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BCMOS ESD CIRCUIT WITH 
SUBCOLLECTOR/TRENCH-ISOLATED BODY 

MOSFET FOR MIXED SIGNAL ANALOG/DIGITAL 
RFAPPLICATIONS 

BACKGROUND OF THE INVENTION 

0001) 1. Technical Field 
0002 The invention relates generally to semiconductor 
devices and more specifically to ESD protection for Semi 
conductor devices. 

0003 2. Related Art 
0004 Electrostatic discharge (ESD), a Surge in voltage 
(negative or positive) that occurs when a large amount of 
current is applied to an integrated circuit, may cause Sub 
Stantial damage to the circuit. ESD events are particularly 
troublesome for BiCMOS RF (radio frequency) chips 
because of their low power requirements and extreme Sen 
sitivity. On-chip ESD protection circuits for BiCMOS chips 
are essential. Generally, though, Such circuits require a high 
failure threshold and a Small layout size. 
0005 Low loading capacitance and small chips will 
require ESD protection to assist in the discharge of current 
through the analog or RF chip. Furthermore, Since power 
domains are separated for noise isolation in mixed signal 
applications Such as RF applications, ESD power clamps are 
important in providing good ESD protection. To discharge 
ESD impulses, a ESD protection scheme needs a low 
voltage turn-on and a high current drive. 
0006 Accordingly, a need has developed in the art for a 
ESD structure that will provide ESD protection in RF or 
Similar applications. 

SUMMARY OF THE INVENTION 

0007. The present invention provides a ESD power clamp 
circuit that allows ESD protection for semiconductor chips 
through a power clamping device. The power clamping 
device includes a FET and a bipolar element. The power 
clamping device has a buried diffusion, which is used as a 
Subcollector for the bipolar element, and is used as an 
isolation for the FET. 

0008 Generally, the present invention provides an ESD 
power clamp circuit comprising: 

0009 a trigger circuit; 
0010 a delay circuit coupled to said trigger circuit; 
and 

0011 a power clamping device, coupled to said 
delay circuit, Said power clamping device including 

0012 an FET formed in an isolated region; 

0013 a bipolar element formed in said isolated 
region; 

0014) 
0015 a buried diffusion of a second doping type 
opposite Said first doping type, Said buried diffu 
Sion being a Subcollector for Said bipolar element, 
and Said buried diffusion being an isolation for 
Said FET. 

a Substrate of a first doping type, and 
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0016. In addition, the present invention provides a 
method for protecting a ESD power clamp circuit from 
electroStatic discharge comprising the Steps of: 

0017 a) providing a substrate of a first doping type 
on Said chip; 

0018 b) providing a buried diffusion of a second 
doping type; 

0019 c) isolating a region of a first doping type from 
said Substrate with said buried diffusion; 

0020 d) forming a FET in said isolated region; and 
0021 e) forming a bipolar element in said isolated 
region with Said buried diffusion being a Subcollector 
for Said bipolar element. 

0022. The present invention also provides a system hav 
ing an ESD power clamp circuit comprising: 

0023 at least two power rails; 
0024 a trigger circuit; 
0025 a delay circuit coupled to said trigger circuit; 
and 

0026 a power clamping device coupled to said 
delay circuit, Said power clamping device including 

0.027 an FET in an isolated region; 
0028 a bipolar element in said isolated region; 
0029 a substrate of a first doping type; and 
0030) a buried diffusion of a second doping type 
opposite Said first doping type, Said buried diffu 
Sion being a Subcollector for Said bipolar element, 
and Said buried diffusion being an isolation for 
Said FET. 

0031. The foregoing and other features of the invention 
will be apparent from the following more particular descrip 
tion of embodiments of the invention, as illustrated in the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0032 Embodiments of the present invention will herein 
after be described in conjunction with the appended draw 
ings, where like designations denote like elements, and 
wherein: 

0033 FIG. 1 is a cross-sectional view of a power clamp 
ing device in accordance with a first embodiment of the 
present invention; 
0034 FIG. 2 is a cross-sectional view of a power clamp 
ing device in accordance with a Second embodiment of the 
present invention; 
0035 FIG. 3 is schematic circuit diagram of an ESD 
power clamp circuit including a first example of connections 
for the device of FIG. 1; 

0036 FIG. 4 is a cross-sectional view of FIG. 1 as 
applied to FIG. 3; 
0037 FIG. 5 is schematic circuit diagram of an ESD 
power clamp circuit including a Second example of connec 
tions for the device of FIG. 1; 
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0038 FIG. 6 is a cross-sectional view of FIG. 1 as 
applied to FIG. 5; 
0039 FIG. 7 is schematic circuit diagram of an ESD 
power clamp circuit including a third example of connec 
tions for the device of FIG. 1; 
0040 FIG. 8 is a cross-sectional view of FIG. 1 as 
applied to FIG. 7; 
0041 FIGS. 9, 10 and 11 are schematic circuit diagrams 
of different embodiments of trigger circuits utilizing the 
power clamping device of FIG. 1; and 
0.042 FIG. 12 is a block diagram of a system with the 
ESD power clamp circuit of FIG. 3. 

DETAILED DESCRIPTION OF THE DRAWINGS 

0.043 FIG. 1 illustrates a cross-sectional view of a power 
clamping device 10 having a Substrate region 34, a buried 
diffusion region 30, isolated region 20 and deep trench (DT) 
isolation region 28 in accordance with an embodiment of the 
present invention. 
0044) In this specific example, the Substrate region 34 
and isolated region 20 (also known as the body) comprises 
a first doping type (P-). The buried diffusion region 30 
comprises a Second doping type (N+). The buried diffusion 
region 30 may be implanted into Substrate region 34, or, as 
in this specific example, may be grown onto an area of the 
Substrate that is opened up by a mask or Similar process. 
Then, an epitaxial region, which becomes isolated region 20, 
is grown on top of buried diffusion region 30. 
0.045 Isolated region 20 and buried diffusion region 30 
are surrounded by DT isolation region 28, which is made up 
of polysilicon 28 and DT insulator material 13. DT isolation 
region 28 is used to reduce the capacitance of buried 
diffusion region 30, to isolate and electrically decouple 
power clamping device 10 from other Semiconductor 
devices, and to define isolated region 20. 
0.046 A first N-type doped contact region 18 is formed in 
isolated region 20 as the Source terminal (Vs) of a N-type 
field-effect transistor (NFET). A second N-type doped con 
tact region 22 is formed in isolated region 20 as the drain 
terminal (V) of the NFET. The first and second N-type 
regions 18 and 22 are Spaced apart from each other by a 
corresponding gate structure 12 with gate terminal (V). 
Buried diffusion 30 operates as an isolation for the NFET. 
0047 A contact region 16 for an isolated region voltage 
(VE), is formed in isolated region 20 by implanting P-type 
impurities therein. Isolated region voltage (V) defines the 
Voltage of the epitaxial layer, and, unless Specified, is the 
same as the voltage of the body (V). An example where 
V and V are not the same is discussed in more detail 
in reference to FIGS. 5 and 6. 

0.048. A third N-type doped contact region 24 is formed 
in isolated region 20 as a collector terminal (V) of a 
bipolar element. A reach-through N-type region 26 connects 
contact region 24 with buried diffusion 30. Thus, buried 
diffusion 30 operates as a Subcollector for the bipolar 
element. For this embodiment, bipolar element is a Silicon 
germanium (SiGe) transistor. Bipolar element may also be a 
Silicon germanium carbon (SiGeC) transistor, but is not 
limited to Such. 
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0049. Each contact region is spaced apart from adjacent 
regions by insulators 14. A contact region 36 for a Substrate 
voltage (V) or any other desired bias or reference Voltage 
is formed in Substrate region 34 by implanting P-type 
impurities therein. 
0050 Although specific doping types (e.g., N-type or 
P-type) are disclosed for specific regions to create an N-type 
device, it is to be understood that opposite doping types may 
also be used to create a P-type device, and that the invention 
is not limited to Such. Furthermore, power clamping device 
10 may involve use of different technologies, such as 
standard MOSFET technology, thin-oxide, thick-oxide, STI 
isolation design, gate dielectric, etc., and is not limited to a 
Specific technology. 

0051 AS seen in FIG. 2, a cross-sectional view of a 
power clamping device 15 is shown in accordance with a 
Second embodiment of the present invention. Power clamp 
ing device 15 is similar to power clamping device 10 of FIG. 
1 (with like numerals designating like regions and struc 
tures), except instead of having DT isolation region 28 (FIG. 
1) power clamping device 15 uses reach-through region 26 
to Surround isolated region 20. Thus, reach-through region 
26 and buried diffusion 30 isolates the NFET as discussed in 
reference to FIG. 1. 

0.052 FIG. 3 illustrates a ESD power clamp circuit 70 
comprising an RC trigger circuit 72, inverter delay circuit 80 
and power clamping device 40. RC trigger circuit 72, which 
is an RC discriminator, includes resistor 74 in series with 
capacitor 76 between voltages V and V. Resistor 74 may 
be, but is not limited to, a SiGe transistor, a SiGeC transistor, 
a polySiGe resistor, N-diffusion, P-diffusion, MOSFET, 
wire, diode, etc. Capacitor 76 may be, but is not limited to, 
an N-capacitor, metal-insulator-metal, FET, FET gate, poly 
poly capacitor, etc. Although in this example a resistor and 
capacitor are specifically used, other trigger circuits may 
also be used, as will be seen in FIGS. 9-11. Furthermore, 
although three inverters 82, 84 and 86, are shown in inverter 
delay circuit 80 in FIG. 3, inverter delay circuit 80 may 
include more or leSS inverters, and is not limited to Such. 
Also, the inverter string could be standard FETs or devices 
that are similar to FIGS. 1 and/or 2, which use the same 
Voltage. 

0053. The ESD power clamp circuit in this example and 
Subsequent examples may be used in BiCMOS technology 
using double or triple power rails (e.g., VEE, Vss, and Voc) 
For example, if V=5 Volts (V), Vss=0V, and V=-3V to 
-5V, EDD power clamp circuit 70 may be implemented 
between power rails V and Vss, with V=V and 
V=Vss. Another example includes V. (see FIG. 7), 
wherein V=Vss, V=V and V=V, and ESD power 
clamp circuit 100 is implemented between Vss and V. 
Furthermore, two or more ESD power clamp circuits may be 
Stacked between power rails as will be seen in reference to 
FIG. 12. 

0054) Inverter delay circuit 80 is coupled between RC 
trigger circuit 72 and the gate contact (V) of power 
clamping device 40. Power clamping device 40, which 
connects the gate contact (V) to its isolated region (or, in 
this example, its body) 20 is shown and explained in greater 
detail in FIG. 4. This direct electrical coupling of the body 
region to the gate contact will be referred to as direct 
body-coupling. Other body-coupling types, which will be 
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seen and discussed in greater detail in reference to FIGS. 5 
and 6, include: capacitive body-coupling, wherein the gate 
and the body are not directly coupled, and the Voltage of the 
body rises because a capacitance is formed between the 
drain and body; and charging body-coupling, wherein a 
current (IA) is formed that forward-biases the body Voltage. 
0.055 FIG. 4 illustrates the connection of the gate contact 
12 to the body which forms the circuit shown in FIG.3. ESD 
protection is provided under a turn-on condition of the 
power clamping device 40. The turn-on condition occurs 
when the Voltage at the gate (V) exceeds the threshold 
Voltage. That is, as the applied Voltage from the inverter 
delay circuit 80 increases, the body voltage (V) and the 
gate Voltage (V) will also increase. When the body Voltage 
increases, the threshold Voltage decreases. Thus, when the 
gate Voltage exceeds the threshold Voltage, current will flow 
from the drain terminal to the Source terminal. This condi 
tion is given by the equation: 

Val-VtevEpi-vbody) 
0056 wherein, 

0057 V=gate voltage; and 

0058 Vivip-ya=the threshold voltage relating 
to the Voltage of the isolated region Voltage, which is 
equal to the body Voltage. 

0059 Thus, as the body voltage increases, the threshold 
Voltage of power clamping device 40 decreases, creating a 
dynamic threshold Voltage. The power clamping device uses 
body-coupling to lower the absolute value of the threshold 
Voltage and gate-coupling to turn on the ESD element prior 
to NFET snapback. Thus, power clamping device 40 has a 
higher current drive than a device without body-coupling. 

0060 FIG. 5 illustrates a circuit diagram of a ESD power 
clamp circuit 90 having the RC trigger circuit 72, inverter 
delay circuit 80 and power clamping device 50. RC trigger 
circuit 72 and inverter delay circuit 80 are similar to those 
discussed in reference to FIG. 3. Power clamping device 50 
connects its isolated region to Vet, thus creating a body 
resistance Rei shown as resistor 38, and a capacitance 42 
between the body and the drain. In this example, V is not 
equal to V. V may be grounded or biased. 

0061 FIG. 6 illustrates the cross-sectional view of power 
clamping device 50 of FIG. 5 with the connection of 
isolated region 20 to V and the resistance Rei that is 
formed from this connection. In this example, the inverter 
delay circuit 80 drives the gate since resistance RE provides 
capacitance 42, which decouples the drain and the body. The 
capacitance 42 causes capacitive body-coupling. When V 
rises from ESD, VI will rise, causing an avalanche State. 
This state creates a current (IA) Through this current, in 
combination with Re; and V, the body voltage Vay will 
rise. This is called charging body-coupling and the condition 
is given by the equation: 

ody y Epi 

Vody=IAREpi-VEpi 

0062 wherein, 

0063) V-the body voltage; 
0064 IA=the avalanche current; 

0065 R=the resistance of the epitaxial layer; and 
0066 V =the voltage applied to the epitaxial layer. 
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0067. The body thus rises through both capacitive body 
coupling and charging body-coupling and is isolated from 
driving the gate Voltage. 
0068 FIG. 7 illustrates a circuit diagram of a ESD power 
clamp circuit 90 having the RC trigger circuit 72, inverter 
delay circuit 80 and power clamping device 60. RC trigger 
circuit 72 and inverter delay circuit 80 are similar to those 
discussed in reference to FIG. 3. Power clamping device 60 
connects its isolated region to a reference Voltage (V), as 
will be discussed in greater detail in reference to FIG. 8. 
0069 FIG. 8 illustrates the cross-sectional view of power 
clamping device 60 of FIG. 7 with the connection of 
isolated region 20 to reference voltage (V). In this example, 
power clamping device 60 will activate at a Set Voltage. 
Thus, power clamping device 60 may turn off during a 
control leakage. 
0070 FIGS. 9, 10 and 11 illustrate circuit diagrams of 
different embodiments of trigger circuits utilizing the power 
clamping devices 40 (FIG. 4) and 60 (FIG. 6). Both FIGS. 
10 and 11 define level shifting networks comprising a series 
of diode elements, which will be discussed in greater detail 
below. 

0071 FIG. 9 shows a ESD power clamp circuit 101 
having an RC trigger circuit 102, inverter delay circuit 80 
and power clamping device 40. Inverter delay circuit 80 and 
power clamping device 40 are similar to those discussed in 
reference to FIGS. 3 and 4. RC trigger circuit 102, includes 
capacitor 76 in series with an isolated FET 102 between 
Voltages V and V. 
0072 FIG. 10 shows a ESD power clamp circuit 110 
having a Voltage trigger circuit 112, inverter delay circuit 
180 and power clamping device 60. Power clamping device 
60 is similar to the device discussed in reference to FIG. 6. 
Inverter delay circuit 180 shows how more or less than the 
three inverters in FIG. 3 may be used, and the inverter 
Structure is similar to the Structures of the inverters dis 
cussed in reference to FIG. 3. The more inverters that are 
used, the more the RC timing is decoupled from the FET. 
Furthermore, no inverters may be used if the timing is 
compatible to the circuit. Voltage trigger circuit 112, 
includes a series of SiGe npn bipolar devices 114 in series 
with resistor 115 between voltages V and V. ESD power 
clamp circuit 110 provides a high current drive and lower 
threshold Voltage for a thick oxide power clamping device 
60. Utilizing a thick oxide on power clamping device 60 also 
protects power clamping device 60 against electrical over 
StreSS of the gate dielectric or hot electron Sensitivity. 
0073 FIG. 11 shows a ESD power clamp circuit 120 
having a Voltage trigger circuit 122, inverter delay circuit 
180 and power clamping device 40. Power clamping device 
40 is similar to the device discussed in reference to FIG. 4. 
Inverter delay circuit 180 is similar to the inverter delay 
circuit 180 discussed in reference to FIG. 10. Voltage trigger 
circuit 122, includes a series of SiGe varactor devices 124 in 
Series with resistor 125 between voltages V and Vss. 
Although in FIGS. 10 and 11, SIGE varactor devices 124 
and SiGe npn bipolar devices 114 are specified, other 
devices and materials may be used. For example, Schottky 
diodes, SiGeC npn devices, SiGe C varactors, or SiGe p-i-n 
diodes. 

0074 FIG. 12 illustrates a system 130 having three 
power rails, V, V and V and two ESD power clamp 
circuits 70 which are stacked and implemented between 
power rails V, V and V. As aforementioned, the ESD 
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power clamp circuit in this example may be used in BiC 
MOS technology using double or triple power rails (e.g., 
V, Vss, and V). For this specific example, ESD power 
clamp circuits 70 are implemented between power rails V 
and V2, and V2 and V, respectively, with V=V, V=Vss 
and V=V, but is not limited to Such, Since other power 
rails, power Supplies, or reference Voltages may be used in 
place of these specific power rails. Stacking two or more 
ESD power clamp circuits provides the System with greater 
ESD protection. 
0075) While the invention has been particularly shown 
and described with reference to specific embodiments 
thereof, it will be understood by those skilled in the art that 
the foregoing and other changes in form and details may be 
made therein without departing from the Spirit and Scope of 
the invention. 

What is claimed is: 
1. An ESD power clamp circuit comprising: 
a trigger circuit; 
a delay circuit coupled to Said trigger circuit; and 
a power clamping device, coupled to Said delay circuit, 

Said power clamping device including 
an FET formed in an isolated region; 
a bipolar element formed in Said isolated region; 
a Substrate of a first doping type; and 
a buried diffusion of a Second doping type opposite Said 

first doping type, Said buried diffusion being a Sub 
collector for Said bipolar element, and Said buried 
diffusion being an isolation for said FET. 

2. The power clamp circuit of claim 1, wherein Said 
isolated region is a region of Said first doping type that is 
isolated by said buried diffusion. 

3. The power clamp circuit of claim 1, wherein said buried 
diffusion is bounded by deep trench isolation. 

4. The power clamp circuit of claim 2, wherein Said 
isolated region is bounded by a reach-through Structure of 
Said Second doping type. 

5. The power clamp circuit of claim 2, wherein said 
isolated region is connected to a bias Voltage. 

6. The power clamp circuit of claim 2, wherein said FET 
further comprises: 

a gate, wherein Said gate is connected to Said delay circuit 
and Said isolated region. 

7. The power clamp device of claim 1, wherein said 
bipolar element is a SiGe transistor. 

8. The power clamp circuit of claim 1, wherein said 
trigger circuit is an RC trigger circuit. 

9. The power clamp circuit of claim 1, wherein said 
trigger circuit is a Voltage trigger circuit. 

10. The power clamp circuit of claim 9, wherein said 
Voltage trigger circuit comprises: 

at least one SiGe Varactor element. 
11. A method for protecting a ESD power clamp circuit 

from electrostatic discharge comprising the Steps of 
a) providing a Substrate of a first doping type on said chip; 
b) providing a buried diffusion of a second doping type; 
c) isolating a region of a first doping type from said 

Substrate with said buried diffusion; 
d) forming a FET in Said isolated region; and 
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e) forming a bipolar element in Said isolated region with 
said buried diffusion being a subcollector for said 
bipolar element. 

12. The method of claim 11, further comprising the step 
of: 

f) bounding said buried diffusion by deep trench isolation. 
13. The method of claim 12, further comprising the steps 

of: 

g) coupling a gate of Said FET to a delay circuit; and 
h) coupling said inverter delay circuit to a trigger circuit. 
14. The method of claim 11, wherein step c) further 

comprises the Step of 
c1) connecting said isolated region to ground. 
15. The method of claim 11, wherein step d) further 

comprises the Steps of: 
d1) providing a gate on said FET, and 
d2) connecting said isolated region to said gate. 
16. The method of claim 11, wherein step c) further 

comprises the Step of 
c1) connecting said isolated region to a bias Voltage. 
17. A System having an ESD power clamp circuit com 

prising: 

at least two power rails, 
a trigger circuit; 
a delay circuit coupled to Said trigger circuit; and 
a power clamping device coupled to Said delay circuit, 

Said power clamping device including 
an FET in an isolated region; 
a bipolar element in Said isolated region; 
a Substrate of a first doping type, and 
a buried diffusion of a Second doping type opposite Said 

first doping type, Said buried diffusion being a Sub 
collector for Said bipolar element, and Said buried 
diffusion being an isolation for said FET. 

18. The system of claim 17, wherein said isolated region 
is a region of Said first doping type that is isolated by Said 
buried diffusion. 

19. The system of claim 18, wherein said isolated region 
is connected to ground. 

20. The system of claim 17, wherein said FET further 
comprises: 

a gate, wherein Said gate is connected to Said isolated 
region. 

21. The system of claim 17, wherein said isolated region 
further comprises: 

a contact, wherein a bias Voltage is connected to Said 
COntact. 

22. The System of claim 17, wherein Said power clamping 
device, Said trigger circuit and Said delay circuit form an 
ESD power clamp circuit, and said ESD power clamp circuit 
is coupled between Said at least two of Said power rails. 

23. The system of claim 22, wherein said ESD power 
clamp circuit is connected to a Second Said ESD power 
clamp circuit through Said at least two of Said power rails. 

k k k k k 


