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(ESD) AND ANALOG APPLI CATI ONS BACKGROUND OF THE | NVENTLON 1. TECHNI CAL

FI ELD The invention relates generally to diodes,(é%?“‘ug e specifically, to
silicon-on-insulator (SO) diode'circuits. 2. BACKGRCUND ART
Silicon-On-Insutator (SO) technol ogy, which is becomn ng of_increasing
inportance in the field of integrated cirkuits, deals with the formation of
transistors in a relatively thin layer of sem conductor nmaterial overlying
a layer of insulating material. Devices forned on SO offer many advantages
over their bul k corumOeNs,INSTIATHR BODYH GherLEE¢ATEBRDEODRLDFORCE Of

| at ch-up, hi gher packing density, |ow voltage applications, etc. However,
SO circuits, | EECTRASTAIIC (RHIHTHARGE c(FIR), AN ANALQE APPLICATIONS

BACKGROUND OF THE INVENTION
1. TECHNICAL FIELD

The invention relates generally to diodes, and more
specifically, to silicon-on-insulator (SOI) diode circuits.

2. BACKGROUND ART

Silicon-On-Insulator (SOI) technology, which is
becoming of increasing importance in the field of integrated
circuits, deals with the formation of transistors in a
relatively thin layer of semiconductor material overlying a
layer of insulating material. Devices formed on SOI offer
many advantages over their bulk counterparts, including:.
higher performance, absence of latch-up, higher packing
density, low voltage applications, etc. However, SOI
circuits, like other electronic circuits, are: First,
susceptible to electrostatic discharge (ESD), a surge in

. voltage (negative or positive) that occurs when a large
amount of current is applied to the circuit; and seéond, in
need of providing an ideality (a constant wvoltage swing of
60mV/decade over several decades of current) for analog
applications, such as in phase-locked-loop circuits, voltage
regulators, and band gap reference circuits.
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susceptible to electrostatic discharge (ESD), a surge in voltage (negative
or positive) that occurs when a | arge anount of current is applied to the
circuit; and second, in need of providing an ideality (a constant voltage
swi ng of 60m#'decade over several decades of current) for anal og.
applications, such as in phase-locked-loop circuits, voltage regul ators,
and band gap reference circuits. 2 For BSD applications, to discharge
ESD i mpul ses, ESD protection schenes need a | ow voltage turn-on and a high

current drive (tjRg,apkhi é%gi?c%%h@t,et&r diis%lﬁa.atﬁjea'ﬁ%%. %@;‘&Tﬁe%f %515 ent
before a | arge anount of gative or positive voftage |s developed).
Tr adi t i onalPIRiFSCHI/eR vBrhegespreedc i Vs VR FBge sham-88 @ndda diidgduits, do

current drive (the ability to generate or sink a large
amount of current before a large amount of negative or
positive voltage is developed). Traditional bulk
overvoltage protection schemes, such as diode circuits, do
not work well on SOI because of the presence of the SOI |
puried oxide. That is, conventional diodes on SOI have
small current drivability because the current is carried
lateraily {limited by the thickness of the semiconductor -
material). 'Thﬁs, developing a new approach or a new type of
diode was necessary for adequate ESD protection for SOI
circuits.

Some approaches for protecting SOI circuitry from ESD are
found in the following U.S. Patents: U.S. Pat. No. 4,889,829
“Method for Producing a Semiconductor Device having a Silicon-
On-Insulator Structure," issued December 1989 to Kawai; and

" U.S. Pat. 4,989,057, "ESD Protection for SOI Circuits,¥ issued
January 1991 to Lu. In the Kawai reference, ESD protection
circuits, such as diodes, are made from a non-SOI substrate to
protect SOI circuits. A fundamental disadvantage with this
approach is the circuit as disclosed in the Kawai reference
creates a non-planar surface structure during fabrication,
leading to many process related difficulties. For example,
there would be difficulty in removing residual contaminant
metal during the cleansing process, which would create large
metal steps during metallization, leading to meﬁal thinning .
and cracking. Thus, in general, manufacturing such a circuit
would not be feasible.

‘'The Lu reference discusses a gated diode, which could be
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nhot work well on SO because of the presence.of the SO buried oxide. That
I's, conventional diodes on SO have small current drivability because the
current is carried laterally (limted by the thickness of the sem conductor
material). Thus, devel oping a new approach or a new type of di ode was
necessary for adequate ESD protection for SO circuits. Sonme approaches for
protecting SO circuitry fromESD are fgund in the followng U S Patents:
U S. Pat. No. 4,889,829 "Method for Producing a Sem conductor Device having

a Silicon- Lgba é&%@ﬁ@ﬁ éégy Lgre, Th!e %%ﬁ%%erc&&% déso é%%'f:igggly%_

Pat. 4,989, D Pr ot ect on rcurts,”. 1 ssued Januar
Lu. In the beiwiSOEf eFanetstesp Hlléi'*eéﬂ"ieoﬁa&er mqr@ctﬁj%ﬁ%saoﬁml Bae-

made from anoiogh cHbs&idbe Hesplokedt lﬁdtlfd Kﬁﬂlﬂe&er‘éﬂwcﬁ"&ﬁm rov1de

di sadvantage with this roach is t It as disclosed in

reference U L5 PlBﬂtggﬁﬁaF sﬁ?‘fe géto L?Jé r &%uA Y ‘?’fc%‘?o‘?lesued
trait of ideal characteristics, as discussed above. Some
reasons preventing ideal diode characteristics with the diode
in the Lu reference and with conventional diodes in general
include: 1) alignment tolerances of the substrate cause large
process-induced variations; and 2) the conventional diode
structure may be a polysilicon diode, which receives. extension.
and halo implants (implants normally utilized in deep
submicron MOSFETs) that degrades the ideal diode
characteristics on SOI. Thus, the diode in the Lu reference
may be used for ESD protection, but is not appropriate for use

with analog functions.

Accordingly, a need has developed in the art for an SOI
diode that will not only provide ESD protection, but will
provide diode ideality.
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‘Il eading to many process related difficulties. For exanple, there would be
difficulty in renoving residual contam nant netal during the cl eansing
process, which would create large netal steps during netallization, |eading
to netal thinning and cracking.. Thus, in general, manufacturing such a
circuit would not be feasible. The Lu refjerence discusses a gated diode,
whi ch coul d be 3 used for ESD designs. The gated di ode consists of a
floating- body SO transistor, with the gate connected to a signal pad.
Al t hough the diode discl osed guapiais loF Maferansaeekd provi de some ESD
protection, the diode does not allow for the desired trait of ideal
characteristics, as discussed above. Sone reasons preventing_i deal diode

characteristicsypi tf Egﬁsdﬁgd%dvantage of the present invention to
provide a diode for SOI technology with ESD protection.

It is also an advantage of the present invention to
provide a diode for SOI technology with ideal diode
characteristics.

The foregoing and other advantages of the invention are
realized by a body-coupled gated diode formed from an SOI
field-effect transistor (FET). The body, gate and drain of
the SOI FET are tied together, forming the first terminal of
the diode. The source of the SOI FET forms the second
terminal of the diode. Both NFETs and PFETs may be used to
create the forward-biased operatiod of the diode. An SOI
circuit comprising at least one body-coupled dated diode
formed from the SOI FET provides electrostatic discharge
(ESD) protection and diode characteristics.

The fofegoing and other advantages and features of the
invention will be apparent from the following more
particular description of preferred embodiments of the

invention, as illustrated in the accompanying drawings.

eet Has Been Reﬁaced

T



vin the Lu reference and with conventional diodes in general include: 1)

al i gnnent tol erances of the substrate cause | arge process-induced
variations; and 2) the conventional diode structure nay be a polysilicon

di ode, which receives.extension and halo inplants (inplants normally
utilized in deep subm cron MOSFETS) Qpat degrades the ideal diode
characteristics on SO. Thus, the didode in the Lu reference may be used for
ESD protection, but is not appropriate for use w th anal og functions.
Accordingly, a need has glemet opgsicrfrienaor ek pRaRDNGg ode that will not
only provide ESD protection, but wll provide diode ideality. 4 SUMVARY
OF THE | NVENTI ON

The preferred exemplary embodiments of the present

—-—

invention will hereinaftexr be described in conjunction with
~ the appended drawings, where like designations denote like

elements, and:

FIG. 1 is a cross-sectional view of the structure of an
- SOI n-channel field-effect transistor (NFET) of a body-
coupled gated diode in accordance with a preferred

embodiment of the present invention;

FIG. 2 is the circuit schematic of the body-coupled
gated diode of FIG. 1; '

FIG. 3 is a symbol representing the circuit schematic
‘of FIG. 2;

FIG. 4 is a cross-sectional view of the structure of an
SOI p-channel field-effect transistor (PFET) of a body-
coupled gated diode in. accordance with a preferred
embodiment of the present invention;

FIG. 5 is the circuit schematic of the body-coupled
'gated diode of FIG. 4;

FIG. 6 is the symbol representing the circuit schematic
of FIG. 5; '

FIG. 7 is a graph of measured characteristics of the
gate/body/drain voltage vs. the current of FIG. 1; -
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It is thus an advantage of -the present invention to provide a diode for SOL
technology with ESD protection. It is also an advantage of the present
invention to provide a diode for SOL technology with ideal diode
characteristics. According to one aspect of the present invention there is
provi ded an silicon-on- insulator (SOL) field-effect transistor forned over
an insulating |ayer conprising:a source feor form-ng a first termnal of a
gated di ode fabricated over the insulating |ayer; a body; a gate, tied to

sai d body; and py@rain;sCQUBaRH &S feth SRR i S b S0W; o %ffeﬁg ng a
second term nal_ of _said gated di ode fabricated over the insulating [ayer;
wher ei n sarrgarelddredEdgroVede S¥eNiagh Qo f Grarkict eristics at a first

current -1 evel . According to another aspect of the present invention there
is provided a sjljicon-on: insulator OL) fjeld-effect transistor forned
over an insul atfhg- | ayéilt}ﬁﬁﬁﬁitﬁsn& g’ioéé‘uﬁéé‘gr"?ﬂmf AP FPFLteERE R Nal
of a gat eddelbde habngcat bddgvepupllied paitlesl idigpdayst ;FEGHody; andgares;ti ed
to said body; and a drain, coupled to said gate and said body, for formng
a second term nal of said gated diode-fabricated over the insulating |ayer,;
wher ei n sai d- gaF&@Sdi d8e phovildesnd dat ddsiugtivats KHRMRANY ot brenbhs

Accordi ng &-Sthél qapotbesragpect oof the present invention there is
provi ded a : :
FIG. 14 is another exemplary circuit of the ESD
protection device of FIG. 9;

FIG. 15 is a block diagram of a mixed voltage interface
device using the ESD protection device of FIG. 9; '

FIGS. 16, 17, and 18 are exemplary circuits for the
mixed voltage interface device of FIG. 15;

FIG. 19 is a block diagram of a mixed voltage interface
device using the ESD protection device of FIG. 9 having two

power supplies;

FIGS. 20, 21, and 22 are exemplary circuits for the

mixed voltage interface device of FIG. 19;

FIG. 23 is a block diagram of a Voltage interface
device having at least one body-coupled gate diode of FIGS.

1 and 4 used between two voltages;

FIGS. 24 and 25 are exemplary circuits for the device
of FIG. 23.
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silicon-on-i'nsulator circuit receiving signals froma signal pad,
conprising: at |east one body-coupl ed gated di ode, responsive to said
signals, for providing electrostatic discharge protection fromsaid signals
by only generating voltages within a predeterm ned range of voltages.
According to still another aspect of the present invention there is
provided a silicon-on-insulator circuit/ receiving signals froma signal
pad, conprising: at |east one body-coupled gated diode, fabricated over an

i nsul ating |ayerFIées@@@liﬁsf:?a%@'sdas'bg_%@]@1d1 Rl B UG R REGrostatic
di scharge protection fromsaid signals onl eneratln voltages wthin a.
ebed (s

pr edet er mi G FANYS1RE QBFtBSQE’ COUP4§ qde Qf 1FIGHptheandspect of
the present invention there is provided a silicon-on-insulator circuit

receiving sign a_sign X t _aone. body- coupl ed
Gated i ode. °f SBEPuLs Bitevar SEREMRTLS S Ry HoMy ORARRD AR (R odF iR
si gnal s, fancqm@andenglthealsdcodd emandxmanunnﬁxthe)nxnsbmnrCU|t.

invention;

FIG. 28 illustrates a level-shifted body-coupled gated
diode using the diode schematic of FIG. 27;

FIGS. 29 and 30 1llustrate two exemplary circuits of
the level shifting device of FIG. 28;

FIG..31 illustrates a level-shifted body-coupled gated
diode of FIG. 28 including a rise time network; and

FIG. 32 illustrates an exemplary circuit of the device
of FIG. 31 including an ESD clamp.
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¢ According to still another aspect of the present invention there is
provided a nethod for protecting a silicon-on-insulator device from

el ectrostatic discharge conprising the steps of: a) providing a signal to
sai d device through a silicon-on- insulator circuit; and b) protecting said
device fromelectrostatic discharge prodyced fromsaid signal with at |east
one body-coupl ed gated di ode of said circuit. The foregoi ng and ot her

advant ages and features of the invention will be apparent fromthe
fol l owing more particubgexdfesr bRk reroR OFeaed pREkaNgEeNt s of the
i nvention, as illustrated in the acconpanying drawings. - 5 BRIEF

DESCRI PTI ON OF THE DRAW NGS The preferred exenpl ary enbodi nents of the

present -i nvent iQne m# %efgipgggerlbg dggpﬁggﬁd(@&G%pnhy@gtgya\@éﬁ&the

appended dramnngs esi gnati ons denote |1 ke el'enents, and

(FIGS. 4- conflguratlon of the body-coupled gated (BCG)

diode in accordance with a preferred embodiment of the
present invention are shown. As depicted in FIG. 1, an NFET
BCG diode 10 is formed from an SOI MOSFET 36 having an
isolation region 24, buried oxide 12, and silicon substrate
14. Two N+ regions are formed, a source region 16 and a
drain region 17, on a P-type body region 18. Gate electrode
22 overlies gate insulator 21 and defines the gate of the
MOSFET 30. Surface channel 23 lies below gate insulator 21
and on the surface of the P-type region 18, wherein the P-
type region is also known as the channel. The source 36,
drain 34, body 38 and gate 32 terminals are affixed to the
source region 16, drain region 17, body node region 18 and
'gate electrode 22, respectively. Terminal A, coupled to the
body 38, drain 34, and gate 32 terminals, and terminal B,
coupled to the source ferminal 36, form the input and output
of an N+/P type BCG diode 10. Although not shown, the
connections of the terminals can be easily done at any of
the metal layers of MOSFET 30.

FIG. 2 illustrates the circuit schematic of NFET BCG
diode 10. As in FIG. 1, FIG. 2 shows BCG diode 10
comprising a source 36, drain 34, body 38, and gate 32
terminals. BCG diode 10 comprises two terminals, A and B.
As aforementioned, terminal B is coupled to the source
terminal 36, and terminal A is coupled to the body 38, gate
32 and drain 34 terminals being tied together. When
terminal A is greater in voltage than terminal B, the BCG
diode 10 will turn on, thus providing ESD protection as



»FIG 1 is a cross-sectional view of the structure of an SO n-channel
field-effect transistor (NFET) of a body- coupl ed gated diode in accordance
with a preferred enbodi nent of the present invention; FIG 2 is the circuit
schematic of the body coupl ed gated diode of FIG 1; FIG 3 is a synbol
representing the circuit schematic of FIG 2; FIG 4 IS a cross-sectional
view of the structure of an SO 'p-chanrdel fleld ef fect transistor (PFET) of
a body- coupl ed gated di ode in.accordance with a preferred enbodi nent of

the preseni;dqy&did on @.«@atérl 8eble1CHRAMIL. SgeRiidadl1d er egy - cpupl ed
gated di ode_of FIG 4; the synbol _representing the circuit

schemati c 67 TeRYesenfed; by FE‘eangQShsbﬁ“bﬁéaMr &¢ ahavartiat B¥Gcs3 of the

Similarly, as shown in FIG. 4, a PFET BCG diode 20 is
formed frdm an SOI MOSFET 30'having an isolation region 24,
buried oxide 12, and silicon substrate 14. Two P+ regiomns
are formed, a source region 26 and a drain region 27, on the
N-type body region 28. As aforementioned, gate electrode 22
overlies gate insulator 21 and defines the gate of the
MOSFET. The source 36, drain 34, body 38 and gate 32
terminals are affixed to the source region 26, drain region
27, body node region 28 and gate electrode 22, respectively.
Terminal A, coupled to the body 38, drain 34, and gate 32
terminals, and terminal B, coupled to the source terminal
36, form the input and the output of a P+/N type BCG diode
20.

FIG. 5 illustrates the circuit schematic of PFET BCG
diode 20. As in FIG. 4, FIG; 5 shows BCG diode 20
comprising a source 36, drain 34, body 38, and gate 32
terminals. BCG diode 20 comprises two terminals, A and B.
As aforementioned, terminal B is coupled to the source
terminal 36, and terminal A is coupled to the body 38, gate
32 and drain 34 being tied togethexr. When terminal B is
greatexr in voltage than terminal A, the BCG diode 20 will
turn on, the operation being discussed in greatex detail
below. BCG diode 20 of FIG. 5 is represented by the diode
symbol 20 as shown in FIG. 6. Since the present invention
comprises both polarities of diode transistors (N+/P and
P+/N), a greater flexibility in circuit operation and design
is available for SOI technology, as will be seen below.



gat e/ body/drain voltage vs. the current of FIG 1, 6 FIG 8 is a graph
of neasured characteristics of the threshold voltage vs. body bias of  FIG
1; FIG 9 illustrates a block diagramof an ESD protection device using a
body- coupl ed gated diode of FIGS. 1 and/or 4; FIGS. 10, 11, 12 and 13

illustrate exenplary circuits for the device of FIG 9; FIG 14 is another
exenplary circuit of the ESD protection dévice of FIG 9; FIG 15 is a

bl ock diagramof a m xed voltage interface device using the ESD protection

device of FIG. 9yf 'c\%?er&@%olﬁj fa§g e 1 RoBFRTERREPLALAL IdHH Sid Frdde {1l xed

vol tage |nterface device o
6 takes place in two current reglons, which will be

illustrated in greater detail in reference to FIG. 7. 1In
the first current region, the BCG diode provides ideal diode
characteristics. In the second current region the BCG diode
provides ESD protection. In general, the first current
region of the BCG diode corresponds to the functional
voltage range from approximately 0 volts to approximately
Vdd, wherein Vdd is the power supply voltage. The
exponential portion of diode characteristics, though, is
typically limited to zero to approximately +/- .7 volts
because of external and parasitic series resistances. The
second current regibn of the BCG diode corresponds to the
range approximately below zero and above the power supply
voltage, Vdd.

For the second current region, ESD protection is
provided under two turn-on conditions of the MOSFET BCG
diode. The first turn-on condition occurs when the voltage
of the body 38 exceeds the voltage of the source 36. When
this condition occurs, a forward-biased diode attribute -
allows a current flow from the body terminal to the source

terminal. The first condition is given by the equation:
vaad = vbody‘ > lvbe + V*]

wherein, Vp,a = applied voltage (voltage of a signal pad):
Vioay = body voitage; '
Vhe = diode forward-biased voltage between body
and source terminals; and'
V* = Vdd when MOSFET BCG diode is an NFET, or
' Vss when MOSFET BCG diode is a PFET.
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{FIG 19 is a block diagramof a m xed voltage interface device using the
ESD protection device of FIG 9 having two power supplies; FIGS 20, 21,
and 22 are exenplary circuits for the m xed voltage interface device of
FIG 19; FIG 23 is a block diagramof a voltage interface device having at
| east one body-coupl ed gate diode of FIGS. 1 and 4 used between two

vol tages; FIGS. 24 and 25 are exenplargicircuits for the device of FIG 23.
7 FIG 26 illustrates a block diagram of an anal og device using the

body- coupl ed gabﬁﬂedéQQSantEEGSon c®Rditioh Bectitd Sifers HIRTBFd L e Bat

body- coupled gate diode in
e gate 32 exceeds the threshold voltage. That 1s, as the

signal pad voltage increases, the body voltage and the gate
voltage 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

condition is given by the equation:

lvpad = Vgal;.el > ‘Vt(Vbodys\}pad) + V*’

wherein, Vgga = applied voltage;

Vgace = gate voltage;

VE (vboay = vpaay = the threshold voltage when the
voltage of the body is equal to the voltage
of the applied voltage; and

i V¥ = Vdd when MOSFET BCG diode is an NFET, ox
Vss when MOSFET BCG diode is a PFET.

Thus, for the NFET BCG diode 10 (FIG. 1),'when a
positive pulse is applied to the terminal of the NFET
(terminal A), the current is discharged through the P-N
diode formed by the body 18 and drain 16 of the NFET
structure. In parallel, as.the body voltage increases, the
threshold voltage of the MOSFET 30 decreases, creating a
dynamic threshold and ideal diode characteristics. As the
threshold voltage of the NFET decreases, the gate-coupling
of the NFET turns on the NFET in parallel with the diode. A
unique aspect of the BCG diode is the parallel operation of
diodic characteristic of the diode and the body and gate
coupled MOSFET interaction. The BCG diode uses body-
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:accordance with a second enbodi ment of the present invention; FIG 28
illustrates a | evel -shifted body-coupl ed gated di ode using the diode
schematic of FIG 27; FIGS. 29 and 30 illustrate two exenplary circuits of
the level shifting device of FIG 28; FIG 31 illustrates a |level-shifted
body- coupl ed gated diode of FIG 28 includigg arise time network; and FI G
32 illustrates an exenplary circuit of the device of FIG 31 including an
ESD cl anp. 8 DETAI LED DESCRI PTI ON OF THE DRAW NGS Referring to FIGS

1-6, an NF%BJﬂi(% to Nowdd PRETabELERte4vAl ueOBE gukakhor sHoilde
body- coupled _gated (BCG )
voltage and gate—coupllng to turn on the ESD MOSFET element

prior to NFET snapback.

Likewise, for the PFET BCG diode 20 (FIG. 4), when a
negative pulse is applied to the terminal of the PFET
(terminal Ai, the current is discharged through the N-P
diode formed by the body 28 and drain 26 of the PFET
structure. - In parallel, as the body voltage decreases, the
magnitude of the threshold voltage of the PFET 20 decreases,
again creating a dyﬁamic threshold and ideal diode ‘
characteristics. As the threshold voltage of the PFET
decreases, the gate-coupling of the PFET turns on the PFET
in parallel with the diode. As aforementioned, a
distinguishing aspect of the BCG diode as compared to other
diodes is the parallel operation of diodic characteristic of
the diode and the body and gate coupled MOSFET interaction.
That is, the BCG diode uses body-coupling to lower the
absolute value of the threshold voltage and gate-coupling to
turn on the ESD MOSFET element prior to PFET snapback.

FIG. 7 illustrates the operation of the NMOSFET BCG
diode 10 (FIG. 1) of the present invention (lines 52 and 56)
compared to the operation of a non-BCG diode {(lines 54 and
58). On the left vertical axis of the graph is a log scale
of the current at the first current region (pertaining to
lines 52 and 54), indicating the subthreshold regions of
MOSFET 30 (line 52) and the FET of the non-BCG diode (line
S4) . The other vertical axis of the graph illustrates the
linear scale of the current at the second current region
(pertaining to lines 56 and 58), indicating the ESD
operational mode of MOSFET 30 (line 56) and the FET of the
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di ode in accordance with a preferred embodi ment of the present invention
are shown. As depicted in FIG 1, an NFET BCG diode 10 is fornmed from an
SO MOSFET 30 having an isolation region 24, buried oxide 12, and silicon
substrate 14. Two N+ regions are forned, a source region 16 and a drain
region 17, on a P-type body region 18. Ga%gselectrode 22 overlies gate
I nsul ator 21 and defines the gate of the FET 30. Surface channel 23 lies
bel ow gate insulator 21 and on the surface of the P-type region 18, wherein
the P- type dRgiBrGi&iadso(kinensas .t hatchaendirsthewrawrte 36yidh Al the4,
body 38 and gate. 32 tey naI re.a to t he r egjson 1 draln
region 17, body CH’o%% ég‘% aangék Ihgcﬁogdg% dClroéisepe ]tJTPveI
Termi nal A, aougpires ao i&eabodybﬁﬁreéhaﬂd 3¢;ngn@fg@wmvfﬁdaadﬁJﬁﬂ%hland
termnal B, .c9 t e al...36 F ]Qﬂg puK. . of
an N+/ P typelcE%?idg% £, ggsgﬁﬂf%g ;g; gbﬂshg\%ncogﬁlmn n(ril.)ect I-ons ?ﬁé the
terninals canﬂbe<éésM®QFEﬁnéoat Fhatofis, the gate voltage is directly
applied to the body instead of being capacitively coupled,

as with the conventional non-BCG diode. The ideality factor
n is given by the egquation:

-n = 1 + CD/COX
wherein C%/C&:= the capacitive coupling.

Thus, the value of the ideality factor (n) is
approximately 1 for the BCG diode, whereas n is greater than
1 for the non-BCG diode. The ideality faétor is important
to the resulting slope, which is found through the equation:

Io (e V/nk'r/q - 1)

o}
i

wherein- - I = the resulting current;
I, = the reverse saturation current;
= the voltage of the diode;
= the ideality factor;
the Boltzman constant;

= the absolute temperature (°K); and

Q 1 xF B <
i

= the electron charge.

The elements kT/q are approximately equal to 26mV, and
the current is proportional to e. The slope can then be
approximated by multiplying 60mV/decade (kT/g * 1ln(10)) by
the ideality factor. The BCG diode, with an ideality factor
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the metal layers of MOSFET 30. FIG 2 illustrates the circuit schematic of
NFET BCG diode 10. As in FIG 1, FIG 2 shows BCG di ode 10 conprising a
source 36, drain 34, body 38, and gate 32 term nals. BCG di ode 10 conpri ses
two termnals, A and B. As aforenmentioned, termnal Bis coupled to the
source termnal 36, and termnal Ais coupled to the body 38, gate 32 and
drain 34 termnals being tied together. Whéft terminal Ais greater in
voltage than termnal B, the BCG diode 10 will turn on, thus providing ESD

protection @s 1, %reaﬁeegsedsloﬂwgfrde@aee datid (qelrfaNsi%CGﬁ&d&éOneﬁ FI G
21s represent gl é t he  dj ode syngée_lo as shown in FIG_3. Simlarly, as
S

shown in Fﬂ%g QdeFEYiERAl d4E Y5 factor of approx1mately 1.45,
produces a slope of around 87mV/decade (line S4). As

aforementioned, a 60mV/decade slope is important in analog
applications for functions such as voltage reference, phase-
locked-loop, and voltage regulators.

At the second current region (lines 56 and 58), the ESD
protection pfovided by the non-BCG diode (line 58) is
minimal, quickly being dominated by series resistance 59,
where the voltage begins to increment proportionally to the
current. The ESD protection provided by the BCG diode is
much greater (line 56). The BCG MOSFET at this point may be
conceptually treated as a bipolar device with large (and

. sometimes infinite) current gain. The drain current can be

'modeled as the collector current, and the body (gate)

i current as the base current. Even though for ease of
analysis this device may be treated as a bipolar device, it
is indeed a MOSFET since the current conduction is through
the surface channel and is controlled by the gate. The
"gpparent® gain of the "bipolar" device is large, because
the threshold voltage (Vt) of the MOSFET is being modulated
by the applied bias to the silicon film. This gives the
appearance of large bipolar gain at low biases.

FIG. 8 demonstrates the modulation of the threshold
voltage by the applied body bias. The modulation of two
devices are depicted, one being of a shorter channel length
than the other. Line 61 illustrates when Ignm” the drawn
dimensions of the channel length, is equal to .25 um, and
line 62 illustrates when Lg,m is equal to .20 um. Thus, the
BCG diode uses body-coupling to lower the absolute value of
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«fornmed from an SO MOSFET 30 haV| ng an isol ation region 24, buried oxide
12, and silicon substrate 14. Two P+ regions are formed, a source region 26
and a drain region 27, on the N-type body region 28. As aforenentioned,
gate el ectrode 22 overlies gate insulator 21 and defines the gate of the
MOSFET. The source 36, drain 34, body 38 and gate 32 termnals are affixed
to the source region 26, drain region 2¥5 body node region 28 and gate
el ectrode 22, respectively. Termnal A coupled to the body 38, drain 34,
and gate Fhd eufklmré@lllcldaﬁdltagm aal Brea®iepledytmmntie tImestelder m nal 36,

formthe i and t t f N 0.
illustrat ed;cp N ntit]ﬂ’t erra [ 8%OF%F#%%§%§% 3‘ qg%‘gze allo% Cfoﬁ, FIG
5 shows. B@iahbhmleocmmlsoﬁgtaesdupd@ Sthamhcdieriztidmdy 38, and gate 32
term nal s. 2 0 _ I

O\ﬁé@ Y g?ﬁBepéhg w& Lel @g%a itpARY Bufants that

af orenent i termh source
are utlllzed to control the threshold voltage) of a MOSFET,

the I, of the BCG diode (e.g., Ioff of the MOSFET) can

easily be changed by several orders of magnitude. This
change is depicted by moving line 52 to the left or right,
which is not easily accomplished in regular diodes.

Carrying the bipolar analogy one step further, it
becomes clear why connecting the collector and base together
will form a diode. Here, the gate and the body may fbrm the
base terminal, the drain may be the collector terminal, and
the source may be the emitter terminal. Even though the
base (gate) current might have non-ideality, its sum with
the collector current will remain ideal because the
collector current is several orders of magnitude larger than
the base current. As seen, this diode will have a much

larger current than the conventional diode of the same size.

FIGS. 9-25 illustrate using the BCG diode as described
above in a variety of ESD applications and circuits in

accordance with an embodiment of the present invention.

As shown in FIG. 9, a block diagram of a first stage
ESD protection device 70 comprises diodes 64 and 66, at
least one of them being a BCG diode. Diode 64 is coupled to
a signal pad 68 and a predetermined high voltage V,. Diode
64 will sink an excessive amount of current from signal pad
68, thus clamping the voltage from the signal pad 68 to the
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.termnal 36, and termnal Ais coupled to the body 38, gate 32 and drain 34
being tied together. When termnal B is greater in voltage than term nal A -
the BCG diode 20 will turn on, the operation being discussed in greater
detail below. BCG diode 20 of FIG 5 is represented by the diode synbol 20
as shown in FIG 6. Since the present .invention conprises both polarities.
of diode transistors (N+/P and P+/N), a gléater flexibility in circuit
operation and design is available for SO technology, as will be seen
bel ow. p&e‘ﬂm&:eo;mérmetd drigt \tdsﬂetd@PElTvm dihed esigymaidn ol tddgsS. id- 6

takes plac t reqiQns.cg V\A]_F | ust rﬁ%h ter

detail in xj el?’lrtee\r%:)ecrigl{ﬁy| '?Qo‘a q he T P’?{M Cl?rér)gnt erhelég;; sf)? eé%%eggl ode

provi des |@@@ adirgtfsletermined low voltage V,. Diode 66 clamps the
signal voltage to the predetermined low voltage V, by the
driving more current to the device when the signal voltage

is below the low voltage V,.

FIGS. 10-13 illustrate using the NFET (N+/P) and PFET
(P+/N) configuratiohs of the preferred embodiment of the BCG
diode for diodes 64 and 66. As seen in FIG. 10, two N+/P
diodes are used for diodes 64 and 66. In FIG. 11, diode 64
is an N+/P diode and diode 66 is an P+/N diode. In FIG. 12,
diodes 64 and 66 are P+/N diodes. In FIG. 13, diode 64 is a
P+/N diode and diode 66 is.a N+/P diode. As aforementioned,
and as can be seen through these four exemplary circuits,
there is flexibility in creating the circuit when both N+/P
and P+/N diodes may be used. :

As seen in FIG. 14, a BCG diode may be used in
combination with other non-BCG diodes in forming the ESD
protection circuit of FIG. 9. One example is a BCG diode 64
used in conjunction with a diode having its source, drain
and gate tied together 66. 1It is to be understood that the
ESD protection device of the present invention is not
limited by the combinations shown as examples. Other
appropriate combinations, such as a gated diode and a BCG

diode may also be used.

As shown in FIG. 15, other stages 76, 78 may be added
onto the first stage ESD protection device 70 when mixed
voltage interfacing is involved. The first stage ESD

protection device 70, as described above with reference to



. characteristics. In the second current region the BCG diode provides ESD
protection. In general, the first current region of the BCG di ode
corresponds to the functional voltage range fromapproxinmately 0 volts to
approxi mately vdd, wherein Vdd is the power supply voltage. The exponenti al
portion of diode characteristics, though, is typically I[imted to zero to
approximately +/- .7 volts because of extltnal and parasitic series
resi stances. The second current region of the BCG di ode corresponds to the
range apprexeeg el ysbebanezeea asdsaboue ph@ BBeN,supplysubkeggentVdd. For

condi £ onsSASThe. NERREToERESARAAS. SPRECHAFBESa: A R LTt Thcure when
t he vol t ageobfsthetbothe38irstestngbhe aldlowigg dbxt lze dediayc BB heNmmct hi s
Fon 4 S L B BESfatiot Hitke 79 O g et 11 ow

specific examples and elements will be discussed in

reference to the following figures, it is to be understood

that the various stages of the ESD protection device of the

present invention are not limited thereby. Other

appropriate elements and combination of elements, such as

gated diodes, lubistors, any appropriate MOSFETs or dynamic

threshold transistors, may also be used.

FIGS. 16-18 depict three exemplary elements used for
the various stages 76, 78. As seen in FIG. 16, each stage
76, 78, etc. may comprise a diode having its source, drain
"and gate tied together. The body of diode 76 is connected
to the first stage protection device 70 and the gate of the
diode 76 is connected to Vdd and to the body of the next
diode. The body of the Nth stage diode 78 is connected to
the prior stage diode and the gate is connected to Vdd.. In
FIG. 17, each stage of diode 76, 78, etc. comprises a
transistor with its body and drain tied together. The gate
of diode 76 is coupled to the gates of the other stages of
diodes 78 including the gates of the diodes in the 1lst stage
protection device 70 {(not shown). The drain of diode 76 is
connected to protection device 70 and its source is
connected to ﬁhe drain of the next diode. The source of the
Nth stage diode 78 is connected to Vvdd.

FIG. 18 shows a series of diodes 76, 78 wherein the
gates and the drains are all tied together with the first
stage protection device 70. The body of the second stage
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.termnal. The first condition is given by the equation: |V[ferr] = V[err]| >
| V[err] + V*| wherein, Vpad = applied voltage (voltage of a signal pad);
Vlerr] = body voltage; Vbe = diode forward-bi ased voltage between body and

" source termnals; and V* = Vdd when MOSFET BCG di ode is an NFET, or Vss
when MOSFET BCG di ode is a PFET. The second turn-on condition occurs
when the voltage at the gate 32 exceeds i8e threshold voltage. That is, as
t he signal pad voltage increases, the body voltage and the gate voltage
wi Il al so diwdeazé. i¥heonnketlkddyov dhieage atrsrtsiage sletiee t T eahdl dheol t age

dect eases. oJiiise BBeBnLNEe0RHA LRLLAIRIBRPO 10NN CyOLhEIBoay

current wiT _ -
of the third stage diode, etc. The source of the Nth stage

diode 78 is connected to Vdd.

As shdwn in FIG. 19, a second power supply V; may also
be used with the mixed voltage interfaciné device of FIG.
15. Again, the first stage ESD protection device 70 is
connected to signal pad 68, V,, and subsequent stages.

FIGS. 20-22 show specific examples for FIG. 19. In FIG. 20,
each stage of diode 76, 78, etc. comprises a transistor with
its body and drain tied together. The gate of diode 76 is
.connected to the gates of the other stages of diodes 78 and
Vcc. The drain of diode 76 is connected to Vcc and
protection device'70'and its source is connected to the
drain of the next diode. The source of the Nth stage diode
78 is connected to Vdd.

As seen in FIG. 21, each stage of diode 76, 78, etc.
comprises a diode having its source, drain and gate tied
together. The body of diode 76 is connected to Vcc and the
first stagé protection device 70 and the gate of diode 76 is

"connected to Vdd and to the body of the next diode. The
body of the Nth stage diode 78 is connected to the prior
stage diode and its gate is connected to Vdd. As seen in
FIG. 22, each diode stage 76, 78, etc. comprises a BCG diode
with its drain connected to the body and gate. The drain of
diode 76 is connected to Vcc and protection device 70 and
iﬁé source is connected to the drain of the next diode. The

. source of the Nth stage diode 78 is connected to vdd.

FIG. 23 illustrates an ESD protection device 91 that
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.flow fromthe drain termnal fo the source terninal. This condition is
given by the equation: |V[err] = V[err]| > |Vt [err] + V*| wherein, V[err]
= applied voltage; V[err] = gate voltage; Vt[err] = the threshold voltage
when the voltage of the body is equal to the voltage of the applied
vol tage; and V* = vdd when MOSFET BCG di ode is an NFET, or Vss when MOSFET
BCG diode is a PFET. Thus, for the NFET B@G diode 10 (FIG 1), when a
positive pulse is applied to the term nal of the NFET (termnal A), the

current is éirckbéreeéat BeewgBnt heaoF’Fuw@irO%aﬁlri@d Ry the Rody #8eand drain

16 of the NFET structure., In parallel, as the body vol tage i ncreases, the
t hreshol d d%??%@%tb?ntﬂgvﬁﬁeFE §Gn&§€#éé%é§¥mﬁﬁ%§ﬁﬁrﬂ;§¥ e 4Hre<Rol d
and i deal di©dEesb0refatebeshgCa. BCAS dilkde, wherein the string of diodes

contains a set of diodes electrically coupled in a serial
fashion, anode to cathode. The string of diodes may contain
diodes such as lubistors, gated diodes, and other dynamic
threshold (DT) MOSFETs, etc. FIGS. 24 and 25 illustrate
specific implementations of FIG. 23. In FIG. 24, device 91
comprises a string of PFET BCG diodes 20. As seen in FIG.
25, device 91 comprises a string of NFET BCG diodes 10.

FIG. 26 shows the BCG diode of the present invention
used in conjunction with a typical analog application.
Circuit 92 is a section of a band-gap reference circuit that
is used in charge pumps and phase—iocked loops. Circuit 92
comprises two PFETs 93 and 94 tied together at the gates,
and two NFETs 95 and 96 tied together at thé gates. The
drain of PFET 93 is connected to the drain and gate of NFET
95. The drain and gate of PFET 94 is connected to the drain
of NFET 96. The first terminal of BCG diode 97 is connected
to the source of NFET 95, and the first terminal of BCG"
diode 98 is connected to the source of NFET 97. The second
terminal of BCG diodes 97 and 98 are tied to ground.
Typically, the width of BCG diode 98 is "m" times greaterxr
than the width of BCG diocde 97. Hence, since both diodes
are drawing the same current, the smaller diode (in this
case, diode 97) will develop a larger voltage to drawn
current ratio. The resulting voltage is given by the

equation:

Va - Vg = kT/g * In (m)



-threshol d vol tage of the NFET decreases, the gate-coupling of the NFET
turns on the NFET in parallel with the diode. A unique aspect of the BCG
diode is the parallel operation of diodic characteristic of the di ode and
t he body and gate coupled MOSFET interaction. The BCG di ode uses body-

12 coupling to | ower the absolute value of the threshold voltage and
gate-coupling to turn on the ESD MOSFE® el enent prior to NFET snapback.

Li kewi se, for the PFET BCG diode 20 (FIG 4), when a negative pulse is

appl i ed whebdednt er v,nal tate tvbﬂca el dft @l Rla1Aer di®JL rent is discharged

through the N-P di qde fo the bod and drain 26 of the PFET
structure. In par a&gel: % Iet{’fggL G€% he

kT/q = the terminal voltage {(described in

reference to FIG. 7, approximately 26mV); and

m = the ratio of the width of the larger diode to
the width of the smaller diode.

For example, if m is equal to 10, then the resulting fixed
voltage that is supplied to the circuit (Va-Vz) would be
approximately 60 mV. Although m is equal to 10 in this
example, it is to be understood that other appropriate
values may be used. The BCG diodes 97 and 98 provide the’
ideality necessary for a fixed voltage, which allows the

band-gap reference circuit to function correctly.

FIG. 27 illustrates a second embodiment of the BCG

diode 40 in accordance with the present invention. As with
the first embodiment, the gate 32 and the body 38 are tied
together. The source 36 forms terminal B, and the drain 34
forms terminal A. The diode shown is in NFET configuration,
but may also be made in PFET configuration. The drain 34 is
indirectly connected to the body 32 and gate 38 through
delay device 110 as shown in subsequent figures. Thus, the
operation of diode 40 is similar to the operation as
described in reference to FIGS. 1-6.

As seen in FIG. 28, the drain 34 of the BCG diode is
tied to the body 38 and gate 32 through delay device 110
comprising level shifting device 120. The level shifting
device 120 is used to delay the tufn on of diode 40.
Terminal A is normally connected to a signal pad (not

shown) , and terminal B is normally connected to the



magni t ude of the threshold voltage of the PFET 20 decreases, again creating
a dynam c threshold and i deal diode characteristics. As the threshold

vol tage of the PFET decreases, the gate-coupling of the PFET turns on the
PFET in parallel with the diode. As aforenentioned, a distinguishing aspect
of the BCG di ode as conpared to other diodes is the parallel operation of
di odi ¢ characteristic of the diode and t3He body and gate coupl ed MOSFET
interaction. That is, the BCG di ode uses body-coupling to | ower the

‘absol ut e siiskerafetdr thresbuhd.voFig§e 20dagsat 80cdddstgate turn on the
ESD MOSF L. Q5 p : I | g he operation
of the N%%gl%% Qgilz%(g‘él%% J(?Elg% E?? g?%"ﬁe%’r@gégﬁ?} iﬁ’grﬁg?(%l I nes 52 and
56) conpdatyeen tredepef agR8nPof BIRen2Bcshevsda Etimiag sf HRE s8)odem t he

left vertdgptAudce@f £168 goapbrigsa | ag seake10kibae QFevi8lYs aladde first
current Ledion, (BeTEaMLNGNEQ LhNes 82:807 28hy LILISRH Y (IS, SR Ry pshol ¢
only one diode, or several diodes. The diodes turn each |
other on in sequential manner, thus allowing for a delay in
the turn on of diode 40. In the FIG. 29 example, Node C
connects to the source and drain of diode 122. The source
and drain of each diode 122, 124 is.tie&'together and the
body connection of the first diode 122 is connected to the
drain of the next diode 124. The body of the last diode

connects to node D.

FIG. 30 shows a string of BCG diodés constructed from
SOI NFETs. Node C connects to the drains of each of the
diodes 126, 128 and the body connection of the first diode
126. The source of the first diode 126 is connected to the
body/gate connection of the next diode 128. The source of
the last diode connects to node D. Although BCG diodes are
specifically shown for exemplary circuits of level shifting
device 120, one of ordinary skill in the art will understand
that other devices, such as lubistors, gated diodes, and
other dynamic threshold (DT) MOSFETs, may be used in the

diode string.

As shown in FIG. 31, delay device 110 comprises rise-
time device 130 and level shifting device 120, rise time
dé&ice 130 being connected to level shifting device 120 at
node C. Rise-time device 130 also connects to terminals A
and B and is generally a resistor/capacitor (RC)-coupled

device. The drain of BCG diode 40 is now connected to the



MOSFET 30 (line 52) and the FET of the non-BCG diode (line 54). The other
vertical axis of the graph illustrates the linear scale of the current at
the second current region (pertaining to lines 56 and 58), indicating the
ESD operational nmode of MOSFET 30 (line 56) and the FET of the 13

non- BCG diode (line 58). At the first cysrent region, the BCG diode (line
52), unlike the non-BCG diode (line 54), attains an. ideal subthreshold

swi ng of 60mv/ decade. This ideality is possible through the coupling of the
body to thedgatetef chBEBEETi8h SEh&ACAH siiddee 4fattdirpsigtagalges-Wimect |y

applied tg the bo Lngt ead af ?Qg RaG}ldevglop co Lthet he
conventi on?af’ n%n-%& g?oge. e?’hé%%? ea n|C%ay. fz;cdteorqz)r? i shig%e\e/;br}l%io%egfequat I on:
rise-time device 130 is to cause the body and gate of BCG

diode 40 to rise, thus providing an earlier turn-on.

FIG. 32 depicts a specific exemplary RC circuit ﬁsed
for rise time device 130. The drain of a PFET BCG diode 134
is connected to the gate of an NFET 133. The body of
transistor 133 is connected to the body/gate connection of
the BCG diode and to terminal A, which in this case is Vss.
A modulated ESD clamp, PFET 132 and NFET 131, uses rise-time
device 130 to clamp voltage Vdd. |

Thus, a diode formed from an SOI FET is disclosed in
the invention that provides ideal diode characteristics at a
first current region, and electrostatic discharge (ESD)

protection at a second current region. i

While the invention has been particularly shown and
described with reference to a preferred embodiment 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.



cn=1+ Clerr]/Cferr] wherein (Clerr]/Cerr] = the capacitive coupling.

Thus, the value of the ideality factor (n) is apprexirately 1 for the BCG
di ode, whereas n is greater than 1 for the non-BCG di ode. The ideality

factor is inportant to the resulting slope, which i$higs Baen Rerlacedhe
equation: | = 1IJerr] (e[err] - 1) wherein | = the rj t;
I[err]= the reverse saturation current;23V = the volt ifle; n =

the ideality factor; k = the Boltzman constant; T = the absolute
tenperature ([err]K);.and q = the el echrms charge. The elenents kT/q are
approxi mately equal to 26nV, and the current is proportional to e. The

sl ope caiaenipechpbretti #fited by nul tiplyi ng 60mv/ decade (kT/q * 1n(10))
by -

1. A silicon—on—insulator field-effect transistor
comprising:

a source for'forming a first terminal of a body-coupled
gated diode;
| a body;

a gate, tied to said body; and

a drain for forming a second terminal of said body-

coupled gated diode.

2. The transistor of claim 1, wherein said drain is

tied to said gate and said body.

t 3, The transistor of claim 1, wherein said drain is
connected to said gate and said body via a level shifting

device.

4. The transistor of claim 1, wherein said transistor

is a p-type transistor.

5. The transistor of claim 1, wherein said transistor

is an n-type transistor.

) 0 A



the ideality factor. The BCG diode, with an ideality factor 14 of 1,
produces a 60nV/ decade sl ope (line 52), and the non- BCG diode, with an
ideality factor of approximately 1.45, produces a slope of around

87mVv/ decade (line 54). As aforenentioned, a 60mv/ decade slope is inportant
in anal og applications for functions sugh as vol tage reference, phase-

| ocked-1 oop, and voltage regulators. At the second current region (lines 56
and 58), the ESD protection provided by the non-BCG diode (line 58) is

mni mal, quickly bkisyl o nenetndylaeor esirasits reeed vBSg wigne lishe vol t age
begins to increnent proportionally to the current. The ESD protection

provi ded B tthEBEE R i?%&ﬁy fater (line 56). The BCG MOSFET at this

point .may be 5t least one body-coupled gated diode, respomsive to
said signals, for providing ideal diode characteristics to

said circuit.

This Sheet Has Been Re(ilaced ’
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»'conceptually treated as a bipolar device with |arge (and sonetlnes

infinite) current gain. The drain current ¢ col |l ector
current, and the body (gate) current as the base current. Even t hough for

ease of analysis this device may be treated d& , It is
I ndeed a MOSFET since the current conduction i rI mi:ﬂ Fsurface channel
and is controlled by the gate. The "abparent" | pol ar" device
is large, because the threshold voltage (Vt) of the MOSFET is being

nodul at ed by the applied bias to the silicon film This gives the
appear ance of 4 arg g denDnstrat the
nodul ati on of'%he ?% Pﬁ ?%n 8*tlﬁguggg?%e%§%% |edgﬁ&$}tﬁ%%
modul at | %8 & wbiarad eadareowppieing: one being of a shorter channe

| ength than t L t

di mensi ons ,of %hgéﬁ%n%ﬂ@qﬁ% ébﬁéiégugﬁt aiéhﬁér}ﬁer#% sg’ufel ne> 62

i || ust r afEdAusEeng s ¢ 1 £9% Eﬁ%ﬁ}a%ﬁg QéeFEFPFﬁﬁtIﬁu§lﬂQM§rge

protection from said signals by only generating voltages
within a predetermined range of voltages.

8. The circuit of claim 7, wherein said body-coupled
gated diode comprises: '

a field-effect transistox having a source, drain, body,
and gate, said drain, body and gate being tied together;

a first terminal, coupled to from said source of said
field-effect transistor; and :

a second terminal, coupled to said drain connected to
said body which is connected to said gate of said field-
effect transistor.

9. The circuit of claim 7, wherein said body-coupled
gated diode comprises:

a field-effect transistor having a source, drain, body,
and gate, said gate and said body being tied together;

a level shifting device connected on a first side to
said gate and said body node region of said field-effect
transistor, and connected on a second side to said drain ef
said field-effect transistor;

a first terminal, coupled to said drain of said field-
effect transistor; and

a second terminal, coupled to from said source of said
field-effect transistor.

A
NED
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BCG di ode uses body-coupling to | ower the absolute—vatue—of - —the

threshol d voltage and create a dynam c threshol d. Consequ nHI control of
the threshol d voltage allows for excellent corfhisgheeiHas
characteristics. Furthernore, by changi ng Vt-ad (i mpl ant s that

are utilized to control the threshold voltage) he I[err] of
t he BCG di ode (e.g., loff of the MOSFET36 can easily be changed by several
orders of magnitude. -This change is depicted by nmoving line 52 to the left
or right, whichOis ®be eagichytacdomilaished ifivartdgrt arompoiesng Carryi ng t he
bi pol ar anal og ; t her: .. J 1. eQ%HE% # C c{ t

col l ector and a{saggtegggtefll‘é%%_ﬁlﬁdg?n?a IO égﬁrté%l\/{%/ 1e&m§§ei%%%ttﬁ§ebody
may formpadybasuprlednpaied diedgraitenpraydding eldecant Yeltegal , and

range for said generated voltages, wherein said at least one
body-coupled gated diode forms a first stage of voltages and
said mixed voltage circuit forms at least one higher stage

of voltage.

11. The circuit of claim 10, wherein said at least one
higher stage comprises serially-coupled diodes.

12. The circuit of claim 8, wherein said field-effect
transistor comprises a dynamic threshold at subthreshold
levels, wherein said dynamic threshold correlates to a
change in the body bias of said field-effect transistor.

- 13. The circuit of claim 8, wherein said field-effect

transistor is a p-type transistor.

14. The circuit of claim 8 wherein said field-effect

transistor is an n-type transistor.

15. The circuit of claim 9, wherein said field-effect
transistor is a p-type transistor.

16. The circuit of claim 9, wherein said field-effect

transistor is an n-type transistor.

N ) R



“the source may be the emitter termnal. Even though the base (gate) current
m ght have non-ideality, its sumwth the collector current will remain

i deal because the collector current is several orders of nagnitude |arger
than the base current. As seen, this diode will have a nuch | arger current
t han the conventional diode of the same size. FIGS. 9-25 illustrate using

t he BCG di ode as descri bed above in a vafiety of ESD applications and
circuits in accordance with an enbodi ment of the present invention. As
shown in FI G 197. a Theokidtait aof oélaimi 7sfusthge ESRpprietierii on device 70

di 4 h di_od D od
64 15 coupl ed J A 25 e ftel8drbaEed, Buohdl ABRR AT T UL D ode
64 will siignan axdtespredepeunined bighewoltage, sifgmalclpapiéRy & hus
Cla”p'ngdariéggtéﬁﬁ%éié”%iﬁfhﬁ'EgagaﬁadpQQdEEeEﬂgned high voltage

when said signal voltage is over said high voltage; and

a second body-coupled gated diode, connected to said
signal, a predetermined low voltage and said first diode,'
for clamping said signal voltage to said predetermined low
voltage when said signal voltagé is under said low voltage.

18. The circuit of claim 9 further comprising:
a resistor/capacitor device connected to said signal
and said level shifting device.

19. The circuit of claim 9 wherein said level shifting

device comprises serial-coupled diodes.

This Sheet Has Been Repl
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. 16 predet erm ned hi gh voltage V1 when the signal —voltage 13 greater t han

Mlerr]. Diode 66 is coupled to the signal pad 68 w@&ghedf“eﬁ d | ow
i C [

voltage V2. Diode 66 clanps the signal voltage to | ow
voltage V2 by the driving nore current to the dev

voltage is below the |ow voltage V2. FIGS. 10-13 il the NFET
(N+/ P) and PFET (P+/N) configurations of28 he preferred embodi nent of the
BCG di ode for diodes 64 and 66. As seen in FIG 10, two Nt/ P di odes are
used for di ode3064 AnletBOd| fom grotectdnsie 4 liconT qpmenbaonnd di ode

66 1s an &¢vN:=4&i pdem &nebt 5 i r / i F G
13, di odeCP64N|:s ggPH%I SI o%saﬁglgcl %ﬁ%@%&@%%@ée@h@ 9€&ps SF:

af orenentioned, and as can be seen through these four exenplary circuits,
there is flexi é)) | prygvidingeat signkile ta rsaiid ddvarcedathrdbig’ a silicon-

on-insulator circuit; and

b) protecting said device from electrostatic discharge
produced from said signal with at least one body-coupled
gated diode of said circuit.

21. The method of claim 20, wherein providing said at
least one body-coupled gated diode of step b) further

comprises the steps of:

b1l) providing a field-effect transistor having a
source, drain, body, and gate, said drain, body.and gate being

tied together;

b2) coupling a first terminal to said source of said

field-effect transistor; and

b3) coupling a second terminal to said drain, which is
connected to said body and said gate of said field-effect

transistor.

* [3 L M s *



.dnd P+/ N di odes may be used. As seen in FI ; ode may be used in
conbi nation with other non-BCG di odes in formgng,t ction circuit
of FIG 9. One exanple is a BCG di ode 64 useﬁlhlsg’he as BRA i lgéegvi-th a di ode
having its source, drain and gate tied toget he“mn“ﬂjmlm H be under st ood
that the ESD protection device of the present ot limted by
t he conbi nations shown as exanpl es. O2%er appropriate conbinations, such as
a gated diode and a BCG di ode nmay also be used. As shown in FIG 15, other
stages 76, 78 rrﬁ?-beTéGd@thﬁtioo\flh@lﬁmsi-’ost‘&@%‘-‘fEiSDmiétim%rsaiei/iatte 70

shen 1 xe, 4gbt oGt BLESI CLofd Sdauel g, The UL SgenERO Protecton

devi ce 70, as descri erence
comprises the steps of:

bl) providing a field-effect transistor having a
source, drain, body, and gate, said gate and said body being

tied together;

b2} connecting a level shifting device on a first side
to said gate and said body node region of said field-effect
transistor, and on a second side to said drain of said field-

effect transistor;

b3) coupling a first terminal to said drain of said

field-effect transistor; and

b4) coupling a second terminal to said source of said

field-effect transistor.

23. The method of claim 21, further comprising the
steps of:

b4) connecting a mixed voltage circuit to said at
least one body-coupled gated diode, for providing a second
vdltage range for said generated voltages, wherein said at
. least one body-coupled gated diode forms a first stage of
voltages and said mixed voltage circuit forms at least one
higher stage of voltage.

THIS SHEET HAS BEEN
REPLACED

R



e

47 FIG 9, is connected to signal pad 68, V2, —and-subsequent stages. Each
stage adds approximately an additional .7 volts onto the first stage,

allowing for a delay in the turn on of the firsPhisyh Yn devi ce
70. Al though specific exanples and elenments w || j n reference
to the followng figures, it is to be understood us stages .of

the ESD protection device of the pres@ft invention are not |imted thereby.
Q her. appropriate el ements and conbi nati on of el enents, such as gated
di odes, | ubistéds, dhe amirvhgd ief ecMOBRETS, ovhelyaini saifr eEhdlegst one
transi st of,$ qndBY 2 Rtk e &1 451 AP148-96P168 &hH88sexenpl ary el enent s
used for thg varioﬁggztages 76? 78. %G s%e% I'n FIG 16 Seach stage 76, 78,
etc. may conprise a diode having its source, drain and gate tied together..

The body of di ede 7@HeS redHRTISE c10ihhe2 f i wBér&iA08apROFeeligoR FFRAEICe 70

and the gate of the
gtransistor comprises a dynamic threshold at subthreshold

levels, Wherein.said dynamic threshold correlates to a
change in the body bias of said transistor.

26. The method of claim 22, wherein said field-effect
transistor is a p-type transistor.

27. The method of claim 22, wherein said field-effect

transistor is an n-type transistor.

28. The method of claim 20 further comprising the
steps of:

c) connecting a first body-coupled gated diode to
said signal and a predetermined high voltage, for clamping a
voltage of said signal to said predetermined high voltage
when said signal voltage is over said high voltage; and

d) connecting a second body-coupled gated diode to.
said signal, a predetermined low voltage and said first
diode, for clamping said signal voltage to said
predetermined low voltage when said signal voltage is under

said low voltage.

-
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+diéde 76 is connected to Vdd and to the body of the next diode. The body of
" the Nth stage diode 78 is connected to the prior stage diode and the gate
is connected to Vdd. In FIG 17, each stage of diode 76, 78, etc. conprises
a transistor with its body and drain tied together. The gate of diode 76 is
coupled to the gates of the other s§fges of diodes 78 including the gates
of the diodes in the 1st. stage protection device 70 (not shown). The drain
of diode 76 is connected to protection device 70 and its source |s
connected to tR&-dr InE Bethes rfkicliidye2 THEVSRRE cCOTPThE1REh tECage di ode
78 is congegpsdof@ Vdd. FIG 18 shows a series of diodes 76, 78 wherein the
gates and the grgins are all tied to ethg; with. . the first stage Rrotection
B r/c oYsaid

devi ce 70. The®Bddy SEPPEFE 6L Shd & apacitor device

signal and said level shifting device.

*kkkk
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>*18 diode 76 is connected to the protection device 70 and the source of the
second stage diode 76 is connected to theibody of the third stage diode,
etc. The source of the Nth stage di'ode 78 is connected to Vdd. As shown in
FIG 19, a second power supply V3 may al so be used with the m xed vol t age
interfacing device of FIG 15. Again, the first stage ESD protection device
70 is connected to signal pad 68, V2, apd subsequent stages. FIGS. 20-22
show specific exanples for FIG 19. In FIG 20, each stage of diode 76, 78,
etc. conpri ses SALICONsONtINSULATOR BODYCOURLED GATEDIQDEHORr . The gate
of diode 76 is connected to the gates of the other stages of diodes 78 and
Vcc. The dr aiELECTROSTATIC DISCBAREH GSD)ANDCANM. QB ARRLICATIONS ce 70 and
its source is connected to the drain of the next diode. The source of the
Nt h st agABSTRWCTS is connected to Vdd

A body-coupled gated diode for silicon-on-insulator (SOI) technology is
disclosed. The body-coupled gated diode is formed from an SOI field-effect transistor
(FET). The body (18), gate (22) and drain (17) of the SOI FET are tied together,
forming the first terminal (A) of the diode. The source (16) of the SOI FET forms the
second terminal (B) of the diode. Both NFETs and PFETs may be used to create the
diode. An SOI circuit comprising at least one body-coupled gated diode formed from
the SOI FET provides electrostatic discharge (ESD) protection and ideal diode
characteristics. |

Fig. 1
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‘As’seen in FIG 21, each stage of diode 76, 78, etc. conprises a di ode
,ﬁgving its source, drain and gate tied together. The body of diode 76 is
connected to Vcc and the first stage protection device 70 and the gate of
diode 76 is connected to Vdd and to the body of the next diode. The body of
the Nth stage diode 78 is connected to the prior stage diode and its gate
is connected to Vdd. As seen in FIG 22/ldach di ode stage 76, 78, etc.
conprises a BCG diode with its drain connected to the body and gate. The
.drain of diode 76 i's connected to Vcc and protection device 70 and its
source is connected to the drain of the next diode. The source of the Nth
stage diode 78 is connected to vVdd0 kG 23 iIIustrate%zan ESD protection
device 91 that 19

FIG. 1,
10 — ' A :
A
34‘* IOﬂ ?
l lev
34
37 1 MR 38/ Ll—3,
36 36
B B
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‘ nay ‘be used between two powver supplies, V1 and V2. The protection device 91
,generally conprises a string of diodes, at |east one being a BCG di ode,
wherein the string of diodes contains a set of diodes electrically coupled
in a serial fashion, anode to cathode. The string of diodes may contain

di odes such as |ubistors, gated di odes, and other dynam c threshold (DT)
MOSFETs, etc. FIGS. 24 and 25 illustrayélspecific inplenmentations of FIG
23. In FIG 24, device 91 conprises a string of PFET BCG di odes 20. As seen
in FIG 25, device 91 conprises a string of NFET BCG diodes 10. FIG 26
shows the BCG di ode of the present invention used in conjunction with a
typi cal anal og application. Crcuit 92 is a section of a band-gap reference
circuit that is used in charge pqus and phase-1 ocked | oops. Circuit 92
conprises two PFETs 93 and 94 tied together at the gat¥%, and two NFETs 95
and 96 tied together at the gates. The drain of PFET ngls connected to
the drain and gate of NKET ‘

36
/

Sour

FIG. 4
20 —a Ag
A
34 ’
38—
3 5 A\ 32
36 —36
B
B
FIG. 6

FIG. 5



'95. " The drain and gate of PFET 94 is connected to the drain of NFET 96. The
first termnal of BCG diode 97 is connected to the source of NFET 95, and
the first termnal of BCG diode 98 is connected to the source of NFET 97.
The second term nal of BCG diodes 97 and 98 are tied to ground. Typically,
the wwdth of BCG diode 98 is "m' tinmes greater than the width of BCG di ode
97. Hence, since both diodes are draw ng/the same current, the smaller

diode (in this case, diode 97) will develop a larger voltage.to drawn
current ratio. The resulting voltage is given by the equation: V[err] -
Mlerr] = kT/q *In (m 20 wherein . V[err] = the voltage of the smaller
di ode; Linear Scale
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- V[err] = the voltage of the |arger diode; kT/q = the term nal voltage
(described in reference to FIG 7, approximately 26mV); and m= the ratio
“of the width of the larger diode to the width of the smaller diode.-. For
exanple, if mis equal to 10, then the resulting fixed voltage that is
supplied to the circuit (Verr]-V[err]) would be approxi mately 60 nV.
Al though mis equal to 10 in this exangl/dl it is to be understood that
ot her appropriate values may be used. The BCG di odes 97 and 98 provide the
ideality necessary for a fixed voltage, whichgg lgws the band-gap reference
circuit to functiggpcgrrectly. FIG 27 illustrates a second enbodi nent of

the BCG di ode 40 in accordance wth,the present7dn ; Vi th the
first enbodi nent, the gat¢ 327 and t\ﬁe body 38 are-#4red-t t-heé The source
36 forns terni n?Q B,i"and fhe drain 34 forns teigg nalﬁ The di 83e shown is
in NFET configuratidn, — ; i ;
‘ Ziz“ | éﬁ >
68~ > | ]
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but may al so be made in PFET configuration. The drain 34 is indirectlj
gonnected to the body 32 and gate 38 through delay device 110 as shown in

subsequent figures. Thus,

120 is used to del ay the_Lu.r_n__atLEoI_dl_ode ¢0.
connected to a signal pad (not shown), and ferninal

Ter m nal

B is nornall

the operation of diode 40 is simlar to the
operation as described in reference to FIGS. 1-6. As seen in FIG 28,
drain 34 of the BCG diode is tied to the body 38 and gate 32 through del ay
devi ce 110 conprising | evel shifting de%t® 120. The |evel shifting device

t he

Ais nornally

connect ed

to the 21 substrate or to grount, FIGS. 29 and 30 illustrateVgyenpl ary
circuits used for level shiftinithiedice 120 o
Stage| otk tattat W 7
: i
o : L
o ey R ‘
o (o]
o
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bet ween nodes C and D. FIG 29 shows a string of BCG di odes constructed
From SO PFETs. As in all diode strings nade reference to in this
application, each 'string nay consist of only one diode, or several diodes.
The di odes turn each other on in sequential manner, thus allowi ng for a
delay in the turn on of diode 40. In the FIG 29 exanple, Node C connects
‘to the source and drain of diode 122. Bi{{dlsource and drain of each diode
122, 124 is tied together and the body connection of the first diode 122 is
connected to the drain of the next diode 124. The body of the |ast diode
connects to node D. FIG 30 shows a string of BCG di odes constructed from
SO NFETs. Node C connects to the drains of each of the diodes 126, 128
and the body connection of the fiTst digde 126.~ Thé/;source of the first

di ode 126 is connected to the body/gat%uﬁognection of the next diode 128.

The source of the | ast diode connectsétggg de D. . Although BCG di odes are

78
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Stage

76

oo

68
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FIG. 19
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|
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- spé&cifically shown for exenplary circuits of |evel shifting device 120, one
of ordinary skill in the art will understand that other devices, such as
“lubistors, gated diodes, and other dynamic threshold (DT) MOSFETs, may be
used in the diode string. As shown in FIG 31, delay device 110 conpri ses
rise- tinme device 130 and | evel shifting device 120, rise tine device 130
bei ng connected to | evel shifting devi7ggll20 at node C. Rise-tine device
130 al so.connects to termnals A and B and is generally a
resi stor/capacitor (RC)-coupled device. The drain of BCG di ode 40 is now
connected to the 22 body/ gate connection of BCG di ode 40 through
rise-time device 130 and | evel shifting device 120. The purpose of

76 78.
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“ride-time device 130 is to cause the body and gate of BCG diode 40 to rise,
thus providing an earlier turn-on. FIG 32 depicts a specific exenplary RC
circuit used for rise tinme device 130. The drain of a PFET BCG di ode 134 is
connected to the gate of an NFET 133. The body of transistor 133 is
connected to the body/gate connection of the BCG diode and to term nal A,
which in this case is Vss. A nodul ated 30 cl anp, PFET 132 and NFET 131
uses rise-tinme device 130 to clanp voltage vdd. Thus, a diode fornmed from
an SO FET is disclosed in the invention that provides ideal diode
characteristics at a first current region, and electrostatic discharge
(ESD) protection at a second current region. Wiile the invention has been
particularly shown and described with reference to a preferred enbodi nent
thereof, it will be understood-by-thosg—skitied i ¥sthe art that the
foregoi ng and other changes in formang details may be made

Protection
Device -
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therein without departing fromthe spirit and scope of the invention. 23

CLAI M5 1. a silicon-on-insulator (SOL) field-effect transistor forned
“over an insulating |ayer conprising: * a source for formng a first

term nal of a gated diode fabricated over the insulating | ayer; * a
body; * a gate, tied to said body; and * a drain, coupled to said gate

and said body, for form ng a second tefiilnal of said gated diode fabricated
- over the insulating | ayer; * wherein said gated di ode provides ideal
anal og characteristics at a first current |evel.

o e e b Y G ey et G L P Y G R G e B GR G A he e dm s e - e e e e e A
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FIG. 26
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"2, % The transistor of claim1l1, wherein said drain is connected to said gate
~and said body via a |level shifting device. 3. The transistor of claiml,
“wherein said transistor is a p-type transistor. 4. The circuit of claiml,
wherein said second term nal of said gated diode is coupled to a signal. 5.
A silicon-on-insulator (SOl) field-effect transistor fornmed over an

i nsul ating | ayer conprising: * a sourqge/flar formng a first termnal of a
gated di ode fabricated over the insulating | ayer; * a body; * a gate,
tied to said body; and * a drain, coupled to said gate and sai d body, -
for formng a second termnal of said gated di ode fabricated over the

i nsul ating |ayer; * wherei n iejd gate@:dlode provi des el ectrostatic

di scharge protection. 6. A siﬁ.eén»ene Asul-ator--ci+Gukt receiving signals

froma signal pad, conprising: i :
: 122 ;
: of :
i 124 i
: x i
E 00 o-:rO D
FIG. 29
120 ¢
2 i - 000 §
: 126 |
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24“at | east one body-coupl ed gated diode, responsive to said signals, for
prOV|d|ng el ectrostatic discharge protection fromsaid signals by only
“generating voltages within a predeterm ned range of voltages. 7. The
circuit of claim6, further conprising: a mxed voltage circuit, connected
to said at | east one body-coupl ed gated di ode, for providing a second

vol tage range for said generated voltabdéllwherein said at |east one

body- coupl ed gated diode fornms a first stage of voltages and said m xed
voltage circuit forns at |east one higher stage of voltage. 8. The circuit
of claim7, wherein said at |east one higher stage conprises seriall-y-
coupl ed diodes. 9. The circuit of claim6é further conpBising: d285i r st
body- coupl ed gat ed di ode, connected to sai-d signal and § predeternifed high
vol tage, for clanping a voltage of said S|gnal to said pr edet er m ned hi gh
vol t age when sai d signal vettage—+s—over aalalg5y| vot-tage; and * a

second hody- coupled-gated_dLodeTmeenneeted aid signdl, a predeterm ned
ow ; Rise :
i Time E
5 Device | N o . N
: 130 Lo :
E . Level |! i 4 i
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GETTége and said first diode, for clanping said signal voltage to said
“predeterm ned | ow vol tage when said signal voltage is.under said | ow
voltage. 10. A silicon-on-insulator circuit receiving signals froma signa
pad, conprising: at |east one body-coupled gated diiode, fabricated over an
I nsul ating |ayer, responsive to said sig#als, for providing electrostatic
di scharge protection fromsaid signals by only generating voltages within a
predet ermi ned range of volt 1. The circuit of claim210, wherein said
field-effect transistor n%ﬂﬁy@@&§~ ¥ at subt hreshol d

| evel s, wherei d Id correlates to ange,.in the body

bi as of said f e]$c61[h§§f c?g‘} gf pyesent Tﬁ’ge’&tfqnclﬁ‘?tprﬁ\“g Iaalq’HdPOforV\Aserel n

clai m 10, ShmeEy %%??Pséﬁﬁéechﬁ?icf E¥2ﬁs? Sfor Ts an n-type transistor. 1.
Do o™ ! 46 A R b BSEHY Bk A By 500,
t he i nsul ak¢lin@dldgdywith ideal diode charactcrlstlcs.

According to one aspect of the present invention there is provided an silicon-on-
insulator (SO1) field-effect transistor formed over an iﬁsulating layer comprising:a
source for forming a first terﬁlinal of a gated diode fabricated over the insulating layer; a
body; a gate, tied to said body; and a drain, coupled to said gate and said body, for
forming a second terminal of said gated diode fabricated over the insulating layer;
wherein said gated diode provides ideal analog characteristics at a first current level.

According to another aspect of the present invention there is provided a silicon-on-
insulator (SO1) field-effect transistor formed over an insulating layer comprising: a
source for forming a first terminal of a gated diode fabricated over the insulating layer; a
body; a gate, tied to said body; and a drain, coupled to said gate and said body, for
forming a second terminal of said gated diode fabricated over the insulating 1ayer;-
wherein said gated diode provides electrostatic discharge protection.

According to still another aspect of the present invention there is provided a
silicon-on-insulator circuit receiving signals from a signal pad, comprising: at least one
body-coupled gated diode, responsive to said siglials, for i)roviding electrostatic
dischérge protection from said . signéls by only generating voltages within a
predetermined range of voltages. o _'

According to still another aspect of the present invention there is provided e
silicon-on-insulator circuit receiving signals from a signal pad, comprising: at least one
body-coupled gated diode, fabricated over an insulating layer, responsive to said signals,

for providing electrostatic discharge protection from said signals by only generating

voltages within a predetermined range of voltages. r REPLACEMENT SHEET
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responsive to said signals, for providing ideal diode characteristics to
said circuit. 15. The circuit of claim 14, wherein said field-effect
transistor is a p-type transistor. 16. The circuit of claim 14, wherein
said field-effect transistor is an n-type transistor. 17. The circuit of
claim14 further conprising: a resistor/4apacitor device connected to said
signal and said level shifting device. 18. The circuit of claim 14 wherein

said | evel shifting.device conprises serjial-coupled diodes. 19. A nethod
for protecting’ ¥ ﬂgc%-sﬂﬂ-?‘-% aAspect el thee Preserth BIveRtiom shese iis priovidedr ge

conpri si ng.s: o .a) .. r.oovidi.ng.a_signal] to said device through a
si Irr})con- ogﬁl%gndﬁlﬁ‘gs@aﬁrr %lﬂ‘%utlt fegﬁams) SIg‘%bsr @PH{%{‘ Siggakpady comprising; ap deast %ne

el ect rost ag ' I p C [ said.signal Wth at | east one |
body- coupﬁfédcfﬁ’é%t@géagigggg é@ﬂg,a?%)rﬁc?&@uppr AV %ISHL:’“H& FeF> ofCSEPUN YR 19 said
wher ei n pr guhdl daab 3 st d di ode of step b)
further 20%%??%;1??ﬁ%ﬁ%l?g%ég?fodg'&ﬁalﬁ%gﬁ%?cg\‘;?giﬁgéﬂgﬁﬁl el d-effect transistor

gate, oard dran Doy paic MBpetrYf R, A Afentif ire 18 MoVl o
first ternnetodt domi protseting eaokilisn-dnfihslldore detide ffNS eRbRbstadd) discharge
comprising the steps of: a) providing a signal to said device through a silicon-on-
insulator circuit; and b) protecting said device from electrostatic discharge produced

from said signal with at least one body-coupled gated diode of said circuit.
The foregoing and other advantages and featﬁres of the invention will be apparent

from the following more particular description of preferred embodiments of the

invention, as illustrated in the accompanying drawings.




53) coupllng a second termnal to a1d draln which is connected to said
body and said gate of said field- ef fect itiransi stor. 21. The method of claim
20, further conprising the steps of: b4) connecting a mxed voltage circuit
to said at | east one body-coupl ed gated di ode, for providing a second

vol tage range for said generated voltages wherein said at |east one

body- coupl ed gated diode forns a first stage of voltages and said m xed
voltage circuit forns at |east one hlgper stage of voltage. 22, The nethod
of claim?21, wherein said at |east on&LAYERr stage conprises serially-
coupl ed di odes. 26 23. The nmethod of claim 19, wherein providing said at
| east one body-coupl ed gated di ode of step b) further conprises the steps

and gate: lsai & Bled-bhdndisiey Gty SERRES e liebiled Sver i insufaing tayer

comprising:

e  asource for forming a first terminal of a gated diode fabricated over the insulating
layer;

e abody;

. a gate, tied to said body; and

e  a drain, coupled to said gate and said body, for forming a second terminal of said
gated diode fabricated over the insulating layer;

»  wherein said gated diode provides ideal analog characteristics at a first current
level.

2.  The transistor of claim 1, wherein said drain is connected to said gate and said body
via a level shifting device.

3. The transistor of claim 1, wherein said transistor is a p-type transistor.

4. The circuit of claim 1, wherein said second terminal of said gated diode is coupled
to a signal.

5. A silicon-on-insulator (SO1) field-effect transistor formed over an insulating layer
comprising:

o a source for forming a first terminal of a gated diode fabricéted over the insulating

. layer; |

e abody;

e a gate,_tied to said body; and

e  adrain, cbupled to said gate and said body, for forming a second terminal of said
gated diode fabricated over the insulating layer; |

. Wherein said gated diode provides electrostatic discharge protection.

6.. A silicon-on-insulator circuit receiving signals from a signal pad, comprising:

REPLAGEMENT SHEEY
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b2) connecting a level shifting device on a first side to said gate and
sai d body node region of said field-effect transistor, and on a second side
to said drain of said field- effect transistor; b3) coupling a first
termnal to said drain of said field-effect transistor, and * b4)
coupling a second termnal to said sourca of said field-effect transistor.
24. The nmethod of claim 23, wherein said field-effect transistor conprises

a dynamc threshold at subthreshold levels, wherein said dynam c threshold
correlates’ to agrf‘?,aﬁﬁl‘?&% QOHYTCHEPISGC%W’& diode, respensiver ton §3id (signals Sfor Trevidinghod

26. “The et hod CSHONAF M5 uateSy Brofieog from; bl GEBRIScEY Qe EenGRbRe | lages
n-type. 27. T%ﬂﬁg%%?%g%g@%g@?ﬁ&&{a%%ej conprising the steps of: bb)

connecting a resis evi ce sai d signal and said |evel

shifting dgvi %ec%_%uitﬂ%la‘i‘iﬁtd;'?%rﬂgrc g@g b 0 further conprising the steps
ody-

of : * c) connecting a first C "gated diode to said signal and a

e e Yl gOao s 9k o Bl sy e 04, 70 ¢

vol t age; and providing a second voltage range for said generated voltages, wherein said at leést
one body-coupled gated diode forms a first stage of voltages and said mixed voltage
circuit forms at least one higher stage of voltage.

8. The circuit of claim 7, wherein said at least one higher stage comprises serially-
coupled diodes. |

9. The circuit of claim 6 further comprising:

»  afirst body-coupled gated diode, connected to said signal and a predetermined high
voltage, for clamping a voltage of said signal to said predetermined high voltage
when said signal voltage is over said high voltage; and

» a second body-coupled gated diode, connected to said signal, a predetermined low
voltage and said first diode, for clémpiﬂg said signal voltage to said predetermined
low voltage when said signal voltage is under said low voltage.

10. A silicon-on-insulator circuit receiving signals from a signal pad, comprising:

e at least one body-coupled gated diode, fabricated over an insulating layer,
responsive to said signals, for providing electrostatic discharge protection from said
signals by only generating voltages within a predetermined range of voltages.

11. The circuit pf claim 10, wherein said field-effect transistor comprises a dynamic
thresh(_)ld at subthreshold levels, wherein said dynamic threshold correlates to a
change in the body bias of said field-effect tr:alﬁSistor.,' o

12. The circuit of claim 10, wherein said field-effect transistor is a p-type transistor.

13. The circuit of claim 10, wherein said field-effect transistor is an .n-t'ype transistor.

14. A silicon-on-insulator circuit receiving signals from a signal pad, comprising:
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* d) connecting a second body-coupl ed gated diode to said signal; a
predeterm ned | ow voltage, and said first diode, for clanping said signha
voltage to said predeterm ned | ow voltage when said signal voltage is under
said |l ow voltage. 29. The nethod of claim28, wherein step c) further
conprises the steps of: c1) coupling sai2s first ternmnal of said first

body- coupl ed gated diode to sai d predeterm ned hi gh voltage; 27 * c2)
coupl i-ng sai d cond t er m nal said f dy- coupl ed gated di ode to
said signdl east ones pod iR T'fb %aé‘?dd 4’?45"“1%3 et aPvest they insulatiog dpyer,

cecond tor ﬁqdngﬁ%%?s 0 35 gl 108 ARk Blee Bt gt SR pesd el

predet er maedrhoWrik bAERim 14, wherein said field-effect transistor is a p-type transistor.

16. The circuit of claim 14, wherein said field-effect transistor is an n-type transistor.

17. The circuit of claim 14 further comprising: |

e  a resistor/capacitor dévice connected to said signal and said level shifting device.

18. The circuit of claim 14 wherein said level shifting device comprises serial-coupled
diodes. |

19. A method for protecting a silicon-on-insulator device from electrostatic discharge
comprising the steps of:

e a) = providing a signal to said device through a silicon-on-insulator circuit; and

e b) protecting said device from electrostatic discharge produced from said signal
with at least one body-coupled gated diode of said circuit.

20. The method of claim 19, wherein providing said at least one body-coupled gated
diode of step b) further comprises the steps of:

e bl) providing a field-effect transistor fabricated over the insulating layer having a
source, drain, body, and gate, said drain, body and gate being tied together;

e  b2) coupling a first terminal to aid source of said field-effect transistor; and

e  b3) coupling a second terminal to aid drain, which is connected to said body and
said gate of said field-effect transistor.

21. The method of claim 20, further comprising the steps of:

o b4 connectmg a mixed voltage circuit to sald at least one .body-coupled gated

diode, for providing a second voltage rangez for sald generafed;V@itages wherein
said at least one body-coupled gated dlode forms a first stage of vi;ltages and said
mixed voltage circuit forms at least one higher stage of voltage. _-"

22, The method of claim 21, wherein said at least one higher stage comprises serially-

coupled diodes.
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23.

25.
26.
27.

28.

29.
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The method of claitii 19, wherein providing said at least one body-coupled gated
diode of step b) further comprises the steps of:

bl) providing a field-effect transistor having a source, drain, body, and gate, said

- gate and said body being tied together;

b2) connecting a level shifting device on a first side to said gate and said body node
region of said field-effect transistor, and on a second side to said drain of said field-
effect transistor;

b3) coupling a first terminal to said drain of said field-effect transistor, and

b4) coupling a second terminal to said source of said field-effect transistor.

The method of claim 23, wherein said field-effect transistor comprises a dynamic
threshoid at subthreshold levels, wherein said dynamic threshold correlates to a
change in the body bias qf said transistor. |

The method of claim 23, wherein said field-effect transistor is a p-type transistor.
Thé method of claim 23, wherein said field-effect transistor is an n-type.

The method of claim 23, further comprising the steps of:

b5) connecting a resistor/capacitor device to said signal and said level shifting
device.

The method of claim 20 further comprising the steps of:

¢) connecting a first body-coupled gated diode to said signal and a predetermined
high voltage, for clamping a voltage of said signal to said predetermined high
voltage when said signal voltage i_s. over said high voltage; and

d) connecting a second body-coupled gated diode to .said- signal; a predetermined
low voltage, and said first diode, for- clamping said signal voltage to said
predetermined low voltage when said signal voltage is under said low voltage.

The method of claim 28, wherein step ¢) further comprises the steps of:

cl) coupling said first terminal of said first body-coupled gated diode to said

determined high voltage; — |
predetermined high voltage REPLACEMENT SHEET
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c2) coupling sai& séeond terminal of said first body-coupled gated diode to said
signal pad; |
¢c3) coupling said first terminal of said second body-coupled gated diode to said
signal pad; and |
c4) coupling said second terminal of said second body-coupled gated diode-to said

predetermined low voltage.
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SILICON-ON-INSULATOR BODY-COUPLED GATED DIODE FOR
ELECTROSTATIC DISCHARGE (ESD) AND ANALOG APPLICATIONS
ABSTRACT _

A body-coupled gated diode for silicon-on-insulator (SOI) technology is
disclosed. The body-coupled gated diode is formed from an SOI field-effect transistor
(FET). The body (18), gate (22) and drain (17) of the SOI FET are tied together,
forming the first terminal (A) of the diode. The source (16)_ of the SOI FET forms the
second terminal (B) of the diode. Both NFETs and'PFETs may be used to create the
diode. An SOI circuit comprising at least one body-coupled gated diode foi'med_ from
the SOI FET provides electrostatic discharge (ESD) prdté;:ﬁon and ideal diode |
characteristics.

Fig. 1




