DUPLI CATE - 1-
SEM @ONDUCTOR DEVI CE W TH ELECTROSTATI C DI SCHARGE

PROTEETI ON Field of the ' 5
Thi s'invention relates to the protection of sem conduct or deg@g@é%st

damage by high voltages. In the present application, the term sem conductor
devi ce includes all types of el ectronic devices based on sem conduct or

clament < | 10 SEMICONURRQROGEVIER WA G g’%ﬁ‘? A{16 DEGEiE

Background of the Inventron or devices are susceptible
to danmage if high voltages are applred 15 to the device | eads. Although

careful circuit design may elimnate . th . possibility of damage
during normal operation, the chancé‘lﬁl&élml’gﬁﬁ%l t age pul se may
be applieg to a device termnal, for exanple during handling of the

devi ce by an er.at or ann co excl ud urrences f this
ype ke BB 50 e b e B a oS n .
potential of dazﬁé)gebyheghholtﬁmﬁmmupt&senbapphmehéeauhﬁmtmmﬂmotdr
period, |eadi 23 9{ circuits.
Cut put ci rcui are ipta:gr[%gréckﬂufsg Fy &bqe%&g O%Q%B%ses and it
is therefore ai@meg@amclu&qa@ﬁm mqn@ttemwnlmne orafew, sushrelements t s.

25 1t i 30KkNQMY #ReSQRER elrcaits S3iShAhydEnektsdi ode between a | ead of a
sem conductor device and ground in order to bypass a vulnerable circuit

el enent connected to the lead in the event of a high voltage pul se.

However , al t hough ef f ectBackorddtidoftbpTagedtisns | nherently restricted
for out put circuits to | ow current, |ow frequency applications due
to the presence of the resistor. 30 Alternatively, a switch such

as a transi stSemivegdbetor dewizes are Mcepﬂl&(todhnmge if high veltagesareappiiedi de

t t t i st
Fther thn dRile fevRbithd AdEReh Rrat! 3t BEAUY Tnay Biminate the (210 ©1 O
proven succe%ﬁhh@?fmmﬂaomﬂahmmcbwmmgﬁ in
35 partieul %ﬁbmﬂgﬁﬁﬁﬂéﬁg foi'%% &Eﬁn Wah@lng'of the
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vol tage on t hgegalled %cdﬁ)stéiﬁ!@dlscharge (ESD) and may result in 2 potentlal of
20  several thousand volts on a device lead for a short period, leading to damage or
destruction of the affected circuits. Qutput circnits are particularly vulnerable
to ESD pulses, and it is therefore necessary to provide ESD protection for
such circuits.

25 It is known to connect a resistor and/or diode between a lead of a
semiconductor device and ground in order to bypass a vulnerable circuit
element connected to the lead in the event of a high voltagé pulse. However,
although effective, this approach is inherently restricted for output circuits to
low current, low frequency applications due to the presence of the resistor.

30
Alternatively, a switch such as a transistor may be connected to a lead of a
device fo provide active switching of high voltage ESD pulses through the
transistor rather than sensitive circuit elements. This approach, though, has
not'proven successful in protecting the output transistors of MOS circuits, in

35 particular n-channel field effect (NMOS) transistors, which are susceptible to

— ESD damage caused either by excess current due o secondary breakdown, or
- by gate oxide rupture caused by the high voltage on the gate oxide. The



- 2- problemis particularly acute for positive voltage pulses to
ground (for negative . pul ses the parasitic pn diode is forward biasegéxa
By isncreasing the size of the NMOS output transistor it is possible to
increase 5 the failure threshold with respect to secondary breakdown;
however, this measure reduces the tol€ance of the transistor to gate
oxide rupture, as the - ~larger transistor is slower to turn on when an
ESD strikes, problémtis pastichlerljeacute for positive FSBBge pllsesito gilosnd (b edghtive
ground nore Eebarfs 3 i ide is exposed to a. high
vol tage for ?’?ﬁ%%’é}?@g%‘?%@gﬁ c??&ré\;& f%g&’grd blais?&))l?'(s al so known to use

devi ces enpl oying a thick gate oxide, which are I nherently robust

agai nst oxi deBy iRéréaSing ¥heries of MCNMIOB aftpub BiiststhbPY is possiBld ¥fincrease
capabilit a_ngf' t heref ore sl.ow t o di ssipat t_tlg_ cgaége_iln an ESD pul se.
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towards devi ceeasttdirdduices he goleramne afﬁ;he thadistde th gate Hade -rﬁph]?fﬁjl @8 (’Lh?
resi stance t e, oxide rupture and therefore r re.a nor i cien
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Sunnary_ép the Invention 25 ~ According tOJthe'presen;-inyentidn there
i's provided art5eElg00siwh b udeetRes empl¥fihB HEGE g&&t&&af, vﬁhﬁ}i%&ége
erna

protection canpri si I rcuit nmeans.coupled #ng an term nal of -

e
sai d devi ce; FeRtY rebustagaingt oxide rgpire; Howeyer, sugh devices dpyeerlowe
coupl ed to sadfveripabitity badrire shersforexslowao dissipatedhe chhegd iPaf XD pulse.
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char act edbs ectowartds devices ovith thinner gate bxides.dischodevdeaschgprecd eediiced swit ch
I s capaci ti velys _ Y Yo M=V | e ST N this
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protection against ESD pulsesthan has been possible in the prior art.

- This invention therefore seeks to provide a sémiconductor device having
20 . improved ESD protection that mitigates the above mentioned disadvantages
- and is also applicable to MOS output circuits. - S

. Summary of the Invention
25 | : . |
According to the 'pfesent invention there is prbvid’ed-_a semiconductor device
with electrostatic discharge protection comprising circuit means coupled to an
external terminal of said device; a protective switch having a first current
electrode coupled to said extérnal terminal and a second current electrode
30  coupled to a reference potential, said protective switch providing electrostatic -
" discharge protection for said circuit means; characterised in that a control
electrode of said protective switch is capacitively coupled to said external
" terminal. '
v _ _
35 = In this manner, the protective switch rapidly responds to any high voltages
_____ ) - applied to the external terminal of the semiconductor device, providing
“enhanced ESD protection. ' ' '



applied to the external term nal of the sem conductor device, providing
enhangc ESD protection.

- 3- In a preferred enbodi nent of the present invention, the first
circuit nmeans and the protective switch are n-channel field effect
transi stors. This conbination has prgved particularly effective in
conbati ng damage due to ESD pulses. 5 In a further enbodi nent of the
i nvention, the.sem conductor device further conpri ses an RC network
coupled to the control electrode of the protective swtch. In this
way the ESD pr®ecefesrediespbpdinentcef the nrespntintentign, the firstcdingiimmenns and

circuit el emeghs Rﬁdb@cﬁ%ﬁ@sﬁﬁbﬁﬁré YiRéhanHel field effect transistors. This combinatiddl | ef
Description o

Wil now be dbeseroEd Wivilarly sfervoR FnpHRIGHERRAR A0s to R Rulses.

FIG1 is %representatlon of the current S|gnal froma h| gh-vol t age pul se

t hrough an N Jthut t r.ansi st th_n rotecti 0. F 2 1s a
circuit diagr 2 L& gpf%mﬁn?f’?t tS°FH tcfeﬁbc her
protection. compriéb@aﬁ RG natwe]ﬂr emgﬂeditm tire cdntrélelendrodendf the pnotectivem a

hi gh-vol t age t i) through
thg pr ot ec'?i vg%ranm sl%"s t}HlESE}J& crrcul Bt e@%@é"bﬁ%%arﬁ@ﬁl[aé 4) s a °
circuit di agraembinatipnoefigrauitelemants pag ezl mul s?\?gt}‘lillﬁte preferred

enbodi menjgof the invention. 30 FIGS5 is a representation of the current
signal froma high-vol tage pul se: (i) t hrough the output transistor
and (ii) through the protective transistor of the circuit of FIG 4.

Brief Description of the Drawings

s

An exemplary erabodiment of the invention will now be desmbed with
15  reference to the drawmgs in which:

FIG.1 is a representation of the current signal from a high-voltage pulse
through an NMOS output transistor with no ESD protection.

20 FIG.21is a circuit diagram of a conventional output circuit incorporating ESD
protection.

FIG.3 is a representation of the current signal from & high-voltage pulse: (i)
through the output transistor and (ii) through the protective transistor of the
25 circnit of FIG.2.

FIG.4 is a circuit diagram of an output circuit representing the preferred
embodiment of the invention.

30 FIG.5 is a representation of the current signal from a high-voltage pulse: (i)
through the output transistor and (ii) through the protective transistor of the
circuit of FIG.4.

FIC.6 is a representation of the initial part of FIG.5, expanded along the time
35 axis.

e ol d .



FIG6 is a representation of the initial part of FIGS5, expanded along the

time 35 ais. -4- S
FIG7 is a represent ation of the voltage | evel at the gate of the :
protective transistor in the circuit of FIG 4 during an ESD event.

FIG8 is a representation of the integral -4f dissipated charge versus tine:
(i) 5 for the output transistor and (ii) for the protective transistor of
the circuit #IG.7is aFefiretedtationofitheghltageluvel at the gate of the protective

Det ai | ed Desgj. %]%1, H??g he effect of a human
body touchi ng' éﬁ%’i’nﬁ&hé‘c%&@%%’fﬁ%d%c or ggﬁgESDlgven]c- be sinulated by a-
4000V transient (HBM pul se) applied to the device. FI G1 shows t he

current forc | J&yor
by an HEM pulag S ine REaraitafofof Eﬂﬁéfggﬁ?fm#%er ‘gﬁﬁf-’b‘mﬁ% 623 &)
destructi®n &r th?eoqmﬁ%@%ﬁt%@@dt@ decthriprojediivedrapsistaroidhe sitsuituef 15
rupture. - FIGH Guing eESD eedtitent | onal ESD protection circuit for
circuit neans, represented by an NMO3S output transistor 2, the ESD
protection bel ng provi ded by a switch 1. In the exanpl e shown the
switch is a protective Nidefai?é Desenistion of a (Breferied { in parallel
wWith the output transistor 2 and has . the gate and source el ectrodes

tied together. As may be seen fromFIG 3, in whi ch curveél)
represenl@ t H&l&:@fi&@@f atlnmagrbOdNttpuchmgdihﬂ lead of 2 semdcangugtor devicg mgy

represents thg ee ggéqwbv%ahﬁ%htmm??% 3! g@héd th ithé deficaNFRaENt

provi des |ncrease tion of the output or al nst secondary

25  br eakdow§howsithg .ﬁgqedgtatfkowabr%@aragnpme étw&‘ﬁ? S does

tnﬁt t Ur Rraxkistey byast h sé ftheqegmtoftmre%ﬁt Sould fézn&lbeftt;ne,: | at
e sane 0 nc nsi s sti

exposed to hldﬁﬁgxb'ﬁ?gn°%hfl 3@1{%@53 F/SP %&uargﬁ’ée?}?‘g’tvgbﬁ 5%%@?%3

transi stbdd 1ruptureases the space requirenents of the device '

significantly, because in order to avoid premature 30 secondary breakdown

the protective NMOS nust have a size simlar to, that of the out put

transi st or. FIG.2 shows a conventional ESD protection circuit for circuit means,
represented by an NMOS output transistor 2, the ESD protection being
provided by a switch 1. In the example shown the switch is a protective NMOS
20 . transistor that is connected in parallel with the output transistor 2 and has
the gate and source electrodes tied together. As may be seen from FIG.3, in
which curve (i) represents the current through b\itput transistor 2 and curve
- (ii) represents the ¢urrent through protective transistor 1, this arrangerdent
‘provides increased protection of the output transistor 2 against secondary
25 breakdown, but not against gate rupture, as the protective NMOS does not _
turn on any faster than the output transistor 2 and will fail at the same
voltage threshold; hence the output transistor 2 is still exi:osed to high gate
voltages. Moreover, the protective NMOS transistor 1 increases the space
requirements of the device significantly, because in order to avoid premature
30  secondary breakdown the protective NMOS must have a size similar to that
' of the output transistor. o -

Referring to FIG.4, there is shown part of a semiconductor device having ESD
- protection in accordance with the invention. Asin FIG.2, the principle of the
35 invention is illustrated by showing an output stage of a semiconductor dévice
in which prdtecfion against ESD events is provided by protective transistor

———

11. However, as will be clear to the skilled reader, the advantages of the



Referring to FIG 4, there is showm part of a sem conductor device having
ESD protection in accordance with the invention. As in FIG 2, the
princ®le of the 35 invention is illustrated by showi ng an out put stage of
a sehiconduct or device in which protection against ESD events is

provi ded by protective transistor 11_gHowever., as will be clear to the
skill ed reader, the advant ages of the I nvention are not

restricted tolxﬁ@hﬁoﬁ@ L8 HS bRIB R uﬂ:ﬂ Lﬁde any selifsbid ¢
gﬁt n externa? mp P Esgl%)

el emrent that 1's cou qU| res,

prot ect i on, .%mﬁeﬁgx&n#.thaﬁwi@m@uex@ Feauizes BShb| ar
devi ces. S Sofedtii, ncladindanaaha thitk @%@Bﬁﬁéms@é%w@ﬁhpbl@ duvidesCt i ve

switch is an NVDS transSistor, the invention is not restricted to a
particul ar type of tranS|stor but may enconpass any suitable

S\r/]\/! tCP! Ing | eBiailarlncdtinnigh ot depreferh@%embﬁﬂmménigﬁe pﬁéﬂeb@#l eﬁﬁitﬁk_iéimrr} or
thin film en envi saged_to,.e t.hi ck-f.i acptively
coupl ed o5 (NAFQP SRR abSuaER: Rl Botmigird e BrsuRy FRRF oF

i nt egrat ed ci trensistor, but mazbemnmpasstam smtai:ﬂa awitiching eia:tnennyndwpemhng

ext ernal devi &!E*rt cmm t

desired to prlggjec?é agg Q@gﬁlgn “Tnelu Flﬁqt%%éﬁ% nﬂoﬁ:ﬁ%’lgya
out put term niigk p&M@&rtmm#s@rtqsrowdeEﬁ@pwqm fortee

circuit ofg Flﬁp{hart W@ transistor 11 is connected in
parallel wth output transistor 12, with the gate 13 of protective
transistor 11 coupled to the output termnal 14 via a capacitive

el ement 15. Widredwer] 13@ sxdexrail tonaimil inedy béahb@xﬁrﬁﬁlﬂémcqmmﬂmtwos 11

TSI S ek e e

response of t ¢ither inpup oo vetpuitvieriifetds bt evan paweresuppipterringlnf t he out put
transi st 12 and therefore this sem conductor device in accordance

with the |nvent|on has 25 optlmal ESD protection. FIG 5 shows in curve (i)
the cutent thAsgshewniis the circyifigfit G4.thei protacting dransistor L ig eoonected @ur r ent

through the p;?ﬁta‘ﬂ%l With outputitrAMELHFAL, Wﬂiﬂﬁagdtéqglo&‘p%teﬁh%ﬂréxﬁisﬁr #9000V
HBM ESD when

capaci t ance oqoué’é%ﬂg éi@% ‘:“Yei“{t t%gm@igﬁn#lgé%pgm%%e% ément £5."2"°

20  During normal operation of the circuif, protective NMOS 11 is disabled;
however, a positive ESD pulse will push a positive charge through the
capacitive element 15 and turn this transistor on. The response of the
protective NMOS 11 is faster than that of the output transistor 12 and
therefore this semiconductor device in accordance with the invention has

25  optimal ESD protection. FIG.5 shows in curve (i) the current through the
output transistor and in curve (ii) the current through the protective
transistor in the circuit of F1G.4 for a 4000V HBM ESD when the capacitive
element 15 is selected to have a capacitance of about 10fF. It has been found
that capacitance values of from about 1fF to about 1p¥F for element 15 result

30 in a useful level of ESD protection; as the value of capacitance increases, the
rapid turn-on effect of the protective switch is enhanced, but at the cost of
reduced gate protection.

Although the inclusion of capacitive element 15 in ¥1G.4 is on its own
35 sufficient to provide the desired fast turn on of transistor 13, an optional
. integrating and delaying RC network 16 may be coupled to the gate electrode
- 13 of the protective transistor 11 in order to optimise the response of the



~ suitabl e.

t hat capacitance val ues of from about 1fF to about 1pF for el ement 15
result 30 in a useful.level of ESD protection; as the value of capamtawée
i ncréases, the rapid turn-on effect of t he protective switch is
enhahced, but at the cost of reduced gate protection. Al t hough
t he inclusion of capacitive el enent 15 inf®G4is onits own 35
sufficient to provide the desired fast turn on of transistor 13, an '
opt i onal piotedipmtirogitdndhe ESH ipwdsex@nrtbewirckitld Fiig.4ba capagtascd 6f t he
gate el ectr odgyfF and dteSistdf HALEH tﬂ@mﬁéﬁ&k &ﬁcécf'ﬂ%%%hohg g’?&v{p S€ .
the response of _the protection cCi rc i
the circuit on¥@&54althoughany eanasitence valuelbsﬁtlam ahoukipk tvma:ﬁ)umrd to be
4k[err] in thagfpiget work produced the response shovvn in FIG 5, '
-~ al t hough any ‘ance val ue Ies han aboyt 1p found to be

5 fﬁg@% ‘Eﬁeﬁ?@&ﬁlﬁﬁl rtilﬁ |PE'e§ﬁnttlﬂ‘éerHF‘§b ers; thedpHewingf f er s
the foll ow ngadvantagdsf-ant ages: a).. By using capacitive gate
coupling, the protective switch wll be _ turned on very fast by
the rising edge of the ESDpuIse The time for 10 ' turn-on is found
to be nuch faster ahByusiag capacﬂtwecgatplcbuplmggsthetpmtentwe switch will beof  a

conventional prot r | S

illustrated by FI %ﬁa&ﬁhom@%ﬁgg%dﬁe\%%ggéq %Elﬁe F?[e %ﬁstBf

the curvd® of FI G- qxslsfoundtomemmhrfesmrtbenéhath%th@rmt@mrtmssm@h is
proportional to th@fd b&ﬁréﬂt’ﬂ?lal rotective trai¥istde. FRO ! t9en-deGARfR fshe faster

t he ESD pul se arrl ‘g protection_crrcuit will
react . atpd by 'ét'WSE;}‘sWQW 5’%?-‘31@0'?1@&' qfthefirst 8fns el

br eakdown due to- Zmecmesoemes& current flow ng, because it is turned off
after the ESD pul se has . ~.reached its peak. Moreover, any desired
delay in the action of this circuit - can be pre- progranned by
sel ecti nd5t he conpon@iesesponsecofiberprotentive switch is propottiomzlitortheaidetime
response ti me of t 0

swi.tch is an MOS t%\%@ﬁ?ms{&hhgh Eﬁ%ﬁasagﬁt he ESP plﬁ;e a‘{‘nwg t?,ﬁ}é%{ tFS
rupture duri ng an mmlsélrc@émﬁs'éa@ﬁwe vol tage I evel s '

c¢) The protective switch is protected from secondary breakdown due to

20 -excess current ﬂowmg, because it is turned off after the ESD pulse has
‘reached its peak. Moreover, any desired delay in the action of this circuit
can be pre-programmed by selecting the components of the RC network
to optimise the response time of the protection circuit.

25 d) If the protective switch is an MOS transistor, the gate oxide is not
' ~ liable to rupture during an ESD pulse, because the voltage levels
- appearing at this part of the circuit are only moderate. FIG.7 illustrates
the evolution of the gate voltage of the protective NMOS of FIG 4 du.nng

a 4000V HBM ESD.-
30
The protective NMOS described in the present embodiment can be kept to a
small size compared to the conventional protective transistor and therefore -
results in a reduction of the space required by the output circuit.

——-- .~ The coupling capacitance n'ece-sSary for the successful operation of the
protection circuit is very small; of the order of 10fF, and may be realised either



appearing at this part of the circuit are only noderate. FIG7 illustrates

the e@volution of the gate voltage of the protective NMOS of FIG 4 during
a 40%@@ HBM ESD. 30 ' The protective NMOS described in the present
enbodi ment can be kept to a smal | size conpared to the conventiona
protective transistor and therefore rﬁsults in a reduction of the
space required by the output circuit. The coupling capacitance
necessary for f t s
Vory omal 1| oy Hf SvareBpaisre ARl aﬁ‘m eFers, gr Bl P End b Gl
-7- bylagarsvide vadpenel @@é@ﬂnm RetFors mavae s%lec@dtﬁmrawdﬁmu on
«gnd plol ytSI 11' f&fén distribh e bBabsbiBed 198, :&{db E?@daive?l Bdeh i dt%ﬂ\mk rraé
e selecte rovige ution.of “absorbe e, an
hence even pob@:%qusfgﬁe&)ﬁtpghtransm\{or ng‘%ééhe Protegiive transiston {1 2 and

the protedti veernmidtisigd eompdetvdiidust laybuner m tting a conpact circuit |ayout.
The ability to select the relative power dissipated in each transistor by

t he choice of Rand Cis a useful advantage of this enbodi nent of the
pr esent Thewbilitydn selbet the selbtivapewer Hissipabed ixt éech transiatori bt the can

L1 ans ot or o b e @l & b8t oaeihtobolf OHSIcHBRBeh Pl e AR, 7, | °
area of the owmventions This isthecanse th@ower tha‘aaéaarwstphéalp dinsipate hefore it
transistgp i Sepsls d%bﬂ? ?&Sﬂiﬁ'bﬁmw&lé v%d%ﬁbfﬂze%ansxstor cﬁhﬁﬁblpﬁ‘?ﬁe pOWer of

the transistors of

charge dissi p%‘?a@@lplﬁfb@%mcuﬁéééi &é@%\%&‘gﬁfﬁé ‘%fggﬁ d af’*ﬂﬂsmi' pr‘,gel5

di ssi pat ed pouﬁa)ofthepmtecﬂeaﬁmnsaéﬁohwsu Wh@chwpmshﬁﬁharhbfomfgh the
out put transi

shown in Fl G@it S ﬁeéfjggwofthetr ?ttg’%?t)lﬁf;/‘gat ‘3&%} 2% Pg#g% u%gl eal f

pr edet er m nedtheycharge dixsipxiedbyRazhdrahsisto? Over ﬁmeliéﬁbmespmdmg Titlse neans
that the 18 ot(ﬁg&g %&g&lt can be adapted to different circuit

| ayout s and tran es and may be applied to a w de range of
devi ces, such as CMOS and MOS circuits.

Hence, although the peak currents through the output transistor and the
protective transistor are comparable - as shown in FIG.5 - the power
dissipated by each element can be predetermined by the choice of R and Cin

20 the RC network. This means that the protection circuit can be adapted to
different circuit layouts and transistor sizes and may be applied to a wide
range of devices, such as CMOS and MOS circuits.

—— e .



-8- d ai ns 1. A
sem conductor_device with electrostatic di-8eharge protection 5 ,YJ

conpfi si ng: nmeans coupled to an external term nal of.
sai d devi ce; III!I”"!"!I!"M“} ﬂ otective swtch having a first current
el ectrode couple = external termnal and a second current '
el ectrode coupled to a reference poLpditdsal . said protective swtch
providing electrostatic discharge protection 10 - for said circuit nmeans;
characterised in that a control electrode of said protective switch is
capacitively ]couplA@ehncaadmbtexﬂehnelmtleelectmbtatm dischdrge prdtéétidrconduct or

devi ce ac ordln ta claiml1l, wherein: 15 . said clrcuit nmeans

.conpri se L? SPEansi st or. and sai d ext ernal term nal is-an output
t ermi nal . 3. circyitsesanoeahpdedto dnwxbanatbmmimbofsmdldaavmei or 2,
wher ei n: sai =TT ok | e‘%tf&’a annel
field effect 20 dag%@%g?g?s mﬁﬁﬁﬁ%&?%ﬂf&% o Cgﬁ\? c(gt&ac%(@r di ng

to any one ofexterngltesminalpnd aspeond cunm@lemode coupledite acsfenepke
el ectrode of ﬁﬁbﬂhﬁl Yo plrtRcivé E#itchSp xowﬁhg dldcbroadaifc eigcﬁéﬂéé pl?oiectmn

term nal B |tan. € of -between -about 1fF and. about 1pF. A
seni-condd®t orf® gr Sy to any one of the preceding cI ai s and

fur Ei her conpri S| ngcharacter&redﬁﬁ thet wadok teod ehdotbdeofisatd gﬁdiﬁe&ﬁ’ve Qtv@téhﬁ@del Ff
sai d prot ectlve S conduct or device substantially
as her ei nbef 0P &2HE %eﬁyﬁgﬂpolﬁdttﬁsmfextemelz ﬁ‘&‘é&?o Fl Gs 4-8. o

_2; A semlconductor device accordmg to clalm 1, Wherem -

15 said c1rcu1t means compnse an output transxstor and said external
terminal is an output terminal.

3. A semiconductor device according’ to claim 1 or 2, wherein:
said c1rcult means and said protectlve swﬂ:ch are n-channel ﬁeld eﬁ'ect
20 trans1stors

4. A sem:tconductor device accordmg to any one of the precedmg claims
wherein: .
said control electrode of eaid protective switch is. coupled to said extemal
25 terminal by a capacitance of between about 1fF and about 1pF. |

5. A semiconductor device according to any one of the preceding claims
and further comprising: |
an RC network coupled to the control electrode of said protect1ve sw1tch
0 .
6. A semiconduictor device substantially as hereinbefore described with

~ reference to FIGs.4-8.



