gol tage anplifiers, especially integrated high breakdown volta dth% S ?
anmplifiers, and nore partic t n_output stage for_ an integr igh
“br eakdown vol tage anplifi eriﬁ:ﬁ:ﬂ'ry%ﬁb%r OLTH '%&é@“@%cesses W th
shalrog;FpitaxiaI | ayers (e.g. 1.5 mcrons) and lateral oxide isolation '
have beeone increasin -'cgﬂu : 8 ' ent
density, “high transi eg#mfér)eque%ﬁleoy%i%$r§%mr%é§%&x?%cf%@
integration oPTRdiermd eRRAGIALIY rintiegnatemh diah brsakdrranvajedan

anal og appls CampliEidide\Wta ndrd Frtittil@aak 4y Yutans addiéor an
transistors 15 _are ver %gall so%¥ t |téﬁ_s been necessary to use bul ky

hi gh vol t age H%ﬁﬁr&% 50 REe 'b??é“hiv . t\?(ﬁ?f(ﬁ? %4 ers. Sone
attenpts have been nadm tredant ¢rezpmr,atbiprdlammt igrosesses vibtelsdiad Mdw

| ow br eakdown I,._raq‘g 2 &&es :Irfsc)h | AN to provide
a bl ocki ng di gég' an _eazg' g"aag:o e qse?}nsg;{%oﬁﬂsqg as t(rjaﬁglr easeati{ ﬁéé{ioépéer'ati ng
range of an | ésQlatdmn daye eqeRfedficreasinglat MARM@RoeFhRRe sol ve the
prloial ens Qo a@r@ﬁézég%éé(ﬂlli’itcﬁﬁ n@:fﬁ@dr@uuorm% Q{i%ﬂb _hﬂ'alti{éifét?ﬁ,o"\“_ t
vol t ages are \er mal | . ot her _technique provi i pol.ar transi stor
nmerged with aﬁrgéu_eﬂ%ﬁs ff §q§r RS HeE 5’?%@?“@313’%3&?%?“ on
transi st or bupfi anallog fand tdigyitalr ayderduitadyan the col l ector-emtter

breakdown vol tage of iphe hing| Qﬁs%?ﬁr?t%éé ﬂﬂ!ﬁaf@%ﬁl&%ﬁiﬂrﬁigr at ed

vol tage of the FET section and so does n prov a to

anplifier. |thowemesnefis £hat Aedregkdowmn pddages ok fhe transisiantke a
high vol tage ame idrgf sHHINUIs IR UY HasPHeern Hbckddaage o Ay Bilikywhi ch

Wll\l/ over ComahitghI %% ttasg%netr(QCns SS*éor}es dfosra%\{ﬁqdai egs hrg.eg ! Ivoo dagaebove.
amplifiers. |
Some attempts have been made to build operational

H GH BREAKDOWN VOLTAGE AMPLI FI ER This inveption relates to hi gggga;idown
at'e

amplifiers using relatively low breakdown voltage
20 processes. One such technique has been to provide a
blocking diode and a cascode transistor so as to increase
the operating range of an IC current source. However, this
technique does not solve the problems on an oxide isolated
very shallow process where the breakdown voltages are very
25 small.

' Another technique provides a bipolar transistor
merged with an epi-JFET. This structure is called a gate
underlaid transistor but it only functions properly when
the collector-emitter breakdown voltage of the bipolar part

30 is higher than the threshold voltage of the FET section and
- so does not provide a completely integfated amplifier.

"It is therefore an object of the present invention
to provide a high voltage amplifier output stage using only
low voltage components which will overcome at least some of

35 the disadvantages mentioned above. |



Accordingly the invention provides a high breakdown voltage anplifier

out put stage conprising a plurality of 5 | ow breakdown- vol tage anplifying
nmeans connected between a high voltage source and a current source and
provi ding an output which'is a conbi Tati 6h ‘of Yhe outputs-of each of the
anpllfylng meansand neans for prOV|d|ng a respective | ow voltage |nput to

each of the anpli ncludl r egk
transi stor connec%’é gg'yg &ln%g.%nt %éj"’a#pq% %e?ﬁ \Sﬁ:{e zﬁ%%ge and a
hi gh br eakdbungeoamagéfltgr o@aw@dsmﬁemm@mmmabmémw&ft age

transigt ng éam&%t 9% thigle! amia! 2 jdttue! ans
V\/nere|$1 gjz:a?g E rotects S;@(%Ul ﬁl?gﬁﬁukgg\%é \‘%:liﬁi e tr‘%r?lwsﬁ rafarom

P oh Vol thigh. VIhERgn: SERTEEnADA & GRTHARE FPUEReA
anpl i fyi nauefeasmﬁbn iewab combdmart dom toefychier mﬂ:;smsr qﬁwdzadha dfi dine

br eakd FET all, '
PET T s ot AEPIng B ol e .nﬁd 1 3 petpiad ased. 10

br eakdovvnvobtaqge inpufsitst @raCh'I'IfPef &he iamplig viseh aeans pAgidusing @nnect ed
ina xdown v%rl%‘a@reatﬁﬁanstﬂ&dzo\&dm{écm idu WA conprises a

ea

pot en |aI 8|v 5 net wor k _connect e en the [ urce and the

hi gh breakbBgh ©8 thSe 3PPt iHi¢n CLP"& gg‘p?s‘ﬁ'b&ﬁ% %ﬁ“fnputs to

eaclh gf t hg18a8kl FE{I‘I"I@W b¥tween said Eamh argakdowm grotetase pref er abl y

I ncl udes gsem conduct or rgaidl® nunber of

anmpl i fyi ng RBSASRE] ﬁ&iw gtr‘%ﬁ%cr}%‘f&]eg{&or-emﬂ f%é;k o%/vn vol t age of

each of tamplifigingt memniss Vﬂmmm FER protects eﬁ@rqﬁ eP¥nbodi ment, 35

Conpri§eSb@egﬁﬁbhgg%%ﬁéé&ﬂ“ﬂfﬁﬁgléEBf -from high voltages. .
W/

The output stage is preferably integrated, with the
amplifying means, the low breakdown voltage transistor and
the high breakdown voltage FET all being produced by a low

20 voltage process. ' -
The FET is preferably a JFET and may form an input
- cascode stage with the low breakdown voltage transistor.
The amplifying means are preferably connected in a
chain. ' S
25 Preferably, the low voltage input means comprises a
potential divider network connected between the high
. voltage source and the high breakdown voltage FET and has a
plurality of taps providing inputs to each of the U
amplifying means. '
30 Each amplifying means preferably includes
semiconductor amplifying means such as a transistor, the
number of amplifying means being such that the
collector-emitter breakdown voltage of each of the
transistors is not exceeded, and in a preferred embodiment,
35 comprises a Darlington transistor pair. '

-,
7



The potential divider network preferably conprises a plurality of resistors
Connected in series, the divider 5- network being tapped between the
kesistors to provide inputs to each*of_;ge_Darlington transistor pairs. The
Darlington transistor pairs are preferabl® connected such that the
col |l ectors of :one Darlington pair 10 are connected to the respective

emtters of the nex iRk D@3 krd QW _ i.1:St
Dar | i ngt on- pai be'ﬁggggbﬁgg?ggltgl?ﬁggﬁfgek&gfﬁg éég%%%%gggﬁ%mﬁagaﬁﬁtters
Plupebityapt Bests

of a last BEFR§OERnCONPECtSS HR &eri@s, the divider A
bi asi ng §-esnstworksbpingetappedabetweennehiecteldistees @re pebvilae emtters

Cnput to T e Beeti Foi nathete the. PErTIhBYby, HEPTIANSH Bed® second
transi stor 20 whose base is connected to the signal input, whose collector

is connected to a |oMevDhtadAgEeH! €2aRBdsHBESBag s hek &%‘fh&!ﬁi&gn input to
A st age may

the base of _said %o breﬁkgg ¥8Itagi transi stor. bi as ,casco >

al so be pr RHEF %&Qﬁgﬁ 25heke thRaFR1bRCEERSHPEaRASWRRF S L NGEONaRBHET yi Ng

means &kl tame cconeectedutoethéheebpestinecendttedge ofirhal aexg¢onveni ently
conprise o bi r apst he bipalar . .transi,.stor in
this casei%%?#i@?€§€t8%$ré gg#ﬁeﬁﬁén§§?§%8§8rgr§§i egiggFmésﬁifﬁggeﬂrrent
- sour ce and B3r Jpeing| gonngetedr tedthabbdpheveolbngs Boyirceorndgshenpl ifier

out put st agemiPrérstberat1asei D&QlihétBhQP'hﬂi’dbb’inbheohHQEEeQaEBO%eSt age
bet ween t he %fET and the | ow breakdown voltage transistor, the base of the
t ransi st or %Eiﬁﬁﬁhg connected to the Iow voltage source via a resistor. In

a simll nmanner a Aupiasingrmesistor dsdpreferably also connected.
o/ between one of the emitters of the last Darlington pair and
the output. '
_ The means for providing an input to the amplifying
means preferably further comprises a second transistor
20 whose base is connected to the signal input, whose
collector is connected to a low voltage source and whose
emitter provides an input to the base of said low breakdown
voltage transistor.

A bias cascode stage may also be provided between
25 the chain of low breakdown voltage amplifying means and the
current source.
The bias cascode stage may also conveniently
- comprise one JFET and one bipolar transistor, the bipolar
transistor in this case forming part of a current mirror
30 provided between the current source and the JFET.
In a preferred embodiment of a high voltage
‘amplifier output stage, a further transistor is provided in
the input cascode stage between the JFET and the low
breakdown voltage transistor, the base of the transistor
35 being connected to the low voltage source via a resistor.
In a similar manner a further transistor and
resistor may also be connected in the bias cascode stage if



resistor may al so be connected in the bi as cascode stage if

The reasons
bel ow. 5

resistors connected to the high voltage sbifce and the | ow vol tage source
aced by a chain of transistors and a zener dlode the chain of

may be repl
transistors

-4- desired.

for providing these transistors and resistors will be explai ned

The current source may be replaced by a chain of
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roved o% ut stage of Figure 2. Referring

gure 1, zﬁnnqpﬁtﬂtiﬂﬁﬁhwﬁmﬁi Y i e cfoxrede has a signa

g?z%Ig'f- e et descriied PARks et 98 EERRESaRR Rt RrRe
s%%gﬁﬂhéﬁhngwaedhﬁfaremtiahtlnput and an output which
provides an input to the high breakdown voltage ampllfier
output stage. ' ' B

One high breakdown voltage amplifler output stage
according to the invention will now be more fully described

by way of example with ‘reference to the drawings of which:

20

25

30

35

Figure' 1l is a circuit diagram of one high voltage "
amplifier output stage:;

Figure 2 is a circuit diagram of an improvement to
the output stage of Figure 1; and |

Figure 3 is a circuit diagram of an operational .
amplifier incorporating the improved output stage of Figure
2. :

'Referring first to Figure 1, a high breakdown
voltage amplifier stage has a signal input 37 and an output
35. The input is applied to the base of a transistor 24
whose collector is connected to a low voltage source 23.
The transistor 24 is connected to a second transistor 29
and together the transistors 24 and 29 serve as a current
gain stage which drives a resistive load consisting of
series-connected resistors 1 to 7 and connected at its

other

Ftinkp a HEgh @b@ak&ompﬂ’wag@ a:bplbﬂser%uapﬁtanm stor
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éain stage which drives a resistive |oad consisting of series-connected
fesistors 1 to 7 and connected at its 35 other - 5- end to a high

ol tage source 36. A JFET 30 is ‘provided between the current gain stage
and the resistive load to form&d cascode st&ge along with the transistor 29
in ordér to allow this conbination to withstand hi gh voltages. 5

A currémt source 34 is ysed to supply a constant current to a current
mrror consi seffigterat Rdghr ¥adtager s0urcgnd633. ATIAETi 0o s3pralvideidor ns a

cascode stagebutiwben QEETcaiereilneghﬁanst%b@r andl tﬁ@d ré3di3ky vlésqgatdo e lfoar

b 1 t,or
Pransistore ghreesf0ariPaReca1pRaonaRRctnk Eransiske e, incordengtor o
provi de | ow i aptoentkiat combination 26. wilthstandshdghr vod tagedl, are

Dar i ngt ot pai rs 615, RecqBrent s6irek, 39713 G5E0 5" SBpdF pokdngaant,”

each of 15 theuruentete agcunrent. mirreonneuségténgtpértuo-¢mhhsds¢mrswﬁah
the col lectorad $9¢ fTFahsis80Fi 3208185 FaFsS8! caEBRE! SEahR WiThMa0bFET

| it
Connocted to $he olfButransTshers Sl 8Rdcatnase HREY: tandRdfNeE biago 21 i
t hen 20 cognewtedhtotohEremsiktorsfIShtor23pQﬁHLV91§n§ BﬁaBrQGSHQE@VSFQ to
14 dt t a onnec si stive
oan confr s SrafgtfuBrs 8725 18°RF4 kRER6L SpBARER LS, shils, FouhiRgte
network for thefter] stagentpapreyide low impedenvheatt hbeonupput335|.s Thar
to ground p0t€ﬁ5ﬁ§ﬁsiaﬁshagﬁovﬁitaﬂ?e'§gﬂg$§EHbH%ﬁQh?cﬁ?§ﬁ B?t5§§ ?éﬂ%ie

to 7, across fhe transistors tors
The_nunber ofég andiarerconpected ctochermi anghadn of Darlington pairs

8-15, 9-16, .......14-21 by having the transistors in each of
15 the two sets (8-14, 15-21) connected emitfer-to-col1ector,
"With the collector of the first transistor of each set
connected to the high voltage source 36 and the emitter of
the last transistor of each set connected to the output 35.
The base of each of the transistors 15 to 21 {s then -
20 connected to the emitter of the respective one of transistors
8 to 14 and the base of each of these transistors is
connected to the resistive load consisting of resistors 1 to
7 which thus form a potential divider network for the
Darlington pairs.
- 25 - When the output 35 is near to ground potential the
G ' high voltage is distributed across the resistors 1 to 7,
across the transistors 8 to 14 and across the transistors 15
to 21. The number of transistors in series each time s _
chosen such that the voltage across each one does not exceed
30 1it's collector-emitter break-down voltage (BVCEO). If this
condition is fulfilled there will never be negative base
current on these transistors (and hence no stability problems
of the resistor-transistor combination). 1In the output stage



chosen such that the voltage across each one does not exceed 30 it's
collector-emtter. break-down voltage (BVCEO . If this econdition is

fulfilled there will- never be negative base current. on these transistors
(and hence no stability problens of the« dsistor-transistor combi nati on).
I n the output stage - 6- shown in Figure 1, the high voltage is appli.ed

each tinme across seven transistors. Thus the supply vol tage 36 nmay go‘vﬁ to
7 x BVCEO behowe hneERgusenlocdhes hdght ivelitage: risnsipptidred each t'lme :

ool taxial Tag! OnS ocneh thaRSSLERAR AThus R Happ1y yoig¥ue U8 Y Ho
the resistof bEEa gﬁEggl %558§e reaksdomn oeeurss Q“heﬁlﬁ/(“i?(y of the NPN
tran5|storstréhhithordeV|ces are formed with sufficient 10 spacing between
the burigd | ayer and a I I ar te

vol t age %etmegn t he Es?ﬁeg? gﬂg r%%&%&%g Q# 3 %ﬁ&#ﬂé¥£i¥n§ghfggg#s
hi gh (no cuwithttharénQMVﬂdanﬁlspdmazdﬁ1tmsgdwnpwwmnﬂthﬁatduih&ismﬁng
close L0 NGodPLPes! re¥qstUpPlendio! TAYS Heanthithathtnd FRY IR 8 (0 14

shoul d dra no SI I capt base current to cause a vo 8 op. across the

resistors 1break- ?U“k!@btﬂl85b3§élcﬁﬁréﬁﬁ $rme Q§M§¥QM BO |ofacthe it ed
to the outpyirarbistoessi SAINS thet de¥4 cerse afrel Ifowae dwiltte sufifiicient

transi s ,or C 2 NG i ng . rrent of .1 uf f er
ot L SPRERRD, bR RueBn EnRLBRE Y TR A L G B b4 4B

usual corrpogearautaenel bight beeak-downy voill 2ag ec e toxetent the thtim exbolayer of
the positiv &UQR y ﬁBEE?Q%e When the output voltage of 35 is high, the

hi gh 25 vol source 36 is applied across the devices 29 and 30
and across the deV|cUQealtBRd°SZP"1r§ﬁsﬁ§t@ﬁ§h3d“&hGQIre"t through

transistor 30) the output voltage should swing close to the

15 positive supply voltage 36. Thus the transistors 8 to 14
should draw no significant base current to cause a voltage
drop across the resistors 1 to 7. To keep the base current
small even with a load connected to the output 35,
transistors 8 to 14 are followed by the further transistor

20 chain 15 to 21 thus 1ncreasing-the'current gain of the buffer
amplifier formed by the combination of the two transistor
chains. With usual component dimensions the output voltage
can get to within about 2V of the positive supply voltage.

When the output voltage of 35 is high, the high

25 voltage of the source 36 is applied across the devices 29 and
30 and across the devices 31 and 32. Transistors 30 and 31 \/
are epi-JFET devices which have high break-down voltages even.
when made using a shallow process. The drain to gate
break down voltage and the drain to substrate break-down

30 voltage are both relatively high, e.g. about 50V and 80V .
respectively in this case.



are epi - JFET devi ces whi ch have hi gh break-down voltages even when nade
.using a shallow process. The drain to gate break-down voltage and the drain
¥ o substrate break-down 30 vol tage: are both relati.vely hi.gh, e.g. about
50V and 80V respectively in this case. < 37-- Transistors 30 and 31 are
conbi néd with-the NPN transistors 29 and 32 respectively in a cascode stage
configwration with the gates of the FET's tied to ground. In this way the
conbi nation-of transi fransigtonsd380antoBl5aeranphd inednwidhdithehiNgiv

vol t ages by gp@@sigis;geng;haoagnﬂB Legizggg hiﬁurrgggcg%bnSQQflned by the

NPN transi st or not “sa urate t he
current of t%@nEB&%ThEiP%n"igh thei gagesi pEdthe FRE 'sphiedatsi srounds 1o

The maxi mum yp{§ aggy t BRe COOMBEAREL BN bFARPAALIS t3PsTRONGANI se t gophen the
coll ector.current,goes_to, ze

hol | t | f
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transi stors £® hasl BOghauuonéytbgainAﬂehédedfbycahplﬂPNIﬁrhhsdsgh;l?ﬁ. NPN‘
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 The above comurremh hﬁm&bérceuhioﬂténﬂnaﬂ.béogmgrdnféeedlhYpﬂbGuﬂPNon si nce

the threshol gheypt§serspgead 20 of ep| JFET transistors is relatively
hi gh. Figure 2 shows hoy one ¢ round ob en1b¥ i.nt roquci ng
a

four nore’devices. Eac Bfm?ﬁgmﬁ s¥8 Eagﬁa§h§ FS GtBy pratEpasdsdorg 293
and 31, 32 rmﬁmbttrVeéytbswwemvtuedcnnlhcaofucuheentrgoabstorze25 3dsd the

rapee el R EROTA SRR VAR« bEEERIVREE)PPIEET. 307 1aFRYRaNTY e
U volts). This means that the combination of the transistors
' 29 and 30 can only be switched off complegely through
15 transistor 24 if the collector-emitter break-down voTtage
BVCEQ of the NPN transistor 29 is greater than the threshold
vo]tage of the FET-device 30.
The above condition however can often not be
~guaranteed in production since the threshold voltage spread
20 of epi-JFET transistors is relatively high.
. Figure 2 shows how one can get around this problem
- by introducing four more devices. Each of the cascode stages
-formed by transistors 29, 30 and 31, 32 respectively is
provided with a further transistor, 25 and 26 resbectively
25 - connected between the cascode transistors. Each further
N transistor 25 and 26 is connected to the low voltage source
.23 via resistors 27 and 28 respectively. The highest voltage
across the combination of transistors 25 and 29 1is again the
threshold of the FET. So it is important to know what is
30 maximum voltage the collector of transistor 25 can withstand
in combination with the other devices.



23 via resistors 27 and 28 respectively. The highest voltage across the
conbi nation of transistors 25 and 29 is again the threshold of the FET. So.
it is inportant to know what is 30.naxi mum voltage the collector of

transi stor 25 can withstand in conbinati.og W th”the other devices. - 8-
Wth no current through transistor 29 the base voltage of transistor 25.
wll be very close to the voltage of the voltage source 23. So the mammum
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31 when the out put g gresultl in a |lower source vol tagtt@ Thus
rel atively high nega transdsigr 3 AXaWsc $9Mee cutirany S om ean5| stor
26, and troewitter of caanmislnwaac hhehebl\lelctt@g%atshardﬂi\ﬁE(af W,

transistor 25 will withstand somewhat less vo]tage-but.at the
15 same time the source voltage of transistor 30 will move down
thus compensating for the lower break-down voltage. In any
case, the collector to emitter break-down voltage.of
transistor 25 will be significantly higher than the BVCEO
since negative base current can flow through resistor 27.
20 . Similar considerations apply for the transistor
- combination 32, 26, 31. The breakdown situation is even less
critical, however, since there is always current flowing
through transfistor 31 when the output fs high (resulting in a
lower source voltage). Thus relatively high negative base
25 current can be tolerated at transistor 26, and transistor 32
can withstand higher voltages than BVCEO. ' o’
If the threshold voltages of the FET's 30 and 31 are
very low, then the transistors 25 and 26 might be saturated
all the time. Resistors 27 and 28 are then needed to allow
30 the bases of transistors 25 and 26 to move down in voltage
and hence to allow transistors 29 and 32 to saturate too. By
chosing adequate dimen-ions the mininum voltage of output 35
may go as iow as 100mv.



If the threshol d vol tages of the FET's 30 and 31 are very low, then the
‘transistors 25 and 26 mi.ght .be saturated all the tine. Resistors 27 and 28
@re then needed to allow 30 the bases of transistors 25 and 26 to nobve
down in voltage and hence to all'ow transisgoss 29 and 32 to saturate too.
By chosfng adequate di mensions the m ninumvoltage of output 35 may go as
| ow as 00nV -9 - Figure 3 shows how the output stage can be used to
build a conplete operFatgujrﬁaI.?o Shows i kow therowtpuwbdstageccant bgeusedwtoh a
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compensation. Resistor 54 1imits the collector current of
transistor 24 in case of saturation.

U It will be apprecfated that although the current
source and the low voltage source are described as chains of
15 resistors and transistors respectively only'with respect to
| the complete amplifier, the current and low voltage sources
of Figures 1 and 2 may also be replaced by similar chains of

resistors and transistors.



1. A high breakdown voltage anplifier output stage conprising a plurality

of | ow breakdown_voltage anplifying nmeans connected between a high voltage
source and a current source and provi_dil g_an out put which is a conbi nation i
of 10 ‘the outputs of each of the arrpllpyi ng ntans, and nmeans for providing

a respecﬂwluﬂmmml j nput to each of the anplifying neans, +including a

| ow brea ﬂmLSi st or conegégﬁg-to a signal "input of the,K
anplifier *oufput stage and:a high breakdown vol tage FET coupl ed 15 ~Bet ween
sai d | ow breakdown voltage transistor and |ow voltage input means coupled

to saigl anplifying means wherein said FET protects said | ow breakdown

vol tage transistor fr hi_gh, vol - 20,2, _Ahi.gh hreakd L0
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u age accordin 0.a recedi ng,cl ai 2rein sai.d br eakdown
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are conne%%%g*#%c%épﬁggﬁﬁds.g%dal gv{'/%\\elglqt g'gé |\r,1\n|c2):uft/ rrea%?“‘b"cﬁr!r#plrélﬁs/es as
pot ent | alcwtputiestagendnd aohight barepkinuan VoL ageyFET coupled
15 between said low breakc_iown_voltage _tr'ax_fx’_sistor and low -
voltage input means coupled to s_aid amplifyir__xg m_eans _ /
wherein said FET protect__s said low breakdown voltage

transistor from high voltages.

20 2. A high breakdown voltagé amplifier output stage"'
according to claim 1 which is integfated and wherein'séld
plurality of low breakdown voltage amplifying means, said
low breakdown voltage transistor and said high breakdown
voltage FET are all produced by a low voltage process.

25
3. A high breakdown voltage amplifier output stage
according to either claim 1 or claim 2 wherein said high
breakdown voltage FET is a JFET.

30 4. A high breakdown voltage amplifier output stage
according to any preceding claim wherein said low breakdown
voltage transistor and said FET form an input cascode
stage.

35 5. A high breakdown voltage amplifier output stage
according to any preceding claim wherein said plurality of



:/ol tage source and sai d high breakdown voltage FET and having a plurality

of taps providi ngy, of said anplifying nmeans. 10 6. A high
br eakdown vol tag$,m!ﬂwuﬂuﬁ"ﬁﬁﬁﬂné stage according to any -preceding claim
wherein each of saidcanpli#yisng«Means inct udes a sem conductor anplifying
neans.éz. A hi'gh” breakdown vol tage anplifier output stage 15 according to
cl ai m S™uhgohi Brea®adin St dnp 11,1 ! - | s{,or, and
wher ei n the. nunber of a Iifv}/aiyn@ m%#ﬁlﬁ%dﬁﬁ%eﬁ%{%%é ojtfx?earﬁtter
br eakdown TORERGETGY saich 18 s"eﬁq'cFa&Fplliwﬁw@qmﬂn@mesemeeded. 20 8.
A hi gh Br eplotent hadl dhye dum lridtivorio Wanie el Hersfdrivie trﬁng aim7
-

wherein ea f. _sai Y . ns..c ri,ses a rlington ansi st or
pair. 9. %&%&%br%é‘%@m?ﬁ/vdo%%gw %Hoe@rkdceﬁ“"bdﬁ%ﬁ% EBT andrding to
any one of haviings a5 plara ity eifh tegisd paotveitiing dntipritde reoneiaw ko£oNpri ses a
plurality ghikeampideS, iGN MRERd in series and is tapped between the
resistors to proeﬁéeﬁﬁﬁyqnunns to the anplifying neans. 30 10. A high
breakdown vol tage anplifier output stage according to claim8 wherein the

Dar | i ngoon6Lr ars it br@akacHr: veltaRE hpll 151650 cutiit dialgd he col lectors
of one Dargigg%%qpﬁakr are connegﬁgd tq t.he respective emtters of the next
Dar | i ngt on®SSF e S0 PR PFASESHNY $53dm Mh N SRS RSk ng

connect ed awplhéyiingh meanisadncimdese aaiséniveonductiosr amyfl iFyiar daamnd.ngt on
pai r being connected to the output. 12 11. A high breakdown voltage
anmplifier output stage according to claim 10 further conprising a biasing
resi stor 57confeBigh BErEREKEQWHH¥oditagee agplifder outpaitd stage Dar | i ngt on
pair apd t&eceydiuy. to claim 5 wherein each of said amplifying means

N includes a transistor and wherein the number of amplifying
- means is such that the collector-emitter breakdown voltage
of each of said amplifying means is not exceeded.

20 8. A high breakdown voltage amplifier output stage
according to claim 7 wherein each of said amplifying means
comprises a Darlington transistor pair.

9. A high breakdown voltage amplifier output stage

25 according to any one of claims 5 to 8 wherein said
potential divider network comprises a plurality of
resistors connected in series and is tapped between the

L resistors to provide the inputs to the amplifying means.

30 10. A high breakdown voltage amplifier output stage
according to claim 8 wherein the Darlington transistor
pairs are connected in such a way that the collectors of
one Darlington pair are connected to the respective

" emitters of the next Darlington pair, the collectors of a

35 first Darlington pair bejing connected to the high voltage
source and the emitters of a last Darlington pair being
connected to the output.



12. A high—breaKﬂBﬁﬁﬂvarfgagﬂénplifier out put stage according to any

precedi ng cl g means for 10 providing an:input to said
anplifying m\l‘mf‘“‘m‘“m ri ses a gegongd transi stor whose base is
connected t siignal Fnptit, whose co??ecior“is connected to a | ow
vol t age source and whose emtter provides an input to the base of sald how

br.eakdown JVPJ taagaaigxarnsréamowﬂwéﬁtagé amgmlbiegkeaﬁ@uwhtage anpl i fifef
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accordi ng L40g, ;] Eascode stage al so conprises a JFET
and a bi po %ﬁfﬁnsﬁ}?or &h %I poPhr transi stor formng part of a current
mrror provided 25 between said current source and the JFET. 15. A hi gh

breakdown ] t agjen 2g| bi‘é&kd@ﬁhWblﬁéﬁaeaﬁﬁﬁfﬂéi‘gohepﬁ’tab%%é further
conpri si ng aiééiher transi st or cascode gta tween the FET

o 50" ShdraRAing AR BEPCERing, Ghain Bhetein Baid BRABS GOt hor
tranaxn(npﬂuniqnm@nmwcinﬁutotbhsaidmanpliﬂgingoueansvEarahéesistor. 16. A

hi gh brea e f cgQr I ther claim
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second 5 fw#a;g%f &8t dbﬁhBGeCQﬂﬂﬁﬁéfdpi'Bviaﬂs' aw xa?h&geosenece via a

resistor. rea own Vol anpl Tfier ut “stage according to
any preceé?%ﬁf &%lﬁ%é@?’@%ﬁ?&dﬂﬁ‘rgﬁitage trans:Ls or.
15 . .
13. A high breakdown voltage=amp1ifier output stage - -/

according to any preceding claim further comprising a bias
cascode stage connected between said low voltage amplifying
means and the current source.
20 '
14. A high breakdown voltage amplifier output stage
according to claim 13 wherein the bias cascode stage also:
comprises a JFET and a bipolar transistor, the bipolar
transistor forming part of a current mirror prov1ded
25 between said current source and the JFET.

15. A high breakdown voltage amplifier output stage - _
according to claim 14 further comprising a further. L L
transistor in the input cascode stage between the FET and

30 said low breakdown voltage transistor, the base of said
further transistor being connected to the low voltage
source via a resistor.

'16. A high breakdown voltage amplifier 6utput stage
35 according to either claim 14 or claim 15 comprising a



§10 source conprises a chain of resistors connetffmr?ﬁ”ﬁﬁédéﬁaﬂ?a‘sald hi gh

vol tage source. 18. A high. breakdown voltage a age
\accord| ng to claim12 wherein said-| avyold agenﬁ ﬁ l]ﬂ es a chain
of transistors and a zener diode, the chain of ors |ng supplied

by a ¢ghain of. resistors connected at one end to said high voltage source
and whichseecpnds fartae;mtbe:mnsalstdm/udertheemsk casmadd magqoud:etwetem t he

transi sto 9 n e f [ I akdown
vol tage a £ﬁFI§?g% ogﬁ'ﬁ?ﬁg?gktﬁggto gléﬁ%&gngigiggé I ng é?%ln1aﬁgﬁf

transc%ndﬁBF&ﬁ&E §F§Q§1ﬁ§ﬂrh %&nﬁ1qqanaﬂﬁqﬂ ton liowe VOktage of t he

t ranscondgetigeeevda ashragd storv,i ding an input to the high breakdown voltage
anplifier output stage. 20. A high breakdown voltage anplifier output stage
substantially as herei nbefore described with reference to 30 Figures 1 and
2 of the ¥7awi Aghighl br&akdesmavioditalgen apiplfiifders vttt istldge as

herei nbef gpeodaTGY 2ed atly bretiedfithif ©1ld r Wiidre i Yaild el 9s. 35

10 source comprises a chain of resistors connected at one end
to said high voltage source.

18. A high breakdown voltage amplifier output stage
according to claim 12 wherein said low voltage source
15 comprises a chain of transistors and a zener diode, the
U chain of transistors being supplied by a chain of resistors
connected at one end to said high voltage source and which
serves as a potential divider network providing inputs' to
the transistors.
20
19. An operational amplifier incorporating a high
breakdown voltage amplifier output stage according to any
preceding claim and a transconductance stage having a
differential input, the output of the transconductance
25 stage providing an input to the high breakdown voltage /’
- zmplifier output stage.
_ 20. A high breakdown voltage amplifier output stage
o/ substantially as hereinbefore described with reference to
30 Figures 1 and 2 of the drawings. \

21. An operational amplifier substantially as hereinbefore
described with reference to Figure 3 of the
drawings.
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