Omission of the emitter contact region
allows a vertical current flow through the metalization, contacts,
silicided layer 520, and the P+ base poly silicon region 522, and Into the
thin SIGe base layer 514. That is, the Site P doped region (base) 514 forms
the anode of the HBD 105, while the N+ diffusion regions 5'IU~ and 5"I!)2)
N+ sinker regions 50g1 and 5062, and N-epl layer 508 collectively form the
cathode of the HBD 105. It is further noted that the highly doped BLN 505)
N+ sinker regions 506, and N+ diffusion regions 510 (including the silicide
la~yert~ 520) ensure that there is a low-resistive connection to the
cathode terminal 53Z. [0078 The reverse breakdown of the trigger diode 105
occurs at the P-N Junction between the SIGs P.-base and the N-epi layer
region 508 disposed thereunder, Typically, the breakdown voltage of the HBD
is In a range between 6 and 9 volts. During an ESD event, once the
breakdown voltage threshold is met, the trigger diode 105 conducts, and
provides a trigger current to a gate (134 or 136) of the SCR 103) which
triggers the SCR '103. [aOTa~ It is also noted that the junction
capacitance is very low because the N-epl layer 508 Is lightly doped (e.g.,
doping concentration around 10'e to 107 atomslcm~). The low level doping 1n
the N-epl layer 50B allows the depletion layer of the diode to e~ctend
further into the silicon of the N-epl layer. A longer depletion layer width
results in lower junction capacitance. [Oi180~ in an alternative embodiment
of FIGS. 5A and 5g, an N-well region 507 (drawn in phantom) is formed in
the N-epitaxial layer 508. Specifically, the N-well 507 is formed beneath
the SiOe F' doped region 514. In particular) the N-well 507 extends
laterally between the DTI regions 519 beneath the N+ diffusion regions 510.
Accordingly, the N+ sinker regions 508 are no Idnger 



19   required. The N-weft 5a7 is provided to further lower the trigger
voltage by increasing the doping concentration (e.g., 1 a'8 atoms/cm~) at
the N-side of the junction. A higher doping concentration causes a shorter
depletion layer width in which the voltage drops with higher electric field
strength. The latter leads try a higher avalanche multiplication factor and
a lower breakdown voltage. [0a81] FIGS. 8A 8G depict exemplary schematic
diagram embodiments of the trigger devices illustrated In FIGS. 6 and 7. In
particular) each schematic drawing shows the trigger device 105 coupled to
the SCR that collectively form the ESD protection device 1 a2 that protects
functional circuitry 101 on the IG 1 aa. Further, an external on-chip
resistor 8a2 is coupled from the triggering device 1 a5 at node 13G to
ground 112. [0082] F(~. 6 depicts a cross-sect(onal view of a second
embodiment of a trigger device 105 of the present invention. FI~. 8A
illustrates a collector-base diode of the heterojunctlan bipolar transistor
WST105 with a shorted baseemitter. FIG. 8l3 Illustrates a collector-emitter
device with an open base. The structure shown in FIG. 6 may be used in
either configuration shown In FIGS. 8A and 8B, depending on how the pose
terminal is externally connected. (0483] In particular, FIG. 6 depicts a
trigger device 105 for a StGe SGR utilizing the collector-emitter breakdown
of a heterojunction bipolar translator (HBT). FIG. 6 is structurally the
same as depicted In F1G. 5B, except that an N+ emitter region 6t2 is formed
over the Sits P duped region 514 and between the P base poly silicon
regions 522 and 522Z. Mare specifically) insulative layers 624 are formed
between the N+ emitter region 602 and the P base poly silicon regions 522
and 522x. As such) an emitter opening 630 is defined beneath the N~ emitter
region 60Z and within the edges of the insulative layers 624, as discussed
above with regard to the SGR 103. [a084] One advantage of incorporating the
N+ emitter raglan 602 Into the trigger device 1 a~ Is to reduce the trigger
voltage. Furthermore, the N+ emitter region 602 provides an intrinsically
mare robust trigger element because of the Internal current ampllficatlan,
as well as the vertical current flaw from the emitter to the collector. It
Is noted that the collector Is tied to the higher potential in the ~5~1
protection circuit) while the base and emitter art both coupled to a lower
potential (e.g.) gate ~1 138) of the HgT SCR 9 d3. ~a   [0085] In an
alternative embodiment of FIG. 6, an N-well 604 (drawn in phantom) is
provided in a similar manner as described in regard to F1G~. 5A and 5B. The
N-well fi04 is provided inside the N-epi layer 508 to further lower the
trigger voltage by lnareasing the doping concentration (e.g. 108 atomslcni
a at the N-side of the junction in the same manner as discussed with
respect to FIGS. 5A and 5B. [0a86] As discussed above, the structure shown
In FIG. 6 may-have the base externally aa~pled to the emitter (FIG. 8A) or
floating (FIG. 8B). The advantage of the structures having the emitter
connected (FIG. 8A and 8B) over the structure with collector base breakdown
(FIG. 5A and 5B) is a more robust trigger device, as discussed earlier.
$hortlng the base-emitter (FIG. 8A) results In a breakdown and thus a
triggering voltage for the ESD protection device 102 of typically B to 9
Volts. A floating base (FIG. 8B) results In a lowered breakdown voltage of
typically 4 to 7 Volts. Depending an the desired trigger voltage of the
speck application, the proper version (FIG. 8A or 8B) may be selected. 



[008T] Fla. 7 depicts a crass-sectional view of a second embodiment of a
trigger device 105 of the present invention) and FIGS. 8C illustrates an
emltterbase diode with an open collector, as shown in FIG 7. [00$$l
Deferring to FIG. 7, the emitter base diode trigger device 105 is a SIGe
SGR utilizing the base-emitter breakdown of the heterojunction bipolar
transistor (MBT). In particular, the ~LN 505 and N-ep'rtaxial layer 508 are
disposed over the P-substrate 209) es discussed above with regard to the
other trigger device embodiments of FIa8. 5 and 6. [0089] The ~IGe P-base
layer 51A. is funned over the N-epl layer 508, however an Insulatlve
material provided during formation of the STI 5181s formed over the N-epi
layer 508, thereby Isolating the SIGe P-base layer 514 from the N-epl layer
508. As such, the base to collector junction of the HBT Is omitted from the
trigger device 105. Accordingly, the trigger device 105 comprises the
baseremltter diode formed between the N+ emitter region 802 and the ~iGe
P-base layer 514. rpp$g] The embodiment of FIG 7 has breakdown voltage that
is lower than any of the embodiments in FtG~. 5A) 5B, 8, 8A, and 8B, The
low breakdown 21   voltage c~f FIG 7 Is due to the heterojunctic~n farmed
by the highly P doped SiCe base region Q14 and the again highly doped N+
emitter region 60~. As discussed above, an increase in the doping levels
reduces the breakdown voltage. The emitter to base breakdown voltage of the
trigger device of FIG. 7 is typically in a range between A. and 6 Volts.
[0091 Providing an SCR 143 with a structural formation including a vertical
NPN transistor 131 in conjunction with a lateral PNP transistor decreases
the turn-on time of the S~I~ 103. Specifically, the SCR performance
Improves due to the high current that flaws in the vertical NPN tranststar
13'I, as compared to a SCR having a distributed (i.e., lateral) NPN
transistor. Moreover, fabricating the base of the vertical NPN transistor
131 using a Silicon-~ennanium lattice allows the SIGs SCR 103 to be used In
high frequency applications, such as wireless devices. In particular, the
P-doped Site base provides an extremely law Junction capacitance to the
low-doped N-epl collector raglan underneath it, which is well suited for RF
applications. [0092] The triggering devices 1 U5 may also be fabricated
using the SIGe technologies. Specifically, a heterojunction diode is
coupled to a gate of the SCR, such that the reverse breakdown voltage of
the heteroJunction diode defines the trigger voltage to the SCR. Although
the heterajunctlan triggering devices are preferred far high frequency
applications, one skilled In the art w111 appreciate that other triggering
devices may be coupled to the SCR 103 of the present invention to trigger
the SCR. [0093] (t is noted that the HBD devices In F1GS. 5A, 5B, 6, and ?
have been discussed in terms of being used as trigger devices for the
ESD-SCR. However) the HBD devices may also be used as ESL7 protection
devices by themselves. That is, the diodes can be applied to shunt an ESD
pulse having the 'apposite polarity'. Oppasfte polarity means that the pad
connected to the protected circuitry receives a negative ESD pulse with
respect to ground. In this case, the diode (and not the e.g. SCR) will
provide the conductive path to safely dlsoharge the ESD event. Q0094] FIG.
9 depicts a schematic diagram of the SCR ESD protection device of FIG. 1 B
coupled to a shunt Blade 90Z. FIG. 9 illustrates the use of a shunt diode
902 to shunt an ESD pulse having the opposite polarity. The 



22   schematic drawing of FIG. ~ is the same as the schematic drawing of
FIG.1 B, such that the triggering device 105 is a diode, and the shunt
diode 902 is coupled to the anode 122 of the SCR 903 as well as the pad
104, and to ground 112. Specifically, the cathode of the trigger diode 105
Is coupled to ground 112 via the resistor 141, while the anode of the
trigger diode 105 Is coupled to the pad 144. Further, the cathode of the
shunt diode 902 is coupled directly to ground 112, while the anode of the
shunt diode is coupled to pad 1U4. (Up$5] I1 preferred embodiment for this
type of application in FIG. 9 is the HBD dev(ce 50U, as shown In Flg. 5A.
The embodiment shown in FIG. ~A illustrates a direct anode (base) contact
providing the lowest possible forward on-resistance, which makes it most
suitable as shunt element. The dlr$ct anode (base) contact of FIG. 5A
allows maximum current flow at the heterojunction) as opposed to the prior
art devices that utilize indirect anode (base contact), which restricts
current flaw there through. it is noted that the other HEIa diodes as
shown~ln Fig. 5g) U, and 7 may also be used as ESD shunt devices, however
these embodiments are better suited as triggering devices for the SCR.
These other HBD diodes provide lower perfarmat~C~ due to the higher
resistance and lower current capabll(ty, however, as trigger devices they
benefit from a typilly lower breakdown voltage. (0096a Although various
embodiments that irscc~rporate the teachings of the present Invention have
been shown and described in detail herein) those skilled in the art n
readily devise many other varied embodiments that still Incorporate these
teachings. 23   What is claimed ls: 1. An electrostatic discharge (ESD)
protection device (102) having a silicon controlled rectifier (SCR) (103),
comprising: a substrate {203); 



a N-doped Payer (208) disposed aver said substrate; a first P doped region
(214) disposed over said N-doped layer; at least one first N+ doped region
(210) forming a cathode (124), Bald at least one first N+ doped region
disposed over said first p doped region and coupled to ground (112),
wherein sold at least one first N+ doped region, salt first P-doped region,
and said N-doped layer fom~ a vertical NPN transistor {131 ) of said SCR;
and at least one second P doped region (2'i2) forming an anode (122) of
sold SCR and adapted far coupling to a protected pad (104), said at least
one second P doped region dispC~sed over said N-doped layer and laterally
positioned with respect to sold first p doped region and electrically
isolated from said first P doped region) wherein said at least one seGOnd P
doped region, said N-doped layer, and said first P doped region form a
lateral PNP transistor (132) of sold SCR. 2. The ESD protection device of
claim 1, wherein said first P doped region comprises a P doped
silicon-germanium material. 3. The ESU protection device of claim 1 er 2,
wherein said at least cane second P doped region comprises a
silicon-germanium material. 4. The ESa protection device of claim 1 ar 2,
further comprising a first gate (136) electrically coupled to sold first P
doped region. 5. The ESD protection device of claim 4, wherein said first
gate comprises at least one P+ poly silicon raglan (226). 24   0. The ESD
protection device of claim 1 or 2, further comprising a second gate {134)
electrically coupled to said N-doped layer. 7. The ESD protection device of
claim 6, wherein said second gate comprises at least one second N+ doped
region (210) disposed aver the N doped layer. 



8. An eleckrastatia discharge (ESD) protection device (102) having a
heterojunctian diode, comprising: a N-doped layer (508) disposed aver a
substrate; a P doped raglan (514) disposed aver the N-doped layer) wherein
Bald N-doped layer and P doped region inrm a vertical PN diode; at least
one p+ palysilir~on raglan (522) formed aver said P doped raglan forming an
anode (534) of said diode, wherein the at least one P+ polyslllcon region
Is formed directly aver a portion of said P doped region th2~t is over sold
N-doped layer; at least one N+ doped region (510) disposed over said
N-doped Iayer (508) and forming a cathode (632) of sold diode; and shallow
trench Isolation (STI) formed between Bald at least one N+ doped region and
sold P doped raglan; and a deep trench isolation (DTI) ring laterally
Isolating said N-doped layer. 9. An electrostatic discharge (ESD)
protection device, comprising: a $ilican controlled rectifier (SCR) (103)
having arf anode (122) adapted far coupling to a pad {104) of protected
circuitry (101 ), and a cathode {124) adapted for coupling to ground (11~),
said SCFi further camprisiryg a plurality of doped regions (203, 208, 214,
21 G), wherein at least one of sold doped regions comprises a
silicon-germ$nium material. 10. The ESD protection device of claim 9,
wherein sold SCR further comprises: a first vertical transistor (131 ); 25



a second I~teral transistor (132) coupled to sa~(d first vertical
tr~nslstar; arid wherein said first vertical translstar arid said second
lateral trar~s(str~r respectively form said anode 2nd said cathode of the
SCR. ~6
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