2 1‘9@77 BANDGAP REFERENCE CIRCU T 5 This invention relates to a

bandgap reference circuit for’providing a reference voltage. A known

bandg&p reference circuit conprises first and second transistors, the

second of which has an emtter area N tinmes that of the first transistor.

10 The two transistors are arranged to pass$ equal currents, the

emtter of the second transistor being coupled to ground referen® 7
Qeﬁrfaé Zf/ t he

potential through two series connected resiit rs...whilst the

first transistor is coupled to the-EéHBEéBH_EﬁﬁBE&SEN&LEQEEQcns. 15

The bases of the two transistors are coupled together and to an out put

termnal al whych herRULPYL bREERENEE1XALERS bS pREAKECTe RGAKAOW) renst
circuit provides correction for e [Irnear vari ation h™ténperature i

the base-enitter f@rtBEevafing ahrefprencer ¥pdtager by the provision of the -.

second transistor toggtRkRewi bAnkB8p! YEregehee €3PB8GEedonPited Firldhe and
rati o of the val ues of tgg t WO %e3|stg£s belng chosegégge orrect the first
derivative of theSBEERAHFRRELSEBFEagEnRi BRCPESLEL: ﬁﬁéréPuF@4V29r area
Unfortunately, wihtikhes thataofctheeflirst, tpankdsterce W th respect to
tenperature vagiatio LS 1 g r ' It h
limtation isﬂ%ue ton?ﬁ% #Qéttgﬁg%gegéggt?gﬁ %%Q%ﬂggge?éqkf ergggﬁgag%ﬁasnts'
not purely |inearthetemithpsrafukhe gerondstrryrdsterdbeingnsonddes tion g3pund

other words, the hégérenderpdeeh¥dhlvehr8hghitiolaeeied cophetteli@drsiitors,

et er ence ofroui (VRRLERI ERet RBEEEEECOR: EDReriF Bty FEPBSEaHOTALS, FAHRY o Henehe
invention there ijupcbionedfathantigeprdsisebesence circuit conprising first '
R Rl
and to an output terminal at which the output reference
voltage is provided. '
The known circuit provides correction for the linear
variation with temperature of the base-emitter voltage of
20 the first transistor by the provision of the second
transistor together with the two series connected resistors,
the ratio of the values of the two resistors being chosen to
correct the first derivative of the base-emitter voltage
with respect to temperature.
25 Unfortunately, with this linear correction, performance
with respect to temperature variation of this known bandgap'
. reference is limited. This limitation is due to the fact
() that variation of a base-emitter voltage is not purely
~ linear with temperature, but has higher order components; in
30 other words, the high order derivatives of this base-emitter
voltage are not identically zero.
This invention seeks to provide an improved bandgap
reference circuit in which the above problem is mitigated.
According to the invention there is provided a bandgap
35 reference circuit comprising first and second transistors
arranged in parallel to share a current, each having a
first, séccnd and control electrode, the control electrodes
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- 2 - of the transistors being-.coupled together and to an output term nal.
for providing a reference voltage; first and second resistors conpécted-5
in series between the first electrode of the second transistor and a -
reference potential, the first electrode of the first transistor being
coupled to a first node between the resrsdors; a third transistor having a
first el ectrode coupled to the said first node a second el ectrode coupl ed
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t enper at ur he figst electr des Ozﬂq[ (fr}d sec@g" transisfors are
typi cal | y Vipgrde &‘tFLﬁfé’? °ryRBe §°t?hé’ tIEESt BREL R $$ROecond
transi stor délectriotdenesufizd toheie cdutpbe terminalanand he eontrokrelecradef t he

Lhird $OANHIPadd Hurl B0 nrelfed | 7% scHiS" bellvall] Merypui eoer

greater th eedbac nmeans | nt ai ni ng
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Ref erring rafwthe F#ﬁﬁ!ﬁécg vnétagm Wath atesIperatutmp ref erence circuit

conprises suppl thérf&ﬂabléct?é&sz ofil firdt ORd %é&ﬁda&ﬁn%ﬁtorﬁ%et ai ned at
[err] and foincz)l(l?y emﬂtre?'une ecr:t?'csa gsctlvel y. F| rst and
Typically the emitter area of the second transistor is N times
20 that of the first and the emitter area of the third transistor is M times
that of the first where N and M are integers greater than Unity.
_ Negative feedback means may be provided for maintaining the
output voltage substantially constant. )
A starting circuit may be provided .for ensuring that the first
25 and second transistors turn on when supply potential is applied to
the circuit. . _
The invention will be further described with reference to the .
drawings in which; : : \/
Figure 1 shows a preferred embodiment of the bandgap
30 reference circuit of the invention and; .
Figure 2 shows graphs of the variation of reference voltage with
temperature for the prior art circuit and for the circuit of Figure 1.
Referring now to Figure 1 the illustrated bandgap reference
circuit comprises supply terminal 1 and 2 which in operation are
35 maintained at Vec and for example ground respectively. First and
second NPN transistors T1 and T2 whose emitter areas are in the
ratio of 1 to N are connected in parallel to share equally a single
current supplied from the supply terminal.

40



second NPN transistors [err] and [err] whose emitter areas are in the ratio
of 1°to N dre connected in paraltel to share equally a single current
suppﬁked fromthe supply terninal. 40 - 3 - Current is fed to the
transistors [err] and [err] fromthe supply terglnal 1 via two PNP
transistors [err] and [err] each 5 having two collectors. The first
coll'ector 3a of the transistor [err] is connected to the base of the sane

transistor to forma éue%n%ana'fﬁa [3) tth‘é %@ah%‘ifs%:@ .Nardd SIS the

[err]. The second collector 3b i s _connected he colleétor of 4 he
transi stor [err].SY¥RBI¥ ZRTMINGL eVAR ?U°tﬁ@?'ﬁﬁﬁﬂ§%§ﬂ9ﬁﬁw§n Qﬁq Qﬂ eagh
sim | ar mannerst hratiagsitwoocoleeckors.al mevwm&etas:oalwﬁo&ntsandﬂ @havi th

first collector 4 npect.ed to_th rode ransi_st or
[err] to forma d?ggggggﬁggal%éo 1o ORREE %e?t %19 h:gs[er f%fs éﬁ orsa[“%er r]. The
second 15 col | ect bransistorh&ot form at dioder andi sal:smrh@cttm eplillestmsef the
el ectrode of a PNErhbhaRskaton, [ er itheaBdcbaqdt o198 gﬁ—r 3@5‘ i Fé!r %{)

4t or err ﬁ ect or of

[err]. The base of_the transi I S connecte

the transistor [eFRe, cﬂﬁﬂP§F°Fh9fc GFGPséﬁtPFéﬁ§vstgmeTGrQ?ﬁ%ﬁﬁﬂﬁnﬂxito
t he ground 2010efenagcfo&ﬁgnanahrgenfhﬁigfbkter of the transistor T5 is

ted to th t d th base of
Cransistor 17 the col FicPaPLARE RARRRFS oo REBFBA=EE™ s dioBipa FiHamas. 2
and whose eni tt ercusreninsirrort wikh zirsutpoﬂ12e¢mmnah beihgwannnamtaﬂrmm
one termnal connggbegaba LABBRBACObs! BPabbaBtLY ¥, 8/ PbrlG @i3REOdna

term nal connected_ to the output term na capadit term Hal’s
connect ed respect2y8PytPo Pﬁeeﬁé§§§ropftﬁéetF§ﬁ§F§§GP§ Féhr] F@FPPd»SO

The bases of 1Hie t6nDecEber 8b 6ET khandrhakiktare 10 oflected to the base
e electrode of a PNP transistor Ts and to the emitter of a
PNP transistor Tg. The base of the transistor Ty is
connected to the collector 3b of the tramsistor T,;, whilst
the collector of transistor Tg is connected to the ground
20 reference terminal 2.

The emitter of the transistor Ty is connected to the
supply terminal 1 and its collector to the base of a NPN
transistor T; the collector of which is connected to the
supply terminal 1 and whose emitter is connected to an

25 output terminal 5.

A resistor 6 has one terminal connected to the base of

the transistor T, and a second terminal connected to the
W, output terminal 5. A capacitor 7 has terminals connected

respectively to the bases of the transistors Tg and T,.

30 The bases of the transistors Ty and T, are connected
together and to the output terminal 5. A pair of resistors
8 and 9 are connected in series between the emitter of the
transistor T, and the ground terminal 2, the emitter of
the transistor T; being connected to a first node 10

35 between the resistors.



together and to the output .termnal 5 A pair of resistors 8 and 9 are
connected in series between the emtter of the transistor [err] and the ;
ground termnal 2, the emtter of the transistor [err] being connected to a
first node 10 35 between the resistors. = 4--4 - An NPN transistor T8 with
an emtter area Mtimes that of the transistor [err] has its emtter
connected to the node 5 10, its collector connected to the output term nal
5 and its base amNRN drbaresistsmc g8l wickle dn ¢mitben areai M bimesstbatrs 12
and 13 conng g‘%ﬁ;& Hd i dielale Ei{he L f %Mtéffabﬂﬂécéeanéot€§e9ﬁeaad

t er mi nal ansi st TS emtter connecte
bases of5th50erM§59QilﬁQt§#]Qﬂﬂﬁ%Q#¢q todthe ewEPBhLt beFRirRk Aapng, lFFs

col | ector copReCiRhdldde éé'@'é/eé&idﬂﬁ@de 11ﬁr!6et¢:éeha§ep§§mnect ed to a,
third node 14 between a resjstor an es c

tran5|storsﬁﬁﬁﬂsﬁﬂﬁf[%ﬁrﬁnQWﬁ%ﬁF%ﬂ%F%% E%d%%f%%ﬁ §§gHF88e§hBy°Pﬁgut
coupl i ng t ogRiriEmall> Sfaridetlie res@acd i termisat 20d col | ectors. The resistor
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and that the ftE‘PrSl'i@ré&ﬁi'@c{@fr&oﬁﬁéc@@&htsoﬁﬂécéhﬁ iy C&é&ﬁﬂhal 1
suppl i ed fron1 e sup termnal 1 w % g g Iector 43 %
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collectors Q&iﬁﬂﬁiﬂwdﬁséfEeéréﬁﬁMé&tﬁd[trats$stbhatT&Beandamghstors [err]

25 d
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out put & mafaltheishi xdspepline hﬁﬁeﬂean@séobhﬁﬁtérsvolFgeerﬁéﬂﬁFOGflﬁhe W,
transistor Hﬁaqtﬁﬂukfgﬁghéfﬁf§r@{gr&héuﬁliOfbfﬁ a series connected

voltage divider chain between the supply terminal 1 and the
ground terminal 2. _
_ In operation and assuming that the supply voltage V

20 has been applied and that the transistors T, and T, are
both conducting, current supplied from the supply terminal 1
will be fed via the collector 4a of the transistor T, and
will be assumed to divide equally between the collectors 3a
and 3b of the transistor T, so that the transistors T,

25 and T, each pass an equal current I,

The transistors T, and T, are matched and a
reference voltage Vp will be provided at the output |
terminal 5 which depends on the base emitter voltage Vgp W/
of the transistor T; and upon temperature due to the

30 variation of Vpgp with temperature.

As outlined Vg has a dependence .upon temperature which
has both linear and higher order components. From the
analysis which follows it will be seen that by choice of the
ratio of the values R; and R, of the resistors 8 and 9,

35 the linear temperature dependent component may be
compensated, whilst choice of the values R, and R, of
the resistors 12 and 13 allows compensation of the quadratic
dependence.



30 Vg;iation of- [err] with tenperature. As outl.ined [err] has a dependence
upon.itenperiature which has both I'i near and hi gher order conponents. From
t he dhélysis which follows it will be seen that by choice of the ratio of
the values[err] and [err] of the resistors 8 and 9, 35 the |inear
t enper at ure dependent conponent nmay be conpéh§%féd, whi | st choice of the
values [err] and [err] of the resistors 12 and 13 all ows conpensati on of
t he quadratic dependengg. -5~ The ovi si of _the,transisto err],
which feeds its eni tte%%(?urprreor‘lftlstlboq hr}’ef g%bee %% T He Shn‘%ﬁ%tfﬁ%ﬁ?
degree of freedoatsoenliither srurentt itm tife timle ddbnpredides lan aadd £t bbnal
the curve of ref glgaea G fWRdd W RISt IlE e é‘ts%ééﬁé may
ere err =

be expressed as [err] [err] ... ... ... :
[err] .. order curvature gQf |the QPYe AfhFeLRERPREANTCIEAZC ¥eBFEe -
tenperature asd ¢empedia®firieqni ¢ charge. 15 Assunming that the resistors
[err] and[err] and [ergkfgre mat h%ﬂamﬁth ate eratq&e coefficient[err] at
a reference tenperatur eﬁu]rr thea M3 PG e%’%%% \Af ues of the above

mentioned resistors at [err] are [err] and 20 R20, R30 and R40 then; [err]

[err] [er] 25 Assune t tqf. istors [err] and [err]yare also
matched with [err] and [err Iﬁghingﬁbggggﬁdefined J 1
Where vT = u 2 & @5 &0 89" o0 so 2.
10 : q

k is Boltzmann's constant
T is absolute temperature

e and g is electronic charge.
15 -
Assuming that the resistors R; and R,, Ry and
Ry are matched with a temperature coefficient =X at a
reference temperature T,, and that the respective values
of the above mentioned resistors at T, are R;, and
20 Rzo, R3° and R40 then:;
R R R R
Rio Rao R30 R40 To
25 Assume that the transistors T, T, and Tg are
W, also matched with T, and Tg having above defined

emitter areas N and M respectively times that of the
transistor T,;.
The generalised collector current I, of the
59 transistor T; is

Vpg1(T) - Vg(T)

= Il
Ic—AT exp [ ] s 00 4-

Vop

35 Where Vpgy (T) is the base-emitter voltage of the
transistor T, and n is an exponent, usually between 2
and 3 which depends upon the particular semiconductor
process.
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enmitter areas N and Mrespectively tinmes that of the transistor [err]. The -

generalised collector current[err] of the 30 transistor [err] is.[err] W

[err] 35 where [err](T) is the base-emtter voltage of the transistor [err]
and n is an exponent, usually between 2 and 3 which depends upon the

particul ar sem conductor process. - 6 derr](T) is the bandgap vol tage
whi ch general |y depends upon tenperature. A is a constant which depends of
process paraneters and emtter area. 5 The voltage [err] may be

expressed as a funcvﬁqg)ofist YRE AR P W IR SY dhEchagenatal pgari t hm of

the equation 4 as fo

v_\\/\rs:ﬁ_[ﬁerr = Jerr] 10 [err] 15 Now defining the
emtter currefAEPERCSHEE L ASTRSS 4%9%1 as |, we have 20 [err]
R4 where [ ewr is?2a Bomsudrmutwhisfierdamends| dfigerdfeas patametens of

Eenpera{ure igngi%%ﬂt@%flgng.BO To provide the |linear and quadratic -
enperature
5 The voltage Vpp; may be expressed as a fun tion of

temperature by taking the natural lcgarithn of the
equaticn 4 as follows:

Vpei(T) = %— Vee1(To) + Vg(T) = %— Ve (To)

10 o o
- Vpln-NInZ-+In {1+ ety & -} o
T To o To seerecvea S-
15
Now defining the emitter current of the transister
Tg as I, we have
v
T R
¥Y==—=Mexp - -
20 Io VT ® ® & & & 5 0 » a0 6‘
R4
Where X | reece— a0 s e 0000000 7.
R3 + R4 B
The output reference voltage Vp as a function of
temperature is given by:
R
"R(T) = VBEl(T) + — (2 + Y) VT 1nN o ¢ 0 8000800 8.
Ra
30 s
To provide the linear and quadratic temrerature
compensation two parameters R,/R; and ¥ need to be
chosen as solutions of the system
¢y
- av, _ d“Vn
33 -——R =oand - =0 LI I I I B I I A R TP ]

daT dr?



canpensation two paraneters [err] and[erf] need to be chosen as solutions

of tRe system[err] 35 [err] * > 7+ for T =To the chosen reference
tenpévat ure. Fromequations 5 and 8 the solutions are [err] [err] [err]
[err] [err] 10 and; 2 [err] [err] [err] [err] [err] 15 [err]
The derivatives of [err] are conputed at T = [err] and the value [err]

i s obtained fromequation 6. Fromequation 3 207[&rr] [err] 25 at al
tenperatures. Thus to conplete the calcul ation of values to obtain both

| inear and quadratic tenperature conpensation the value of [err] is
calculated frome %ﬂitwrl.oaﬁ¥ i &R ?ﬁ%%ﬁﬁ%f?oﬁeiﬂeF8°E%Féulate [err].
The reference

Frocm equations 5 and 8 the sclutions are

5 . VAT ) =V, (T
;2-[2”0 (1+1n ] lan =SS FEL 2
i o Ta
To &Vg
--'-;.—-;\— +n—1 + xT Se O BPPOTLEOLITOESISOEOESIOTRIESES -
wn) dr o 10
10
and;
'1‘2 2
a2y,
. o G
M, -—_— -1+ XT, (2 ~XT
\./ ] -0 (1:1 En’z - VTC dTZ *n 1 O_( C) .
h - ) gy avg |
2 + Yo (1 +1n %‘, (VG(TC)— VEE1 (To,)- T:)o . ——dTG + n=-1 +XTy
Yo — Vi
15 Vlo
The derivatives of V; are computed at T = T, and
the value Y, is obtained from equation 6.
20 Frem ecuation 3
B2 R0 ang ¥y =_R = Ruo
Ry Ryp Ry + Ry Ryp + Ry

_ . 55 at ali temperatures.

-/ Thus to complete the calculation of values to obtal
both linear and quadratic temperature compensation the
value of Y, is calculated from equation 11 and is used
in equation 10 to calculate R,/R;. The reference

30 voltage Vz can be obtained from the equaticn 8.

Also using the calculated value of Y, the ratic
¥ =R,/ (Ry + R,) can be obtained from equaticns 6 and
7 for T = T,.
The equaticns above and particularly the equaticns
10 and 11 are general and valid for any flcw of kigpolar

technolcay.

11.
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30 voltage [err] can be obtained fromthe equation 8. .Also using the

cal cul ated value of [err]the ratio [err]= [efr] ‘can be obtained from %
equations 6 and 7 for T = [err]. The equati ons above and particularly e
equations 35 10 and 11 are general and valg d-for any flow of bipol ar _
t echol ogy. - 8 - One problemwhich arises with bipolar technology is the

Early effect which causes the collector current of bipolar 5 transistors to
change with vari &eoPradilamaisioh antigewithrbiprlagecteenndlapychsdsbends

upon fluct uaaeny idrddit SIHINY HUdedrhd Ne@PPLEESE | Q8riane Band9aB1ar
ref erence 0sSi.bl e dlfferﬁpce bet ween the collector-emtter volTages of

a
10 transi St ofSPRSISEATF (68 (GhaNER) Witk Variptiereee thethe val ues of
currents fl owold ectdrvesm tteansicltage Wi.¢ hwhibtle Aspen@d apbatantially

equal . This i Qﬁ?! id 1. c e f .4 the val ues of the output - .f
vol tage VR V\%:lg]h vmalqﬁqoye%pelrﬁ%%eon%%? %J%%%%t ions in the supply voltage.
In 15 terns of sdpplappidicatjeon de@ ikandgami seferencepnavbbssihilise

performance daledrQild Wethiedh R &SSL FEPt b Lon POLEr Eé‘éi»‘é?g&&esk
properties. ILn the circuit of Figure 1, due ,to the _particular arrangenent

of transitSt ofFPSIFECES did 3R ThHrRPLLS | R 13rdbhfe¥eRCeolRalBe of
transi stors Vhluwed B anmrrafis afidwing keptheswatrandistotBewhoktheqkee

currents of tyansi staors, wdJl be bstantially.egual. This equality is

Sweye tr e, AR PRSI SRy RS T e R e E i 11 5B ah

Mor eover, anodifisedt in:ﬁhanﬁakuﬁsuoihmhecpmtputuvokhaggaVﬁswpichip¢lar

EL??ZL?ZOIR g& ?é%dta; iﬁ%{é@é Yetd &£ orddei ! £581 LuBbil"Goh B4GRLT 0/ y
15 terms of supply voltage rejections, this situation will

cause performance deterioration if a process exhibits poor -
Early effect properties.

In the circuit of Figure 1, due to the particular
arrangement'of transistors T3, T4, T5 and T6, the

20 collector-emitter voltages of transistors Tl and T2 are
substantially kept equal. Thus, the collector currents of
these transistors will be substantially equal. This
equality is always true, whatever the fluctuations of the
supply voltage.

25 Morecver, an offset also may occur due to the current
gains of bipolar transistors which are generally limited.
The circuit of the invention corrects this limitation.

Negative feedback means is provided to maintain the ¥;}
output voltage Vp constant. Indeed if VR decreases (or

30 increases) the current through T, becomes larger (or
smaller) than that through T,;. By virtue of the action or
the current mirror formed by the transistor T4, the
difference of these currents will appear as base current of
the transistor T4. This base current is increased (or

35 decreased) and forces the transistors Tg and T, to
conduct more (or less) so that, the output voltage VR is
forced to be increasing (or decreasing).



Negati ve feedback neans,is provided to maintain the output voltage [err]
consf@ant. I'ndeed if [err] decreases {or 30 increases) the current through
[err]™~becones larger (or smaller) than that through [err]. By virtue of
the action or the current mrror formed by the transistor [err], the

di fference of these currents will appear as bas€ Current of the transistor
[err]. This base current is increased (or 35 decreased) and forces the

transistors [err] and r ywto t 0o, sQ..4,ha
voltage[err] is for cegi‘%1 ]lggt%r?g?e&glg%nd'@ﬁ 6"?‘ %(r:réélgjlse)r‘lig) th ! ttbﬁé %Legn&f%%
circuit is first vaikege §p wilRe bechdyr tv@engyadidis. W9 lensura thatut

zero volts. TosengyeetkBasiatohe i a'&%hsﬁgr Sur! 'on & dstiadl g e to
establish the proper reference vola%%;, a“starting circuit i,s provided, by-

the transistor [ er PFORRECFeterensse agfe FotRNANGCIFSI Y ASHPRqElded by- .
potential di \[/i de]r thgaitm'ahsﬁ.m:r:bi'gr ehiichonisl biaeéd ey tﬁé@ @:xégxﬁcsnln%ﬁ atbde
transistors [err e : . en.lerrlis .applie t he .vql t age at
the node 14 ri sesigof’% %ﬁ%np§%§n§&§éy\gﬁivﬁbgf !‘/%’Iatl go éia Ya k&5 °7{' g“resr ]and
wi || conduct, cauthegtwiediokdeagenaectied fasesistarse Typreeidstlyns [err]
and[err] to ryge, soO rrhaa s N +3wQN" | lde W d {
its proper vaiilge. 5 wheh P?ch?lgwg #ﬁtl% Eil’k?déth%garr?el}:étggg tartan5| str{)%d:ee[le‘tr)r]

and [err] the nodElB2ScHARS thafeons Ragsredddtmsr ¥altage .etie Jiransdstor
transistors [err]Tgn¢ifigr ebndbets gatsitigde@heniiciltagd e HhY HasgahsAldne

2 abproxt et el v QUL gl Byl Sl prakio e Uity Loy 1t

base-emitter junctuon. 'Shé.st ¥pt midlcitheni trisleetobddmparopeaparadivese.

e el 00 0142 Lputh Fibline Chethtiel Aottt e WG ang,

i nvention and at TypvEhp node 14 cannot rise to a voltage more than 2Vgp
of the transistors T,;, and T;; above ground potential.
Since Vp generally is approximately equal to this 2Vgye
value, the transistor Tg will turn off when Vg rises to

20 a sufficient value to annul bias its base-emitter junction.
The starting circuit then becomes inoperative.

Referring now to figure 2 there is shown in curve a, a
graph of the variation of the reference voltage with
temperature for the circuit of this invention and at curve b

25 the same graph plotted for a prior art bandgap reference
circuit. The curves are self explanatory and clearly
indicate the advantage of the circuit of the invention in

Wi providing quadratic law temperature correction which is not
evident in the prior art circuit.

30 The invention has been described by way of example and
modification may be made within the scope of the invention
for example the negative feedback loop formed by the
transistors T4, T4, Ts, T, resistor 6 and capacitor
7 may be simplified by omitting the transistors T,, Tg4

35 and Tg, resistor 6 and capacitor 7 and correcting the
emitter of the transistor T, directly to the supply



25 the sanme graph plotted.for. a prior art bandgap reference circuit. The -
curves are self explanatory and clearly i‘ndi cate the advant age of the ™
circuit of the invention in providing quadratic |aw tenperature cor recton
which is not evident in the prior art cirggit. 30 The invention has
been described by way of exanple and nodification may be nmade within the
scope of the invention for exanple the negative feedback | oop forned by the

transistors feaminakesl sdrd thencoIbgetor 03b /dimgcheystapthei bdsky odnithei ng

he em 1ter SR I9E r U8 [ileT g PheealfabeRg per ehetn] correcting

term nal 51 &nensisters Bt agn@brdirectly to the base of the transi stor

A Lelnatively | ATTRITREYEA o f one) ReTE Lok P OBy BRERELFEE PSRN oHar |y
effect propenthiisits @w@gmrhe éﬁéeld;‘acpropertmest;rayhbenegatttwe Feedyacker
and the em téfé?ﬁ\ﬁi&éﬁ%% é@@gﬁﬁégéleaagﬁéfdaﬁar Eﬁh' lémEEtTeQ'e o%umley

term nal 1. gap reference
circuit conprianskstor <T; Aenreeted 41RASFIYOFS ’&Fﬁaﬁt}EQ ¥ntezmiredi o
share ajgurrent, each having a first, second and control electrode, the
control electrodes of the transistors '
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bei ng, coupl ed t.ogether and to an output term nal for providing a reference
yol tage; first and second resistors connected in series 10 bet ween t he
first™>el ectrode of the second transistor and a reference potential, the
first electrode of the first transistor being coupled to a first node
between the resistors; a third transistor hawing a first el ectrode coupled
to the said first node, a second el ectrode coupled to the output termnal,
and a control electrode; third and fourth 15 resi stors connected in
series between the output term nal and theCraghfyr ence potential, the control
el ectrode of the third transistor being coupfed—to a second node between
the third and fourth resistors so that the third transistor provides a
current at SthelfirsA rboheigap deferadesiceireypioncoimprisihgefirsd anlde sebond and
fourth resisto ; nsat [.1SEC rde o) . Lh

vari ation of tﬁén%l{éF%rSe%E%%&g tg‘@eﬁ %méaﬂ?lt@rr%grqgu:?egurg&m %g}a&fcgﬁétsoﬁr“’
claim 1 wheresasande and sondralcelesdeadenr therpanteel elegtrodrienf the Aransisipss

circuit of clabéﬁng_c%?l&i Nogééhetmahdeto a4 owput herifaaNFot ' providiny 4 s N
times that of t firs d the emtter are o.thethlrdtr(ﬂn&stor is M

{imps that of TatErencesvalfiges irsh@ngh SPEORt: Esistors, comscted L (S6RSS 30
4, The &i0 cubetweemrthepfirsedilectrodei of thiee secondetransiseor’ andbac kefarence i s

221,065,120 Sl 5 i

The circuit, of  a e V I'n a star Circuiy rovi ded
ensuring that fiFY mods: bgtweenctied resigtarss i rihind) transisighc having g, first
potential is aglebtrdde! @oupRdCitoCtle safd firsf nbd¢lddapeddiiceeté@Podé Idotipled to
substantially as herein described 40 * wt h1 réiferegce ho and a% shgvvn in
Figure 1 of th edpé“pﬁbst.ermmalc and a \gongrol electrode; third and tourt
o/ 15 resistors connected in series between the output terminal and the
reference potential, the control electrode of the third transistor being
coupled to a second node between the third and fourth resistors so
that the third transistor provides a current at the first node in
dependence upon the values of the third and fourth resistors to
20 compensate for second order components of the variation of the

reference voltage with temperature.

2. The circuit of claim 1 wherein the first electrodes are emitter
electrodes.

25
3. The circuit of claim 2 wherein the emitter area of the second
transistor is N times that of the first and the emitter area of the third
transistor is M times that of the first where N and M are integers

' greater than Unity.
30
4, The circuit of any preceding claim wherein negative feedback

means is provided for maintaining the output voltage substantially
constant.

35 5. The circuit of any preceding claim wherein a starting circuit is
provided ensuring that the first and second tranmsistors turn on when
supply potential is applied to the circuit.

6. A bandgap reference circuit substantially as herein described
40 with reference to and as shown in Figure 1 of the drawings.
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