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" AMPLI FI ER ARRANGEMENT" The invention relates to an anplifier arrangeénén(

A known anmplifier ,arrangement conprises gn input and an output, a first and.

a seeond tiransistor of the sanme conductivity type, whose base el ectrodes
are interconnected, the emitter electrodes 5 of the first transistor -

bei ng connected to the input, hﬁp@ﬁgﬁemmsgm-rsecond transi stor being.
connected to a first comon point via a first resistor, the collector of

tbe“first transi stor being connected to a qui escent- current source, and the

collector of the second tr.ansistor being connected to the output and, via
a second resistor, to a power-supply termnal. Such a known anplifier
arrangenent is inter alia enployed in SOAR orotection circuits in

i ntegrated power anplifiers as is known inter alia from "Neues aus der
Techni k", No. 3, HZ7;nRhiiGl el E@sﬁrto fi’pgm PASR rYardangement. A !N this
circuit arrangerrent a voltage Ps a. heasure of the current, vol t age
and/ or power ¥new 28Plifiay agtanggrent gouprises am inpet fodern aniPEfier is
applied to tResiAUbng QAR ithkh@Ls ok Co¥ tenb SsdddCBordduep i i, 0060 SO t hat at
the critical point, 1.e. the point at which the protection Ci rcui t .should
be-act uat ed, “'Ree %evﬂ%ﬁ%d%ﬁ:P6§slqtﬁ€c9qqe§f:e‘?e§f"’§t%ﬂltt§- SHEEEEHR t he

vol tage 6n saiedihd FRUL: WankidtorPPéity b8l RAkhompht, tHR bhiglerand the.

second transistor, the first tr:gm stor in this known circuit bei ng
arranged as K PR S2COFh R PREL ShOr PLRT, SAeRERY P B HPGSGHETHEN PRIt
resistor a cuﬁaemt._equa&esﬁetéﬂetnelrcrc&néc’eﬁxpph'emL Iﬁyr:tmermsﬁsﬁembem@rrent

25*source W L uce vol t age across._saj,d tor t,0 which a
o oult can FRRtAAatR] LOReERn? ARRRE AR Brd bic LFREAR! e el O ¢
transistor. BEepend drpysistorrbaingegoraiegtieditocine antpit @nﬁypezasabsﬂme

whi ch |sugene.[eg.{; %rg”%%yﬁgwér? sggﬁﬁ% efmiddie first and the second

transi stor. y are pnp-tr stors, will be of the lateral = 2
Such a known amplifier arrangemers' is inter alia =ampl oyad in

SOAR protection circuits in integrated power amplifiers as is known.
inter alia from "Neues aus der Technik", No. 3, 1977, article |
number 40§, page 4. -
15 In this circuit a.n:angement a volilsge which is 2. measure
of the current, voltage and/or power 10&:1 of an oﬁxtprut transistor
in the power amplifier is applied to the input. The amplifier
circult is then proportioned so that at the critical point, i.e.
_ the point at which the protection circuit should be actuated, the
20 yoltage across the first resistar is equal to the voltage on said
input. At this point the combimation of the first and the second
transistor, the first transistor in this known circuit being arranged
as a diocde; operates as a current mirror throughnfhe first resistor
s a current equal to the current supplied by the quiescent current
- 25 source will flow and produce a voltage across said resister, to which '

L3]

a circuit can respond which limits the drive of "‘v.e pro‘::cted outpul
transistor. _ :
Especially in an integrated cireuit with p-type substrate,
which is generally employed in practice, the first and the second

30 transistcr, when they are pnp-transistors, will be of the lateral

(



type, so that they will have a conparatively |l ow current gain factor, whic
IS noreover subject to a substantial spread owng to process variations.
As a result of this, the collector curreat of_ the second transistor at.
sai d”dctuating point will not be equal 5 to the collector current of the
first transistor and will be greatly dependent on process variations, so

t hat the panPeatSQI\/r‘Fhéh ey wildt bave @nconpaditively dowuairednt syadobj ect to a
strst ant i al sBegAd.misbn ifs Rbﬂéﬂ%ruaﬁg,eeeam @ sPEGAHELT LoELdelQgobtain a
maxi mum out put power of an integrat circuit the roteca on circuit of the
10 output & aﬁ%G%EtSOV”s‘ﬁGéPlasﬂoﬁSb% resubiatedd tyk i rthfarﬁoé%?r-m cvarend i s

reached. |t Jzsthdascobh@Cirafbi e LOVRARI AuaktOndRYAER87 AFP Wl 41a1
arrange nt Jn_which for a voltage_on the input at which the voltage acr oss

the firdt ré&si §Eor c’ilée‘é‘tﬂ’faf:“‘f‘ifntth8fv‘i5\et5@?%?’?‘%"&*‘%6&9 Yhil PReIF Rt Ege on
t he out put cieperndin tonn tfrecens et atiing, f &8 tthat ofhat peidi att winiwth the second
transistor tQ.a_ e rdlng Q. th re nt,_l nt|o here is
provi ded an%a::%]'({;@fil%épg%ﬁ%% i;snéaﬁ?& rFs tr1]> it etC’Epu gjuaflp ‘f| rst
and a secondi‘:t Laﬁs-lgbﬂ-mmrﬂhstmlsanhemdm pvdexy tbyge";aumcs@ﬂiaswe 20

el ect rodes aJ:%oama%c,epr&eaaeﬂ,tebbstm&ta{uﬁkﬂwr%@&& nt B8-dJ1kSbe the

transi stor. belng connected to the I nput emtter of the secon

transi stbr BEtAEE deAnakstor skpuddf w'stbecme@mwlmeaurﬂ%tvame|1§t or,

the col | ect ¢zagh=d.ne first transistor being connected to a

qui escent-current source, the collector of the second transistor 25 being

cbnnected to the IO'u?‘Bu‘iheaHBJe‘m gf athep LYRptiEY &t BFOVIES a pWdi i Rippl y

tﬁr m n?: arairarlzmtdm \mneurx1 rﬂbftl & Vr1thge @nth@mutwfu e:hld:l}s t?henﬁﬁﬁiagd to

the col |l ectar__el ectrode the first tr vol t age_ r output,

which i s coRERTEATEo Fit FRSttor okt ARHAL it PR e oBnethe eEong

transi sf®r, thervalrtiagenop shedobipeé Sfpendkest 1the esiriran's igalinafavwbprt bétthehe

current in the lifLst fLansis %abﬁ%léal“taof&gﬁ (;luggg&ecnt current fromsaid
Y

qui escent-current source, an ase-curren erting output, on which at
| east a part of t HREChading: tier dhet presenthinyentien fvere Hes oewvitd pansi st or

appears, salahahasReaCuEteitonthi! UobRLkial! BhllinBEL NInCARRRE, oF 41258 4ipPing on
the 35 second re5| stor at such a oca ion that the voltage across the
a second transistor of the same conductivity t"pe, whose base

20 electrodes are intercomnected, the em:.tter electrcde of the first

- transistor. being connected to the input, ilhe emitter of the second '

transistor being connected to a first conmon point via a first '
resz.stor, Lhe collector of the first transistor being counected to a
q.xicsc:ent—-mrrent source, the collector of the second transistor

25 peing connected to the output and, via a second resistor, to a
power-supply terminal, and a base drlve circait having an input,
which is connected t'c_i the collector electrode of ‘the first transistor,
a voltage follower cutput, wh_icﬁ is connected to the base electrondes
of the first and the second transistor, for driving said base

30 electrodes in such a way that the current in the first transistor

"is equal to the quiescent current from said quiescent-current source,
and a base-current diverting output, on which at least a part of the
base currents of ‘the first and the seccnd trans:.stor appears, said
bage-current diverting output being connected to a tapping on  the

3% second resistor at such a location that the voltage across the



3 second resistor depends on the current gain factors of the first and the
second transistor_to a mniml extent when the voltage on the input, which
is connected to the emtter of the first transistor, has such a val ue that
said voltage on the input corresponds td the 5 vol tage across the first
resistor. OMng to the drive at a tapping of the second resistor a '
vari ation of rrent gain.fact o] t transistor aJ

se%l %S%IgSJ.sa o&' 9?%5 ds c% %{1? hJurS:Qﬁ?ﬁ: g‘é?_% fa%té}_-s,s o% g?e ?’E'éggecond

véf’fation res n var Ion In e CO r curren

transi st or, apd ddhgcescand bpwiister \tar ¢ ailndrabfextent ehen dive Yoltagpldned to t he

tapping of the $pGeNAHiIeR! 5 CbnnddteGhed RnbkNGnitesE #f tfe FRELE Arah &CRLEON Of
sai d tappi ng, whi ch n\%é for exanpl e be determ ned experinentally, |eads to
a substanti BRFySIH * OHBHES PO ¥PLEa9E 9n) [heqiRREl FOFFSSBPTIS t9hE % esent

I nvent i on Wbl tguvabeoddc thé i fiedt desivedr.of exanple, 15 with reference to
the single figure.of the acc nyi_n raw l.ch_sh di ment of
the anplifier arrgvﬁbréqrrgﬁt gﬁl‘enggg‘georg a%ctgpanuf%%ﬁqgepF’Sg%n%tm@?%%% iagn. In this
drawi ng tr amsritden Tofi. $he rirpenke igain afasitor f the Pavopkransé stars, TMrichol | ect or

llead of thebrangbatUsultl Nel HdRS18t{ &S At He 2ol RlctBRASMERDY Jehgneol | ect or
20- current of the tran5|storagerr-], whi ch_ resistor is generally selected

to have a vEFShEFMSiEtoe FRAIVASF ForoPRREHER Eapietien R FReITRE t he
resi st antte appHLea0BH el BepPihgClE @he SsetoRd aRisi etorjOwiich BRtthecoasdof

coll ector and_the enmjtter of _tr istar T a.vol i i_th the
resi-stors 6aa<r:1%f"r7clgrsq?cr?c?‘%é’g ?agir%stg SUrr n"gmtc e&'%g%g’td)ﬁwgg o \,M-eem' tter
val t age of thterminediesperimentalhy jledrid itone pubatantiaily full evmpensadicn and 7

i S connected.tg,d upi Arftide pi@tection circuit and by a suitable choice
of the values of resistors b5, % and 7 the voltage VA on_ point A can be an

opti mum function &hetaresent daNentionciigd, nander fescrabedn &Y % S5, PRBle,
transi str $itw rfe@ePdrdieCed BhePsingle figure of the accompanying drawing
which shows an embodiment 6f the amplifier arrangement in éccordance
with the present invention. In this drawing transistor Tp is the
power transistor to be protected. The collector lead of the
transistor Tp includés a resistor' 5 for measuring the collector
2  current of the transistor T, which resistor is gaxera_iuy selected
to have a very small value and may for example be ‘constituted
by the resistance of a connecting track or a connection point.
Between the collector and the emitter of transistor Tp a voltage
divider with the resistors 6’anq 7 is included for measuring the
?5 collectog-emif&er volfage of "the FranSistor Tp. The junctidn point
of the resistors 6 and 7 is commected to input A of the_protecticn

circuit and by a suitable choice of the values oflreéistors 5, 6 and

7 the voltage VA
L]

through, and the VOltage across, the transistor Tp to. be protected

on point A can be an optimum function of the current

30 for current, voltage and power limitation. The protection circuit
comprises an aﬁplifier, comprising pnp--transistors'T_1 and-T2 whose
base electrodes are intérconnected. The emitter electrode of transistor

T1 is connected to input A, whilst the emitter of transistor T2-is
connected to the power supply terminal +VB'via a resistor 1. The

35 collector of transistor T1 is connected to a quiescent-current source



30 for current, voltage and power limtation. The protection circuit
conprises an anplifier, conprising pnp-transistors [err] whose base .
el ectrodes are interconnected. The emitter electrode of transistor [err] is
connected to input A whilst the emtter of transistor T is connected to
the power supply terminal +V. via a resigkor 1. The 5 collector of
transistor T is connected to a quiescent-current source 4 4 wth a
cétent | , whilst the collector of transistor o&err I S connected to an
output B and, AWk 8sFERTERE Byl 1Bt £ £ohdepitdrv et SEpBFiSYbl tade terminal
-V . The baseceﬂneerdté@daﬁ aff odtpRtt B 2mai, Stigl #esiskorand ahd weocamegatm to

the emtter el ectrode, of a,transjst 0 S Lect

connected to EAP Yol PEAIS teﬁmél‘g?#od& oﬁ_rgﬁ Ef\gtio? % fts\htgge&%g

el ectrode i s EqrargicTgchxeo ctirected ute therempbient el@ectmén o stmssszoand 3
Transistgr [enr ]wr{UgleVﬁa%et EAOSH3BO 1 d %Eﬁdedt@dsw%é\ MY ettt eidctealéi €s the

current | suppl | e the current source 4. put B leads to the hase of
transi stor 1oo=r4tran,ﬁ%%¢9q T, Andaiipese 5@11&6&%‘%1@5?5??% 15479nGrted Lo the

transistor guﬂ&lﬁ.oﬁaﬁﬁn&' Bétvweed erétfi sthes or amsisst Orrainei.éﬂorl $,cmuested to a
poi nt C at erenc ta The col |l ector electr f th

transi stor T4t1"'%n%(§ﬁﬂ’é241eagt%'cph% s 5 égt?%(fé 8f3’[ 8“':{ raﬁsfcst o?&ll to be
protected. 15by the currdR¢stsirme 4. i SutputeBsieaved tgothehba senioé ntnanel kst age

VA reachgg a wal nglstg 410 oRE- RY1oh S kdnsildtdRSE St ors T
and T2 both caﬁf‘;lﬁtlﬁe cur‘rc:“l(;anr%Jea §ésd l{féreh& lg currlent sour%le 4 1(_Ignorl ng

t hfe base curr &he Haggs§leaheedss by §hez tﬁﬁ’HSlSStQF Ty RErCANREFRT SRR PRIt Haftt he
vdl tage VB' onrpfirdhcB ﬁoitEB@nI e Ua|ThE0c6]fléc2&' eleetedense thel trmpeistor
At the point where th t ect CII‘C (*1_1 d thJes curgent, which is
supplied to transt PR ‘:Fgr'ﬁ "b? ﬁg‘érﬁ E@? PP sturee™®, i s
transferred fpootdatadsi stor TS5 to _tranS| stor T4 and V\/m ch current via the
col | ect ong of Resistor 1 is dimensioned so that when the voltage VA-reaches
a value at which transistor Tp is to be protected, transistors T1
and T, both carry the current I supplied by the current source 4
(ignoring the base current loss). Resistors 2 and 3 are then
: dimensioned so that the voltage VB'on point B is then equal to the
20 reference voltage_Vref. At the point where the .protection circuit
is actuated the current, which is supplied to transistors T4 and T5
by the common emitter current source 8, is transferred from
transistor Ts to i.:ransistor'.T4 and which current via the collector of
tran?istor TA is diverted from the base electrode of the t;ansistor Tp
25 to be brotected, whose drive is limited at said protection point.
f The current gain factor A3 of the lateral pnp-transistors
1, T2 and T3 exhibits a spread in respect of process variations
and moreover is greatly dependent on the- value of the bias current
I o? which may exhlblt a spread as a result of process variations.
30 In practice this may give rise to a variation of the /3 between for
example 3 and 30 in integrated circuits whose integration process
is suitable for comparatively large eurrenis, which may lead to a
deviation in the collector current of transistor T2-relative to the
current.Io of maximum I 15%, which in its turn leads to an equal

35

error in ‘the voltage V_, i.e. the value of the voltage VA for

B .
which the drive of transistor Tp is limited. For the protection of



transistor [err] is di vert'ed fromthe base electrode of the transistor Tp
25 to be protected, whose drive is |lim}ted at said protection point. The
current- gain factor [err] of the lateral pnp-transistors [err] exhibits a
spread in-respect of process variations and noreover is greatly dependent
on the val ue Qf the Dbi 0 igh . may_exhibit, a_spread as .a.result
of -process VE;.:F Fé%]is%r?gsa%bg%%%tﬁeg&?dgg %’?ﬁlg‘g ﬁ%‘f/}s 5’%\‘/% i S!Z 16 'gmvsasrl?%f ion
of M'he [err] voeiakion fot ioxprasttdcs masds3thit timsgtar EErumited wirose
ntegration piaCasfsbd lichabl skOLnAIMPALAL YAl Yok BhGL et N S, whi ch may

lead to a deviation in the collector current of transistor T relative to

the-current | of FstEREAPlen AN hpinikigated syifgediredae €9l ven of (tFgPsistors

O error isn the ¥ t180¢1d/BrahsEstokN®, Vakug: imhfsr19! £ a38n ¥ HR! a¥htingBmdrdie
drive of transi stor, TS linited. For the protection of p transistors in

i ntegrat ed pGREPELFPRI 3 iRER i Ys of steapsi sty Y fhe SPHLPSEO USRS AT
practice neanrhet bfdnsh EBRSITS, 0dr the Sodtpit i@t rkat fdsed pateiiinahiad, its 45%
smal l er than the optipum val ue. Thi robl em can be mtigated by feeding
the drive of t??%ﬂéqp E’Fg#es """asj.'l‘“"°5ﬁd2$ ‘ngv?a S 5?1% §Fb‘$n°?%;ge%?“‘a t“éﬁﬁ‘gt ively
a transi st or pxpderegemnixtia voltag® @oppinsiBig & decveadd by te tnamsitstairs,
and:t he ggl | Qr,. Clr t by ransi stor 13,.0 R LU SRE
such a conbi %gh'%'nf&t éﬁé; ttra%tﬁf)]l'%gr%e N\eﬁlé!?l 'r%scllg’f'osr%1 é%ﬁg%,%d ‘fh%?t%-§%.le
coll ect or curnsnenipesdthee dramsioror &Ly ohd aafe tha oentin® ap inseeas efothe he,

current gain <1910k Ment Bt @9%&9{&&%;] LAUSES g degreast ehothe

coflector current of the transistor [err] and?at the safe tine_an increase
of* the col | eCfothe FREEAE She (Rdues Afsithe dresTstonsy 2t Sphey sStirtarfe

choi ce of tha watidrieh ihe Vaddlage Ofoitthge NESist rgely andeditdde ef fect of a
variation in [err] on the voltage [err] is1argely cancell ed.

R
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6 1. An anplifier arrangenent conprising an input, an output, a first .
and a second transistor of the sanme conductivity type whose base .

el ectrodes are interconnected, the enitter electrode 'of the first
transistor -bei'ng connected to the input, &he emtter 5 of the second
transi stor being connected to a first common-point via a first resistor,
the collector of the first transistor being connected to a

qu-escent -current source,. the collector of the second transistor being
-connected to the output and via a second resistor, mmm

termnal, and a base drive circuit 10 havi ng an i np mﬁwﬂumect ed
to the coI I ect@ﬂqet»e@trode of the first transistor, a voltade ol Fower

out put, which is connected to the base el ectrodes of the first and the
second transistor, for driving said base electrodes in such a way that the
current in th first tr LSt oL ual to the quiescent 15 _current from .
sai d qui escenf* curré’r‘tt g e, agﬂa&gg%gg%gog?ﬁirséﬂga&\}gw nano tf)’ﬂ ' on

whi ch at | east &ingsirandf seeondateansistantof tie tshwe fdonductdwdty Hypeecond
transistor ap%‘@éesba§@'eqe9@x§£eguéxfee%t&lééﬁﬁééﬂé& OHJeog{u«fb%&-”&e%‘:QB&Q ed to a

tappi ng on the second resistor at such ocation th vol t age across
t he second reSfster fixst tpaadsger helngcwnerias tgahe %t%r@%ﬁ‘“%h‘@rfl rst

and themzeCﬁndftwseé&ﬂa&&siﬁwlb@hg %hﬁé&f téahe@atherwbbﬁm geidde ]
i nput ich is conpected o the emtter of t st trans st or S suc
a value that &%4 bﬁ%ﬁgsbﬁt‘?heﬂ}enﬁﬁ 1e65PF e%%g‘ﬁ IF§t FEng T“t"ﬁgge{i’@r 0ss

the first resreimeEcte@Xo aZquiescentAicusrggit Enmceartl&ngehmﬁtocoasﬁtthelct ed and

arranged to oggé&tdetgd#%igggg Ib%%‘léé(t%é?g peghgr &‘%ﬁicweg*%\nat &der ence

to the acconpanyi ng e Specificatldn
réproduced byFpHASEo A ﬁgpw-amﬂlwcm\sneh gré a3 Hayﬁéiiéﬂf‘?;ﬁirmﬁ‘ ny

contain.a f e%&?ﬁ@dﬁ%ﬁuwlvﬁﬁcﬂrﬁ Bbdrdctid (td @né RfA1ectotNB1L B Al
typescript containin ese anendnments rmay be_i nspected on tct;,e prem ses of

t he Patent O st transistor, a voltage follo output,
' connected to the base electrodes of the first and the second

 transistor, for driving said base electrodes in such a way that

the current in the first transistor is equal to the quiescent

15 current from said quiescent—current source, and a base current
diverfing output, -on which at _ieast a part of the base currents
of the first and the second transistor appears, said base-current
diverting cn.xtput being connected tc'J a fapping on the second resistor
at such a location that the voltage across the second resistor

20 depends on the current gain factors of the first and the sécond
transistor to a minimal extent when the voltage on the input, which

" is connected to the emitter of the first transistor, ‘has such a

P ' value that said voltage on the ‘input corresponds to the voltage
across the first resistor.

25 2. An amplifier arrangement constructed and arranged to operate
substantially as hereinbefore described with reference to the '
accompanying drawing. N ' o

The text of the specification has been reproduced by photocopying +the applicants original

typesczipt. It may contain a few amendments which are difficult to read. The original
typescript containing these amendments may be inspecied on the premises of ibe Patent Office



