Vbltage Sour ces’ 5 This invention relates to vol t age sources and
par%gul arly to circuits which provide specific vol t ages szz 55 '
depe ent on the threshold vol tage of transistors used in th

CIrCUItS are pdrticularly useful in-the field of 10 CMOS IC s where it is
advantageous to provide specific voltages whgseg val ues are proportional to

. the threshol d voltage VT of the transistors used therein. Such transistors
“may be either n- or p-channel field- effect transistors. One application is

inlogic circuits where threshold vouMﬁuﬁﬂﬁLﬁdggﬁgﬂgpt vol tages are
required in order to switch the transistors in the circuit so that |ogica

deci sions are made by the circuit. Another application is in sensing.
ampl i fiers Bn whi ch Thimsinventdan ralatese tonyoltage spureepidnder are

prechar ged by vol 420881 ¥ 1P ¥ iR kS bhschh eébﬂaé ypéémﬂc fb1tidyey -der -

to.inprove the sensitivity of the anpli b t . of
the invention t®iFRARR deRENASRY qr{’hpl thg §g‘ﬁ' gP\i\,g %%%ISS%% .

are proportlcnmﬁséd)id“tﬁéwciﬁvﬁmi wvol tage of the tran5|stors used in the -

circuit. 25 or.di n t [N I | v |
circuit for- generat| ‘b }é ?/%‘%/agteg]garrc?p %&%gllg%g'y’ qgﬁfgls'h%d vol %%He&o fthe
- circuit -at 18n IMQSItICYeerwdiEre tite molatdargetgeepye tererevidegrect

current nirror aerggeé\mﬂawtva%sa@&ub&%oae%ﬁauptsdua@ @hféémsld

cur ?Lﬁt”c?n D o YHERRSE of it FRERE LAEPERoHREA LRPERE v S st bFore
. - . may be either n— or p-channel field~effect transistors. One
o application is in logic circuits where threshold voltage
/- '; lSl dependent voltages are required in order to switch the _
' .' transistors in the circuit so that logical dec1sions are made '
by the circuit. Another-application is in sensing amplifiers
in which lines connected to the inputs of the amplifier are
. precharged by voltages proportional to the threshold voltage
-_l20 ~ in order to improve the sensitivity of the amplifier
Therefore it is an object of the invention to provide a :
circuit which generates voltages whose values are :
proportional to the threshold voltage of the transistors used
© . in the circuit. : o
.r25' - Accordingly, the invention provides a voltage source
. circuit for generating a voltage proportional to a threshold
. voltage of the circuit at an output thereof, the voltage
_ source_circuit comprising a current mirror having an input
_ ~ and an output and_coupled to a first reference potential
30 1line; : . - o
| " a reference current source coupled to the current mirror
input for generating a reference current which is dependent '
on the threshold voltage; and '
a bias transistor hav1ng a first current electrode
.- 35 coupled to the current mirror output, a second current
-electrode coupled to a second reference potential line and a
control electrode coupled so as to produce at its first |



on the threshold voltage;, and a bias transistor having a first’ current .
el ectrode 35 coupled to the current nmirror output, a second CUP IO s,

el ectrode coupled to a second reference potential tine and a control.sv'ﬂ*
el ectrode coupled so as to produce at its first -2- current’ el eeftode’ a™
. val tage dependent on the reference current “wherein said current

mrror output forns the output of the vde%ge source circuit. Preferably .
the reference current source conprises a transistor having.a first current .

K

el ectrode coughedntOe3aLA-GHET ENbolll 468" addilent? GPGHAT felbelBRLel cctrode |

coupled to 1 SECORU T of er ence Pot e a control el ectrode’
- for receivi nfusBEenRkput reference voltage. As will ‘be nore fully described

bel ow, the cont rotmek:eshr stdo&u&benelﬁsri-éamsﬁﬁ fors RMeC GURRE bE

current mrr

receive elthgﬁe ht?ge greferen ? tage or the voltage level at 15 the -
d

QUREP NGB
source . circuit. Taeeferahiyonhw|refananbe oureeritu| $qurtes cranperi ses way of -

~exanpl e “ﬂthtg§£§ise§g0§9viﬁg grem&gescai Y e dt UYL chupiRWE 3 & &au't

dlagran1of asl.c € ta e source circait. accor |ng to-
the i nventi ogurasatFAnggrer2isputs a %W@mtcmré@ﬁtarﬁlﬁctmqemmd to

embodi mery Oba2dvgetaga £efE£enbe’ Fotén€LaDI LAY drd tahe:ontrol electrode
for receiving on input’ reference voltage ' S '
As will be more fully described below, the control
electrode of the bias tranSistor may be- coupled to’ receive
. either. the ‘input reference voltage or the’ voltage level at
15 the current mirror output, depending on the required output
"~ from the vcltage source Circuit. B '

& 'required output fromthe voltage_'

The invention will now be more fully described by way of -
example with reference to the drawings of which ' '

Figure 1 shows a circuit diagram of a basic’ embodiment

20 of a voltage source circuit according to the invention, and .

Figure ‘2 shows a circuit diagram of an improved
embodiment of a voltage source circuit according to the
invention. ' ' ' ' o T

Thus, Figure 1 shows a circuit diagram of a voltage

25 source circuit providing voltages which are dependent on the o

.- threshold voltage of- ‘n-~channel transistors. it comprises a’

‘current mirror composed of p-channel transistors Mz and ‘M3 'i;).

each having one current electrode. coupled to a voltage supply
line Vpp. Transistor M3 is diode-coupled with its second

30 - current electrode coupled to its. gate electrode



|nvent|on Thus, Figure 1 shows a circuit diagramof a voltage 25 source

Ci roqlt _providing voltages which are dependent on the threshold voltage of
n: chaanel transistors. It conprises a current Tirror conposed of p-channel
transrstors M2-and M3 €ach having one current electrode coupled to a

Corrad oD At P a4E ”é‘%@ dofo| Snf Gis AragErolh Br; LRaREL80e0
coupl ed-to the F{pte'@‘%%c’enmﬂé & ereusremt[mrfor qempripes thetaecond

current ”1VB@fdﬁ¥ﬂ€ﬂ€*§iéé€té&€0ﬂﬂ é&éﬁ&iéfﬁreﬁ Gl D68 Qé &bapsbat 86 Eﬁér]-
which is couple;gﬁs&the first curren e ctrode Of an, n-chanpel transistor

[err]. This tr SUFEEnt (elechy (M EFRARPRY L ERRBEEEOF M- gr ound
ref erence; pot effhial draresistbr tsagaits eéecdm@dwmewteelleotredelaeuphednpot

reference vol t agd h | ce
circuit; the'i npaﬂcﬁﬁ{ erenceer?/%??agb{ err IS aérnraéa;rgr‘rde t% 8%-!3 éf ?ﬁgé
threshol d VT offounrled dmrrseive mn stuput qfe%enw)vqstage VREF‘

[err] Sincagthe currefy ﬂhié"@dﬁ%ﬂﬁuéﬁ@r@f St10é Mytatgeasé@feéheiﬂcum:; aeﬁe
VT and bi ased Ry a voIt <gﬁscrl

‘where Kis the ltqpé’ﬁsl’%ﬁ k39t REhe‘%Lﬁ’F’é‘H’t‘g?%rB?lg}HetFﬁﬁg?s{zﬁ? M
i's - - threshold Vqp of the n-channel_transistors Thus:

. . )

Since the current I through a t':rens'istor heving a threshold
voltage Vp and biased by a voltage V is described by

20 . =K (V-Vp)?2

 where K is the trans:.stor gain constant, the current through
trans:.stor Ml is

T17Ky (2Vq=Vq) "=y Vo R L

o This is the current input to the current mirror and the
o current output from the mirror through transistor M, is:
. I, =x1I; =x Kisz S (2)
where X is a constant determined by the geometry ratios of
- 35 transistors M, and M,. '



25 [err] This is the current input to the current mirror and the current. o
.output fromthe mrror through transistor [err] is: [err] where XS A “”

constant deternined by the geometry ratids %f" 35 transistors [err] anﬁ"
[ert]. -4- The output of the current mirror is coupled to the dréin of -

an. n-channel bi.as @ﬁ%”%hi%%‘t E%r he ?Jyt eq{ta. 3 cfélcil’éng . 0.%1t pli}%of the

vol t age source circurt € source of transi-s. L
ground .r ef er@ngénpotenn; a-chanaedn diaise tyansisttan i toks qur} is

connect eds e'f@ﬁiuh@ th% R piitiior ¢he R 1%igR @di‘&tdé)q_eifﬁuii ansm.g or [err]' o
.dependi ng on_t he olt ;%u ~vol ge reqw red mthe %volta sour ce

circuit. |f PRBEHS: 8%e Eéprsd'é oF Mg 4% T'E%fﬁlf%n% ai n'
its drain sopstentdhlagdnecand maedqemennﬁe¢ﬂ@nsﬂsuuﬂ MgiiaﬁudnnEhteathls -
gives: (4) ? rr bst.i t fo fr-om
~equat i on iﬁ?eg Sto éFﬁ oygx drain or [t?i ]ga%e etlect‘gfoge of 1{; Aistor
o My depend ng on the output voltage required from the :
10 voltage -source circuit. . :
_ If the gate electrode of trans:.stor M4 is coupled to
its dra:.n,. its drain source voltage \7% is determined by:

. I3=K, (V4~Vq)2 : ' (3)
15 _ - _ :

Rearranging this, gives: _' . o o u

| | vevg]T I OO R
- 4=YT7 )43 .
20 N I |

Substituting. for I, from equation. (2) gives:

Vv, ,=V, +’x1<v : o
- V4=V iver / !.
TS /K4. S - . z

v '(1+-r__'x1< —, Y ¢ R
Thus the output voltage V4 can be made to be any

30 predetermined ratio of Vip greater: ‘than one by : \J
appropriat_ely choosing xK, /%, : ' ' .

25

_ Simii_ariy,. if the gate eleottode of transistor M, is
coupled to the gate electrode of transistor M;, the
35 transistor M, can be made to operate in the triode'
region. 1In this case, the output voltage V, is given by:



(5) [err] Thus the output voltage. V4 can be nade to be any 30
preﬂeternrned ratio of VI greater than one_byg appropriately choosing [err]
Slanarly, if the gate electrode of transistor [err] is coupled to the gate
el ectrode of transistor [err], the 35 transistor [err] can be nmade to
operate in the triode regiong =K} qhmavﬁa hv Bqtput vol tage [err] is -
gi ven by: - :-[err] [err] Subs?rtutrng sFerr] #ronrequatron (2) gives:
[err] 10 4 whose solution is: [err] 15 From
this it can5be seen that the output,_yol ag rr] can now be made tQ be -
| ower than the t hreshol d voltaggavf Bﬁ &b se%5|ate choi ces of x, ﬁépr] and
K4. 20 "Thus, by coupling the gate of transistor [err] to the gate of
t he transistor [err] the ratio V4/V is less than one and by coupling the -

gate of traDSisﬁBétiﬁﬁtanOfb&eAgtQrampéqﬁ 82%nSi(Q) kakels:the ratio [err]

Is greater. than one. 25 hough the above cal cul ati ons were-

erforned for 2.

p : V4 2-2VqpV, +xK, Vip? /x.= | (7)
10 o 4

whose solution is:

R V,=Vm (1=|1-x%K,, ) : (8)

e 47 'T 1

15 o ' j /Ry o

i,/'__' _ From this it can be seen that the outpﬁt vhltage A7

' . can now be made tb be lower than the threshold voltage VT
by appropriate choices of x, Kl and Ky

L 20 ' Thus, by coupling the gate of transistor M, to the
" gate of the transistor M;, the ratio V4/ﬁ is less

T
- than one and by coupling the gate of transistor M; to the -~
~ drain of transistor M,, the ratio Varg is greater
' T .

than one. . _
.25 . Although the above calculations were performed for
' VREF = 2Vp, it will be appreciated that a similar result
will be obtained for VREF belng any value {(n+l) VT. In
this case:
.30 L PP 2 |
I,=K; ((n+l) Vip-Vq) “=K, (nVq) (9)

so that for the gate of the transistor M, being coupled to
_ its drain we have, similarly to equations (2) and (3):
fnﬂ35 ' o : :
I, = xI; = X Ki(ngT)z



[err] it will be appreciated that a simlar result will be obtdined for o
"[err] being any value (n+l).VT. In this case: [err] so that for thegga&e;
the:transistor [err] being coupled to its drain we have, simlarly to.~-wi |
equations-(2) and (3): 35 [err] -6- Thus: [err] 5 giving: rerr] so';,_
that™ [err] To generate a current in transgstor [err], n nust be 10 ' S
greater than zero. However when VREF is gener at ed by dlode- connected
tran5|stors connected in series to realise ratios V.REF/ VT larger than two
.e.three or fgyg.or mEEL poaypres @Qgﬁﬁm val ues of the supply vol tage
VDD Therefore a useful %bnpron1se |s to 'set VREF= 2VT. 15 One .
circuit in which a voltage VREF with a value of approximately [err] is

generated is sho s figure transistors [err]-are
qU|vm«an§to ?N§83 hggﬁggal X%ﬁvfﬁg Tout put vol tage is V4.-- The

ref erence voltage VREF [err] is generated by resistor R and by
transi-stors [ghr{niP 0ot 944 q k§ .bet ween vol tage s ly line VDD
and reference pOtentIa|QPI2§ £ F%mg§§( he reference voltage VREF_mnII not“

be exactly 2VT because of tranS|stors [err] and
- To generate a current in transistor Mi, n must be

10 .greater than zero. However when Vggr is generated by diode-
- conneoted'transistors connected in series to realise ratios
: VhEF/Vf larger than two 1. e. three or four or more, requires
higher values of the supply voltage pr. Therefore a useful
compromise is to set Veer = 2Vp. ' - -Q.i.
.15 One circuit in which a voltage thp with a value of _
" approximately ZVT is generated is shown in. Figure 2. 1In this
figure transistors Ml—Mq are equivalent to those in Figure 1
and the output voltage ‘is Vz. ' The reference voltage VREF =
vy is generated by resistor R and by transistors ‘Mo, MOZ,
20 connected in series between voltage supply line pr and
reference potential 11ne. However, the reference voltage
VRer Will not be exactly 2vep because of transistors Mp1 and
- Mp2 which are diode~coupled, across'which the voltage will

be: _ o . .

_ v_1'=2vT+2\IIo/Ko o (11) _ S
| . _ . o _ : -S_)
where Igp is the current through the transistors Mp1 and Moz '
and Ko is their gain constant._ ’

30 ” : However neither Ip nor Ko can be considered as havingl'
constant values since Ip depends on the supply voltage Vpp
and Kg is a functiOn of process parameters and temperature.

In the circuit of Figure 1 and referring to equation (O) the
current I3 controlled by voltage Vi would be:

35 ' '

Is=xK; (Vp+2VIg/Kq)2

=xK1_ (Vp2+aveVIo/Ko+41g/Kg) (12)



NDZ which are di ode- coupl ed, across which the voltage will be 25 [err]
whagg_[err] i.s the current through the transistors [err] and [err] is their
gai n: constant. 30° However neither [err] nor [err] can be considered
as. haviing ‘constant val ues since [err] depends on the supply voltage VDD and
[err] is a function of process paraneters anp tenperature. In the circuit
~of Figure- 1 and referring to equation (0) the current [err] controlled by
vol tage V1 woul d be: 35 [err] [err] -7- This current will be fed to

tLans;storb[e[r] TQhQBt&h&rbatfkiQmUBé f@d[ﬁ%idiiﬁ%iﬁﬁh&e@& Lerr] ngst S

t herefore be | owere e e o own_ | [ e a

current of this val d€" \égﬁagg ¥6 ‘g\ﬁ%lkr‘é%t %r ﬁﬁ?e??frﬁ'ﬁ?%’ é’g’cﬁttlonal

transi stor s [ ethprefofeabei tbwesed eby | a avalwe uphed ito:seri es between the

ground reference potenti al Iine and the output of the current mrror

conposed of transistors . and[e !FJ%e—g e of transistor [err] is coupled
kd

. to the gate of tranS|stoFKPeKﬂYT /Koy 4]§ﬁ4§ﬁeacﬁ transistor [err] is
.coupled to the junction between

_ As shown in Figure 2, a current of this value can be
. 10'_ subtracted from I3 using additional transistors Ms, Mg and
. M7. Transistors Ms and M7 are coupled in series between the
groﬁnd reference poténtial line and the output of the current
mirror composed of transistors Mz and M3.. The gate of |
. o _-transistor M5 is coupled to the gate of transistor M; and the
W/ '-?Jli5 ';gate of transistor My is coupled to the junction between
| transistors Mp1 and Mpz. Transistor Mg is coupled between
the ground reference potential line and the'input of the
current mirrér'with its gate coupled to the gate of |
. transistor Mj. L
20 Transistor M; has a wide channel and acts as a voltage
'follower. Its output voltage Vs is given by: '

_ vs=VIo/Ko (13)
. The current Is through transistor Ms operating in the triocde

25 ' region is:

- Is=Ks (2 (Vp+2VIo/Ko) v5-v§ ]

- ﬁhich gives from equation (13):
30 ' S _
o I5=Kg (2V-;~}Io/_Ko+3Io/Ko) (14)

By setting:

35 . Ks=2xK;



transistors [err] Transistor [err] is coupled between the gr ound reference
.potentral line and the input of the current mirror with its gate coupl
theigate of transistor [err]. 20 Transistor [err] has a wi de chanﬁef

,,,,,

and acts as a voltage follower. |Its output voltage [err] is given by e

[err] The current [err] through transistor [err] operating in the. triode 25
‘region is: [err] which grves fromequation & +3): 30 [err] By settrng 35

[err] gives: 5 [err] Now subtracting 15 from[err] gi ves:
[err] 10 Thi's %s close to the required value of [err] but :still requires
the cancel | atyd¥*®f the 2 [err] termin order to achieve very high

" precision for the ratio *V4/VT: This. can be achieved by adding to. current |

‘a current gl5 16 flow ngs,;ﬁﬂrgaﬁr,@§ t,grloyﬁo) By se(tltsr)ng K6 = [err]

then [err]
- Now subtracting Is from I3 gives:“”.
'13-15=xK1'(vr2-2xo/Ko)- - o ae
10 _ L .
- ‘This is close to the required value of xK1v¢2 but still
requires the. cancellation of the 2 Io/Ko term in order to
'fachieve very high precision  for the ratio V;/VT

_ . This can be achieved by adding to current I3 a current' k,)'
15 Ig- flowing through transistor M5 By_setting K¢ = 2K3 then-_ Rt

'I4=3[11+15]—15=3K1VE2 R B _,,(17)r?

Current I4 flowing through transistor M4 now has the
20 required value and generates a voltage" o '

V4=V (1+VxK1 /K> Vo
if its gate is connected to its drain or: -

Vg=Vr (1-V1-xK1/K4) < Vi

25

if'its gate is connected to the gate of the transistor Mj.



‘Chrrent [err] -flowing through transistor [err] now has the 20 required
dee and generates a voltage: [err] if Ltﬁ gate is connected to its drain

_ori25: {err] if its gate is connected to the gate of the transistor [err].

* The above descrlptlon refers to an enbodi ment of the circuit according to

the~aneRt|oR :3 MmhéhabebbaGﬁScalptﬁogeaefersdtmhaneemhbdamentpmdpamF|ona
‘to the t t T t t
o the threshelSuY gl hass alatht o hannckkiBS A GhecnT9ctRARLE B0l tages

proportional cpc age o transi st ors
circuit es)rrpyenenahegl wboshavadluscApruonpe'véona} 5e @§édthfﬁsi?5’190 25 30"
35 CLAIMyg1tdge of %ﬁlat ﬁg%haﬁﬁéiei;eahgugtoi:er g@aegahle&at@ valltages
proportlonal to-a thres old Vﬁ|t L &gc rcuit an
. _proportional to 't es old voltage o t e p-channel
tran51stors a circuit complementary to that descrlbed above

”_may be used.
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out put thereof, the voltage source circuit conprising: a current m.,rror
havigg an |nput and an. output and coupled to a first reference potentﬁ
liney 10 a—feferencecurrent source coupled to the current mrrof =
i nput. for . generatl reference current which is dependent on the ~ :

t hreshol d vol tage,ﬁuarﬂ " tfmj!“"hnd a bi'gg transistor having a fi rst
current el ectrode rrent mrror output, a second current 15
el ectrode coupled to a second reference potential line-and a control

el ectrode coupl ed so as to produce at | torAmgd curfent electrode: a vol tage -
~dependent on.the. reference current, wherein said current m.rror -output
forns the out put of 20 the voltage source circuit. 2. ~ A voltage source
circuit agordi.ng o volltiagel schete eiveudtr £ber generatinigrd voltage =

conprises a tg r..hav r ectrode 0 .said '
current nirrof oﬁﬁéﬁﬂoﬂgi ggsecgkgeg ggn 8{‘# % r%%e&g%ucfy%jtoatstal second
ref erence pot entpat khezeofd aheonplbaqeleourc@ecirnuitxnnmnnﬁyinq4 nput

reference vol tage \é(%%featdﬁﬁ%%%nha%nghsnt hﬁﬁﬁ@omdvﬂ.t&ﬁfp 8
transistor. 30 3. A voltage source cifcuit according t |n12 mhereln

" said input referPRed. §8IPaﬁérﬁasrﬁfﬁﬁPBEedP°§%EE$%htitﬂ?y'tmnce t he
t hreshol digyol t age ef rieferendesicair@entosburget bwpréemscmewu&&msmm::

35 4. A vol,ta our ce C|r it acco o_eith o
herein the coRPRE 8L SEpErRLRb, T EEERRENCE Seirte it uifﬁe st ve
sai d input. reber theethoeshgdd voltage of the circuit. and

a bias transistor haVing a first current electrode

.'coupled to the current mirror output, a second current o
.15 -electrode coupled to a 'second reference potential line and a .5*2
ontrol electrode coupled so as to produce at its first
current electrode a voltage dependent on the reference
current,_ .
' wherein said current mirror output forms the output of

- 20 the voltage source circuit.

2. A voltage source'cirCuit according to claim 1 vherein'
said reference current source comprises a transistor havrng a
first current electrode coupled to said current mirror input,
25" a second current electrode coupled to ‘said second reference
_potential line and a control electrode for receiving an input
reference voltage which is dependent on the threshold voltage \;J.
of the transistor. '

30 3. A voltage source_cirCuit according to claim 2 wherein
said'input reference voltage has a value of substantially '
twice the threshold voltage of the transistor forming the i
reference. current source. S '

35 4, A voltage source circuit according to either claim 2 or
claim 3 wherein the control electrode of said bias transistor
is coupled to receive said input reference voltage. '



"SH;J'A voltagé source circuit according to either claim?2 or cl
whggein the control electrode of said bias transistor 5. is coupled to said

.current- mrror output. 6. A vol tage source circuj t“m uﬂmmﬂﬂﬂ“ m 3
wherein said input reference voltage is produced at. ritlile of a
first dirode-coupl ed transistor coupled wamn-0 secohd di ddecolipl &d

‘transistor. to said second reference potential line. 7. A vol tage source
circuit according ta claim6é further conprising neans for adjusting the
currents-at tshe | dpolkagel Soungepeirsuithacecording v retthen clalm 2 or

correct the wlaiags ahelrednokhRUkofit rbiCeYabt p6fe SOE $81 & Y1l terahsistdr
vol t age spurcge circyit ccorag-l n% to cl alggl 7 wherein the adjusting neans
conpri ses”a fi% §t°‘.‘§3]e33_ Pn§artlahrZesr BATreL PPt n series between said
current  mrror output- and the first .current electrode of a second adjusting

“transi stor, the s i usti gt ranst.stkoL -havisk _secpl rent .
‘el ectrode couép}l ed%%&%@%%@on % Sﬁg?é’%egﬁg%ﬁg‘g%ﬁtﬁﬁfe}%% vfahegrzﬁlé'
el ectrode cofRidl inpute reifexensed voAbager éscptaduced|atighenghtss the gate

el ectrode of diftirddel oddialetirad HABasLebap188i FhakSLRlN ddugld dAlkf a

el ectrode.of said secgond di ode-coupl ed,transistor, so as to subtract an
adi usti nh0 cursesnd diadeREouplefe fEapRS OBt StHE SRR THTQTRICRr r ent
mirror. - *pOtential li¥me. S . ' ' ' '

7. A voltage source circuit according to claim 6 further

comprising means for-adjusting'th'e currents at the input and
\_/ . . 15 output of the current mirror in order to correct the voltage

at the output of the voltage source circuit. |

8. A voltagé source .circuit according to claim 7 whereih
the adjusting means comprises a first adjusting transistor
_20_ coupléd in series between_said current mirror output and the
first current electrode of a second adjusting transistor, the
' second adjusting transistor havihg a second current electrode
coupled to said second reference potential line, and a gate
electrode coupled to receive said input reference voltage and
25 -'the.gate electrode of the first adjusting transistor being
'~ coupled to the gate electrode of said second diode-coupled
transistot, so as to subtract an adjusting current from the .
Current.produced-at_the'output of the current mirror.



9. ',A vo&tage source circuit ‘according to claim8 wherein the adjusting .,

currgnt i rr oMHETHIIAIL G ont > o1 6 raa pot ent ra1 i he“and- vihose, gat 82

el eclrode is coupl ed t8 the Bate el ectrode of said second di ode- coupled

transistor so_as to. add an adjusting current to the current produced b

the referencedcurreft % SAREGE cineyld tagrording ctei¢tainr 8 wherein
subst anti al | ythe h&jmsﬁiafg)maifs;muﬁﬂfef)}cmrﬁe@@fﬂﬂrd\ﬂ édﬁﬁ@tﬁﬁ@nce to

the draw ngs. trgn%qs%%rytdﬁiled between the current ‘mirror 1nput and. the
: ‘second reference potential 1ine and whose gate electrode is
‘coupled to the gate electrode of said. second diode-coupled _'
_trans1stor so as to add an adjusting current to the current
E produced by the reference current source.

10 L
10, A voltage source circuit substantially as hereinbefore |
described by way of example with reference to the drawings. -
15 - :r |
, —
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