2206983 1 VOLTAGE REGULATOR AND CONSTANT CURRENT CI RCUI TS The, present .
nvenf{ion rel ates generally to-vol t age regul at-or and const ant current

ger its and nore particularly 5 to such circuits which can suppress

fl uct uations of its output voltage. Japanese Published Patent Ga%gtﬁeﬁl\g)sg

53218694 (correspondi ng to Japanese Lai d-Open Patent Application

Gazette. No. 46-3527) or the |ike di scl osds a vol tage regulator circuit in

which a reference voltage igosRicE REBBLENOR ANIP CORSPANF gy gap vol tage

(1.205 V) of silicon so as TO reduce a tenperature coefficient to zero. _
Fig. 1 illustrates an exanple of CUBRENTcCIRGMIMSOnal voltage 15 Iﬁ
regulator circuit. This conventional voltage regulator circuit will be

descri bed herei naffecprakéht rgfv@nei6R feldtied adne N1y @o &olstuatf)a.s, there is
provi ded a transistor 11 of which the collector and base are both connected

to a base of regulatox andnewmaﬁmntlzurréwmeamﬂCMétsoandﬂmdxhepartwnnkﬂmiy 12 is.
connectsd to a bas% of a transistor The enmtters of both the

transi sPors 1%° SRFP1SinFRILH r"é‘éf’f’ycﬁ'? Wé&sénﬂl‘!‘hé’a&irf’?f ff ditst he
transi st or 13ué§hé¥V%E@Q§Q through a resistor 14. The coll ector of the
transi stor connected in _ :

Japanese Published Patent Gazette No. 53-18694
(corresponding to Japanese Laid-Open Patent Application

10 Gazette No. 46-3527) or the like discloses a voltage

regulator circuit in which a reference voitage is set to be
equal to an enercy gap Qoltage (1.205 V) of silicon so as to
reduce a temperature coefficient to zero. Fig. 1
illustrqtes an example of such a conventional voltage

15 regulator circuit. 'This conventional voltage regulator
circuit will be described hereinafter with reference to Fig.
1.

As Fig. 1 shows, there is provided a transistor 11 of

which the collector and base are both connected to a base of

20 a transistor 12. The collector of the transistor 12 is,
connected to a base of a transistor 13. The emitters Sf . {w
both the transistors 11 and 13 are directly grounded and the
emitter of the transistor 12 is grounded through a resistor
14. The collector of the transistor 13 is connected in

25 common to a chp:e5t source 15 and a base of a buffer
transistor 16. The emitter of the transistor 16 and the
collectors of the transistors 11 and 12 are connected
together through resistors 17 and 18. The current source 15 -
and the collector of the transistor 16 are both connected to

30 & voltage source terminal 1 (Vcc). An outpbt terminal 2 is



Al

75 commoA—- to a _c'urr"ent .source 15 and a base of a buffer transistor
. The emtter of the transistor 16 and the collectors of the transistors

1% ang 12 are connected together through resistors 17 and 18.. The current
sour8e 15 and the collector of the transistor 16 are both conhected to 30
a voltage source termnal 1 (Vcc). An output termnal 2 is 2 | ed out

fromthe emtter—of the transistor 16. As2is well known, between a

base-em tter .t errl..an col | ec c, Pf a transistor,
there is est aé%dsﬁgg gat?’“(r—:-It.'él’t%i g’ﬁgﬁ epJ & p}gésééc?'{)ségitﬁ% }% lowing 5
equati on (1) or (2)g {E£RRLIVRRERN,) DetwehCa Bl dE-ahii0Pe £ Wd1RAGe ¢ L he
el ectron charge, T the absolute tenperature and k the Bol t zman' sBBonst ant .
I n the known \amidt ageoYXptioat onrreéntcict ofhawkransistgr, 1thdrer i and [err]
assune col lector currents-of- the transistors 11 15 - and 12, [err] and
[err] assume I$£$ablifheda iGF?Eb@?QWeFéBFeﬁﬁfllﬁl’ﬁags ¥inBesi st ance
val ue of the resi r . Th the follow ng equation (3) is established.
[ ERR] App‘L[fyi ngqu’ﬁggg'&u(]aﬁi &4 ?23 ‘to the equation (3) yields :

= Ic = Is * exp ('%T + Vgg) N § 3

- I
- kT _. C2
Vag g g

' Ic . .
10 =VT£n (-—I;-) eas (2)

where Is is the saturation current, g the electron charge, T
the absolute temperature and k the Boltzman's constant.
" In the kndwh voltage regulator circuit shown in Fig. 1,
ICl and I, assume collector currents -of the transistors 11
15 and 12, VBEl and Vpps assume base-emitter voltages théreof
and R,, assumes a resistance value of the resistor 14.
Then, the following equation (3) is established.
Veel = Vee2 *+ Ic2Rig eee (3
Applying the equation (2) to the equation (3) yields
20 the following equations (4a) and (4b)

Y’ I Ico

: C . ]

1g s

Vep Ia

I = n (
o)

c2 1;;; ) ' ... (4b)

25 - If a base-emitter voltage of the transistor 13 is takén -
as Véné and a resistance value of the resistor 18 is taken

| as Rle' the reference voltage VREF‘heveloped at'the'output_
terminal 2 is é*pressed -as in the following equation (5)—by
utilizing the equation (4b).

30



.20 the fol l.owi ng equations (4a) and (4b) [ERR] 25- - I a
base*emitter voltage of the transistor 13 is taken as [err] and a
resi stance value of the resistor 18 is taken as [err], the reference
voltage [err] .developed at the cutput termhal 2 is expressed -as in the
followi ng equation (5)-by utilizing the equation (4b). 30 3 [ERR] From
the foregoing equation (2), it is thus abparent- that [err] - (thernal '
voltage) has a gpsith? tqngpraguée coefficient of 10 about 1/300.
Meariwhi [e, the beReF-enf€ler. M8l {agBEI err] .of the transistor 13. . 7
fluctuates in the negative direction wi.th a.ratio of about -2 mv/[err]. $La
the voltage regulator cir L&I_shOMn h% Fig. 1, by properly selecting the -
resi stance val ue of the f;%fswgrndSC'” ) s+ ible to 15 - bal ance the
base-enitter voltage of nddative tenpé&Rature coefficient of the transistor
13 and the voltage of positive tenperature coefficient produced across the
resistqr .18 due to the cpllgctor gurrent of the transistor 12. Thus, as
descri bed above, it is possiBle t®BEotain the reference

R . I
1 Cl
KE . 211 ("""-)' : ] (5)

From the foregoing equation (2), it is thus apparent that VT'
- (thermal voltage) has a positivg-temperature 6oefficient of
10 about 1/300. Meanﬁhilei the base-emitter'voltage VBE3.of
the transistor 13 .- fluctuates.in the negative direction
with a ratio of about -2 mV/°C. 1In the voltage regulator
circuit shown in Fig; 1, by prope;ly selecting the |
resistance value of the resistor 18, it is'possible to:
15 balance the base-emitter voltage of negative temperature.
coefficient of the transistor 13 and the voltage of positive
» temperature coefficient produced across the resistor 18 due
to the collector current of the transistor 12.. Thué, as
described above, it is ﬁossible to obtain the reference
20 voltage Vapr Of zero temperature coefficient equal to the D o
energy-gap voltage of thé_silicon.. If a voltage across the
resistor 18 at that time is taken as KO' Vpr Vp is nearly
equal to 26 mv (VT = 26 mV) so that Ko becomes substantially
equal to 23 (Ky & 23). ' |
25 A voltage regulator eircuit mounted on the integrated
cireuit (IC) is required to have small fluctuation of the
output voltage, in ad&ition-to tﬁe excellent témperature
- characteristic. - - _' - ~ : C——
As will be clear from the equation (5), the output |

30 voltage from the conventional voltage regulator circuit
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Zg vol t age [err] of zero tenperature coeff|0|ent equal to the energy-gap
Itage of the silicon. |f a voltage across the resistor 18 at that tine is
taken as.[err] is nearly equal to 26 mV ([err] = 26 nV) .so that [err]
beconmes substantially equal to 23 ([err] = 23). 25 A vol tage
regulator circuit nounted on the integrated circuit (1C) is required to
have snmal | fluctuation of the-output voltage, in addition to the excellent

temperature CUALAEIEY 3Ll QY Aokl oPendl BRLeI LATLRRCV AL 01 (), the

out put- 30 tage he “conven |ona voI age regu ator BErCui t 4

showrin Fig. tﬂ»ed@m{ﬁ&@f‘ ihe base-sdEe Rl t Vol tv%Q%a @W;JO& gk the transistor
13. This base-emtter voltage VBE is dependent on t uration current

[err] of the BepesdettoonlShasatiukhtimn a:ppaeatltIg lednthé et rageaston 132). 5
In the manufacturing process of the integrated circuit, however, if

i npurity conc@ftYHY &t pRPAtRRtHEEE dihey epaRiOR G +i s fluctuated upward or
thie t1udtuation e BRAE skt AR R iR R
[err] is incraaséesenqr mesmﬁsmg} concentration in the base of a
transistor.is fluctuated upward or downward, the saturation
-current_is is decreased or increased dependent on this
fluctuvation, while on the contrary the.baséfemitter voltage
1 10 Vag is increased or decreased. |
As earlier noted, when the output constant voltage from
the voltage regulator ciréuit is set to be V REF = 1.265V,
the fluctuation of the base-emitter voltage VBE in the
general munufacturing process reaches, for example, about #*
15 40 mv, i.e., about % 3.3%. For this reason, in order to
control the output voltage to fall in a predetermined range,
the administration of the manufacturing process must be made
more strict and tﬁe trimming of the resistor or the like

must be carried out.

20

25 ' -
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As earlier noted, when the output constant voltage fromthe voltage. -
regul ator circuit is set to be [err] =:1.205V, the fluctuation of the
base-efritter voltage VBE in the general munufacturing process reaches, for
exanpl €, about [err] 15 40 nV, i.e., about * 3.3% For this reason, in
~'order to control the output voltage to fall in a predeterm ned range, the
adm ni stration of the manufacturing precess nust be nmade nore strict and
the trimm ng of the resistor or the |ike nust be carried out. 20 25 30
According to the present invention, there is provided a voltage regul ator.:-
circuit. conprisi ngscaprding f¢o sthe (presant cinvention gcthere i provided - ;
predeterm ned current; 5 . t? a first transistor supplied to its-
base wi t h & Folhage raghlakrr SIEeniy QARREISIAGY st current source and for -

" .generating an enitter

predet er m ned cur @nt ; Calcjgéiern%t \As‘glt’gﬁ%‘? r‘%{g fﬁgﬁiﬂﬁaf?rgll‘afﬁ@?ﬂ ?%ctsglr ¢
conneqtedﬁ%%dg%é¥% né3 é&§¥eﬁ§;Said first-Lransistor and—ef which the
5 b)  a first transistor supplied to its base with the g
predetermined current from said first current source and for |
generating an emitter current which is'ﬁ times as large as
~ said predetermined éurrent; o
c) a second transistor having a collector connected o/
10 to said emitter of said fifst transistér and of which the

emitter is grounded;

d) a second current source connected at its one end .



emtter is grounded; d) a second current source.connected at its one end
-6- to the base of sai'd second transistor and one end of a resistor which
gener at a reference voltage; and e) ~ a buffer anplifier connected’
between the emtter of said first transistor and the other end of said _
resistor, 5 wherein a predeterm ned voltage is derived at the other-end of
said resistor. The above and ot her featur gs-and advantages of the present .-
i nvention will beconme apparent fromthe followi ng detail ed description of

t he:;preferred enbodi nents to be taken 10 in conjunction with the

accenpanyi njodthei base of shidhskeicbhad ¢transistorumndione dénad idfy d | ke

el ements and parts. In the draw ngs: - Fig. 1 is a diagramshow ng an
exanpl e of mesistergwhich gkneratescat referencie mpdbages @ndt circuit; Fig.
2 i's a connection diagram.showi ng a fundarmental arrangenent of .an |

enbodi ment of a vol dge Pehuffesr ampldfiier connected between the emitter

of said first transistor and the other end of said resistor,
5 wherein a predetermined voltage is derived at the other end
- of said resistor.
The above and other features and advantages of the
present invention will become apparent from the following
o detailed description of the'preferfed'embodihents to be taken
10 in conjunction with the accompanying drawings, in which like
- reference numerals identify like elements and parts. In the

drawings:-



5 according to the present invention;, .and Fig. 3 is a connection di-agram
showi ng a practical arrangenment of the-enbodi ment of theé present invention
- shown kn Fig. 2. 5 : An enbodi nent of .a voltage regulator circuit.
according to the present invention will now be described with reference to
‘'Figs. 2 and 3. Throughout the follow ng. enbodi nents of the present
invention, the transistors are each bi-pdlar transistors. Fig. 2 —
illustrates-a 10 fundanment al arrangenment of the enbodi nent -of the
present invention. As Fig. 2 shows, one end of a current source 21 is =
connected to a basBigi & ifadsdiagramshewinghanoe¥appdadosfanhe current
source 21 and the enmtter of the transistor 22 15 are grounded. The
col | ector ¥¥rangepenhseStdrconventignalcvedtagesreguiater sirguitiond

transi stor 23, and_the gase of the t nsiagor 23 | cfnnectgd.ao one _end of

a second current sBWteiokS FEORBPFELCE AARFAB SRKLPY: 8, FunasnanEal

th d : : t

Che vol { agRrEhieRSie g cuh' SibodTHRtF, 6F B Poftaue, BOHTRLGE PERRLE, '

tra”SiSﬁoraggoﬁaﬂnéhﬁerEEtﬁfegénihanéﬁE§E§E05n33_iS connected to an input
Fig. 3 is a connection diagram showing a préctical o

arrangement of the embodiment of the present invention shéwn

in Fig. 2.




t‘erminal of a buffer. 27. The output term nal _of_the buffer 27 .is directly
connecteg to an output terminal 2 and is al so- 25 connect ed .commonl y
through & resistor 28 to the current source 21 and the base of the.

transi stor 22. The operation of the enbodi nent shown in Fig. 2is as -
follows. [err] and [err] are the currents_that flow through the first 30
and second current sources 21 and 24, resBectiver__ Al so, 9 [err](>>

1) is the . current anplification factor of each of the transistors 22 and
23.>- Then, the current [err] is applied to the base of the transistor. 23 so.-
t hat<t he coll ector current of the transistor 23 becones [err] and that the

collector 5 current of the transistor 22 connected to the transistor 23
in series also becomes [err].. To the base of the transistor 22, there is
applieda current which is 1/[err] of the collector current, i.e. the

current [err] fromthe buffer 27 through the resistor 28." Accordingly, due-
to the constant current | 10 and t he base current err%.of-the

transistdr 22, thényvethadjaenrrafss YOktadesFeqwhatog Lrqpitsarearfing [err]

tnene oot b auf 5 PEGRPICIEIGRAEE bES SUNRkRInAPwiLR order thal the
reference to Figs. 2 and 3. Throughout the following _
embodiments of the present invention., the transistors
are each bi-polar transistors..Fig. 2 fllustrates-a
10 funaamen:al arrancement of the embodiment of the present
invention.
As Fig. 2 shows, cne end of a current source 2] is
connected to a base cf a transistor 22, and the other end of
the current source 21 and the emitter of the transistor 22
15 afe grounded. The collector of the transistor 22 is
connected to an ermitter of a second transistor 23, and the
~ base ¢f the transistor 23 is connected to one ené of a
secondé current scurce 24. The collector of the t:ansistof
23 ané the o:he:'e:d of the second current source 24 are
20 connected tocether to the voltace source 1 tvCé). The
junction between the collector of the transistor 22‘and the
enitter of the transistor 23 is connected to an input
terminal of a buffer 27. The output terminal of the buffer
27 is Cdirectly cecnnected to an output terminal 2 and is also

25 connected commonly throuch a resiestor 28 to the current

[]2 ]

source 21 and the base of the transistor 22.

The operaticn of the ermbociment shown in Fic. 2 is as
follows.. . _ - -

I1 ang I2 are thacurrents that flew through the first

30 ané second current scurces 21 and 24, respectively. Rlso,



erm nal 2 becones equal to the _.afore-nentioned energy-gap voltiage [err] in
Fig. 2, the followi ng relationship has to be established. [ERR]L- The '
currents [err] and [err] of the respéective current sources 21 and 24 are
expressed by the fol l owi ng equation 20 (6) where [err] [ERR] How to
determine the coefficients [err] and [err] wi |l be described with reference
. to an exanple of a practical 25 —arrarfgenent shown-in Fig. 3. The out put

vol tage [er r8](>t>h‘m; ps odieed Gurrtem& aeplﬁmatzonsfmtpregéeehctby of hthé¢ ol | owi ng

equation (7). ER%%}AIthou t he base-enitter voltage [err] of the -
transi stor Joansisgors 2depahi & on ThAR: SHSCHEF BRF cHzr*-’eﬂpr’eﬁdr ]"-° as will Hes

(fromthe aualel 8l De chl LIGJ Aol DEIICRRALNENE UL SRR o0 © 7

factor [err] ura 1 'on curren S|nce

correl ati on dzetygep: dlia set ' be2ones M) ahlaC 84 Ot HeAEh Pl e d1¥r' ] an.d the
. saturation current [err] is
5 current of the transzstor 22 connected to the transistor 23

in series also becomes 812.' To the base of the trans1stor
22, there is applleda cur:ent'which is 1/8 of the collector
current, i.e. the current_-I2 from the buffer 27 through the
resistor 28. Accord;ngly, due to the constant current I1
10 and the base current 12 of the transistor 22, the voltage
across the resistor 28 is presented as (I1 + 12) Rog where
Ryg is the resistance value of the resistor 28.
in order_that the output voltage V0 derived from the
terminal 2 becomes equal tc the afore-mentioned energy—gap i
15 voltage Vp.. in Fig. 2, the fcllo&ing relationship has to be
established.
I 4 1) Ry = Kg Vg |
The currents I, and I, of the respective current
sources 21 and 24 are expressed by the following equation

20 (c) where KO = Kl + KZ

Iy
I, = Ky Vp/Ryg | N ceo (6)
How to determine the coefficients K, and K, will be
described with reference to an example of a practical
25 arrangement shown in Fig. 3. _
The output voltage V, thus produced at the terminal 2
is expressed by the following equation (7). -
v

. . _ 0
Although the base-emitter voltace Vag of the transistor

=V

REF = Ko Vo *+ Vgp (813 cee (D)

30

Ry Vq/Ryg | | - ~
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approxi-mately 1, A= [err] becorres a constant val ue regardl ess of

fQuct uations of the’'base inpurity concentration. Thus, the equation (2)
yields [ERR] "Therefore, the base-enitter voltage [err] Of the transistor 22
depends on a base current which is equal to the ecurrent [err] of the second
current "source 24. As will be clear from¢dge equation (6), although this
current [ef+] ‘fluctuates .in 15 response to the fluctuation of the

resi stance va err f t.he Si st.or e fluct: | D of the
r ési-st ance va:2 %%er'} 5 t"a{’se s Haﬂg‘gnbégﬂ‘ge B ﬁ? b"fig corrpar ed with the

fl oetuation o N ¢ Ul r &Nt hd Seatq t{g@é AGChEi Bttt hi s
enbodi nment tEe ?Fﬂ@f& ??%%ﬁB(Q?hgﬁgase en1f%er %0 _ voltage [err] of the

transi stor 22amgn£kﬂuamsentﬁuttbkuptammltas efturheiontquttreviel tagas [err] at the
terminal 2 can be suppressed. The practical arrangenent of {he enbodi nent

shown in Fig. t2kew |ds Pe siwrer itbedc%rteﬂaaktmerb@rweem okl gurgents ~In

G Zoutt, §n7t RERCLAIERR AR BRI L R R SRR S ST T v

of a pair of BpFrdfimasessar,sadd end ggc@,ggs Qot:gngg}.n:e%ggeto a vol tage

source term na 1 (Vcce), and the bases .t hereof are coupled to each 30

other. The cokpardlessodt t izutruatsions oot 32 the basmdapadity -

_concentration.
Thus, the equation (2) yields
s 1o Vgg = Vp tn (A Ip) ie (8)

Therefore, the base-emitter voltage VBE of the transistor 22
depends on a base current which is equal tb the current_I2
of the second current source 24. As will be clear from the
equation (6), althouéh this current I,  fluctuates in

15 response to the fluctuation of the registance value R,g of
the resistor 28, the flhctuation_of the resistance value R28
is as small as being negligible as compared with the
fluctuation of the saturation current IS so that according ’
to this embodiment, the fluctuation of the base-emitter

20 voltage Vo, of the transistor 22, and hence the fluctuation
of the output voltage Vo. at the terminal 2 can be
suppressed. | _

The practical arrangement of the embodiment shown in

Fig. 2 will be described with reference to Fié. 3.

25 In Fig. 3, reference numeral 30 genefally designates a
constant current circuit. In the constant current ciréuit
30, as shown in Fig. 3, emitters of a pair of PNP )

- transistors 31 and .32 are both connected to a voltage source

terminal 1 (Vec), and the bases thereof are coupled to each

30 other. The collector of the transistor 32 is connected to



N . : o o S : g -

. the base thereof, thus-a so-called current nmirror circuit configuration
bei ng established. The collector of the PNP transistor 31 and a coll ector
of an NPN transistor 33 of which the.enmitter is grounded are coupl ed
together and a 5 col l ector of an NPN transistor 34 whose base is
connected to the above junction P is connected to the collector of the PNP
transistor 32. A transistor [err] is whatim ght be called an NPN
nulti-emtter transistor in which the emtter thereof has an 10 area N
tinmes as | anpe Bese lhner €6, hhus rarso-stbledurremt otilreor woirdsitt he

multi-emitter transistor [err] has a current cafamty N times as | arge a§¢
t hat of theCpnémrgttéfbn%invhestﬂhltllﬂé%tt"@tes% legter: phridiesPBP [err] are”

commonly connect ed ang, t he d-thro The col |l ector
of 15 thé‘@?%%tg} a %@&8@ 'gr&lpﬁeé @%g?r}% e transistor
34 t hrough re t or [err] is
connect eg [ %h(k:gﬁn’?r%’n t@igf# bas Wd?ﬁegﬁ lﬁ??é?%rg%%tgﬁgmﬁ?:%em 'Eter] of the

transi s§ or 2411éctdasef Odn a:pur arsnsitsebr 434 ivhosenbesx dd tonmeeredntd o t he 20
. bases of the transistors 33 and 35 in the constant current circuit 30.

The col | ect 6heotbavige jvnetionsPoks srnnectethtocthe $18°Bas LLofth 5 transi stor
42 and the %mtg,egn§iggopcgt2h the |

A transistor 35, is what might be called an NPN

N
multi-emitter transistor in Which the emitte; thereof has an
10 area N times as large as Ehat of the tiénsistor 33. In o
" othetr words, the multi~emitter transistor 35, has a current
capacity N times as large as that of the transistor 33. The
multi-emitters of the transistér 35N gre: commonly connected .
and then grounded through a resistor 36.. The collector of
15 the transistor 35N is ‘connected to the emitter of the
ttansistqf'34_through a load resistor 37, while the base of
the transistof 35N is coﬁnected in common to the base of the
transistor 33 and the emitter of the transistor 34.
A base of a transistor 41 is connected in common to the
20 bases of the transistors 33 and 35N in the constant current
circuit 30. The collector of the transistor 41 is connected
to a base of a transistor 42 and'the'émitters of both the
transistors 41 and 42 are grounded. The collector of the
transistor 42 and an'emitte: of a transistor 43 are
25 | connected to each other and the collector of the—tfans;stor
43 is connected to the voltage source terminal 1.
Emitters of a pair of PNP trénsisto;s:44 and 45 are
connected to the voltage source termiﬁElll, the bases
thereof are connected to each other and the collector of the

30 transistor 45 is connected to the base thereof, thus forming



transistors 41 and 42 are grounded. The collector of the transistor 42 and
JE emi‘tter of a transistor 43 are 25 - connected to each other and the
collector of the transistor 43 is connected to the voltage source term nal
1. -Emitters of a pair of PNP transistors 44 and 45 are connected to the
voltage source termnal 1, the bases thereof are connected to each ot her
and the collector of the 30 .. transistor135 is connected to the base

t hereof, thus form ng 12 a current mirror circuit, 6 configuration. The
collector of @heummemtt RARERLICArCUit Aonfdaur pudon.of TheCcoPRCEPENRS st or 43

&C ted ¢ her . | | ect f NPN ' 46, W th j.t
S Ttor orountR T ESARBLISAE §6 S Khsi PaEt f ShosV KeaBSERESY dngi st or
45. The base,pl Id)GeLEagS e%ef'G '® c%??@@ttcéte%ft 8n LN q:‘?'al-x%f%gér $f6 the .
multi-enmitter-transi stor 35 °1n the constant currént circul " To a

junction Q bepyewen dshemcotd ©eicoundéa tilse coneaiedt €6 e avd1bbeoerd ter of -
the transistor 43, there is connected 10 a base of a PNP transistor 71
in a buffer 7the PNFetoansishorofSi h&her hase seforthp1transiistoct 4§ ionnected to

2, 0ave of o1 AENARAICLS! Be 1215052 o R SRUBCLERIY Wil St 73
35, in the constant current circuit 30, _
To a. junction Q between the collector of the transistor
42 and the emitter of the transistor 43, there is connected
W/ 10 a base of a PNP transistor 71 in a buffer 70. The emitter |
of the transistor 71 is directly connected to.a base of an
NPN transistor 72 and is also connected through a resistor
73 to the voltage source terminal 1. The collector of the
transistor'71 is grounded.  T5e collector of the transistor
15 72 is connected to the voltage source terminal 1 and the
emitter thereof is directly connected to the output
terminal 2 and is also connected through a resistor 48 to
the collector of the transistor 4l.
The transistors 41 and 44 in Fig. 3 are corresponding
20 to the current sources 21 and 24 in Fig..2, respectively.

‘A current I, supplied to the multi-emitter transistor
35N is equally divided to each of unit transistors which are
presented as N emitters in Fig. 3. Thus, in the constant
current circuit 30 shown in Fig. 3, if respective

25 base-emitter voltages of the transistors 33 and 35, are

taken into consideration, the following equation (9) is

established similarly to the eguation (4b).

v N -1
T 33 _
I,c = gn (——==) cee (9) ,

30



AN : :

dransistor 71 is grounded. The collector of the transistor ‘15. .- 72 is

/ connécted-to the voltage source termnal- 1 and the enmitter thereof is

" directly connected to the output terminal 2 and is al so connected through
aresistor 48 to the collector of the transistor 41. The transistors 41 and
44 in Fig. 3 are correspondi hg 20 to the current sources 21 and 24 in
Fig. 2, respectively. A current [err] subBIied to the multi-emtter
transistor [err] o i 'g t a LGk j stqQes. Wi ch are
presented as N er'rﬂlht%t ggga‘%#ﬁéa% §d1|]h%£ﬁ ?g eéﬁggtﬁggan coﬁtr rgég‘fﬂ(}% rcuit 39:
shown in Fi geon¥idulrat €80 eHn ¥@eBSthe dda3ecesdt té\ﬁ_rreﬁg_ktﬁm.%esanﬁf 1} 6ot A
transistors 33 and 35 are taken into consideration, the’followng equatioff
(9) is estabtheshoansiatéry 133 todtdfy; dnuat relatitmshipOexpressed as [ ERR] -
13 The PNP transistors 31 and_32 of current mrror- circuit configuration

can keep t helsmld desor TR P@RLEC3E9N ofnbhierralasiopalin tenshstor's 33 and

[err] igar 1:Q0S laé FUHAEES 1 N T A > application of this
relatioﬁship %?%ﬁ%g égp qugtﬁgﬁ'( 1b$?é+cﬁ5%ﬁ%§°bol ow ng equation (.10) ,
[ ERR] :

I b S o |

35 = T nN o S ees (1)

Since the bases_of the transistors 33, 35N and 41 are
10 connected to one another, the reépective collector currents
thereof are kept equal to one another in magnitude so that
the constant current I, equal to the current I35 expressed
by the equation (10) is flowed into the transistor 41.
In Fig. 3, if the respective base-emitt?r voltages of
15 the transistors 33 and 46 are taken into consideration, the
following equation (11) is established where Ry, is the
resistance value of the load resistor 37.
I33 I2

20

To arrange the equation (11) yields the following
equation (12) ’
I I R
33 35 737
12 Vo _

25 ‘Since the collector current I;¢ of the multi-emitter
transistor 35, is obtained as in the equation (10), to
substitute the eguation (10) to the equation (12) and
arringe the same yield thé following equation (13)

I33 R37

3
30 ~—= = exp (g—) = N
) R

m



-Si.nce the bases of the transistors 33, [err] .and 41 are 10  connected to __
(gne.anothér, t he respective collector :currents thereof are kept ‘equal to- K
one another in magnitude so that the constant current [err] equal to the
current [err] expressed by the equation (10) is flowed into the transistor
41. In Fig. 3, if the respective base-enitdter voltages of 15 the
transistors 33 and 46 are taken into consideration, the follow ng equation
(11) is established where R37 is the resistance value of the | oad resistor
37 [ERR] 20 To arrange the equation (11) yields the follow ng equation
(R)* [ ERR] 28here m = 83;3 ge the collector current. [err] of the
multi-emtter transistor ferr] is obtained as in the equddddn (10), to
substitute the'e&uaflign 10) to the equation (12) and arrange the sane
yield the follow ng equation (13) [ERR 14 where m= [err]

(13) [ERRl  where m = Ry9/Rqg L _
While the constant current._I2 expressed by the equation
(13) is flowed into the transistor 46, the transistors 45
and 44 of thé current mirror.ciré&it.configuration cause a
current of which the magnitude is the same as that of the
10 constant current I, expressed by the equation (13) to be
' \ | flowed into the base of the transistor 43, Thus, similarly
to the embodiment shown in Fig. 2, the current 812 from the
transistor 43 is supplied to the collector of the transistor

42 and the transistor 72 in the buffer 70 supplies the

15 current I, through the resistor 48 to the base of- the
transistor 42. -

Through the resistor 48 the current is the sum of the collector

current Il of the transistor 41 and the base current I, of

. the transistor 42. In the embodiment shown in Fig. 3, in

20 order to derive the energy-gap voltage VREF from the output
terminal 2, from the equations (6), (10) and (13), the
coefficients Ky and K, must be defined. as expressed by the

following equation (14)

Ky = thn
' _ _4inN
25 Kz = _EE__ cee (14)

wherg_n = R37/R36
In this embodiment, when the eﬂxtter area ratio of the

multi- ~emitter transistor 3:N is selec ed so as to sat1sfy.N

30 = 8, the resistance values of the emitter resistor 36 and



!5 mhere m= [err] Wile the constant current [err] expressed—by the
/équatiog-(13) is flowed into the transistor .46, the transistors 45 and 44
j of the Burrent mirror circuit configuration cause a current of which the
/ magnitude is the sane as that of the 10 constant.current [err] expressed
; 'by the equation (13) to be flowed into t 3 Base of the transistor 43.
Thus, simlarly to the embodi ment shown in Fig. -2, the current [er} from
the transi st @hedBes Sst3¢BPYT Gthat @atm eekée%% gk, g te&ﬁﬂ?i§“¥ 42 and the
transistor 72 in the buffer 70 supplies the 15 current [err] 36hrough the
resistor 48 t-oltmexmamﬁ of Z.Rektir gmdi P3O mzxn'[hggggsgptlbew,esr stor 48 the* =
current is the sum of %e col |l ector current [err] of the transistor 41 and
the base current frrtiisofagte itrahayls be ugted shehef romosbie negnatdnown in.
Fig. 3, in2 order to, deriye the aer y t er.r fromthe
out put . term 3&?’ Ly Sﬁr’?%% quatr oh! eg e(s%dglhﬁbe )t{' coefficients
[err] angl [ elhbodisfnthesthedd nads a&@wsew@ﬂabvewesnmhleawmn%quatl on (14)
[ERR] where m= [err] In this enbodinent, when the emtter area ratio of.
the multi-encpreent rahpbSt dihe| eeﬂS-rastcse?@cteeéfsd\easretsrbssw icafny bAl 30 =
8, the resrstaP e %Fl ues of .the emtter efrst?r 36 a :

ecte e . Thus,

nd
relatively low. t is possible to
employ the constant current circuit 30 which is suitably
fabricated into an integrated circuit (IC). _ B

10




the resistors 37 and 48 are determ ned as,-for exanple, R36 = 1.2 [err],

[err] =4.4 [err] and [err] = 12 [err], respectively. In this case, it

shoul d '-noted that fromthe equation (13), the equality, [err] = [err] be

established. In this 5 enbodi negl @su nce there is provided a very smal |-
. constant current output, the resist val ue of the resistor can be

selected to be relatively l-ow. Thus,- is possible to enploy the constant °
current circuit 30 which is suitably fabri,cated into an integrated circuit
(1. 10 According to the present inventi on, .as set forth above, since.
t K&, tonstant curyent source,. throu a current f ich has a
nmagni t ude whi ch £%°°§H1P?1tte°gr"3F il ";5I é“ ?ntt’l‘?@ r&% éslgénke cu\rygenf i's

connected tg;hoe Gy ESR§£Hhte@h¥{éﬂf SBLESE! throvPRivhieh 5 R rirbABSE RbwY i N
series, it is possible to obtain the voltage regul ator circuit which can

suppress fl whichathasna. m&grtiltedba@&ce\nﬁstm jrdlegaak mofl tipte tafapdhst or due to
—the fluctuatign of the base inpurit ancen ration in.the manufactur,l ng

process. Th&SABBRAFSIEYETEPii & ?%’"&c\‘ié N S R T g k) ST
the inventi ogeRnge ithet+dndG+8PPA ‘%Qtriépatxtmigypé“gq'bflbc?é igMidin the

voltage regulator circuit which can suppress fluctuations of
the base emitter vol;ace of the transistor due to the 'lucruation |
of the base 1npur:ty corcentratxoﬁ in the manuf&cturznc proceqe
\/ The above description is given of preferred cmbodiments of
10 the invention and it will be apparent that many moéifications
and variations thereof could be effectea by one with ordinary
skill in the art without departing from the scope of the invention

as defined_in the apperded clai=s.



TN

‘and varlatlons ther eof coul d_be_ef f ect ed by one with ordlnary skill in the

[art without departing fromthe scope of «the, |nvenb%en—as_deLLﬂgg_Lﬂ~Lhe
/ appendeﬁ:clalns CLAI MS 1. A voltage regul ator circuit conprising:
/a)-afirst current source for genérating a predet egmmm"
b) a first transistor supplied at its b withth nmmmﬂljrrent
fromsaid first current source and for gerferating an effitter®current which

is [err] tines said predeterm ned current; c¢) a second transistor having a
col l ector connected 10 to said emtter of said first transistor and of _ <.’

which the emtter is grounded; d) a segppgyeurrent source connected at itsmg
one end to the base of said second traﬂsrs#vr and one end of a resistor

whi ch generates a reference voltage; and 15 e) a buf f er
anplifier ° connected between . the emtter of
said 1. A voltage regulator circuit comprising:

a) a first current source for generating a
predetermined current, '

5 - b) a first tran51stor supplied at its base with the
predetermined current from said first current source and for
generating an emitter current which is B times said
predetermined current: _

c) a second transistor having a collector connected -
10 to said emitter of said first transistor and of which the
emitter is grounded; |
d) a seccnd current source connected at its one end
to the base of said second transistor and'one'end_of a
resistor which cenerates a reference voltage; and
15 e) e buffer amplifier connected

between the emitter of : said



18 first_transistor and the other end of said resistor, wherein a
‘predeterm ned voltage is derived at the other end of said resistor.

vol tage¥ regul ator circuit according to clajm 1, e ipl} second
current™source is supplied with a bias voltage frcl“l“ 'Inumlllm lor
A vol tage regul ator circuijtaccordi ng to ¢l akm 2, Wwherein

circuit.

3.
.said current. mrror
first conductivity type of 10

to.a first réfrstezanpbatorn anf thel asherhend ofsaddseesimtore ovberaiag

ofmer ;

2. A

circuit includes: filr and second t+ansistors of a
which the emtters; are connected together

to each

a third transisfor of a second condyctivity type of i ch, t-he
cofTector is? &ﬁﬁ?@é?é‘ﬂi&“@ ¥Rdteos I'ie%%ﬁln‘éﬁ‘g et theopther 5"95\6\@ sa’:“(—f'itcond
transi st or a.%Lfgioghich'the base is connected to the collector of said

-, ah emtter-grounded fourth transistor of the second
conductivityal ypa 9b1¥dde keblitacsdd |QGklti Socoranngtes diaihha ,base of said
third transistor and of which the base-is 20 - connected to the emtter of
sai'd thsrd twhkersiist saidirgkcandi éntrentasobstorisofsuppbiebadhll aonicAsctivity

first trans

type having

col l ector.
transistor ayd ap ¢Eitdgy reQiILCSLLirRbOH Hecdrding to claim 2,

10

15

20

- 25

30

(0]

a Jbhase Eonnected to the base,of said fourth transi stor;
h??g‘e@éd FOR QUSHTREPRMAKLEF E4E Y Fenmitter of said third

vherein said current mirror circuit includes:

first and secopd transistors of a first conductivity type of

which the emitters are connected together to a first

reference potential and of which the bases are connected to
each other;

a third transistor of a second conductivity type of which
thé collector is connected to the tollector and base of said
second transistor and of which the base is connected to the
collector of said first transistor; |

an emitter-grounded fourth transistor of the second
conductivity type of which the collector is connected to the
base of said thiré transistor and of which the base is
connected to the emitter of said third transistor and a

fifth transistor of the second conductivity type having a

base connected to the base of said fourth transistor:; and

a collector connected through a resistor to the emitter of
said third tf#nsistor and an emitter connected through a
resistor to a Sebond referencé potentiél, wherein the bias
voltage is derivéd from the base or collector of said fgurth
transistor. )

§. A voltage regulator circuit according to claim 3,
wherein aﬁ emitter area of said fifth transistor in said

current mirror circuit is selected to be an intecral

and a



/

25 resistor to a second ref erence potentra vol tage

frs deri ed fromthe base or collector ofe.said fourth transi stor. 4.

! vol tag%} egul ator circuit-according to claims3, \(ﬁﬂl"“ i“"eﬂlﬂﬂmL ar ea of

; said fifth transistor in:said.30 " -current mrr cted to

/. be an:integral  nultiple of that of sajepfourth transistOr.
vol tage regul ator circuit. constructed an rranged to operate substantrally
as hereinbefore described with reference to and as i'llustrated in Figures 2
and-3 [err] 5 [err] of the acconpanying draw ngs. 6. A const ant N
current ci mudtipdensifi dhadd cfhdsadd fiopurth transistorsubst antial |y as :‘:j

her ei nbefore described with and reference toAas |IIustrated I n Fr gures 2
and 3 [err] [err] of the accorrpanyr ng dravvr ngs. :

5. A voltage regulator circuit constructed and arranged

to operate substantially as hereinbefore described with

reference to and as illu_strated in Figures 2 and 3 ler—Figures
5 4—and-5+of Zthe_"- accompanying drawings.

6. A cohstant 'cilrrent circuit constructed and arranged
to operate substantially as Hereinbefore described with N\
and

reference tozas 111ustrated in Figures 2 and 3 ler—l‘hrg-uses—q-

and—5/ of the accompanying drawings.
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