.2228639 PROTECTED DARLI NGTON TRANSISTOR ARRANGENVENT Intmgi
Thi's invention relates to Darlington transistor arrange L?é%ég
particularly to such. arrangements havi ng over-vol t age protection. Such
protected Darlington transistor arrangements find application in, for
exanpl e; autonotive applications which are subject to ignition, or 10

sol enoid drive, induced voltage spikes- it-is known to provide a pr ot ect ed
Darli ®yLon transistor arrangenent conprising: first and second bi pol ar

transistors each having a 15 base, a collector and an emtter, the
base of the first trmmmmmmmmb@mmmmmman i ngton
transi stor, the col Fetrors=ortrhe=trot ang sccong tranststors. vei ng

coupled to the collector of the Darlington transistor, the emtter of the
first 20 Introductien being coupled to the base of the second |
transistor, and the emitter of the second tran3|stor bei ng coupled to the
emtter of the Darlington tranS|sioL aed a tr pglar transi stor having
a-base, #25  Thig| LB¥eBFiLBUFRLAtES TREPRE ?‘E@FBF FapftSER8¥ | i ngt on.

“transistor, aﬁﬂaﬁgeﬁahtheandSpabt&auaaraygeaesnchsashangemanﬁsgha31ﬂgof t he

. d ke b

Connetted | PYREbaLEaaP PRetRahifng: onuih RESEPOEed BerH GRSy 5 e
third transittansistoonarrangementispfind spphéecation insi forrexaspiected in
series betwe 6&8t§gae gﬁligﬁt&bﬁgtwﬁi?lSé§5°£uﬁﬁ@c€hﬁoeﬂbhlﬁioﬁf bpe

second trans Fotect e ngton transistor -arrangement of
. Figure llmasselﬂnﬂ%@rd§#VGuséﬂ9HﬁF§g¥§1tﬁgel§Péﬁﬁfect to . | v

.
| It is known to provide a protectedgnarllngton
tran51stor arrangement comprising: ' ,
. _ first and second bipolar tran51stors each hav1ng a
15 base, a collector and an emitter, the base of the first
| transistor being coupled to the base of the Darllngton
transistor, the collectors of the first and second
transistors being éoupied'to-the collector of the
Darlington transistor, the emitter of the first
20 . transistor being coupled to the base of the second
transistor, and the emitter of the second transistor’
being coupled to the emitter of the Darlington
transistor; and .
L ~ a third bipolar transistor having a base, a
.25 collector cbupled_to the collector of the Darlingtonn
' transistor; and an emitter. |

Such an arrangement is shown in Figure 1 of the
accompanylng drawings in which the base of the third
'30 transistor is connected to the base of the Darllngton
transistor and the emitter of the third transistor is
connected to a point between two resistors connected in
‘series between the base of the first transistor and the
emitter of the second transistor.
35 . : | ) .
' The protected Darlington transistor arrangement of '
Figure 1 has a number of disadvantages: it is subject to



- a protected FARES

' -2- unwanted oscillation which can cause reliability problems in the 5 |
fireld; there is typically a delay of 500ns or nore before t'he protection
prOV|ded by the. third transistor cones into effect; and the protection - ,
- provided varies wi dely over a working tenperature range of [err] to- [err] %
It is also known, for exanple from Japanese patent no. ‘10 4293368,
protect a Darlrngton transistor by using ap arrangement which is: shomn‘rn
Figure 2 of the acconpanying draw ngs and %hich is sinilar to that of\

- Figure 1 except that the third transistor-is replaced by a Zener. dlodg%$
“connect ed between the base and col | ector ‘of the first.transistor. Such a
protected Darlington transistor 1 5 arrangenent suffers from the -

fol |l owing di smdwantedgesciltatiore whidh toan caulse reliability apratilengsedn] theef or e

“the protegtigp, f%fke%bc\é,ﬁtba ;Zeat'edelﬁyoats msot%erefteete thee. breakdowﬂ'

- voltage of the Zener diod vary nore than 6 f\ﬁ{ﬁ over
~worki ng tenp@ratagtion provided [y ﬁi’ [ré‘r ﬂ{aftshﬂobr%?'&?ﬁ BHo; & c&hl%"
~dependent onthge téﬁe@ﬁ%lncq;roﬂmwtﬁahéct wedelyt heveraae vaorkingi témpentturdae
Dar | i ngt on. transr st.or. ﬁ Ject of the present invention to provide.
rﬂjto@ st r ‘arrangement wherein one or nore of the
"above nenti oned d|It;atdvalstoa¢m)wm,nyE examplenérom kpamstpanenewm ed. 25

Summary 0 ”1%9‘3%\5%“@ ﬂdte@@%rﬁaﬂnrgstw RrdnldgstBt esgntx n@veﬁt 'a?fhr{éhfr‘ﬁ@nt %
provi ded a protected r fon transistor arrangement
col l ect or andviigheps t ‘bdﬁprlg\“ﬁg Y thestaCSPHlﬂW“Pga&?t %&rﬁvhlfbc he

driver stage 19fs1hﬁParD%|thagt@m Rigarsi stexcepavhay thebtsied taamsioectsor and an
oLt er e gaBead D0t AR RIS Y BibeohiEooBlctdy
~ the base of -tdfetlié ridtstt transissonr Sachgacpl:tpﬂeetbd PDarlingien ctransisker :
Darlingtpg trangisifiént HFFER! 'f?&ﬁtortﬁeotoﬂa%ﬁgr a'isaﬂit‘in%@g‘ésndthere will~
S B typtcally be a delay of 2ps before the protectton ‘provided by - the
Zener dlode comes into ‘effect; the breakdown voltage of the Zener
diode will typtcally vary by more than 60V over a worktng
_ temperature range of -40°C to. +125°C the protection is highly
20 dependent on’ the impedance connected between the base and
emitter of the Darlington transistor. . o
It is an ob_]ect of the present mventlon to provide . a protected _
Darhngton transistor’ arrangement wherein one or more of the above
mentioned’ dlsadvantages may be overcome OT" at least allev1ated -
E Summary of the InVentionﬁ' " L o "

In accordance w1th the present mventlon there is provided a '
- protected Darhngton transistor arrangement havmg a base, a
30 collector and an emitter compr1s1ng
a first btpolar transistor forming the driver stage of the
_Darlmgton transistor having a- base, a collector and an’ emitter; -and
_ a second btpolar tran31stor forming the output stage of the
_ Darlmgton transistor havmg a base, a collector and an emitter, |
- 35 the base of the first trans1stor ‘being coupled to the base of the
_Darlington transistor, the collectors of the first and second
transistors being coupled to the collector of the Darlington transistor,



transi stors being coupled to the collector of the Darlington transistor,
-3- the enmitter.of the first transistor being directly coupled to the base
5 of the second transi stor, ‘and the enmitter of the second transistor
being coupled to the emtter of the Darlington transistor; and a third

bi pol ar .transi stor having a base, a collector. .coupled to the col | ector of
the Dar}lington transistor, and an enitterkzyhereln t he Darlington
tran3|§L9r ar r angenent further 10 conprises: a Zener di ode coupled

bet weeH t he col | ector of the Darlington transi stor and the base of the
third transistor, the base of the third transistor being coupled to the

tt f th d.t m tt f.the t d. t t
o Ster o Doy <Gkt GRS iy RS, B il oS LBESRS o,
-of the Dr&wi ngﬁ theespconéetradsr@mﬂ i amyd othet leam;ﬁest of ther aecmnd riransistor
accor dance 20pe ufphéd p{oe%ﬁéte 'i‘&@f‘tdto'i’hé!"'bhrlﬁgg\fogetﬁ%fsrtbp Wﬁndby way of .

exanpl e -onl Y, erence e acconpanyli n aw ngs |gure
1 shows a ci rCU|t a. &grtanblp@ﬂat ﬁ‘éanemteadlyaw@gearbasq,oazeoﬂector coypled; to

prior: artj pr Otl%StdﬁflleBﬁér 'clffgttﬁél Dhﬂ@ﬁgﬁﬁt(d)ftraﬁfsis’tﬂﬂegﬁﬂt an Fegtifter,2 shovvsda
N T R M A .
of the prlcﬁ ecterhp¥dseés:ngt on transistor. arrangement in accordance with the
present invention., z.nd diode coupled between the collector of the Darlrngton

_ tranS1stor and the base of the third transistor,
| Nl L the base of the third transistor being coupled to the emitter of

: the second transistor, and the emitter of the third transistor being

15 coup'led" to the base of the second transistor. '

- Brief Description of the Drawi_ngs .'

_ One _prﬂotec'ted' Darlington transistor arrangement in accordance )

20 . with the present invention will now be described, by way of
example only, with reference to the accompanymg drawmgs in
which: ' '

o _ Figure 1 shows a circuit diagram of the already referred to
25 first prior ‘art protected Darlington transistor arrangement;

Figure 2 shows a circuit diagram of the already referred to
second. prior art protected Darlmgton transxstor arrangement;
_ -~ and
30 | _
L 'Figure 3 shows a circuit "diagra'm of the protected Darlington
transistor arrangement in accordance with the present
invention. '



Description of Preferred Enbodi nent Referring firstly to Figure 1, a first
known protected Darlington transistor arrangenment conprises-first. and 5
second bipolar transistors Tl, T2 connected in conventional Darlington
configuration. A third bipolar transistor T3 has its base and colléctor ",
connected respectively to the base and collector of the transi'stor T1, and ¥
has its emitter connected to the comon otnt of two resistors RL,. 10 - R2
connect ed- serlally bet ween the base of transistor Tl and the emtter Ofa»_
~transistor T2. A protectlon dlode Dis provided across the collector &afl
em tter of DagxiphLion £ 1 M SRR nsi stor - in the event. of
- voltage of the wwong polarlty belng applled thereto As dlscussed above,

15 in such a kr arran nnectl n of miter th |rd_:"
transistor T3 t Vghf }Xrih %gﬁEﬁ S¥§ gnrpggte geé
unwant ed osmaﬁ]atngtommmtmatmamjemtlcgmpritbesnﬁirsrttdmdf ield, .
“there isgy r pi .ot ded -
by 20 tF?te t Jl(?/rar%jfistor cones |n£E;§o 'ig)'f g’%‘ibeééﬁ%e‘%ﬁgd :Flg %ﬁ?‘%ﬁti’éﬂo%jfded
vari es w de/BREAMNTEORFMMHLOWEARIONt urk thiR WFPQW ¥$isE9r’Berring
_ how to Fi gg&eé it Wf Ch:i@%%ﬂ.l’é@&&ﬁtﬁhr?&ctédﬂre @ﬂivé Stétﬂ&e o d
~-arrangenen rls st.an 0 st ‘connect e '
-in conventl %)i[:{) c%%ﬂf?éeﬁé q'b’ﬁ rps;falrz%’ﬁe ﬁl%’ﬁ‘g ]fﬁ %t%onnect ed
‘across thelamm;tsriqnnnemteﬂ W thercomuon pyintwnrttmmsresxstqpsH&t,|ts
emtter ?&Ct&ﬂaﬁé&éé‘@ é‘éﬂﬁa\ﬁffbé%e =n P&iérﬁé%éa f‘fﬁsi&&?%i’y nd |

-reS|stors r1, r2 connected serid en t he an5|stor nd ..
the enitter tdye emiiban T grangish Qﬁ&%orﬁme b‘él'é‘bw%%r |ded Y

across the %ﬂd\ﬁi&é& @éﬁbﬁﬂﬁﬁfrcﬂléé&ﬁ ramslamtté? éP ﬂﬁQtEﬁansi@torl . d-
transistor” t.he ev=nt vol ta po ar i ein ie
Chereto. U R ons A o M R vene PR Vot tads PF ERE
typically bmnmlmlaﬁiﬁpstBﬁ@raQEIECi)rmwt@n msvdl;lsdusﬁ'edhab@eer :
di ode - 15 in such a known arrangement the connection of the emitter .

' of the third transistor T3 to the common point of resistors

"Rl, R2 gives rise to unwanted oscillation which can cause
reliability problems in the field there is typically a
_ delay of 500ns or more: before the protection provided by |
20 the third trans1stor comes into effect,.and the protection
. provided varies Widely over a working temperature range of
- -40°C to +125°c.

Referringfnow to Figure 2, a second known protected SN
25 pDarlington transistor'arrangement cdmprises first and -
second bipolar tran31stors Ql, Qz connected. in conventional
Darlington configuration. A Zener diode D1 is ‘connected
across the base and collector of transistor Ql, and . .~
- transistor Ql has its emitter'connected to the middle of a
30 potential divider formed by res1stors rl, r2 connected |
serially between the base of transzstor Q1 and the emitter
- of transistor Q2. A protection Zener diode D2 is provided '
across the collector and emitter of the trans1stor Q2 to
_ protect the transistor in the event of voltage of the wrong
35 'polarity being.applied thereto. As discussed above, in
- such a known arrangement there will typically be a delay of
2us before the protection provided by the Zener diode



- 5 - cones into effect, and the breakdown vol tage of the Zener diode wll
typically vary by nore than 60V over a working tenperature .range of [ert]
to [err] the protection dependlng upon the base to emtter inpedance of the
5 Darlington transistor. Referring nowto Figure 3, a protected Darlington
transi stor arrangement in accordance with ‘a preferred embodi ment of the

i nventi.en inclLudes a first bipolar npn-1® <4ransistor 2 and a second blpolar-_c

npn tramsistor 4 connected in conventional Darlington configuration, the
base of the first transistor 2 bei ng connected to the base B of the .
Darlington tcomss simto efifect) | and dthe direakddwn svoktrge cebriche r2@RexXt or s

being_ conneqiadsd Auiiie OLLESIPY farkP bPmdHE GRHA |69 Wyd ASidtRing  he

emtter of t Irst tr I sto connect he base of the second

“transi stor, taRPeraRteretFangefof hﬁ%e‘éo‘iﬂ‘i "f#’aﬁls‘Fst*otFe RFHeeeHHPRCct ed to the
emtter E Ofdé cp.@:ﬁé'l ANthé BEsS 116 . eDeter irpédunce bpotiwe npn -

. transistor co] |l ector, connected to the collector C of the

Dar | i ngt oh t9%£i§§ﬁ€# ﬂi:aﬂﬁé SEPX: emitter. connected, “with the enmitter of
the first tranS|stor, to the base of the second transistor 4. Resistors 10,
12 are connecte [ £S. het #Q@ S "Sas1 Phgornd t he
“emtter of tran%és i11L'& Q@e{[’\g?fl eb'g ﬁ%gér?gé%%% ode connect ed to the .
col | ector C:t#am$mﬁtﬁrl$ﬁ§@b§e@¢ﬁhs4%t%ﬁ°%F§F¢98 yith A REeteFFRlted to the

base of the dfre$iméRt 6fVitReiheshEioh idcludes Ud tfibFst 5156 Ddr Iiph s

‘connect ed bet ween, t base of transi tor and_the co poi nt of the
resi st ork? 10tr112515€?|§ g n p%?'r'i?n b1 ?’és?%?o?%aqﬁlsqgg 4 al so
conpect ed t acdmtectedt in obnvenhionabrbérlingt@mec¢mf¢gﬂt@ﬂéon6 tReprovi ded

~across the qgiégcofrtﬁgdffPEttEfaﬂélégﬁfSfoﬁﬁﬁhéréﬁﬁhéc€€d4to the base
B of the Darlington trans1stor, the collectors of the first
, : and second transistors belng connected to the collector C '
15 of the Darllngton tran51stor, the emltter ‘of the first
' "transistor being connected to the base of the second
transistor, and the emitter of the second transistor belng
_connected to the emitter E of the Darlington tran51stor.

20 | A third bipolar npn transistor 6 has its collector
connected to the collector C of the Derlington transistor
'and has its emitter,connected, with the emitter of the |
first transistor, to the base of the second transistor 4.
Resistors 10, 12 are connected in series between the base
25 .of transistor 2 and the emitter of transistor 4. A Zener
| diode 8 has its-cathode connected to the collector C of the
'~ Darlington transistor and has its anode connected-to the
'base of the tran51stor 6 via a resistor 14. A further
resistor 15 is connected between the base of tran51stor 6
30 and the common point of_the resistors 10, 12. The common
| point of the resistors 10, 12 is also connected to the
emitter of transistor 2. A protection diode 16 is provided
_across the collector and emitter of the second transiStor 4
to protect the tran51stor in the event of voltage of the
35 wrong polarlty being applled thereto. The values of the
' resistors 10 and 12 are typically approximately 5000
and 3on'respective1y, the value of the resistor 14 is

o’ /



to protect the transistor i'n the event of voltage of the 35 wong polarity
‘being applied thereto. The values of the resistors 10 and ‘12 are typically
approxi mately [err] and:[err] respectively; the value of the resistor 14.i's:
in the range approximately [err] Terr]. and the val ue -of the resistor 15 4
Is approximately [err] In use of the Dar li ngton transistor arrangement. of 5

'Figure 3, the first tranS|stor 2 acts~a& driver stage -and the second '
transiStor 4 acts as output stage in conventional Darlington manner. Ege

~third transistor. 6, together wth the Zener diode dapd t reS|stors
14.and 15, igerthe rﬂroneeaarppmﬁéw‘éﬁlYozmoteWt%‘i B pair 102, 4

in the evenge OEhé!QJ:ééﬂ&téf' Kssiepappfbiaﬂm@telyesomlector C of the
Dar | i ngt on tranS|stor be understood that as well:as serving to

_provide the clanp functlon to protect the Darlington pair-2, 4 as described
above, the thi rplntﬁgesostthe6nat$1bng’eonetranstbsbordertangenﬁptratfure '

‘comensaj o L0, (Ne CLAELURE! LaBn3iags:  Seateblgs alivbe Eeasp!ana 14 15

will . var ropor variations in the val ues of
the resi st otlse 18ecdfd tﬂansistpr ﬁnﬁFtﬁeaﬁpBPEEPEtﬁﬂagﬁa§n5|nce the emtter -

of the thir oﬁééﬂétﬁhat ﬁaﬁiiﬁ@taﬁcmsﬂnéﬁ th?hba&hiﬁd tianséstod ‘sLansistor
4, rather than sinply e conmon £0|nt of - re5|st0%§ré 1% as in the
known arraﬁQ@ﬁ%ﬁbeﬁfWFF&quelzeBﬁﬁaﬂ gde 8P a 8nrﬁﬁl? rrangenent of

Figure 3 isy525ped¥6ificd. clhmy funetionbtoappotectt thiet Barlihgtoanpair
of Fi gkt 2 fﬁe%rﬁﬁéﬁé’%&ﬁ‘c plur5ikegS Bhikefl obpSaring 8% heComponants
6, 8, 14 andolEectaESC|pﬁothpeDarlengmpnhtﬁﬁp§i§t§ﬁortI&ew&} bene delay
time s understood that as well as. serving to provide the clamp

" “function to protect the. Darlington pair 2, 4 as described

_above, the third tranSistor 6 also- serves to prOVide .
15 _temperature compensation to: the clamp function since the

values of the reSistors 14, 15 will vary With temperature
~in proportion ‘to the variations in the values of the
. resistors 10, 12. '

Zd. . It Wlll be appreciated that s1nce the emitter of the ﬁ.
third tranSistor -6 is connected to the. base of the second
tranSistor 4, rather than simply to the ‘common point of the
resistors 10, 12 as in the known arrangement of Figure 1, |
unwanted oscillation. in the arrangement of Figure 3 is o N

- 25 - avoided. ' '

It will. alsO'he appreciated'that when an over-voltage
spike occurs at the collector C of the Darlington
transistor of. Figure 3, the protection proVided by the

30 'clamp function components 6, 8, 14 and 15 comes. into

' operation with only a short delay. The delay time is

formed by the cumulative ‘delay times of the Zener diode 8
(typically in the region of - 100ns) and the third tranSistor |
6 (typically in the region of 50ns, since the third

35 transistor 6 ‘need only be sw1tched on suffiCiently to Slnk

| a collector current of approx1mate1y lOmA, rather- than |
approximately 6A necessary to prOVlde protection in the ' -



formed by the cumulative delay times of .the Zener diode 8 (typically in the
regi on of 100ns) and the third transi'stor 6 (typically in the region of o
50ns, . since the third 35 transistor 6 need only be sw tched on o
_sufilc!ently to sink a-collector current of approxinmately | Om,  rather than
approxi mately 6A necessary to provide_pgpggction in the -7- arrangenent |
of Figyre 1).. Thus the total delay tine for over-voltage protection to
cone ingo effect in the arrangenent of Figure 3 is typically in the region

of 150N,  comaielubh il el d | 1 i a0 Qo S0y RS 2t 1] for

t he known arran res 1 and 2 resectively. It || al so be
appr eci at ed cvMeR-vol tag8y protertionia fMme ’é?ﬁ&)ﬁ?f‘gfg‘f'r%ri“b\r,%ﬁ ded by the .
resi stors 14 .anddlherkd, of Nei qid estidryisod ey fy e wdgign st angenent
6, 8, 14 & 15 exhibits rqgter-tqﬁgfrature stabi ity than th wn

arr angenent &3NSy FRAWRAZS MR delay)itingg infheitRePe h%f,éﬁkﬁﬁearﬁie
protecti @ &S the &ndwh &rifamyementts cohRighueres d tard I2ase of the
Darlington 15 transistor but to the base of transistor 4, the protection

provided i s FHRERSTITVYE to the i npedance connected between the base and.
emtter of the Darlington transistor, producing.an effective collector

vol tage clanp actyd qpy regi t .
20 - Darlington 'ﬁ%ﬁvg}-s gérfg' ?%%ﬁé%%e@%mnﬂ?%ﬁ ot hengase of the

W1 e maddempenaaiye: ompereat 198 TRV idedine ke R TREE A e 5
I oo M usiapi v Sokorioy o e by e g ngmtes £ < [
- known manner, ATER LRI SUELEGL S LBy TB Bl b9ty Zoner
- ©  known arrangements of Figures 1 and 2. It will be
' apbreciated'that, since the protection eleﬁents_s, 8, 14
_ 15 are not connected to the base of the Darlington
15 transistor but to the base of transistor 4, the protection
provided is insensitive to the impedance connected between
' the base and emitter of the Darlington transistor,
producing an effective collector véltage clamp action
- whatever circuit may be connected to the base of the
. 20 Darlington transistor. | ' :

Normally, the circuit arrangement of Figure 3 will be
. made in integrated circuit form, in which case the Zener
N\ ' diode 8 may be advantageously formed by a lateral pinch of
25 p+ and n+ laYers ih known mahner, When the integrated
‘circuit is made in this way, the Zener diode possesses low '
variation of breakdown voltage with temperature. 1In a
" typical integrated_circﬁit implementation of the
arrangement of Figure 3 with the Zener diode 8 formed by
. 30 lateral pinch off as descfibed, the'breakdown voltage of
‘the Zener diode varies by_approximately 10V 6ver a working
'temperature range of -40°C to +125°c.

It will be appreciated that for certain applications,
35 for example in use with TTL circuitry; the value of the
| resistor 10 may be made infinite, i.e. the resistor may be
removed, without affecting the'proper functioning of the



‘typi;cal. integrated circuit inplenentation of the arrangenent of Figure 3
with the Zener diode 8 forned by 30 lateral pinch off as descr.ibed, the
~breakdown vol tage of the Zener diode varies by approxi mately 10V over a“
wor ki ng tenperature range of [err] to [err] It will be appreC|ated f hat fOr
certain applications, 35 for exanple in use with TTL circuitry, the value
of the resistor 10 may be nade infinife® me. the resistor may be rennved
wi t hout affecting the proper functi oni ng of t he -8--circuit. It Wi

al so be undgégaﬁgg that in a variation.of the circuit of Flgure 3 the‘ﬁ#
emtter rst tran5|stor 2 5 need not be connected to 'the resi stor
15 and to the common poi nt- of resistors 10, .12;-instead the enmtter of:the

- transistor 2. mxtbﬁmnaq%e%et %nh@e:s*&%e Q:fhattheint AR sh HE ¢ J&the |
em tter of the transistqQr 6 the resistor_ 15 ﬁﬁé;;iconnected Irectly

to the cormBhrEBLAt off F}gur;eegl g’&r emigter of) tthxﬂ FranedishaX 2 hat

al It houghst hﬁlege&bﬁdtnﬁat cohnletedntontthen reaﬁ.steen 1% 2Hd el e \oninon:
relation to

L gur e as |ncorp ratl q hp i storg,. the rangenent'iS
Cour'd read PRLEE' BE FRBSARERRLOGersY RBRAAE DS TR S
incorporatihgapspstoxni smagr e wmﬂnuottedeﬂ:@rtbhegﬁamdﬂﬂd:hm\mmnsaestor :

: prlnC|pIe Zoaﬁé €8 %ﬁe emitter of the transistor 6, and the re51stor
' - 15 may be connected dlrectly to the common polnt of .

' 10 resistors 10, 12,

nv
It Wlll be’ apprec1ated that although the embodlment of L
the invention has been descrlbed above in relatlon to : '
: Figure 3 as 1ncorporating npn transistors, the arrangement
15 could readily be built alternatlvely in equivalent form '
(not shown). 1ncorporat1ng pnp tran51stors, w1thout
departing from the- inventlve prlnclple.
20
25 '
30

35



9 daims 5 1. A protected Darlington transistor arrangement having a
base, a collector and an emtter conprising: a first bipolar transistor -

formpng the driver stage of 'the Darlington transi stor—havirg—a-base—a

~col:8ctor and an enitter; and a ‘second bipolar transistor form ng the.

out put stage of the 1 0 Dar | i ngton .transi stor having a base,: a.coll'ector
and an enmitter, the base of the first tran®g stor being coupl ed to'the base
of t he Parl i ngton transistor, the collectors of the first and second
transi &ors being coupled to the collector of the Darlington transistor,
the emtter of the first transistor bei ngldlm&ctly coupl ed t.o the base 1 5
~of the second transistor, and the emtter o e second transistor being
coupl ed. to the emitter of the Darlington transistor; and a, third bipolar -

transi st od hating & Rresectgdc Barlingten c'GGNléEPTt grrangemgnto hayingra base, a
Dar|'i ngton tr apHEEIGR" a anqnaanﬁtrei-t@é Eﬂgm & n the Darl I ngton transistor

: t furth d h

ol oator of the  BafiPth uBRIAF, GAOMSPeY Tarmi b, GRNA BuaS, i the "©
transistor, tBParlingtomftramsistoni havingaasibasey abeollgctorupnddan oemittersnand er
of the second tran§| §#&§%d aﬁgoiﬁetﬁmsiﬁsf E g ‘%‘atﬂh o t é%f RNy 25

coupl ed :to the base cond fransistor. n.transistor
arrangend) aDaslingten ttsarsision having. & basena sayecmr and i‘ﬂl emitteBnsi st or

'38 Coxp'ngl to the o thade of dhBefizc emsiston Veihs co ed to rmg bﬂs‘dziivt\'ﬁthe 30 -
The em trer oDaHagloh JranfiyE, éﬁ%?%ﬁ%o%“ﬂcé% fnsf;t B esonf " ¢ e second
trapsi stor vi ranbistérs deingscoupled €o Sthe collecmrDefI thegtDarlingtenstransistor,
- arrangement - ageordinfifer’ OfCliMl Hirst frandiStor being directly coupled to the base
15 of the second transistor, and the emitter of the second transistor.
being coupled to the emitter of the Darlington transistor; and
‘a third bipolar transistor having a base, a collector coupled to
the collector of the Darlington transistor, and an emitter,
wherem the Darllngton trans1stor arrangement further
20 comprises: -
' ' ‘a Zener diode coupled between the collector of the. Darhngton o
transistor and the base of the third tranmsistor,
. the base of the third transistor bemg coupled to the emitter of
the second transistor, and the emitter of the third transistor being
25 coupled to the base of the second transistor.

2. A Darlingto’n transistor arfangement according to claim 1
wherein the base of the third tramsistor is coupled to the emltter of
, the second trans1stor via a first resistor.
30 : _ _ )
' 3. A Darlington transistor artangement according to claim 1 'or 2
wherein the emitter of the first transistor is coupled t0 the emltter
‘of the second transistor via the first resistor. -

35 4. A Darlington -tranSistor arrangement according to claim



-1, 2 or 3 wherein the emtter of the firSt_transistor |s coupled to the
~base of the first transistor via a.second resistor.
transi stor- arrangement according to claim2 wher ei n them f the third:

transistor is coupled to the first resistor via.a thir m,’um,’“m

Darlington transistor arrangenent accorglng to any 10
wherein the Zener diode- is-coupled tot
~a fourth resistor. 7. A Darllngton transistor- arrangenent accordi ng Fn}any

d'precedln clyai i fyrt i t e
‘the coll gct or’ ?n th{:q;ehm er ﬁ#é‘%ﬁ%&f ?ﬁ%t%t ransi é‘?‘t Qg&';&‘% b
Dar | i ngt on ©oxpdiesdt &o Fhearkpsemt dae binas t‘if@i‘k&/iiﬁ@éé‘tﬂ-mga @%ﬁ‘m@merel n

the Zener dirdgdtod.orned by a.20 lateral pinch of layers of p+ and n+
conductivity. 9. A Darlington transistor arrangement according.to any

' precedlng claimwherein the first, second-and third transistors, are npn
transi st & s5.25 Almaﬂﬂngﬂomgtunsim stmrargemee Eotorting dtmg:la)im;l aim

1 or 2 fab t
2 angerent LapEtdth MHESMEDLE O il B %“%C%%P}%m%@%?ﬁﬁ'ci to
Figure 3 of th?eféé'tﬁinmﬁ'ﬁ?%rm r?gsthza@ resistor.

.. 6. A Darlington tran51stor arrangement according to any
10 preceding claim whereln the Zener diode is coupled to the
| base of . the third tranSistor via a fourth res1stor.

7. A Darlington tran51stor arrangement according to any
_ preceding claim further compr151ng a protection diode
15  coupled between the collector and the emitter of the
Darlington trans1stor. ' '

.8;: A Darlington tran51stor arrangement according to any
' preceding claim wherein the Zener diode is formed by a.
20 lateral pinch of 1ayers of p+ and n+ conductiv1ty.

9. A Darlington transistor arrangement according to any
preceding claim wherein. the. first, second and third

25 | _
~10. A Darlington tran51stor arrangement according to claim
1 or 2 fabricated in integrated circuit form.__

11. A Darlington'transiStor arrangement-subatantially as
30 hereinbefore described with reference to Figure 3 of the
accompanylng draw1ngs.

35

8 Pbase of the third tranS|sfor via

trans1stors are npn tran51stors. S _ . . f;_;



