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comprises a bipolar transistor having a collector thereof coupled together
to a power Technical Field                                       supply
voltage and an MOS transistor having the This invention relates generally
to reference       source thereof coupled to the emitter of the circuits
and, more particularly, to a circuit which    5    bipolar transistor.
provides reference voltages for bias current generators and the like.
Brief Description of the Drawing The Figure illustrates in schematic form a
bias Background Art                                        current
reference circuit constructed in accord- In general, bias reference
circuits can be    10   ance with the preferred embodiment of the
classified by the source of the voltage standard by   present invention.
which the bias currents are established. As noted in Analysis and Design of
Analog Integrated           Description of the Preferred Embodiment
Circuits by Paul R. Grey and Robert G. Meyer            Shown in the
drawing is a bias current ref- (John Wiley & Sons, 1977, pages 239-261),
the    15   erence circuit 10 construed in accordance with the most
convenient standards are the [err] of a           preferred embodiment of
the present invention. transistor, the thermal voltage, VT, and the break-
The reference circuit 10 is comprised generally of down voltage of a
reverse-biased emitter-base         a reference voltage portion 12, a
reference current junction of a transistor. While each of these
portion 14, a bias voltage portion 16 and a bias voltage reference elements
may be readily fabri-   20    current portion 18. In the reference voltage
por- cated using conventional bipolar integrated cir-      tion 12, an NPN
bipolar transistor 20 has the base cuit fabrication processestit is
significantly more  and collector thereof connected to a positive difficult
to fabricate the open-collector bipolar     supply [err], and the emitter
thereof connected to devices utilized in common [err] reference circuits
the source of a P-channel MOS transistor 22 using conventional MOS
integrated circuit fabri-   25    which has the gate and drain thereof
connected to cation processes. On the other hand, the reverse-     the
reference current portiorr 14 and to the bias biased emitter-base junction
or Zener diode ref-      current portion 18. In this configuration, a ref-
erence circuit, although manufacturable in most      -erence voltage with
respect to the positive supply MOS fabrication processes, generally
requires         [err] will be developed on the gate of the transistor
supply voltages exceeding 7 to 8 volts, and tends    30   22 which is the
sum of the [err] of the diode- to introduce significant amounts of noise
under       connected transistor 20 and the [err] of the diode-
reverse-breakdown conditions.                         connected transistor
22, the latter being propor- A circuit in accordance with the precharacter-
tional to a bias current directed therethrough by ising portion of claim 1
has been disclosed in        the bias current portion 18. EP0052553, state
of the art by virtue of Article   35   In the reference current portion 14,
a P-channel 54(3) EPC. This patent utilises a diode connected     MOS
transistor 24 has the source thereof con- MOS transistor as a reference
voltage generator.      nected to the positive supply V00 via a resistor
26, the gate thereof connected to the gate and drain Brief Summary of
Invention                            of the transistor 22, and the drain
thereof con- It is an object of the - present invention to   40    nected
to the bias voltage portion 16. By con- provide an MOS bias current
reference circuit         structing the transistor 24 to have the same
ratio which generates a bias voltage which is sub-          of channel
width to channel length as the transis- stantially supply voltage
independent, using the      tor 22 and thus the same current density, the
gate [err] of a bipolar transistor.                          to source
voltage [err] of the transistor 24 will be An object of an embodiment of
the present   45   substantially the same as that of the transistor 22.
invention is to provide .a self-biasing MOS bias      Thus, the
base-emitter voltage [err] of the transis- current reference circuit
capable of generating       tor 20 will be reflected across the resistor
26. The complementary bias voltages even when used            reference
current portion 14 will therefore provide with relatively low supply
voltages.                  a reference current which is proportional to the
In accordance with the present invention there   50   reference voltage
provided by the -reference volt- is provided: a bias current reference
circuit com-   age portion 12. prising:
In the bias voltage portion 16, an N-channel reference voltage means for
providing a ref-        MOS transistor 28 has the source thereof con-
erence voltage proportional to a bias current;        nected to a negative
supply Vss, and the gate and reference current means coupled to reference
55   drain thereof connected to the drain of the transis- voltage means,
for providing a reference current      tor 24 of the reference current
portion 14; In this proportional to the reference voltage;
configuration, the diode-connected transistor 28 bias voltage means coupled
to the reference         will develop a gate to source voltage [err] which
is current means, for providing a bias voltage pro-      proportional to
the reference current. This volt- portional to the reference current; and
60   age, indicated as [err] is suitable for biasing other bias current
means coupled to the bias voltage      N-channel MOS transistors used as
constant bias means and to the reference voltage means. for         current
sinks. providing the bias current proportional to the bias     In the bias
current portion 18, an N-channel voltage  for said  reference  voltage
means          MOS transistor 30 as the source thereof con- characterised
in that the reference voltage means   65    nected to the negative supply
[err], the gate there- 
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to the gate and drain of the transis-     In the illustrated embodiment,
however, a start- tor 28, and the drain thereof connected to the gate   up
portion 36 is provided to allow start-up current and drain of the
transistor 22. In this con-          to flow through the reference voltage
portion 12 figuration, the transistor 30 will allow a bias       when the
P-channel bias voltage [err] with respect current proportional to the bias
voltage [err] to     to the positive supply [err] is less than a pre- flow
through the transistors 20 and 22 of the         determined threshold. In
the start-up portion 36, a reference voltage portion 12.
P-channel MOS transistor 38 has the source there- In operation, a shift in
the voltage at the emitter  of connected to the  positive supply [err]  and
the of the transistor 20 caused by a shift in the         gate thereof
connected to the gate and drain of positive supply [err] relative to the
negative supply   10   the transistor 34 of the second bias voltage Vss
will be reflected by the transistors 22 and 24    portion 16'. The drain of
the transistor 38 is as a corresponding shift in the voltage across the
connected to the source of a P-channel MOS resistor 26. With a constant
applied voltage, the     transistor 40 which has the gate and drain thereof
current provided by the resistor 26 will remain       connected to the
negative supply Vss. The drain of constant even in the presence of
significant shifts    15   the transistor 38 is also connected to the gate
of a in the positive supply [err]. So long as the current    P-channel MOS
transistor 42 which has the provided by the resistor 26 remains constant,
the     source thereof connected to the gate and drain of bias voltage
[err] developed by the transistor 28       the transistor 22, and the drain
thereof connected tends to remain constant relative to the negative     to
the negative supply Vss. In this configuration, supply [err] even in the
presence of significant   20   the transistor 38 provides bias current for
the shifts in the voltage thereof. Thus, the bias volt-   diode-connected
transistor 40 only when the P- age [err], although referenced to the [err]
of the    channel bias voltage [err] applied to the gate of the. transistor
20, remains substantially independent      transistor 38 is at least one
[err] below the positive of shifts in the supply voltages V00 and Vss.
supply [err]. By constructing the transistor 40 to In some applications, it
may be desirable to   25    have a smaller ratio of channel width to
channel provide a P-channel bias voltage [err], as a            length than
the transistor 38 and thus a higher counterpart for the N-channel bias
voltage [err]. In    current density, the gate to source voltage [err] of
the illustrated embodiment, this is accomplished      the transistor 40
will be relatively high when the using a second bias current portion 18'
and a         transistor 38 is turned on. Thus, the transistor 42 second
bias voltage portion 16'. In the second    30    will be turned on only
when the transistor 38 is bias current portion 18', an N-channel MOS trans-
turned off, i.e. when the bias current reference istor 32 has the source
thereof connected to the      circuit 10 is in the passive state. When the
transis- negative supply Vss, the gate thereof connected       tor 42 turns
on, the voltage on the gate and drain to the gate and drain of the
transistor 28 of the     of the transistor 22 of the reference voltage bias
voltage portion 16, and the drain thereof    35    portion 12 is pulled
toward the negative supply connected to the second bias voltage portion
16'.     [err]. In the second bias voltage portion 16', a P-
When the transistor 42 has pulled the voltage channel MOS transistor 34 has
the gate and drain      on the gate of the transistor 22 one [err] below
the thereof connected to the drain of the transistor 32,  [err] of the
transistor 20, start-up current begins to and the source thereof connected
to the positive    40   flow through the transistors 20 and 22. Simul-
supply [err]. In this configuration, the transistor 32  taneously, the
transistor 24 of the reference cur- will allow a bias current proportional
to the N-      rent portion 14 will turn on, allowing reference channel
bias voltage [err] to flow through the          current to flow to the
transistor 28 of the bias transistor 34. In response to the bias current,
the   voltage portion 16. The transistor 28, being con- diode-connected
transistor 34 develops a gate to   45    nected as a diode, establishes the
N-channel bias source voltage [err] which is proportional to the
voltage [err] one [err] above the negative supply bias current, but
referenced to the positive supply   [err]. Simultaneously, the transistor
30 assumes [err] rather than the negative supply [err]. This        the
task of directing the flow of bias current voltage, indicated as [err] is
suitable for biasing    through the reference voltage portion 12 by other
P-channel MOS transistors used as constant   50    maintaining the
transistors 20 and .22 in the. current sources.
forward-biased condition. The bias current ref- Upon initial application of
power, the bias         erence circuit 10 will thereafter remain in the
current reference circuit 10 may assume either.an     active state.
inactive or an active state. For example, if no         With the N-channel
bias voltage [err]  estab- current flows through the reference voltage por-
55   lished, the transistor 32 provides a path for tion 12 during power up,
no reference voltage will      current to flow through the transistor 34.
The be developed for application to the reference         transistor 34,
being diode-connected, establishes current portion 14. Thus, no reference
current will   the P-channel bias voltage [err] one [err] below the be
provided by the reference current portion 14.      positive supply [err].
Simultaneously, the transis- Without reference current, the bias voltage
por-    60  tor 38 .turns the transistor 42 off by pulling the tion 16 will
be unable to establish the bias voltage  gate thereof toward the positive
supply [err]. Thus, 



[err] and enable the bias current portion 18 to         the start-up
portion 36 becomes inactive once the direct bias current through the
reference voltage     bias current reference circuit 10 assumes the portion
12. The bias current reference circuit 10     active state. On the other
hand, the start-up will therefore remain in the inactive state.    65
portion 36 automatically becomes active if, for 3    5                   0
064  513                       6 any reason, the bias current reference
circuit 10    produit une tension de reference proportionnelle should try
to return to the inactive state.          A un courant de polarisation; un
moyen de courant de r6ference (14) coupl6 Claims
au moyen de tension de ref6rence (12), afin de 5    produire un courant de
r6f6rence proportionnel A 1. A bias current reference circuit comprising:
Ia tension de r6f6rence; reference voltage means (12) for providing a
un moyen de tension de polarisation (16) cou- reference voltage
proportional to a bias current;    ple au moyen de courant de r6f6rence
(14), afin de reference current means (14) coupled to ref-       produire
une tension de polarisation (VNB) propor- erence voltage means (12, for
providing a ref-   1o   tionnelle au courant de r6f6rence; et erence
current proportional to the reference           un moyen de courant de
polarisation (18) cou- voltage;                       .
p16 au moyen de tension de polarisation (16) et au bias voltage means (16)
coupled to the ref-        moyen de tension de r6ference (12), afin de
erence current means (14), for providing a bias      produire   le
courant   de   polarisation voltage (VNB) proportional to the reference
cur-   is   proportionnellement A la tension de polarisation rent; and
pour ledit mayen de tension de r6f6rence (12), bias current means (18)
coupled to the bias        caractdrisd en ce quo le moyen de tension de
voltage means (16) and to the reference voltage      reference (12)
comprend un transistor bijonction means (12), for providing the bias
current pro-      (20) dont la base et le collecteur sont couples portional
to the bias voltage for said reference    20   ensemble a une alimentation
en tension 6lectri- voltage means (12) characterised in that the ref-
quo (VDO) et un transistor MOS (22) dont la source erence voltage means
(12) comprises a bipolar        est connectie a l'Mmetteur du transistor
bi- transistor (20) having a base and collector thereof  jonction (20).
coupled together to a power supply voltage [err]       2. Circuit de
reference de courant de polarisa- and an MOS transistor (22) having the
source    25   tion selon la revendication 1, comprenant en. thereof
coupled to the emitter of the bipolar        outre: transistor (20).
- un deuxibme moyen de courant de polarisation 2. The bias current
reference circuit of claim 1   (32) couple au moyen de tension de
polarisation further comprising:                                  (16),
afin de produire un deuxibme courant de second bias current means (32)
coupled to the    30    polarisation  proportionnel a  la tension  de bias
voltage means (16), for providing a second      polarisation (VNB). bias
current proportional to the bias voltage (VNB).   3. Circuit de reference
de courant de polarisa- 3. The bias current reference circuit of claim 2
tion selon la revendication 2, oui le deuxibme wherein the second bias
current means com-           moyen de courant de polarisation comprend un
prises a second MOS transistor (32) having the    35    deuxieme transistor
MOS (32) dont la grille regoit bias voltage coupled to the gate thereof,
said       la tension de polarisation, ledit deuxieme transis- second
transistor (32) providing said second bias    tor (32) produisant ledit
deuxieme courant de current.
polarisation. 4. The bias current reference circuit of claim 2     4.
Circuit de reference de courant de polarisa- further comprising:
40   tion selon la revendication 2, comprenant en second bias voltage means
(34) coupled to the      outre: second bias current means (32), for
providing a        un deuxieme moyen de tension de polarisation second bias
voltage [err] proportional to the        (34) couple au deuxieme moyen de
courant de second bias current                                 polarisation
(32), afin de produire une deuxibme 5. The bias current reference circuit
of claim 4    4s   tension de polarisation (VP,) proportionnelle au wherein
the second bias voltage means com-          deuxieme courant
deopolarisation. prises a diode-connected thir MOS transistor (34)   -   5.
Circuit de reference de courant de polarisa- having the second bias current
means (32)            tion selon la revendication 4, o0 le deuxieme coupled
thereto, said third transistor developing    moyen de tension de
polarisation comprend un the second bias voltage on the gate thereof.   50
troisieme transistor MOS connecte en diode (34) 6. The bias current
reference circuit of claim 4   auquel est couplI le deuxieme moyen de
courant further comprising:                                 de polarisation
(32), ledit troisieme transistor start-up means (36) coupled to the
reference       creant sur sa grille le deuxieme tension de yoltage means
(12) and to the second bias vbltage    polarisation. means (34), for
providing the bias current for said    5 :s    6. Circuit de reference de
courant de polarisa- reference voltage means (12) in response to the
tion selon la revendication 4, comprenant. en second bias voltage Vps being
less than a pre-       outre: 



determined threshold.                               -- un moyen de mise en
marche (36) couple au moyen de tension de reference (12) et au 60
deuxieme moyen-de tension de polarisation- (34), Revendications
afin de produire le courant de polarisation pour 1. Cicut o   rnc  d curn d
pais-ledit moyen de tension de reference (12) en 1. Circuit de reference de
courant de polarisa-   rrponse au fait que la deuxieme tension de tion
comprenant:                                     polarisation Vpp est
inferieure A un seuil predeter- un moyen de tension de reference (12) qui
65    mine. 4    5                   0  064 513                      6 any
reason, the bias current reference circuit 10    produit une tension de
r6ference proportionnelle should try to return to the inactive state.
A un courant de polarisation; un moyen de courant de r6f6rence (14) coupl6
Claims                                               au moyen de tension de
r6f6rence (12), afin de 5    produire un courant de r6f6rence proportionnel
A 1. A bias current reference circuit comprising:    la tension de
r6f6rence; reference voltage means (12) for providing a         un moyen de
tension de polarisation (16) cou- reference voltage proportional to a bias
current;    p1d au moyen de courant de r6f6rence (14), afin de reference
current means (14) coupled to ref-       produire une tension de
polarisation (e) propor- erence voltage means (12, for providing a ref-
Jo   tionnelle au courant de r6f6rence; et erence current proportional to
the reference           un moyen de courant de polarisation (18) cou-
voltage;                                             p16 au moyen de
tension de polarisation (1 6) et au bias voltage means (16) coupled to the
ref-        moyen de tension de r6f6rence (12), afin de erence current
means (14), for providing a bias     produire  le   courant   de
polarisation voltage [err] proportional to the reference cur-   15
proportionnellement A la tension de polarisation rent; and
pour ledit moyen de tension de ref6rence (12), bias current means (18)
coupled to the bias        caracteris6 en ce que le moyen de tension de
voltage means (16) and to the reference voltage      r6f6rence (12)
comprend un transistor bijonction means (12), for providing the bias
current pro-      (20) dont la base et le collecteur sont couplis portional
to the bias voltage for said reference    20   ensemble A une alimentation
en tension 6lectri- voltage means (12) characterised in that the ref-
que (VOO) et un transistor MOS (22) dont la source erence voltage means
(12) comprises a bipolar        est connectee i 1'1metteur du transistor
bi- transistor (20) having a base and collector thereof  jonction (20).
coupled together to a power supply voltage [err]       2. Circuit de
reference de courant de polarisa- and an MOS transistor (22) having the
source    25   tion selon la revendication 1, comprenant en thereof coupled
to the emitter of the bipolar        outre: transistor (20).
un deuxibme moyen de courant de polarisation 2. The bias current reference
circuit of claim 1   (32) coupld au moyen de tension de polarisation
further comprising:                                  (16), afin de produire
un deuxibme courant de second bias current means (32) coupled to the    30
polarisation  proportionnel A la tension  de bias voltage means (16), for
providing a second      polarisation (VNI). bias current proportional to
the bias voltage [err].   3. Circuit de reference de courant de polarisa-
3. The bias current reference circuit of claim 2   tion solon la
revendication 2, Oa1 le deuxieme wherein the second bias current means com-
moyen de courant de polarisation comprend un prises a second MOS transistor
(32) having the    35   deuxibme transistor MOS (32) dont la grille regoit
bias voltage coupled to the gate thereof, said       Ia tension de
polarisation, ledit deuxieme transis- second transistor (32) providing said
second bias    tor (32) produisant ledit deuxieme courant de current.
polarisation. 4. The bias current reference circuit of claim 2     4.
Circuit de reference de courant de polarisa- further comprising:
40   tion selon la revendication 2, comprenant en second bias voltage means
(34) coupled to the      outre: second bias current means (32), for
providing a        un deuxieme moyen de tension de polarisation second bias
voltage [err] proportional to the       (34) couple au deuxibme moyen de
courant de second bias current.
polarisation (32), afin de produire une deuxieme 5. The bias current
reference circuit of claim 4    45   tension de polarisation (Vpg)
proportionnelle au wherein the second bias voltage means com-
deuxieme courant de polarisation. prises a diode-connected:thir MOS
transistor (34)     . 5. Circuit de reference de courant de polarisa-
having the second bias current means (32)            tion selon la
revendication 4, oui le deuxibme coupled thereto, said third transistor
developing    moyen de tension de polarisation comprend un the second bias
voltage on the gate thereof.   50   troisibme transistor MOS connect6 en
diode (34) 6. The bias current reference circuit of claim 4   auquel est
couple le deuxieme moyen de courant further comprising:
de polarisation (32), ledit troisieme transistor start-up means (36)
coupled to the reference       criant sur sa grille le deuxieme tension de 



voltage means (12) and to the second bias voltage    polarisation. means
(34), for providing the bias current for said   55  6. Circuit de reference
de courant de polarisa- reference voltage means (12) in response to the
tion selon ia revendication 4, comprenant en second bias voltage [err]
being less than a pre-       outre: determined threshold.
un moyen de mise en marche (36) couplI au moyen de tension de reference
(12) et au 60-   deuxieme moyen de tension de polarisation (34),
Revendications                                       afin de produire le
courant de polarisation pour ledit moyen de tension de reference (12) en 1.
Circuit de reference de courant de polarisa-    reponse au fait que la
deuxieme tension de tion comprenant:
polarisation Vp, est inferieure a un seuil prideter- un moyen de tension de
reference (12) qui   65    mine. 4    7             0 064 513
8 7                                Polarisationsstrom bereitzustellen, der
p  - Patentanspruche                                        nal der
Polarisationsspannung  Mm) ist. 1 Polarisationsstromreferenzkreis,
enthaltend         3. posariSationsstrOmrfereations ,;  eine R8fer8le
nuspaingsein~orichtuons zump-    6 spruch 2, bei dem  die zweite  Pa1
An- ~Beritstllef einr e sem n ctug(12) zuolarisatior Psine} de  i
derrnspnnn                               Plrstospn(un)ve zweiten MOS-Triatn
Beritselln ine eiemPolarisatioflsstrom Pro-    5    stromeinrichtunlg einef
-Ewektenr~odeT mist de portioflal~fl ~f6~enz~p~fln~ng(32) enthfilt, dessen
GateEIkremidr eo nlnen F                   (14). diepmituder
Polarisatiornsspannung verbunden ist, wobei der
Referenzs5pannfungseinrichtung (12) verbunden         zweite Transistor
(32) denzeieloaratfl ist, um einen Referenzstrom bereitzustellen, der
strom liefert. proportional der   8vefr-zspafeinung zst;et 4.
Poiarjsationsstromreferenzkrei nach An- eine p018 j58ej0o
5pannuflgseinrichtund  (16),      s-pruch 2, weiterhin enthaltenld s ine
Polarisatiostoenihug1)
olartoniemtisafrnss-pannungei nachtAng die  it er ~f66fl~trmeinrichtung
(14) ver-        eine zweite P01~5~0spnugenihu bundie mt de'r  eine
unn  WNB)           (34),  die  mit . der  zweiten  Polarisations
bu~~~~~~~~~~~~  nc    n                     0    bnden is, u
siefPlarsatonspannrstromeinrichtung, (3)vrudnit  msn bereitzustellen, die
proportional denm Referenz-  ~      0enihng(2vrbdnisunee strom  ist; ude
Pobri~onwpamusn                       zweite  P o isationsspannung  (V~ s)
zu  liefern, die eine Polarisationsstromeinrichtung (18), die mit
proportional denm zweiten Polarisationsstrom ist. der
p18~j5~j0~spannngseirichtg (16 und5. Polarisationsstromreferen~zkreis nach
An- der Poaiainsanuksirctn (12) vrund                     spruch 4, bei
den' die zweite Polarisations- den- ist, urn den Polarisationsstrom  frjr
die        spannlUngseinrichtung einen zu einer  id   e
~~f88fl1p~nnngsenrictun~::.(2)   breit    20 schalteten dritten
MOS-Tranlsistor (34) enthfilt, zusteten,  er prportonal ~   Polrisat~flsmit
dem die zweite Polarisationsstromeinrichtung zspallnnn   t, der  duroprtoal
gekelnreisatu  a ien   (32) verbunden ist, wobei der dritte Transistor die
Reeezsannganictn    (12)  enthfilt'                       zweite
Po18rlsationsspannung an seiner Gate- einen bipolaren Transistor (20),
dessen Basis und     Elektrode entwickelt. Koflektor zusammen  mnit einer
Versorguflgs-  .25       6. polarisationsstromreferenzkrei nach An- .,~ ~ ~
~~~~~~src 4.wiehn nhle snfng(V,00) verbunden sind, und einen MiOS-
spruh 4,weierhnmentadeer -oreElekrtrode   mit(12) und Ander zwei-un
Transistor (22), desseni             mitorcein  If~~inihu g (362), dimt
derzwi Emitter des bipoiaren Transistors (20) verbunden      te
~8j8jnsannsinrichtun  (34) ver- 1st.
sstrom f~r die. 2.:poiarisationsstromreferenzkreis nach An-   3     bunden
ist, ur  den Polarisatio sruch 1, weiterhi.. enthate.d:
g enannte             .                (1) :i eine zweite  ~  ~
hung(32),           A bhikngigkeit davoniiileefdBdezet -:  ~
~~eieP0larisationsstromeinrichtn                   P01arisationsspannUng
(Vp,) niedie  l  l'vr die Mit der Po18ar58sant pniugsiflhbestirniter
Schwellenwert, ist. (16)  verbunden  ist,  urn  eineni  zweiten 45 45 55 60
65    


