A MULTI PLE OUTPUT CURRENT M RROR BACKGROUND OF THE I NVENTION 1. Field of

t he ‘i'nyention The present invention relates to a nultiple output current
mrror. Such current mrrors are comonly used in nono- 5 lithig integrated
circuits, for exanple as an active load, a current source, or a current
polarity inverter. 2. Discussion of the Related Art A current mrror
reproduces an input current on at 10 | eastl one output. In this purpose, a
current. mrror uses bipolar transistors, for exanple PNP, having a conmon
em tter and whose bases are connected to each other and to the collector of
the transistor providing the input current. One basically considers that
the emtter-base voltages Vbe of identical transistors 15 formed on the
sanme chip are identical. Two transistors having the sane emtter surface

wi || have substantially identical satu- ration currents. Thus, since the
transi stors are connected with a cormmon emtter and have interconnected
bases, the collector currents will also be identical. 2 Acurrent mrror
can be characterized by various operating paraneters: - the mrror ratio

whi ch corresponds to the ratio bet- ween the reproduced current on one
out put and the input current;

A MULTIPLE OUTPUT CURRENT MIRROR

BACKGROUND OF THE INVENTION .
1. Field of the invention
_The present invention relates to a multiple output
current mirror. Such current mirrors are commonly used in mono-
5 1lithic integrated circuits, for example as an active load, a
current source, or a current polarity inverter.

2. Discussion of the Related Art
A current mirror reproduces an input current on at
10 least one output. In this purpose, a current mirror uses bipolar
transistors, for example PNP, having a common emitter and whose
bases are connected to each other and to the collector of the
transistor providing the input current. One basically considers
that the emitter-base voltages Vbe of identical transistors
15 formed on the same chip are identical. Two transistors having
the same emitter surface will have substantially identical satu-
ration currents. Thus, since the transistors are connected with'
a common emitter and have interconnected bases, the ocollector
currents will also be identical.
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5 - the output inpedance; - the frequency stability; - the
sensitizvity to the gain variations of the cons- tituting transistors; and -
the current operating range for a constant mrror 10 ratio. For a nmultiple
oufput current mrror, .two additional paranmeters are to be taken into
account, that is: - the output matching ragi o which corresponds to the
rati o between the currents reproduced on two outputs of the mr- 15 ror;
and - the effect of the nunber of outputs on-the mrror ratio. Figure 1
shows a basic current m reafrditvi Rgric#0 Gaih- bpUtchaRittepipedsityy varims NP
transistors TLl. T2 .T3 having a 20 common enmitter. The emtters of the
three transi sPB?Eg%lrrg E5Rem %d to a supply voltage Vcc. The bases of the
transi stors are connectedheonirnordeaiia ehiebt@irresponds ctd | thet gatip bet-

transistor T1 i | p t
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originates fromnode A, romthe co tor 11,
and the outduts correspoifBet@toyE pada®egf currents of transistors Tl and

T2. For a given input cUgheNrdguinc) RAa®@hiegi or current of transistor T1
Is equal to current lin |ess the three base currents of s 'I;lls_Tz

_ N . transi ss:
and T3. Assuming that Th&ehPERSHGVIFEN® % 9393 BT HEHORTe O
surface, thistieating tatankhetars;eapkctive base currents Ib are identical.
So, the col | ector the current operating range for a constant mirror
10 rétio. |

For a multiple output current mirror, two additional
parameters are to be taken into account, that is: '

- the output matching ratio which corresponds to the
ratio between the currents reproduced on two outputs of the mir-

15 ror; and

- the effect of the number of outputs on the mirror
ratio. |

Figure 1 shows a basic current mirror having two out-
puts and comprising three PNP transistors Tl1, T2, T3 having a

20 common emitter. The emitters of the three transistors are con-
nected to a supply voltage Vcc. The bases of the transistors are
connected to a node A connected to the collector of transistor
Tl. The input current Iin to be reproduced on the mirror outputs
originates from node A, that is from the collector of transistor

25 T1, and the outputs correspond to the oollector currents of
transistors T1 and T2.

For a given input current Iin, the collector current
of transistor Tl is egual to current Iin less the three base
currents of transistors T1, T2 and T3. Assuming that the three

30 transistors have the same emitter surface, this means that their
respective base currents Ib are identical. So, the collector
current Icl of transistor Tl is Icl=Iin-3Ib. The emitter current
Iel of transistor Tl is Iel=Iin-2Ib. As transistors T1, T2, T3
have the same base-emitter voltage Vbe, they have the same emit-



current Icl of transistor Tl is Icl=lin-3lb. The emtter current lel of:
transistor Tl is lel=lin-2Ib. As transistors T1l, T2, T3 have the sane
base-em tter voltage Vbe, they have the sane enmt- 3 ter current.
Thérefore, the enmitter currents le2 and 1e3 of transistors T2, T3 are al so
equal to lin-2Ib. The col l'ector cur- rents g ol and 102 of transistors T2
and T3 are accordingly equal to lin-3lb. 5 : The mrror ratio of
such a current mrror is accor- dingly identical for each output. This
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operate only on :?or%oassnéiqlulalc%rfm ran be considered that the real mirror
10 ratio presents an "error" that is equal to 3/8. In an example
- where B8=50, as usual for ' PNP transistors, this "error" is equal

to 6% and the mirror ratio is equal to 0.94.
Such a circuit presents a low output impedance which
causes current variations on the outputs when the output wvoltage
15 varies due to the Early effect. Additionally, as the mirror
ratio takes into account the number of base currents Ib on the
node A, when the transistor number increases, this ratio
decreases. Furthermore, as the gain of a transistor varies with
the operéting temperature, such a circuit can operate only on a

20 small current range.

' Figure 2 shows a current mirror using a cascode confi-
guration for limiting the Early effect and providing a very high
output impedance. This circuit also improves the mirror ratio.
Each mirror transistor T1, T2 and T3 is associated with a cas-

25 code PNP transistor. A first cascode transistor T4 has its emit-
ter connected to the node A while its collector constitutes a
second node B. Node B receives the base currents Ib of tran-
sistor T4 and of two other PNP transistors TS5 and T6. The emit-
ter of transistor T6 is connected to the collector of transistor

30 T3. The output currents Iol and Io2 of the circuit correspond to
the collector currents of the cascode transistars T5 and T6
while the input current Iin originates from the collector of the
first cascode transistor T4. The operation of this circuit is
similar to the one of figure 1.



Figure 2 shows a current mrror using a cascode confi- guration for
limting the Early effect and providing a very high output inpedance. This
circuit also inproves the mrror ratio. Each mrror transistor T1, T2 and
TF is associated with a cas- 25 code PNP transistor. A first cascode
transistor T4 has its emt- ter connected4to the node A while its coll ector
constitutes a second node B. Node B receives the base currents |Ib of tran-
sistor T4 and of two other PNP transistors T5 and T6. The emt- ter of
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10 transistors T1, T2, T3 are equal to the emitter surface areas of
the cascode transistors T4, T5, T6, each base current is equal
to Ib. So, Icl=Ie4-3Ib=Iin-5Ib. The emitter current Iel of tran-
sistor T1 is Iel=Iin-4Ib. As transistors T1, T2, T3 have the
same emitter-base voltage Vbe, they have the same emitter cur-
15 rent. Therefore, the emitter currents Ie2 and Ie3 of transistors
T2 and T3 are Ie2=Ie3=Iel=Iin-4Ib. Their collector current IcC
corresponds to the emitter current Ie less one base current Ib
and is equal to Iin-5Ib. Those collectér currents Ic2 and Ic3
are respectively identical to the emitter currents Ie5 and Ie6
20 of transistors TS5 and T6. The output currents Iol and Io2 that
correspond to the collector currents of transistors TS5 and T6
are therefore: Iol=I02=Iin-6Ib.
The limitation of the Barly effect is due to the fact
that the collector-emitter voltages of the mirror transistors
25 T1, T2, T3 are fixed at an identical value equal to Vbe. There-
fore, the use of cascode transistors makes the outputs Iol and
Io2 less sensitive to variations of the supply voltage Vcc and
of the loads, the outputs having- an high impedance. However, as
indicated above, in this circuit, the mirror ratio is 1-6/8,
30 that is the "error" is twice higher than in the example of
figure 1. The drawbacks indicated in connection with figure 1 in
this respect are therefore increasing. '
Figure 3 shows a Wilson-type current mirror. This
circuit corresponds to the one of figure 2, but the connecting



10 transistors T1, T2, T3 are equal to the emtter surface areas of the
cascode transistors T4, T5, T6, each base current is equal to Ib. So,

I cl =le4-3lb=lin-5Ib. The emtter current lel of tran- sistor Tl is
lel’'=lin-4lb. As transistors T1, T2, T3 have the same enitter-base voltage
Vbe, they have the sane en1tter cur- 15 ren¢. Therefore, the emtter
currents le2 and le3 of transistors T2 and T3 are |e2=le3=lel=lin-4lb.
Their collector current Ic corresponds to the emitter current le | ess one
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eapect are t REPE GRETERES defieh Jaensteals aStanath Bl fodubndiap,
mrror. THIG endcJel=Fibn+HEspdsldheo tremsistors Tii, gU2 caz] Tuthaviee tbensang i ng
base-emitter voltage Vbe, they have identical emitter currents
equal to Iin-Ib. Their collector current Ic corresponds to their
emitter current Ie less their base current Ib and is equal to
Iin-2Ib. The emitter current Ie5 of uaﬁsistor TS5 is equal to
15 this collector current plus the three base currents of transis-
tors Tl, T2 and T3, that is: Iin+Ib. Therefore, the collector
current of transistor T5 which corresponds to the first output
current Iol is equal to Iin. However, the collector current of
transistor T6 that corresponds to the current of the second out-
20 put Io2 is equal to Iin-3Ib. _
Accordingly, this circuit provides a good mirror ratio
on the first output but a poor mirror ratio on the second one.
The matching ratio is equal to 1-3/8, which is unsatisfactory.
Figure 4 shows another circuit for reducing the effect
25 of the gain 8 of the transistors on the mirror ratio while keep-
' ing a ma‘i:ching ratio equal to 1. This circuit is similar to the
one of figure 3 but the connection node A of the bases of tran-
sistors T1, T2 and T3 now corresponds to the emitter of a multi-
collector transistor T7. Transistor T7 aims at compensating the
30 collector currents of mirror transistors T1, T2 and T3. The base
of transistor T7 is connected to the connection node B of the
bases of the cascode transistors T4, T5 and T6. The two collec~
tors of transistor T7 are respectively comnected to the collec-
tor of transistor T5 and the collector of transistor T6.




5 node A of the bases of transistors T1, T2 and T3 corresponds now to the
col l ecktor of transistor T2 and not of transistor Tl. Therefore, the effect
of the base current Ib is conpensated on the first output A -but the
mrror ratio remains poor for the 5 other outputs. For a given input
current lin, the collector current lc4 of gransistor T4 is equal, as
before, to thIS current lin less the three base currents of transistors T4,
T5, T6. Those base currents being identical, Ic4=lin-3lDb,
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transi st oi® oremtieled risrdivided \ldertWeeﬂleﬂpe oollect:ors. As Ie7=31b and as
the basé current of transistor T7 is neglected, the current on
each collector is 1.5Ib. Therefore, the value of the output cur-
rents Iol and Io2 is Iol=Io2=Iin-1:5Ib.
So, the circuit of figure 4 improves the mirror ratio
15 with respect to the former circuits while the matching ratio
remains equal to 1. Another circuit for obtaining a multiple
output mirror current whereih the mirror ratio is substantially
equal to 1 for all the outputs is shown in figure 5.
It comprises three mirror transistors Ti, T2 and T3
20 and three cascode transistors T4, TS5 and T6. It also comprises
two transistor pairs T7, T8 and T9, T10 respectively associated
with current generators 1 and 2. The transistors T7 and T9 are
NPN transistors and their collectors are comnected to the supply
voltage Vec. Their emitters are connected to a first terminal of
25 a current source, respectively 1 and 2, whose other terminal is
grounded. The emitters are also connected to the respective base
of the PNP transistors T8 and T10. The oollectors of transistors
T8 and T10 are grounded. Their respective emitters are connected
to the respective base nodes B and A of the cascode transistors
30 T4, T5, T6 and of the mirror transistors T1, T2, T3. The base of
transistor T7 is connected to the collector of transistor T4 and
the base of transistor T9 is comnected to the collector of
transistor T2.




ing a matching ratio equal to 1. This circuit is simlar to the one of
figure: 3 but the connection node A of the bases of tran- sistors T1, T2 and
T3 now corresponds to the emtter of a nulti- collector transistor T7.
Triansi stor T7 ains at conpensating the 30 collector currents of mirror
transistors T1, T2 and T3. The base of tramsistor T7 is connected to the
connection node B of the bases of the cascode transistors T4, T5 and T6.
The two collec- tors of transistor T7 are respectively connected to the
coll ec- tor of. transi sé@bth Tan aimputhd@iogpl the tanllettor ansirentr 1665 .0f trénAs

before, for N misn e LR, .al.n ed= = he
col | ector cu%r %#g F‘&H{%(ﬁ;}d@% g{: t&hg’ cgg%%gﬁ%a%glés%%%g 5 :Ic%parg
| c5=1 c6=I i n- FBNETHEOET fIdet S, t@%&@él’éuﬁﬁénﬁelﬂﬁ?(ﬁle?ré#ﬁ@or Theren t he

val ue of the f@ﬁb e N ettbF Qﬂirzbﬁultsobft 24 isieks TRs | snde® eqhad; ishi s
is due to the fact that this base current is of the second order with res-

pect to | EPEnSPtPYE urnsats IeL A I%e 8 SIUBLSEP dients of the
mrror transistors T1,THs aﬁﬂ;u'Iﬁ)ls'IHitﬂ:aﬁﬁbhemhareSneélédﬂaw shereffféchag€ t he

same surface Therefore ter ren IVI e en
t he coll ector Eg —?F%" gﬂ)‘éé ei%%se {ue?%otransmrf or%F? %}s%;

negl ected, t He2c o eimamin-ma &4| bndt BR. |ec®r51ubglwe$mﬁa ciriguivahas of
the out put C%ﬂm&ﬁ% g‘a@@}%@gcéswﬁ&}‘ét@dxﬂe&tﬁﬂﬁ iSOhi g€ Howebki! Of

figure 4 inproves t rror
10 it has a poor accuracy on a  large range of input currents. This

is due to the fact that, when the input current is low, the base
currents Ib7 and Ib9 can no longer be neglected. In this case,
those base currents are not, like for transistor T7 of figure 4,
second order base currents, but are currents provided by current
15 sources. Such a drawback is particularly significative when Iin
is subject to high variations; for an AC current, a deformation
of the output currenfs is céused. -
An object of the invention is to provide a multiple
output current mirror that has a good mirror ratio, equal to
20 unity and that is stable when the input current varies.
Another object of the invention is to provide such a
mirror ratio that is identical for a multiple output current
mirror, even if the nmnbe;‘ of outputs is increased.

25 ‘SUMMARY F THE ION
To reach these objects and others, one illustrative
embodiment of the invention provides for a multiple ou!:put mir-
ror current comprising at least three mirror-comnected PNP tran-
sistors whose bases are connected to a first node, at least
30 three cascode-connected transistors, each cascode transistor
being associated to one mirror transistor, a current input cor-
responding to the collector of the first cascode transistor,
mirror outputs corresponding to the collectors of the two other
cascode transistors, further comprising means for ensuring that
35 an output current at each one of the mirror ocutput terminals is



15 with respect to the fornmer circuits while the matching ratio remains
equal o0 1. Another circuit for obtaining a nultiple output mrror current
wherein the mrror ratio is substantially equal to 1 for all the outputs is
shiown -in figure 5. It conprises three mirror transistors T1, T2 and T3 20
and three cascode transistors T4, T5 and . It also conprises two
transistor pairs T7, T8 and T9, T10. respectively associated with current
generators 1 and 2. The transistors T7 and T9 are NPN transistors and their
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and T6, thatrdtdo between the surface
'~ 10 collector transistor corresponding to the ratio between the sur-
face areas of the emitters of the mirror transistors. -

' According to a further embodiment of the invention,
the ratios between the surface areas of the emitters of the
mirror transistors are identical to the ratios between the sur-

15 face areas of the emitters of the cascode transistors with which
they are associated. '

According to another embodiment of the inwvention, the
base current reproducing means comprisés a current generator,
one input of which receives a current equivalent to the base

20 current of the first mirror transistor and one output of which
draws a current from a second node corresponding to the inter-
connection of the bases of the cascode transistors providing the
output currents, the current gain of the current generator being
higher than the ratio between the sum of the surface areas of

25 the output mirror transistors and the surface area of the emit- -
ter of the input mirror transistor.

_ According to a further embodiment of the invention,
the current generator comprises two NPN transistors, the bases
of which are comnected to the collector of a first transistor

30 and the emitters of which are grounded, the collector of the
first transistor being connected to a first collector of the
multi-collector transistor providing the value of the base cur-
rent of the first mirror transistor, and the collector of the
second transistor being connected to the second node of conmnec- '

35 tion of the bases of the cascode transistors providing the out-
put currents. o



5 the output currents I and 102, are equal to lin. This result is
obt ai ned whil e neglecting the effect of the base currents Ib7 and b9 on
the collector currents Ic4 and Ic2 of transistors T4 and T2. Accordingly,
such a circuit has suitable characteristics when the current lin is high.
However, 10 it has a poor accuracy on a Iane range of input currents. This
I s due to the fact that, when the input current is |ow, the base currents

| b7 and 1b9 can no Ionger be neglected. In this case, those base currents

are not, |ike for transiupnild 08 Licd GnpdBGRid BEdehe DANRAHE e

but are currents provided by current 15 sources. Such a drawback
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for a multipl¢O¢hBUbadEd of She GUtpR! cASiBd trafkidtdraast three
m rror-connected PNP tran- sistors whose bases are connected to a first

node, at |east 30 three cascode-connected transistors, each cascode
t ransi st ori(oe BRI ERSDESIRIPGGON 0O NIATDRAWINGS ansi stor, a current input cor-
responding to the colleglof O;b0Es ' £8ltuF85°84F L3N a3bE and others of
the invention will be explained in more detail in the following
description of illustrative embodiments made in connection with
the attached drawings wherein:
15 Figs. 1-5 illustrate the state of the art and the
problem to be solved;
Fig. 6 shows an embodiment of a multiple output cur-
rent mirror according to the invention; and
Fig. 7 is a comparative table of the performance of
20 various current mirrors.

DETAILED DESCRIPTION _
The current mirror shown in fig. 6 comprises mirror-
_ connected PNP transistors Tl, T2, T3 and cascode~-commected PNP
25 transistors T4, TS5, T6. The emitters of transistors Ti, T2, T3
are connected to the supply voltage Vcc and the respective col-
lectors of transistors T1, T2, T3 are connected to the respec-
tive emitters of transistors T4, TS5, T6. The bases of transis-~
tors Tl, T2, T3 are connected to a first node A. The base of the
30 first cascode transistor T4 is comnected to its collector. The
input Iin of the mirror corresponds to the collector of transis-
tor T4. The bases of transistors T5, T6 are comnected to a node

B. Transistors T1-T6 have the same emitter surface area.



mrror outputs corresponding to the collectors of, the two ot her cascode
transi stors, further conprising neans for ensuring that 35 an out put
current at each one of the myrror output termnals is 8 substantially
equal to the input current, independent of the input current, nultiplied by
a mrror ratio of the one of the mrror oyyput termnals. According to

anot her enbodi nent of the invention, the 5 base current detecting neans
conprises a nulti-collector tran- sistor, the emtter of this

mul ti-coll ector transist'mlbf-i-daglmmaecm ttrahiitstor sT7 nbde and enigtexse

bei ng connect ed to_the base.a lLlecko fingS ed t
t ransi stor, eg 8 t%d%r}}d'he su g%eggr%raagl ogg eJrZo%fectors of tr?e
nul ti- 10 colttra:ﬁIaset ofirighes tfarst crassndentiransisgorh®4 r dfhe mydtieenl esdoLyr -

face areas ofy H}%ﬁfgﬁt il o REmBLETSF dolBELSESP el AL OERE Nlmilerd of
further enbodi nent e 1nvention, the rati os between the Sﬂ;face ar eas

of the em Bt oRFTSir OW&DHES rRAUS LanTHRt golestars 6 Fansigyor hY (3RS Fes-
bet ween the Sstilei1{assniictes 8b 4 wlaettéeicf af chbcodmaradsistansirsiser s

\_Nith vv_hi ch they are ass glrﬂi‘a‘tdre%&r ord| n 0 angwg? frri)ogh&re%zogft b&e

I nvention, t a current
gener at or, ongiddput 'mé it omclectze:s of. dmansmt@qlﬂrWalsemnmgﬁm tgnga 20

current of th.e [ Steilfr=e" J¢ agsbféginge‘n&ﬁ@ﬁtoge?ﬁh%rwﬁ' Cithe output
10 terminal of generator 3 is connected to node B. Node B is also
connected to the emitter of a NPN transistor T8. The collector
of transistor T8 is comnected to the supply voltage Vcc while

its base is connected to node A. '

The biasing current generator 3 comprises two mirror-

15 connected NPN transistors T9 and T10. The collector of transis-
tor T9 is connected to the input terminal of the generator, that
is to the first collector of transistor T7. The collector of
transistor T10 is connected to the output terminal of the gene-
rator, that is to node B. The emitters of transistors T9 and T10

20 are grounded while their respective bases are connected to the
collector of transistor T9.

With an input current Iin, the collector current Ic4d
of transistor T4 is equal to Iin-Ib, where Ib is the base cur-
rent Ib4 of transistor T4. In this example, the base currents

25 Ibl, Ib2, Ib3, Ib4, IbS, Ib6 of the mirror and cascode transis-
tors are equal and have the same value Ib. The emitter current
Ie4 of transistor T4 is equal to the sum, Iin, of its collector
current and its base current. So Icl=Ie4=Iin and Iel=Iin+Ib.

Due to the intercomnection of the bases of the mirror

30 +transistors Tl, T2, T3, the emitter currents Ie2, Ie3 of tran-
sistors T2 and T3 are also equal to Iin+Ib. The collecl:or cur-
rent Ic2, Ic3 is accordingly equal to Iin. The collector current
of transistors T5, T6 is equal to Iin-Ib. The output currents
Iol and 102 are therefore equal to the sum of the collector



draws a current froma second node corresponding to the inter- connection
of the .bases of the cascode transistors providing the output currents, the
current gain of the current generator being higher than the ratio between
the sum of the surface areas of 25 the output mirror transistors and the
surface area of the emt- ter of the inputggmirror transistor. According to
a further enbodi nent of the invention, the current generator conprises two
NPN transi stors, the bases of which are connected to the collector of a
first transi statrédfts and,t be6 ednd oEr eh@fmmhbﬁ’asamm,gubamied;het beltettast or

f the f t
ﬁul ti faco: {th%%aﬁff%%f%rl &%d\?l%s%c‘%ﬁgéfv%‘l ue ep'%gl:%tggégéur- rgﬁz (%f t he
first mrror tramsistosr T7amrigisating efram ngde H’e ise casvalt rtandihet ump sifhg
connect ed 1o ifigse6000 Aadenth ¢80HFC-maldebRd, Ofnd RexbAESoP! oddit GRSCAde

transi st OI’S pI’OVI di ng the out- put currents. 9 According to another

enbodi ment Sof LBRERT (e AERPBRLStote THuLE| eAualobpple Ifithese thueeorolipEinss
conpri ses Neanavé Othes @hme! sUEFddie ateh) eﬁﬁomoﬁmézﬂrmvoltages of the mrror

tran- 5 o stor whose cAPPedSF (EcBRE.PEY FBRATBEadY <Hhl 3¢ (HBsEbase
I S connect ed begléemted rwlthmodesmeEct hieo bHsEes T2 t &ed nilb3 dJedanaesrtmeyr s\reand
whose em tter 5, eongeCcthd LRcLRE SEEQ Y ¥HAP are two orders of magnitude

10 lower) with respect to Ibi, Ib2 and Ib3.

One advantage of the invention (Iol=Io2-Iin whatever
be Iin) is obtained by the association of the current generator
3 and the multi-collector transistor T7. The current generator
3 provides a biasing current for the transistor T7 by amplifying

15 its input current originating from transistor T4. As this cur-
rent is proportional to the base currents of the mirror transis-
tors T1, T2, T3, it depends iipon the input current value Iin.

. Indeed, as the value of each collector current of
transistor T7 is equal to Ib and as it comprises three collec-

20 tors, its base current Ib7 is Ib7=3Ib/B8. 8 being the current

- gain of the transistors. Ib being equal to Iin/B8, the value of
the base current Ib7 of transistor T7 is therefore equal to
31in/82,

The output current of the current generator 3 is equal

25 to the current of the first collector of transistor T7 multi--
plied by the current gain of the generator. In the example
illustrated, this gain is fixed by the emitter surface area

" ratio of transistors T9 and T10 and is for example selected
equal to 5. Accordingly, the emitter current Ie8 of transistor

30 T8 is Ie8=5Ib-2Ib=3Ib. The base current Ib8=31b/B=3Iin/B82.

It results from the above that the base currents Ib7
and Ib8 can always be neglected with respect to Ib, even for low
values of the input current Iin. Therefore, the current mirror
according to the invention operates satisfactorily while the

35 input current varies in a large range. It will be noted that




of the bases of the output cascode transistors. 10 BRI EF DESCRI PTI ON OF THE
DRAW NGS Those objects, features and advantages and others of the |nvent|on
will be explained in nore detail in the foll ow ng description of

il 'ustrative enbodi nents made in connection with the attached draw ngs
wherein: 15 Figs. 1-5 |Ilustra&g the state of the art and the
problemto be solved; Fig. 6 shows an enbodinent of a multiple output cur-
rent mrror accordlng to the invention; and Fig. 7 is a conparative table

of the performﬁoﬁ%wa&&m q&aﬁeﬁé s&wﬁt&d. DEFAI&ER RRagidsBT| Gelhe
current mrror sho %‘FFE opprises mrr ¢connect e PNPtranxsgesntors

T T2, T3 angUEHRRoqESR ot %= CUEIROP @B BrOviging a
emtters of thiagm:sttmas Z1h. Ty otRernrardsnnitd erhinois Heighaapithanol f dges/cc

and the respe ran r 13 .are nnected to

t he respec- tﬁérlégegrm(%fr?‘éséé&?ga%élé P%m%g %Euq:gugsfhetsl}g’segi% tansis-

tors T1, T3, T3 are coRaebt gulrrora tiarsistode T4, THZ, bdk: blest hthg( Famest

cascode ! anstsi flothh-bat €0MNA%ob Oybd N0l L Uan BAP delilllba | bt uide
e collecto

mrror corre% transis- tor . The bases of

transistors TE@ ]R}*’lzi’ﬁ!e Thatestial of nede B, isl'F‘ﬂHé‘-?-s’E%r‘?cTYb% e Paske
same emtter gotdagidlaoFatransistor T4 is Voc-2Vbe. The collector potential

of trarisistor Tl is Vcc-Vbe. Therefore, Vcel=Vbe. Through tran-

10 sistor T8, the voltage of node B is also equal to Vcc-2vbe.
Therefore, the collector voltage of transistors T2, T3 equals
Voc-Vbe and Voe2=Vce3=Vbe. Accordingly, the presence of transis-
tor T8 fixes all the collector-emitter voltages of the mirror
transistors T1l, T2, T3 to the same value Vbe.

15 Therefore, transistor T8 permits the compensation of
one base-emitter voitage Vbe due to the presence of transistor
T7. This transistor produces the same biasing wvoltage on the
bases of the cascode transistors T5, T6, this voltage being
equal to Vcc-2Vbe.

20 The mulﬁ—collector fr_ansistor T7 has the function of
detecting the base currents of the mirror transistors T1, T2, T3
and provides compensation, at the collectors of output transis-
tors TS5, T6, of the base currents _donsumed in the circuit.

The above principle applies to a current mirror having

25 more than two outputs. In this case, the circuit comprises
additional branches similar to the branches T2, T5 and T3, T6
and the number of collectors of transistor T7 is increased as
well as the current gain of the current generator 3.

Accordingly, the invention provides a multiple output

30 current mirror which, whatever be the number of outputs, has a
mirror ratio and a matching ratio equal to 1. The outputs of
this mirror have a very high impedance and those features are
maintained whatever be the value of the input current.




10 Amulti-collector PNP transistor T7 has an emtter connected to node A
The base of transistor T7 is connected to the base of the first cascode
transi stor T4. The nulti-collector transistor T7 has a nunber of collectors
equal to the nunber of 5 mirror outputs plus 1. Two coll ectors of
transistor T7 are res- pectively connected;4o a collector of a cascode
transistor, res- pectively T5 and T6, formng the outputs 1ol and | o2 of
the mirror. The first collector of transistor T7 is connected to an input

term nfll 02, a bi asi ngt Gtﬂgiﬂ@d tvgaagaaﬁoama Jiwstfwtﬂhg £Bmé epas Al fe@ftures
ener at or IS nect e 0 node al SO_.C er
IESTRPN tranit EhR Su o niBr e a5 PSSt bePer oph BB thaida e T ©
supply vol tagml‘morvxmtm i(lol fhiye and ToR/Elx e doroeachl @ukpuThethe amtmgllng

t Ry t
current generglQh, %85?1’;61?)93 £hi0 dI’e%[aBE@ o &‘Pé‘“%g%&g:é\‘o the%ﬁ?}? SUtHutd

and T10. The co fLector tr'ansis= tor 'S conn put
term nal of5t Hepgdaeeed it alratindicageshthe jnugber Pf é@ta&mﬂtoﬁa}%t dher7.

The col I ector (Rf-ihEPASI 8F0knd mﬁ%mc%ﬂﬁ@,t SdthOthd en@iidiitof ehigils, Ofanlahe
gene- rator, that is to , node B. The emtters, of_ transistors T9 and 10 20

are grounded e @Fﬁ@ﬂ*"%s‘ﬁec‘?ﬁé‘iﬁﬁgﬁsﬁﬁé’ S SRFAGUE o 1RHEE HTEXS - of
transi stor T9.Thikt hadter NfaHtuear & tbden indheatsd lotdlyofotuthentitad tef of
transistor T4 i,s e uaI tﬁllF | b, where Ib is the base cur- rent |b4 of
transistor T4 Pn ?hig ex &, the base currents 25 I bl, 1b2, 1b3, |b4,

| b5, 1b6 cX¥Othe mirror Aeditawibleber aoted- froms thee @pl&l, aie hiwentieon

sanme .val ue | b, [ha; o0l tLff £ fddtures of a current mirror with a reduced
| number of transistors.

By reproducing the value of the base currents of the
mirror transistors on the 'collectocrs of the associated cascode

15 - transistors, the compensation of the base currents at the mirror
outputs is improved.

The reproductiveness of the selected features of two
mirrors made on different chips is improved. Indeed, the values
of the base currents that are compensated on the cascode tran-

20 sistors effectively originate from the mirror transistor bases.
This was not obtained, for example for a dimuit of the type
shown on figure 5. Accordingly, if the transistor gain varies
from one chip to another, the compensation will be made with the
value of the base current of each mirror transistor, this value

25 incorporating the transistor gain.

The use of a multi-collector transistor associated
with a single current generator improves the reproductiveness of
the mput current on the various outputs without impairing the
mirror ratio.

30 The number of transistors used is limited.

The architecture of the mirror acoording to the inven-
tion makes it possible to form a multiple output mirror provi-
ding different output currents while maintaining all the
features of reproductiveness and fiability.



le4 of transistor T4 is equal to the sum 1lin, of its collector current and
its base current. So Icl=led4=lin and lel=lin+lb. Due to the interconnection
of the bases of the mrror 30 transistors T1l, T2, T3, the emtter currents
le2, 1e3 of tran- sistors T2 and T3 are also equal to lin+lb. The collector
cur- rent lc2, 1c3 is accordingly equal tg lin. The collector current of

transistors TS5, T6 is equal to lin-Ib.., The output currents ol and l02 are
therefore equal to the sumof the collector currents Ich5, 1c6 and of the

currents 1b2, b3 of tfige colJRRiB8hSmBEe! paPsicilarly /rel 86a£CtdVahy inthe
emtter current le7 of transistor T7 orjqinati fromnode A is-equal. to

t he sum of tfﬂ't?@ega%r’éﬁw dHEEOF 3ppg Ll g:PePoFg,gr%eP"HPr rcéﬁFu'b? %cﬁocgl -5
| ect or of transirentr chntralbsiualscidlator foidowde. t Anesuchl bectiocwikavéhehe

sane surface r%%r.gggt%égtﬁggg:# %eTgir@b%gm%#ﬁt%@bgh{:{@g@i stors T7 and

T8 can be neglected w respect to | bl gcause they are
al ways of ?he second oPkferdnyentiomn mekesoltyedep spegsihdgnite ke @ IBFEENTWI t h

respect to | Rirrbh2 @Rl bPGutNBaRiNAiFeEr&it WA ULBY ChY | @lidd Glrlae2ahlin
what ever be lin) is obtained Q_)S{]Ft he associ ation of the current generator 3

and the mul t i9SEEPte ST 1T s itdeoPre 70t THG ¢ §rr ORLY gERR r gter &5 a
bi asi ng curr arictber sthfadd anéastal shriebyraidbktbys el shehgednput current

or g At ng, oM {1 ANSUGhOT Marfind "E THL" ih8Gheldh PLEPE" b edibabl
10 hereunder in .connection with fig. 6. The multi-collector tran-
' sistor T7 has collectors having different surface areas that
determine the ratios of the base current that have to be added
to the collector current Ic5 or Ic6. These ratios correspond to
the ratios existing between the emitter surface areas of tran-
15 sistors T1, T2, T3 and T4, T5, T6. In this example, it is
assumed that transistors Tl_ and T4 have a unit emitter surface
area. Transistors T2 and T5 have an emitter surface area having
a ratio m with respect to the emitter surface areas of transis-
tors Tl and T4. Transistors T3 and T6 have an emitter surface
20 axea presenting a ratio np with resp_ect to transistors T1 and
T4. Assuming that the base currents Ibl, Ib4 have the value Ib,
the base currents Ib2, Ib5 will have the value mIb and the base
currents Ib3, 1b6 will have the value nIb. Transistor T7 has a
first coliector surface area equal to i, a second collector sur-
25 face area m and a third collegtor surface area n.

Accordingly, for a given input current Iin, the col-
lector current Ic4 of transistor T4 is equal to Iin-Ib. The
emitter current Ie4=Iin and the emitter current Iel=Iin+Ib.
Ie2=m(Iin+Ib) and Ie3=n(Iin+Ib). Ic2 and Ic3 are respectively

30 equal to mIin and nlIin. Similarly, Ic5=m(Iin~-Ib) and
Ic6=n(Iin-Ib). The ratio between the surface areas of the col-
lectors of transistor T7 is chosen for corresponding to the
ratio of the emitter surface areas of the mirror transistors T1,



tors T1, T2, T3, it depends upon the input current value lin. |Indeed, as
the value of each collector current of transistor T7 is equal to Ib and as
it conprises three collec- 20 tors, its base current I1b7 is I'1b7=3I1b/B. B
being the current gain of the transistors. Ib being equal to lin/B, the

val ue of the base current Ib7 of transistar T7 is therefore equal to
3lin/82. The output current of the current generator 3 is equal .25 to the
current of the first collector of transistor T7 nmulti- plied by the current
gain of the gdaZeramidomr3. | $o,t hraszhaeple T7 bretidd= dn titiss cpailacterd | vespeloy

the emiier *Wilacgprans bl G, BMShRlAS-LD AOLAL0, AN paplopaexaml e

sel ect ed equal Accor e emtter clrren transistor 30
T8 is |e8=5lb-2l b=3lb. Aﬁwé)q@@gg,cﬁ;hae@prr%t 3genEEiaTh/ B2abserhsss jmpughom

the above thatirhechageuddee Richnbbdedi i) o BirBbHRY Rl fifor AHUNL UM Whiah -

respect to Ib, even for | ow val ues_of the |nput current lin. Therefore,
the current® n% dheabRge FHFensst ﬁ}ésl?%n]iqson Thedr iBes that PUFERRLE Rffi | e
the 35 input tter captervaigefsraton 3 melaam@migﬂezv\nthlanbmmotmg hadin isl?2

gener ator 3 haStarBiped b £ Fa3i8, B m%%@#"se FapRE b Hensis-

ot her words, rtDS'SQ‘aﬁiramlsThOgher than 2, this nunbér correspondl ng tothe

number of outputs of tRe"MiLP5r ratio obtained in this case is m for the

' -10 first output and n for the second output and the matching ratio
between the outputs Io2 and Iol is n/m.

It will be apparent to those skilled in the art .that
the invention, can be implemented in various manners. In parti-
cular, each of the disclosed components can be substituted by

15 one or a plurality of elements having the same function. For
example, the current generator 3 disclosed as comprising two NPN
transistors could be made by other means, for example the asso-
ciation of resistors and transistors.

Having thus described at least one illustrative embo-

20 diment of the invention, various alterations, modifications, and
improvements will readily occur to those skilled in the art.
Such alterations, modificatigns, and improvements are intended
to be within the spirit and scope of the invention. Accordingly,
the foregoing description is by way of example only and is not

25 intended as limiting. The invention is limited only as defined
in the following claims and the equivalents thereto.

What is claimed is.




5 Each mrror transistor T1, T2, T3

col l ector-enitter voltage Vce=Vbe. This can be deduced frlM“lQ"I"!“""W“MI
The potential of node A is equal to Vcc-Vbe, the base pot

transistor T4 is Vcc-2Vbe. The collector potential of transistor TL i%
Vcc-Vbe. Therefore, Vcel=Vbe. Through trayp 10 sistor T8, the voltage of
node B is al so equal to Vcc-2Vbe. Therefore, the collector voltage of
transistors T2, T3 equals Vcc-Vbe and Voe2=Vce3=Vbe. Accordingly, the
presence of transis- tor T8 fixes all téramMg | ector-enitter voltages of the
mrror transistors T1, T2, T3 to the sane value Vbe. 15

Therefore, transistor T8 permts t he conpensation of one base-enmitter
vol t age Vbe due to thd .presehtiplsf outputi@tmrent7mifitgrs compni$in@r produces

t he sane biasing vol ta_g%to& é%@ gs%@mge&f F{ﬁl&%&ﬁé@é&mTleTG

this vol tage being equal multi-collector
transi stor TAZha¥§3} hdﬂ%bﬁﬁ@ﬁ e gonpectesy toha Bimet awdechPd: of the mirror

transistors T1, T2, T3 agd Reg¥t deArédd "BaRsd-2Bnnéttdd)ertaidietbnss (T4,
output transis- taors T5, T6, of the base currents consuggg {:?mt he i rcwt

The above PriTiei §P3- afREh 255998 LROIFOR; PREpY
outputs. In tHamhsesser, the circuit corrprl ses addl tional branches SI m I ar to

Lhe, branches 12 15, 2% ol BurfGef eblie R S Shofohdise e o5 gk
Accordi ngl y, afh¢henfizrat caspodei densishor t(Td)e out put 30 current mirror
whi ch, whatever be the nygher.. ofaﬁbh{ggtsudias foz”lj r&g{.réﬁd,{aﬁ,gd & Mghehi ng
ratio equal to 1. The outputs of
10 collectors of the two other cascode transistors (T5, T6),
characterized in that it further comprises means for
detecting the base current (Ibl, Ib2, Ib3) of each mirror tran-
sistor (T1, T2, T3) and for reproducing this base current on the
collector of the cascode transistor to which each mirror tran-
15 sistor is associated.
2. A nultiple output current mirror according to claim
1, characterized in that said. base current detecting means
comprises a multi-collector transistor (T7), the emitter of this
multi-collector transistor being connected to said first node
20. (A) and its base being connected to the base and the collector
of the first cascode transistor (T4), the ratio between the
surface areas of the collectors of the multi-collector transis-
tor corresponding to the ratio between the surface areas of the
emitters of the mirror transistors.
25 3. A multiple output current mirror according to claim
1 or 2, characterized in that the ratios between the surface
areas of the emitters. of the mirror transistors (T1, T2, T3) are
identical to the ratios between the surface areas of the emit-
ters of the cascode transistors (T4, T5, T6) with which they are
30 associated.
4. A multiple output current mirror according to any
of claims 1 to 3, characterized in that said base current repro-



this mrror have a very high i npedance and those features are maintained
what ever be the value of the input current. 13 Figure 7 is _a_t

illustrating sone basic features of the current mrrors di SCllm'l E@&ﬁl““l“"l“l
This table indicates the mrror ratio (lol/lin and 102/1in) nos s
output, the matching ratio (lo2/1ol), the,gresence or the absence of a high

output 5 inpedance. It also indicates the nunber of transistors used, the
variation of the mrror ratio with the nunber -of outputs, and the

variations of gubengi mehs’ abhfufsaé WalduRdent NBehefdide (), Tohe Lapherof
feature has beﬁgéndi cajed on %ﬁ;or t he ,%iﬁ@cwts of. fi.g. 5 and f'g.fGthlo
As it will be*RICRITPPIHITHhE (HBTERT (FRUVAIERE BR Uit T SUREPRERRT e
features of afdustemtirmorr trangitsiton (Tildceddnonbéeoutbut rafiswiich sdr@ys a

[ eproduci ng t RGe¥ahiie fabm! e DASHACUIRN! i Pf cbififodBiohfithg ! (BNSHAL Oltap. the
col lectors of the associated cascode 15 transistors, the conpensation of
the base cif r eApoegkiameofi ther basepues thei earedel. trarsiEmTEIuUCTRvefRds

of the sel ect ol ny SEndf ol tTehEPEPLIBORBION 12h)f €RPA! abrBSti §ain of
i nproved. Indéed, the val ues of the base currénts that are copgpensated on

the cascode t Fhd SHTEPRE FNeTpiet theidgy HEhgF nkhan rfisn matdoybetypen the .
transi stor basefm. ofhithewsGrfaie abbas Nefl, tHedlowtpatphericr transistbrso{ T2 he

type T3) and the surface area of the emitter of the input mirror
10 transistor (T1). '
5. A multiple output current mirror according to
claims 3 and 4, characterized in that the current generator (3)
comprises two NPN transistors (T9, T10), the bases of which are
connected to the collector of a first transistor (T9) and the
15 emitters of which are grounded, the collector of the first tran-
sistor (T9) being connected to a first collector of the multi-
collector transistor (T7) providing the value of the base
current of the first mirror transis’to;r (T1l), and the collector
of the second transistor (T10) being comnected to the second
20 node (B) of connection of the bases of the cascode transistors
(T5, T6) providing the output currents (Iol, Io2).

6. A multiple output current mirror according to claim
4 or 5, characterized in that it further comprises means for
setting the collector-emitter voltages of the mirror transistors

25 (Ti, T2, T3) at a same value.
7. A multiple output current mirror according to claim
6, characterized in that said means comprise an NPN transistor
(T8) whose collector is connected to a voltage supply (Vec),
whose base is comnected to the first node (A) of the bases of
30 the mirror transistors (T1, T2, T3), and whose emitter is
connected to the second node (B) of the bases of the output

cascode transistors (15, T6). '



shown on figure 5. Accordingly, if the transistor gain varies fromone chip

to anot.her, the conpensation will be made with the val ue of the base
current of each mrror transistor, this value 25 inCOfDOYHﬁQShGetHEaneenReﬁlaced

trdnsistor gain. The use of a nulti-collector transistor a a
si-ngl e current generator inproves the redductiveness of 155“ mq"w llent
on.the various outputs without inpairing the mrror ratio.

The nunber of transistors used-is |imted. The architecture of the mrror
according to the inven- tion nmakes it possible to forma multiple output
mrror provi- ding different output currents while maintaining all the
features of reproductiveness and fiability. 14 The invention nore
particularly relates to an inte- grated current mrror applied to a charge
punp circuit or to a current controlled oscillator circuit. In such a
circuit, the electrical fé&MILEIPOE OHEPUGT CORRENIY MIRRORE critical. 5

The invention nakes it also possible to make a current mrror with outputs
having different val ues, by using an arran- genent simlar to the one of
fig. 6. Only the emtter and col- |ector surface areas of sone transistors
are changed. Such a variant of the invention will be disclosed 10 hereunder
‘in connection with fig. 6. The nulti-collector tran-

ABSTRACT OF THE DISCILOSURE

_ A multiple output current mirror comprising at least
three mirror-connected PNP transistors whose bases are cormected
to a first node, at least three cascode-connected transistors,
each cascode transistor being associated to one mirror transis-
tor, a current input corresponding to the collector of the first
casche transistor, and mirror ocutputs corresponding to the col-
lectors of the two other cascode transistors. The current mirror
further comprising meéns for detecting the base current of each
mirror transistor and for reproducing .this base current on the
collector of the cascode transistor to which each mirror
transistor is associated.
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kY
si stor T7 has collectors having different surface areas that deternine the
rati os of the base current that have to be added to the collector current
Ic5 or 1c6. These ratios correspond to the ratios existing between the
emtter surface areas of tran- 15 sisg] s T1, T2, T3 and T4, T5, T6. In
this exanple, it is assuned that transistors Tl and T4 have a unit emtter

surface area. Transistors T2 and T5 have an emtter surface area having a
ratio mwith respect to the emtter surface areas of transis- tors Tl and

T4. Transistors T3 and T6 have an emtter surface 20 area presenting a
ratio n with respect to transistors T1 and T4. Assum ng.}hat the-base

the base currents ;
b6 will

currents | bl

Transistor T7 has a fi
coll ector sur- 25
Accordingly, for a gi

| b4 have the val ue IDb,
the value mb and the base currents |b3,

JeZ he col -

| b5 will
he val ue nlb.
p 1, a second

have
have t

fage area mand a thir|d col |l ector|surface area n.
deli nput current

[fe8t or current |1c4 of

transistor T4 is equal to lin-Ib. The enijtter currenf le4=lin and the
emtter current lel=lN#lb. 1e2=n(lin+lhy and 1e3=p(Ain+lb). 1c2 and Ic3
are respectively 30 Bl to min Alin. SoilBarly, 1c5=n(1in-1b)

and 1c6=n(lin-Ib). Th
of transistor T7 igC

surface areas of-iju+~
A
|

aji o between
osefp or cor rgspond

surfacejare

s of the col- lectors
atio of the emtter

y Tin v Iol v Jo2
(=In-3Ib) ' (=In-3Ib)
Fig 1
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A"
T2 .and T3. "So, transistor T7 provides on its collectors respec- tive
currents Ib, mb, nlb. Therefore, lol=zmin and l02=nlin. As before, the -
current generator 3 absorbs, through coll ector of transistor T10, a
current higher than the sum5 of the base currents |b5 ®@d | b6. That is,
‘the current gain of the current generator 3 should be Airpgher than mtn. This
gain is determnined by the rati o between the emtter surfaces of transis-
tors T9 and T1O The niTTUO o obts s mfor the 10
first output and n for h?e second output 2 t he mat E g ratio between the
outputs o2 and lol is m It wll be ao ent tot §£ skilled in the art
that the invention can_he inplenented in varlous poners. | n parti- cul ar,
each of the discloseqiceoponents can he¢sppstituted fp)g 15 one or a '
plurality of elenents Wqvilng the samg} flogcti on. FoyN\exanpl e, the current
generator 3 disclosed jas ¢ rising two NPN trangistprs could be made by
ot her neans, for ex¥idl e t asso- at | glchf 51 St and transistors. -
Havi ng thus descri bed Jat |I'east one 111 rative enbo 0 dinment of the
i nvention, various altlerations, nodjyficafjions, and ijnprovenents will
readily occur to thosq glgilled in the ar§.e§uch altef &g ons, nodifications,
and i nprovenents are ijntended to be withifn the spirift and scope of the.
i nvention. Accordi ngl t he foregoing i ption y way of exanple only
and is not 25 intendée d limting. enti ofr ks IPi i t ed only as
defined in the follomnno clalns and tjhe equival ept's Ythereto. Wat is
clainmed is. b Ib

_szl'hn 1 Iol To2
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- Fig 3
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16,CLAINS 1. Anultiple output current mrror conprising: - at |least three
mrror-connected PNP transistors (T1l, T2, T3) whose bases are connected to

a first node (A), - at least three cascode-connected transistors (T4, 5 T5,
T6), each cascode transistor being associated to one mrror transistor, - a
current input (lin) corresponding to t collector of the first cascode
transistor (T4), - mrror outputs (loI, 102) corresponding to the 10

collectors of the two other cascode transistors (T5, T6), characterized in
that it further conprises neans for detecting the base current (I1bl, 1b2,

| b3) of each mrror tran- sistor (T1, T2, T3) and for reproducing this base
current on the collector of the cascode transistor to which each mrror
tran- 15 sistor is associated. 2. A nmultiple output current mrror
according to claim1, characterized in that said base current deteo¥tng
means conprises a nmulti-collector transistor (T7), the emtter of theg

mul ti-collector transistor being connected to said first. node 20 (A)zand.
its base being connected to the base and the collector of the first cascode
transistor (T4), the ratio between the surface areas of the collectors of

the nultiglcol I ector transis- g;
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tor, cCorresponding to the ratio between the surface areas of the enitters of
the mryor transistors. 25 3. A nmultiple output current mrror
according to claim1 or 2, characterize®/4n that the ratios between the
surface areas of the enmitters of the mrror transistors (T1, T2, T3) are
identical to the ratios between the surface areas of the emit- ter¥cdf the
cascode transistors (T4, T5, T6) with which they are 30 associatedj 4. A
mul ti ple output current mrror according to any of clains 1-to 3,
characterized inJthat sard base current duci ng nmeafs conpri ses
a current genera QEf(3)’ one input of
to the base currgnt of the first mrror {transi'stor
whi ch draws a curygnt froma second n
connection of the es of the casco
out put currents ( | 02), Ahe curr

bei ng hi gher f{ha hiti o hetwegy § he fsum g ghe
output mrror tr tors (Y2, T3) he surf ace
t he i nput nir&%r_lo transistpr (T1). 5 JAmultiple
according to aifms 3 and 4, {characteri z?%i n that
(3) conprises t P4t TensiStors (T9, W10}, the
B Ibs
Icd vy b2
Ibl1 %ﬂ
Iin v ; T9>{——|<Tlo © 1ol Y Io2
| ; i (=In) (=Tin)
37\ . C
Fig 6
Figl | Fig2 Fig 3 Fig4 | Fig5 | Figé
Tol/lin 1-3/B 1-6/B 1 1-1.5/8 1 1
Io2/Tin 1-3/8 1-6/8 1-3/8 1-1.5/8 1 1
To2/Tol 1 1 | 1-3/B 1 1 1
hh#xouﬁnmhmpmmnme? No Yes Yes Yes Yes Yes
N° of transistors 3 6 6 7 | 12 10
Iﬁgfz?ﬁﬁﬂﬁﬁﬁﬁg Yes | Yes | Yes Yes No No
Sensitive to Iin ? : : : | Yes No




connected to the collector of a first transistor (T9) and the 15 enitters
of which are grounded, the collector ‘of the first tran- sistor (T9)-being
connected to a first collector of the nmulti- collector transistor (T7)
provi ding the value of the base current I& the first mrror transistor
-(T1l), and the collector of the second transistor (TIO being connected to
the second 20 node (B) of connection of the bases of the cascode
transistors (T5, T6) providing the output currents (lol, 102). 6. A
mul tiple output current mirror according to claim4 or 5, characterized in
that it further conprises neans for setting the collector-emtter voltages
of tthe mrror transistors 25 (T1l, T2, T3) at a sane value. 7. A nultiple
out put current mrror according to claim®6, characterized in that said
nmeans conprise an NPN tranRUSTOPLETOUTRUPS URRENECMIRROR CONnected to a
vol tage supply (Vcc), whose base is connected to the flrst node (A) of the
bases of 30 the mrror transistors (Tl., T2, T3), and whose emtter is
connected to the second node (B) of the bases of the output cascode
transistors (T5, T6).

A2BST A B _THE DT I, RE

A multiple output current mirror comprising at least three mirror-
-connected PNP transistors (T1,72,T3) whose bases are connected to a
first node (A), at least three cascode-connected transistors (T4,75,T6),
each cascode transistor (Ti,TS,TG) being associated to one mirror transis-
tor (T1,72,T3), a current input (Iin) corresponding to the collector of
the first cascode transistor (T4), and mirror outputs (I01,102) corres-
ponding to the collectors of the two other cascode transistors_(TS,TS).
The current mirror further comprises means for detecting the base current
(Ib1,1b2,Ib3) of each mirror transistor (T1,T2,T3) and for reproducing
this -base current on the collector of the cascode transistor (75,76) to
which each mirror transistor (T2,T3) is associated.
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