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PROTECTION CIRCUIT AND A CIRCUIT FOR 
A SEMICONDUCTOR-ON-INSULATOR DEVICE 

Field of the Invention 
5 The present invention relates to protection circuits, and in 

particular, to semiconductor-on-insulator (SOI) devices having 
protection circuits and processes for forming the devices. 

Background of the Invention 
1 O Input protection circuits are typically used in integrated 

circuits to protect sensitive internal circuits within the device 
from electrostatlc discharge (ESD). The three common types of 
components used for ESD protection in conventional semi­
conductor devices (within a bulk semiconductor material) include 

t.5 · pn junctions, metal-oxide-semiconductor field-effect transistors 
(MOSFETs), and thick field oxide (TFO) punch-through devices. In 
each of these three types of components, the breakdown voltage 
of the component is typically determined by the breakdown 
voltage of a pn junction within the component. The area of the pn 

20 junction is usually adequate because the bottom and side edges of 
the diffused region that is part of the pn junction are typically 
adjacent to the substrate itself. Therefore, excess charge during 
the electrostatic discharge dissipates over a relatively large 
area. 

25 The components used for ESD protection circuits for bulk 
semiconductor materials cannot readily be used by themselves in 
SOI devices. Much of the area of the pn junction is lost because 
the bottom edges of diffused regions touch a buried oxide layer 
(an insulator) and are bounded on the sides by field oxide. Thus, 

30 the buried oxide layer prevents a pn junction from being formed 
under a p-type ·or n-type region. Therefore, a much smaller area 
has to dissipate the excess charge. An electrostatic discharge in 
a SOI MOSFET increases the heating of the MOSFET because the 
energy does not dissipate as effectively as the buried oxide layer 

35 is a poor thermal conductor. The increased heating lowers the 
current threshold at which device damage can occur. The point at 
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which this current threshold occurs is called the second­
breakdown current value (lt2) of the transistor. Once lt2 is 
exceeded, the device is permanently damaged because silicon 
within the transistor channel melts and forms a low resistance 

5 filament after cooling. Thick field oxide devices cannot be used 
over a buried oxide region since the field oxide typically touches 
buried oxide in SOI. The result is that there is no punch-through 
path in which the discharge current can flow. 

A need exists for forming a protection circuit for an SOI 
1 O device that will allow the circuit to be adequately protected from 

ESD potentials that may reach an input/output pad of an 
integrated circuit. 

15 
Brief Description of the Drawings 

The present invention is illustrated by way of example arid 
not limitation in the accompanying figures, in which like 
references indicate similar elements, and in which: 

FIG. 1 includes a circuit diagram- of a portion of -an input 
20 protection circuit for an SOI device in accordance with an 

embodiment of the present invention; 
FIG. 2 includes a circuit diagram of a portion of an input 

protection circuit for an SOI device illustrating pad-to-pad 
protection; 

25 FIG. 3 includes a circuit diagram of a protection circuit for 
an SOI device . that includes the circuit shown in FIG. 1; 

FIG. 4 includes a top view of a body-tied MOSFET as used in 
the input protection circuits of FIGs. 1 and 3 in accordance with 
an embodiment of the present invention; 

30 FIG. 5 includes a plot of forward bias voltage versus current 
of a transistor drain diode as the tie-frequency of a body-tied 
MOSFET is varied; and 

FIG. 6 includes a plot of a gate-grounded breakdown voltage 
characteristic as the tie-frequency of a body-tied MOSFET is 

35 varied. 
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Skilled artisans appreciate that elements in the figures are 
illustrated for simplicity and clarity and have not necessarily 
been drawn to scale. For example, the dimensions of some of the 
elements in the figures are exaggerated relative to other 

5 elements to help to improve understanding of embodiment(s) of 
the present invention. 

Detailed Description 

1 o A protection circuit for a semiconductor-on-insulator 
device allows an electrostatic event to occur at an input/output 
pad without adversely affecting sensitive circuit components, 
such as MOSFETs used in digital circuits. The protection circuit 
allows the input/output pad to be biased positiyely and negatively 

15 with respect to the supply rails and all other pad~ on the chip. 
FIG. 1 is a circuit diagram of a portion of a protection 

circuit 10 for an input/output (1/0) pad 12 that is electrically 
connected to an 1/0 node. Within this specification, the current 
electrodes of MOSFETs electrically connected to a supply node 

20 (VDD or VSS) are the sources, and the other current electrodes for 
those same MOSFETs are the drains. The circuit 1 O further 
includes a body-tied MOSFET 14 and an n-channel MOSFET 16. The 
drains of the MOSFETs 14 and 16 are electrically connected to the 
1/0 node and the sources are electrically connected to a Vss node 

25 that is coupled to receive a Vss potential from a Vss electrode 
(not .shown). In MOSFET 14, a body-tie is used to electrically 
connect the channel region _to the source region of the transistor 
as illustrated near node 142. The junction between the channel 
region and the drain region forms a pn diode as illustrated in FIG. 

30 1. The gate of MOSFET 16 is electrically connected to the Vss 
node.. Those skilled in the art appreciate that MOSFET 16 is a 
"grounded-gate" MOSFET that relies on parasitic bipolar action 
between the source and drain of the MOSFET for ESD protection. 
The potential difference (between the source and drain of a 

35 MOSFET) at which the parasitic bipolar action starts is referred 
to in the industry as BVDSS. 
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The circuit 1 O further includes zener diodes 15, 18, and 19 
that each has a positive terminal and a negative terminal. The 
positive terminal of zener diode 15 is electrically connected to 
the VSS node and the negative terminal is electrically connected 

5 to the gate of MOSFET 14. The positive terminal of zener diode 18 
is electrically connected to the VSS node and the negative 
terminal is electrically connected to a Voo node that is coupled 
to receive a Voo potential from a Voo electrode (not shown). For 
zener diode 19, the positive terminal is electrically connected to 

1 O the 1/0 node and the negative terminal is electrically connected 
to the Voo node. 

Zener diode 18 is a specific type of rail clamp. The function 
of the rail clamp is to provide an ESD discharge path between the 
supply rails .. A MOSFET, bipolar transistor, TFO device, or 

15 capacitor can ;ilso be used as a rail clamp in place of zener diode 
18. Any combination of these five types of components can also 
be used as a rail clamp. 

In one embodiment, the Vo o potential is approximately 2.0 
volts, and the Vss potential is approximately 0.0 volts.. Each of 

20 the MOSFETs 14 and 16 has a threshold voltage of approximately 
0.5 volts. MOSFET 14 has a breakdown voltage of approximately 
7.0 volts, and MOSFET 16 has a breakdown voltage of 
approximately 3.5 volts. The specific numbers are meant to . 
illustrate and not limit the invention. 

25 The protection circuit 1 O is used to protect digital circuits 
under a variety of unbiased or biased ESD scenarios. The primary 
discharge paths are indicated by paths 102, 104, 106, 108, and 
109. Current flows as illustrated by path 102 when the potential 
of the 1/0 pad 12 is higher than that of the VDD node. Diode 19 

30 has a forward cut-in potential of approximately 0.7 volts. 
Therefore, when the potential of the 1/0 pad 12 is more than 0. 7 
volts higher than the potential of the Vo o node, current flows as 
shown by path 102. If the Vo o node is at approximately 2.0 volts, 
current flows as shown by path 102 when the 1/0 pad 12 is at 

35 approximately 2.7 volts or higher. 
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Paths 104 and 106 illustrate current flow when the 
potential of the 1/0 pad 12 is significantly less that the Vo o 
node. Current flows as shown by 104 when the potential of the 
Vo o node is at least 5 volts higher than the potential of the 1/0 

5 pad 12. If the Voo node is at approximately 2.0 volts, current 
will flow as shown by path 104 when the 1/0 pad 12 is 
approximately -3.0 volts. Current flows as shown by path 106 
when the potential difference between the Vo o node and the 1/0 
pad 12 exceeds the sum of the reverse breakdown voltage of diode 

1 O 18 (VRB018) and the forward cut-in potential of the drain diode 
of MOSFET 14. Using numbers, this potential difference is 
approximately 5. 7 volts. If the Voo node is at approximately 2.0 
volts, current will flow as shown by path 106 when the 1/0 pad is 
approximately -3. 7 volts. 

15 Zener diode 18 is referred to as a "bus zener11 because it is 
electrically connected between the· Vss and Voo nodes. A 
semiconductor-on-insulator device will have other 1/0 pads 12 
and zener diodes 18 similar to the ones shown. Although current 
flows as· shown by path -106 through the "local" diode 18, other 

20 diodes 18 at other pads can carry a portion of the current. The 
discharge path indicated by path 106 forms an auxiliary 
(secondary) path for pad-to-VOO negative stress conditions. Note 
that path 106 could be a primary path if the sum of VRB018 and 
the forward cut-in potential of the drai~ diode of MOSFET 14 is 

25 less than VRBD19. Thus diode 19 could be replaced by a standard 
pn diode (not a zener diode) as determined by impurity atom 
concentration, without loss of generality. A standard pn diode is 
typically not used to allow significant current flow during typical 
reverse biasing conditions. A zener diode is typically used when 

30 significant current is to flow when the reverse bias potential 
difference across the zener diode is no more than 1 O volts. In 
this embodiment, the zener diodes allow significant current to 
flow when the reverse bias potential difference is about 5.0 
volts. The different zener diodes could be tailored to have 

35 different reverse bias breakdown voltages. 
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In protection circuit 10, paths 108 and 109 illustrate 
current flow when the 1/0 pad 12 is at a potential higher and 
lower than the potential of the Vss node. The drain diode of 
MOSFET 14 has a forward cut-in potential of approximately 0. 7 

5 volts. Current flows as illustrated by path 108 when the 
potential of the Vss node is more than 0.7 volts higher than the 
potential of the 1/0 pad 12. If the Vss node is at approximately o 
volts, current flows as shown by path 108 when the 1/0 pad 12 is 
approximately -0.7 volts or lower. Current flows as illustrated 

1 O by path 109 when the potential difference of the 1/0 pad 12 minus 
the Vss node exceeds BVDSS for MOSFET 16, which is 
approximately 3.5 volts. If the Vss node is at approximately O 
volts, current flows as shown by path 109 when the 1/0 pad 12 is 
approximately 3.5 volts or higher 

15 Because MOSFET 14 is a body-tied transistor, paths 106 and 
108 would not exist at the potentials specified above. If MOSFET 
14 would not have any body ties, the channel region of MOSFET 14 
would electrically float, in which case path 108 would not exist. 
The body tie of MOSFET 14 provides further benefit by increasing 

20 the BVDSS of MOSFET 14 compared to the same transistor without 
the body tie. This helps make_ path 109 a primary path through 
MOSFET 16 rather than parallel paths through MOSFETs 14 and 16 
or a primary path from the .1/0 pad 12 to the Vss node through 
MOSFET 14. MOSFET 16 is specifically optimized to pass the high 

25 currents associated with ESD events. The optimizations needed 
for MOSFET 16 are, in general, contrary to those needed for good 
electrical performance of MOSFET 14. It is advantageous to 
ensure that BVDSS will occur initially in MOSFET 16 and that 
MOSFET 14 will not breakdown within the operating range of 

30 MOSFET 16. The effect on BVDSS of body-tie frequency is shown 
in FIG. 5 that will be described in more detail later in this 
specification. The higher the body tie frequency in MOSFET 14 the 
higher the increase in its BVDSS. 

In an alternate embodiment, zener diode 19 can be omitted. 
35 In this embodiment, when the 1/0 pad 12 is at a potential 

significantly lower than the Voo node, current flows between the 
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Voo node and 1/0 pad 12 as illustrated by path 106. When the 1/0 
pad 12 is at a potential significantly higher than the Vo o node, 
current flows between the Voo node and 1/0 pad 12 as shown in 
path 105. Using the values previously described, current flows 

5 when the potential of the 1/0 pad 12 is at approximately 6.2 volts 
or higher. The 6.2 volts is the sum of the BVDSS potential of 
MOSFET 16, the forward cut-in potential of zener diode 18, and 
the Vo o potential. 

The protection circuit without zener diode 19 can protect 
10 internal circuits that can safely withstand relatively higher 

voltages. However, if the protection circuit 1 O is to protect 
internal circuits that can only withstand relatively lower 
voltages, the zener diode 19 is needed. Referring to the 
previously used numbers, current flows along path 102 when the 

15 1/0 pad is at a potential as low as apptoximately 2. 7 volts, but 
current does not flow along path 105 until the 1/0 pad is at a 
potential of at least approximately 6.2 volts. Zener diode 19 may 
effectively become necessary as technology advances and gate­
oxides become thinner. 

20 One skilled in the art appreciates that other options may be 
available, but the circuit should be analyzed under negative and 
positive biasing conditions to ensure that the internal circuits to 
be protected are adequately protected against high-potential and 
low-potential events. 

25 FIG. 2 includes a circuit diagram illustrating current paths 
for pad-to-pad biasing. FIG. 2 includes components similar to FIG. 
1 . The similar components for the second 1/0 pad are denoted 
with apostrophes C). For example, 1/0 pad 121 is similar to 1/0 
pad 12. The paths 102·, 1041

, 1081
, and 109' indicate primary 

30 current paths for the circuit shown. Other paths similar to paths 
105 and 106 exist but are not shown in FIG. 2 for simplicity. 

FIG. 3 includes a more detailed illustration of the protection 
circuit 10. The n-channel MOSFET 21 has a source and drain that 
are electrically connected to other portions of the semiconductor 

35 device but are not illustrated in FIG. 3. Typically, the gates of 
internal MOSFETs, such as the gate of MOSFET 21, are electrically 
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connected to drains of n-channel MOSFET 22 and p-channel 
MOSFET 23. The sources of MOSFETs 22 and 23 are electrically 
connected to the Vss and VDD nodes, respectively. The gates of 
MOSFETs 22 and 23 are electrically connected to an intermediate 

5 node. 
The protection circuit 1 O also includes an output buffer 

control logic circuit 28 having two inputs and two outputs. 
ENABLE and DATA are inputs to NOR gate 280. The output of NOR 

gate 280 is an input to inverter 282. The output of inverter 282 
1 O is also an output of the control logic circuit 28 and is electrically 

connected to the gate of MOSFET 27. ENABLE is also an input for 

inverter 284 .. _ The output of inverter 284 and DATA are inputs to 

NANO gate 286. The output of NANO gate 286 is the input for 
inverter 288. The output of inverter 288 is also an output of the 

15 control logic circuit 28 and is electrically connected to the gate 
of MOSFET 14. MOSFETs 14 and 27 are part of the output buffer 
for the SOI device. 

The output buffer control logic circuit 28 determines 
whether the 1/0 pad 12 is active as an output pad and allows data 

20 to pass to the 1/0 pad 12. The output buffers are disabled when 
ENABLE is a 111.11 In this instance, the 1/0 pad 12 is an input pad. 

Transistors 22 and 23 a_r~_· .Parts of an input buffer electrically 
cpnnected to internal MOSFETs. When ENABLE is a 110. 11 the 1/0 pad 

12 is an output pad, and data from DATA can pass to the 1/0 pad 

25 12. Clearly, 1/0 pad 12 can act as an input pad or an output pad. 
However, 1/0 pad 12 does not act as an input and output pad for 
the device simultaneously. 

The protection circuit 10 includes other MOSFETs, diodes 
and nodes illustrated in FIG. 3. The negative terminal of zener 

30 diode 24 and the positive terminal of zener diode 25 are 
electrically connected to the intermediate node. The positive 
terminal of zener diode 24 is electrically connected to the Vs s 
node, and the negative terminal of diode 25 is electrically 
connected to the VDD node. The intermediate node is resistively 

35 connected to the 1/0 node by resistor 26. P-channel MOSFET 27 
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has a drain electrically connected to the 1/0 node and a source 
electrically connected to the Vo o node. The gate of MOSFET 27 is 
electrically connected to the positive terminal of zener diode 29, 
and the negative terminal of zener diode 29 is electrically 

5 connected to the Voo node. 
The protection circuit 1 O helps to reduce the likelihood of 

damage to the internal MOSFETs. For example, assume that the 
gate dielectric within those MOSFETs is 70 angstroms (A) thick 
and has a breakdown voltage of 7.0 volts. If the 1/0 pad 12 is 

1 O directly connected to the gates of the internal MOSFETs and the 
potential of 1/0 pad 12 is higher than 7 .O volts, the gate 
dielectrics for internal MOSFETs would be permanently broken 
down thereby rendering the device effectively useless. 

The portion of the protection circuit 10 including zener 
15 diodes 24, 25, 15, and 29 and resistor 26 provide secondary 

protection for the transistor 21 and output buffer control logic 
28. Resistor 26 reduces the potential reaching the intermediate 
node. Zener diodes 24 and 25 are designed to prevent the 
potential of the intermediate node (and consequently potential 

20 across the gate dielectrics of MOSFETs 22 and 23) from having an 
absolute value higher than 7.0 volts. Similarly, zener diodes 15 
and 29 are designed to prevent the potential across the gate 
dielectrics of MOSFETs 14 and 27 from having an absolute value 
higher than 7 .0 volts. If the zener diodes 24, 25, and 29 have the 

25 same forward biasing cut-in potential and reverse biasing 
breakdown voltage as zener diodes 15 and 18, the potential of the 
intermediate node should not be lower than -0. 7 volts and higher 
than 5.0 volts. 

Although a number of specific potentials are discussed, 
30 those skilled in the art can tailor the potentials for the specific 

supply potentials and components to be ·protected. For example, 
much of the discussion has been focused on a 2.0 volt potential 
difference between VDD and VSS and a gate dielectric breakdown 
voltage of 7.0 volts. If the potential difference between VDD and 

35 VSS is 1.0 volt and a gate dielectric breakdown voltage of 5.0 
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volts, the components within the protection circuit 1 O may be 
required to operate at potentials having values closer to zero. 

In other embodiments, a pad operates at a potential that is 
not in the range of the Vo o and Vss potentials. For example, the 

5 pad operates in the range of Vss and -Vpp potentials, the latter 
of which could be about -2.0 volts. The circuit shown in FIG. 3 
can be used, but the Voo node shown in FIG. 3 is at the Vss 
potential, and the Vss node shown in FIG. 3 is at the -Vp p 
potential. Also, the electrical characteristics of the components . 

1 O shown in FIG. 3, such as breakdown voltages, BVDSS, etc., may 
need to be changed to adequately protect internal circuitry. More 
generally, the supply node closer to the bottom of FIG. 2 is at a 
lower potential than the supply node closer to the top of FIG. 3. 

The inventor has discovered a layout of transistor 14 that 
15 -works particularly well with the device 20. FIG. 4 includes an 

illustration of a top view of the body-tied MOSFET 14 illustrated 
in FIGs. 1 and 3. A closed-gate electrode 34 overlies a field 
isolation region 30 and a semiconductor island 50. The shape of 
the closed-loop gate electrode 34 can be circular, oval, elliptical, 

20 convex, or any polygon type of shape including square, 
rectangular, hexagonal, octagonal, etc. The closed-gate electrode 
34 is used to reduce leakage current because the gate electrode 
34 does not cross over a channel-field isolation edge because the 
MOSFET 14 does not have a channel-field isolation edge. 

25 As seen in FIG. 4, the closed-gate electrode 34 has an inner 
edge 341 and an outer edge 342. The source regions 36 and body­
tie regions 32 lies adjacent to the inner edge 341, and the drain 
regions 38 lies adjacent to the outer edge 342. Edges of the 
regions 32 and 36 near the closed-gate electrode 34 are formed 

30 self-aligned to the closed-gate electrode 34 or sidewall spacers 
(not shown in FIG. 4) that lie adjacent to the closed-gate 
electrode 34. 

The dashed lines adjacent to body-tie regions 32 illustrate 
the location of the masks used for the doping steps used to form 

35 regions 32, 36, and 38. When regions 32 are being formed, a mask 
covers all of transistor 14 except regions 32 and the portions of 



--------------~ .................. ~~~~~~-----~-----~---~---------~~~------------------------· 

1 1 

the closed-gate electrode 34 lying within the dashed lines. The 
closed-gate electrode 34 prevents a significant amount of dopant 
used to form regions 32 from reaching the channel region that 
underlies a portion of the closed-gate electrode 34. A mask of 

5 the inverse image is used to form regions 36 and 38. All of 
transistor 14 is uncovered except for regions 32 and the portions 
of the closed-gate electrode 34 lying outside the dashed lines. 

Each of the contacts to the drain region, source regions 36, 
body-tie regions 32, and closed-gate electrode 34 are illustrated 

1 O by ~ s. Before forming contacts, a conductive strap is formed to 
electrically connect each of the regions 32 and 36 to one another. 
The conductive strap typically includes any material used for a 
local interconnect, such as a silicide, refractory-metal nitride, 
and the like. 

15 The transistor 14 has an effective (electrically measured) 
channel length of about 0.9 microns and an effective channel 
width of about 200 microns. As used in this specification, the 
effective channel length is approximately the distance between 
one of the drain region 38 and its closest the so-urce region 36 -

20 underneath the gate electrode 34. The effective channel width is 
approxi_mately the sum of individual channel regions near the 
individual source regions 36. The source regions 36 and body ties 
32 will be electrically connected to one another. 

Many conventional MOSFETs that have closed-gate 
25 electrodes place the drain region, as opposed to the source region, 

near the inner edge of the gate electrode. When the drain region 
is near the inner edge of the gate electrode, the junction 
capacitance of the drain region is lower because the junction area 
between the drain region and channel region is smaller (also the 

30 area over the substrate is smaller). Lower junction capacitance 
generally forms a faster MOSFET. 

Contrary to conventional wisdom, the drain regions 38 is 
adjacent to the outer edge 342 of the closed-loop gate electrode 
34. The placement of the drain region adjacent to the outer edge 

35 342 allows a higher potential to be placed on the drain regions 38 
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before there is a significant leakage current between the drain 
and channel regions. 

Although a specific layout for a body-tied transistor 14 is 
given, other types of body-tied transistors could be used in place 

5 of the one illustrated in FIG. 4. Designers of protection circuits 
are capable of determining what type of body-tied transistor 
should be used. 

The components of device 20 are formed within a 
semiconductor layer having a thickness in a range of 500-1000 

1 O angstroms thick. In this specifi.cation, interfacial area can be 
expressed as a length because the area is the product of the 
length and the thickness of the semiconductor layer. lnterfacial 
areas of diodes are expressed as lengths. 

The body-tied MOSFET 14 includes a drain diode that is 
15 formed when the channel region and drain region meet. The 

destructive breakdown current of the forward biased drain diode 
can be varied by changing the ratio of the individual source region 
area to the body-tie region area (tie frequency). In FIG. 5, a plot 
of forward bias voltage (Vf) versus forward bias current (If) is 

20 illustrated for three different body-tie ratios. This data is for a 
MOSFET that has a total electrical width of 25 microns (i.e., the 
sum of the widths of individual source regions 36). The drain 
diode is approximately 50 microns long. When the S/B tie ratio is 
1 :1, a current of approxi~ately 6 milliamps/micron is passed 

25 before destructive failure. At S/B tie ratio of 2.5:1, 
approximately 4.6 milliamps/micron is passed before failure (36 
microns of drain diode), and at S/B tie ratio of 5:1, approximately 
3.0 milliamps/micron is passed (31 microns of drain diode). As 
can be seen in FIG. 5, the current carrying ability can be increased 

30 by increasing the tie frequency. This is in part due to more 
available drain diode area, but also a reduction in series 
resistance of the diode that reduces resistive heating. 

FIG. 6 illustrates how the S/B tie ratio affects the 
breakdown voltage of a reversed biased drain diode of a MOSFET. 

35 The breakdown voltage is the voltage of the drain (Vr) when Ir is 
greater than zero. At an S/B tie ratio of 1 :1, the breakdown of the 
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drain diode occurs at a potential of approximately 7.0 volts. Vr is 
approximately 5.8 volts at S/B tie ration of 2.5:1, and Vr is 
approximately 5.0 volts at S/B tie ration of 5:1. 

In the future, Voo potentials will become closer to zero. As 
5 the Vo o potential decreases, the S/B tie ratio should be 

increased. However, if the S/B tie ratio gets too large, the 
benefit of the body ties may become too small because one body 
tie has too much channel region to tie. An S/B tie ratio of greater 
than 10:1 may be a practical upper limit, but this number is not 

1 O meant to be limiting to the present invention. 
Electrically measured dimensions of some of the 

components in FIG. 3 are presented. Zener diode 18 has a pn 
junction surface area approximately 50 microns long, zener diode 
19 has a pn junction surface area approximately 400 microns 

15 long, and each of zener diodes 15, 24, 25, and 29 has a pn junction 
surface area approximately 25 microns long. MOSFET 16 has an 
effective channel length of approximately 0.6 microns and an 
effective channel width of approximately 800 microns, and 
MOSFET 27 has an effective channel length of approximately· 0.6 

20 microns and an effective channel width of approximately 400 
microns. While th~se numbers are specific, those of ordinary 
skill are able to determine the electrically measured dimensions 
that work best with their· circuits. 

The embodiments of the present invention allow an input 
25 protection circuit to be used with a SOI device to properly protect 

the digital circuits or other sensitive components from 
electrostatic events that occur at an 1/0 pad. The design allows 
the 1/0 pad to reach both high and low voltages without adversely 
affecting the internal circuits that are to be protected. During an 

30 electrostatic event, current can flow between the 1/0 pad 12 and 
Voo under both negative and positive biasing conditions, between 
the 1/0 pad 12 and Vss under negative and positive biasing 
conditions, and between any combination of two 1/0 pads. The 
design does not require ties through a buried insulator layer· to an 

35 underlying substrate. Therefore, a truly SOI device including 
input protection circuits is formed. Another benefit of the 
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present invention is that it can be integrated into a process flow 
without the incorporation of marginal or difficult process steps. 

In the foregoing specification, the invention has been 
described with reference to specific embodiments. However, one 

5 of ordinary skill in the art appreciates that various modifications 
and changes can be made without departing from the scope of the 
present invention as set forth in the claims below. Accordingly, 
the specification and figures are to be regarded in an illustrative 
rather than a restrictive sense, and all such modifications are 

1 O intended to be included within the scope of present invention. In 
the claims, means-plus-function clause(s), if any, cover the 
structures described herein that perform the recited function(s). 
The mean-plus-function clause(s) also cover structural 
equivalents and equivalent structures that perform the recited 

15 function(s). 
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Claims 

1. A protection circuit characterised by: 
a pad node; 

5 a first supply node that is coupled to receive a first 
potential; 

a first transistor having a first current electrode and a 
second current electrode, wherein: 
the first current electrode of the first transistor is 

1 O coupled to the first supply node; and 

15 

the second current electrode of the first transistor is 
coupled to the pad node; 

a second transistor having a first current electrode and a 
second current electrode, wherein: 
the first current electrode of the second transistor is 

coupled to the first supply node; and 
the second current electrode of the second transistor 

is coupled to the pad node; 
a second supply node that is coupled to receive a second 

20 potential that is higher than the first potential; and 

25 

a rail clamp having a first terminal and a second terminal, 
wherein: 
the first terminal of the rail clamp is coupled to the 

first supply node; and 
the second terminal of the rail clamp is coupled to the 

second supply node. 

I 1111111 111111 11111 1111111 1111 
* C L M S * 
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2. A protection circuit characterized by: 
a pad node; 
a first supply node that is coupled to receive a first 

potential; 
5 a first body-tied transistor having a channel, a first current 

electrode, and a second current electrode, wherein: 
the channel and the first current electrode of the first 

body-tied transistor are electrically connected 
to each other and are coupled to the first supply 

10 node; 
the second current electrode of the first body-tied 

transistor is coupled to the pad node; and 
a pn diode is formed at a jection between the channel 

and second current electrode of the first body-
15 tied transistor; 

a second transistor having a first current electrode and a 
second current electrode, wherein: 
the first current electrode of the second transistor is 

coupled to the first- supply node; and 
20 the second current electrode of the second transistor 

is coupled to the pad node; 
a second supply node that is coupled to receive a second 

potential that is higher than the first potential; 
a first zener diode having a positive terminal and a negative 

25 terminal, wherein: 
the positive terminal of the first zener diode is 

coupled to the first supply node; and 
the negative terminal of the first zener diode is 

coupled to the second supply node; and 
30 a second zener diode having a positive terminal and a 

negative terminal, wherein: 
the positive terminal of the second zener diode is 

coupled to the pad node; and 
the negative terminal of the second zener diode is 

35 coupled to the second supply node. 

//If /f~ ///f ~ If~///f [f ///If/ _THis---.::.~~~E..::..:.::'.L:~~~~ BE_JEN 
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3. A semiconductor-on-insulator device comprising a pad and a 
protection circuit, wherein the protection circuit is 
characterised by: 
a first supply node that is coupled to receive a first 

5 potential; 
a first transistor having a first current electrode and a 

second current electrode, wherein: 
the first current electrode of the first transistor is 

connected to the first supply node; and 
1 O the second current electrode of the first transistor is 

connected to the pad; and 
the first transistor is a body-tied transistor 

a second transistor having a first current electrode, a 
second current electrode, and a control electrode, 

15 wherein: 
the first current electrode and the control electrode 

of the second transistor are connected to the 
first supply node; and 

the second current electrode of the second transistor 
20 is connected to the pad; 

a second supply node that is coupled to receive a second 
potential that is higher than the first potential; and 

a first zener diode having a positive terminal and a negative 
terminal, wherein: 

25 the positive terminal of the first zener diode is 
connected to the first supply node; and 

the negative terminal of the first zener diode is 
connected to the second supply node. 

··-.._____:----· 
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4. A semiconductor-on-insulator device comprising a pad and a 
protection circuit, wherein the protection circuit is 
characterised by: 
a first supply node that is coupled to receive a first 

5 potential; 
a first body-tied transistor having a channel, a first current 

electrode, and a second current electrode, wherein: 
the channel and the first current electrode of the first 

body-tied transistor are electrically connected 
1 O to each other and are coupled to the first supply 

15 

node; 
the second current electrode of the first body-tied 

transistor is coupled to the pad node; and 
a pn diode is formed at a jection between the ·channel 

and second current electrode of -the first body­
tied transistor; 

a second transistor having a first current electrode and a 
second current electrode, wherein: 
the first current electrode of the second transistor is 

20 coupled to the first supply node; and 
the second current electrode of the second transistor 

is coupled to the pad node; 
a second supply node that is coupled to receive a second 

potential that is higher than the first potential; 
25 a first zener diode having a positive terminal and a negative 

terminal, wherein: 
the positive terminal of the first zener diode is 

coupled to the first supply node; and 
the negative terminal of the first zener diode is 

30 coupled to the second supply node; and 

35 

a second zener diode having a positive terminal and a 
negative terminal, wherein: 
the positive terminal of the second zener diode is 

coupled to the pad node; and 
the negative terminal of the second zener diode is 

coupled to the second supply node. 
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5. A semiconductor-on-insulator device comprising a first pad, a 
second pad, and a protection circuit, wherein the protection 
circuit is characterised by: 

5 a first transistor having a first current electrode and a 
second current electrode, wherein: 
the first current electrode of the first transistor is 

coupled to a third node; and 
the second current electrode is coupled to the first 

1 O node; 
a second transistor having a first current electrode and a 

second current electrode, wherein: 
the first current electrode of the second transistor is 

coupled to the third node; and 
1 5 the second current electrode of the second transistor 

20 

is coupled to the first node; 
a first rail clamp having a first terminal and a second 

terminal, wherein: 
the first terminal of the first rail clamp is coupled to 

the third node; and 
the second terminal of the first rail clamp is coupled 

to a fourth node; 
a third transistor having a first current electrode and a 

second current electrode, wherein: 
25 the first current electrode of the third transistor is 

coupled to the third node; and 
the second current electrode of the third transistor is 

coupled to the second node; and 
a fourth transistor having a first current electrode and a 

30 second current electrode, wherein: 

35 

the first current electrode of the fourth transistor is 
coupled to the third node; and 

the second current electrode of the fourth transistor 
is coupled to the second node. 
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