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first JFET for supplying a first current thereto sub- stantially equal to
the first loss, said first means Background of the Invention
including, (a) a third JFET [err] having a source coupled to This invention
relates generally to operational   5  the first source of supply voltage, a
drain coup- amplifiers, and more particularly, to an operational  led to
the source of the first JFET for conduct- amplifier utilizing JFET
followers each of which is  ing said first current, and having a gate, and
driven by a current source generating a current       (b) a first
adjustable resistor [err] having a first which is proportional to the
saturation current [err]  terminal coupled to the first source of supply of
its respective JFET follower and which tracks its  10  voltage and a second
terminal coupled to said respective [err] over temperature.
gate of said third JFET and to a source of a In an operation amplifier
which utilizes JFET     reference current (IREF); and followers for driving
a PNP differential stage, it is  second means (12) coupled to the source of
the desirable that the JFETs be supplied each with a   second JFET for
supplying a second current there- current equal to [err] (the drain current
when the   15  to substantially equal to the second [err], said sec- gate
and source terminals are shorted) and in this  ond means including, manner
provide a gate-to-source voltage [err]       (a) a fourth JFET [err] having
a source coupled equal to zero and having a temperature coefficient   to
the first source of supply voltage, a drain equal to zero (i.e. [err]/dT =
0). Furthermore, with   coupled to the source of the second JFET for [err]
on both sides of the amplifier (i.e. [err] and   20  conducting said second
current, and having a [err]) equal to zero, the offset voltage Vos which
gate, and equals [err] would also equal zero and [err]/dT      (b) a second
adjustable resistor [err] having a would equal zero. Unfortunately, in the
past, the     first terminal coupled to the first source of sup- required
currents equal to [err] of the JFET follow-    ply voltage and a second
terminal coupled to ers could not be assured sufficiently to achieve   25
said gate of said fourth JFET and to said source consistently acceptable
results.                      of a reference current. The following patents
are noted as disclosing      The above and other objects, features and ad-
subject matter related to the present invention: US-  vantages of the
present invention will be more A-3,703,650 discloses an amplifier circuit
with    clearly understood from the following detailed de- JFET followers
conducting [err]/2 and having con-  30  scription taken in conjunction with
the accompany- stant [err] for providing a zero temperature coeffi-  ing
drawings, in which: cient thereof, and US-A-4,241,314 features another
amplifier circuit with JFET followers.              Brief Description of
the Drawings Summary of the Invention                       35     Fig. 1
is a schematic diagram of the inventive operational amplifier circuit; and
It is an object of the present invention to pro-   Fig. 2 is a schematic
diagram  of a current vide an improved operational amplifier circuit
utiliz-  source for generating currents [err] and [err] in Fig. 1. g JFET
followers. According to a broad aspect of the invention   40   Description
of the Preferred Embodiment there is provided an amplifier having first and
sec- ond inputs and comprising first and second emitter     The operational
amplifier shown in Fig. 1 in- coupled transistors  [err] each having a
base,   cludes a pair of emitter coupled PNP transistors Q3 collector and
emitter, the emitters being coupled to  and [err] each of which have their
collectors coupled a first source of supply voltage; current mirror  45  to
a current mirror circuit comprised of diode means  [err]  having an input
and output respec-  means [err] and NPN transistor [err]. That is, the
tively coupled to the collectors of the first and   collector of PNP
transistor [err] is coupled to the second transistors; a first JFET [err]
having a     anode of diode D1 and to the base of transistor Q5. source
coupled to the base of the first transistor, a  The collector of transistor
Q4 is coupled to the drain coupled to a second source of supply volt-  so
collector of transistor Q5. Both the cathode of di- age, and a gate coupled
to the first input, and    ode D1 and emitter of transistor Q5 are coupled
to having a first [err]; and a second JFET [err] having  a source of supply
voltage (e.g. ground). The tail a source coupled to the base of the second
transis-  current required by this circuitry is provided by a tor, a drain
coupled to the second source of supply  current source [err] coupled
between the emitters of voltage, and a gate coupled to the second input,
55  transistors Q3 and Q4 and another source of sup- and having a second
[err], the amplifier circuit char-  ply voltage [err]. The base electrodes
of transis- acterized by;                                      tors Q3 and
Q4 are coupled respectively to the first means [err] coupled to the source
of the   source electrodes of junction field-effect-transistors 2    
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respectively each of which         where [err] is the pinch-off voltage of
a JFET and R have a drain coupled to ground. Q1 has a gate       is some
resistance. terminal coupled to a first input terminal 10, and Q2
Referring again to FIG. 2, 11 or 12 (hereinafter has a gate coupled to a
second input terminal 12.   "[err]") may be expressed as The remainder of
the operational amplifier repre-   5 sented by amplifier A1 having an input
coupled to                     [ERR]      (5) the collector junction of
transistors Q4 and Q5, the output of which [err] represents the amplifier
out-   where [err] is the gate to source voltage of [err] and put, and a
compensation capacitor [err] coupled in      [err] is the pinch-off voltage
of [err]. Since the source parallel with amplifier [err]). Finally, current
sources   10  of [err] is biased above its gate, [err] may be ex- [err] and
[err] are provided for driving junction field-   pressed as
effect-transistors Q1 and Q2 respectively, and it is the nature of these
current sources and their rela-  [err]   (6) tionship to the circuit as a
whole which renders the circuit shown in FIG. 1 inventive.              15
Substituting Equation (6) into equation (5) yields The gate to source
voltage [err] of a JFET may be represented as
[err]  (7) [err]                    (1)                            As
previously described, [err] equals [err]/R. There- 20  fore, where [err] is
a pinch-off voltage of the JFET, ID is the drain current and [err]
represents the JFET's      [err]    (8) drain current when its gate and
source are shorted. The amplifier's offset voltage [err] may then be     As
long as JFET [err] and the current source gen- represented as the
difference between the gate to  25  erating [err] are in close proximity,
their pinch-off source voltage of Q2 and Q1 or
voltages will be substantially equal and Equation (8) becomes [err]   (2)
[err] (9) By substituting, there is obtained              30 Thus, it can
be seen that [err] appearing at the drain [err]
-  of JFET [err] is proportional [err] and may be (3)
trimmed simply by altering the ratio of [err]/R. This Is accomplished by
adjusting trimmable resistor [err]. If [err]/dT = [err]/dT and [err]/dT =
[err]/dT the  35   Through this mechanism, [err] may be adjusted so as rate
of change of the offset voltage with respect to  to be equal to [err].
temperature may be represented as                       If we next assume
that resistors R and [err] are of the same type, then [ERR] [err]   (4)
40  dR/dT = d[err]/dT  (10) It can be seen that if 12 is substantially
equal to  and the temperature coefficient of R is substantially [err] and
[err] is substantially equal to [err], then  identical to that of RT. That
is both the offset voltage [err] and the rate of change of [err] with
temperature (d[err]/dT) equals zero. That  45   [err]  (11) is, by trimming
the offset voltage to zero, d[err]/dT is also automatically trimmed to
zero.               This being the case, the temperature coefficient of
Current sources 11 and 12 are be generated by    [err] is proportional to
that [err]. Thus, the circuit the circuit shown in Fig. 2.
shown in FIG. 2 when driven by a reference current Referring to Fig. 2,
each inventive current  50  equal to [err]/R produces a current [err] which
is pro- source comprises a JFET Q6 having a source           portional to
[err] and trimmable and one which has coupled to a source of supply voltage
Vcc and        a temperature coefficient which is proportional to having a
drain at which the required current [err]  is  that of [err]. made
available. The gate of [err] is coupled via a         Aside from the above,
the operational amplifier trimmable resistor [err] to the source of supply
[err].  55  shown in FIG. 1 operates in the well known man- The gate is
also coupled to the source of a refer-   ner. That is, when the voltage at
terminal 10 is ence current [err].
greater than that at terminal 12, JFET Q1 turns on The reference current
[err] is equal to [err]/R      causing the voltage at the base of
transistor Q3 to 3    5                 EP0273123B1
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fall thus turning it on. The current flowing in the      (b) a second
adjustable resistor [err] having collector of Q3 will thus be greater than
that flowing   a first terminal coupled to the first source of in the
collector of Q4. Since the current mirror         supply voltage and a
second terminal coup- [err] of diode D1 and transistor Q5 will attempt to
led to said gate of said fourth JFET and to mirror the current flowing in
the collector of Q3 in   5  said source of a reference current. the
collector of Q5, the voltage at node 14 which is applied to the amplifier's
output stage will fall. In  2. An amplifier according to claim 1 wherein
each contrast, should the potential at input terminal 10    of the first
and second transistors are PNP be less than that at terminal 12, JFET Q2
will turn    transistors. on causing transistor Q4 to conduct harder than
10 transistor Q3. In this case, the current being mir-  3. An amplifier
according to claim 2 wherein said rored to the collector of transistor Q5
is less than   source of a reference current is proportional to that
flowing in the collector of transistor Q4 and the  the pinch-off voltage of
said third and fourth voltage at node 14 will rise.
JFETs. 15 Claims                                             Revendlcatlons
1. An amplifier having first (10) and second (12)  1. Amplificateur
possedant une premibre entr~e inputs and comprising first and second
emitter     (10) et une deuxibme entr6e (12) et compre- coupled transistors
(Q3, 04) each having a   20    nant des premier et deuxibme transistors a
base, collector and emitter, the emitters being    couplage par l'6metteur
(03, 04) qui possb- coupled to a first source of supply voltage;       dent
chacun une base, un collecteur et un current mirror means  [err]  having an
input      6metteur, les dmetteurs 6tant coupl6s a une and output
respectively coupled to the collec-     premibre source de tension
d'alimentation ; un tors of the first and second transistors; a first  25
moyen miroir de courant (DI, Q5) possedant JFET [err] having a source
coupled to the           une entree et une sortie qui sont respective- base
of the first transistor, a drain coupled to a  ment coupl6es aux
collecteurs des premier et second source of supply voltage, and a gate
deuxibme transistors ; un premier transistor A coupled to the first input,
and having a first     effet de champ a jonction, ou JFET, (Q1) dont [err];
and a second JFET [err] having a source   30   la source est coupl6e a la
base du premier coupled to the base of the second transistor, a
transistor, le drain est coupI6 a une deuxibme drain coupled to the second
source of supply       source de tension d'alimentation et la grille est
voltage, and a gate coupled to the second          coupl6e a la premibre
entr6e, et qui possbde input, and having a second [err], the amplifier
un premier loss. c'est-&-dire courant de drain circuit characterized by;
36      avec grille et source en court-circuit ; et un first means [err]
coupled to the source of       deuxibme JFET (02) dont la source est cou-
the first JFET for supplying a first current       pide & la base du
deuxibme transistor, le drain thereto substantially equal to the first
IDSS, said  est couple a la deuxibme source de tension first means
including,                               d'alimentation et la grille est
coupl6e a la (a) a third JFET [err] having a source coup-  40  deuxibme
entree, et qul possbde un deuxibme led to the first source of supply
voltage, a     ls, le circuit amplificateur 6tant caract6ris6 drain coupled
to the source of the first JFET    par: for conducting said first current,
and having        un premier moyen (Ii) coupl6 & la source a gate, and
du premier JFET et servant & foumir A celui-ci (b) a first adjustable
resistor [err] having a   45  un premier courant qui est sensiblement 6gal
first terminal coupled to the first source of    au premier Ims, ledit
premier moyen compor- supply voltage and a second terminal coup-
tant: led to said gate of said third JFET and to a       (a) un troisibme
JFET (Q6) dont la source source of a reference current [err]; and
est couplie & la premibre source de tension second means (12) coupled to
the source   so      d'alimentation, dont le drain est coupI6 A la of the
second JFET for supplying a second             source du premier JFET afin
de conduire current thereto substantially equal to the sec-      ledit
premier courant, et qui possbde une ond [err], said second means including,
grille, et (a) a fourth JFET [err] having a source             (b) une
premibre resistance ajustable (RT) coupled to the first source of supply
volt-  55    dont une premibre borne est couplde & la age, a drain coupled
to the source of the          premiere source de tension d'alimentation
second JFET for conducting said second             et dont la deuxibme
borne est couplee a current, and having a gate, and
ladite grille dudit troisibme JFET et & une 4    5                 EP 0 273
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fall thus turning it on. The current flowing in the       (b) a second
adjustable resistor [err] having collector of Q3 will thus be greater than
that flowing    a first terminal coupled to the first source of in the
collector of Q4. Since the current mirror          supply voltage and a
second terminal coup- [err] of diode D1 and transistor Q5 will attempt to
led to said gate of said fourth JFET and to mirror the current flowing in
the collector of Q3 in   5  said source of a reference current. the
collector of Q5, the voltage at node 14 which is applied to the amplifier's
output stage will fall. In  2. An amplifier according to claim 1 wherein
each contrast, should the potential at input terminal 10     of the first
and second transistors are PNP be less than that at terminal 12, JFET Q2
will turn    transistors. on causing transistor 04 to conduct harder than
10 transistor Q3. In this case, the current being mir-  3. An amplifier
according to claim 2 wherein said rored to the collector of transistor Q5
is less than    source of a reference current is proportional to that
flowing in the collector of transistor Q4 and the  the pinch-off voltage of
said third and fourth voltage at node 14 will rise.
JFETs. 15 Claims
Revendlications 1. An amplifier having first (10) and second (12)   1.
Amplificateur possddant une premibre entr~e inputs and comprising first and
second emitter      (10) et une deuxibme entree (12) et compre- coupled
transistors  [err] each having a   20     nant des premier et deuxirme
transistors a base, collector and emitter, the emitters being     couplage
par l'6metteur (Q3, Q4) qui possb- coupled to a first source of supply
voltage;        dent chacun une base, un collecteur et un current mirror
means  [err] having an input       dmetteur, les 6metteurs dtant couples a
une and output respectively coupled to the collec-      premiere source de
tension d'alimentation ; un tors of the first and second transistors; a
first  25  moyen miroir de courant (D1, Q5) poss6dant JFET [err] having a
source coupled to the            une entree et une sortie qui sont
respective- base of the first transistor, a drain coupled to a  ment
couplees aux collecteurs des premier et second source of supply voltage,
and a gate         deuxidme transistors ; un premier transistor a coupled
to the. first input, and having a first     effet de champ a jonction, ou
JFET, (01) dont [err]; and a second JFET [err] having a source   30    la
source est couplee A la base du premier coupled to the base of the second
transistor, a     transistor, le drain est couple a une deuxibme drain
coupled to the second source of supply        source de tension
d'alimentation et la grille est voltage, and a gate coupled to the second
couplee a la premiere entree, et qui possbde input, and having a second
[err], the amplifier        un premier IDSS. c'est-&-dire courant de drain
circuit characterized by;                  35       avec grille et source
en court-circuit ; et un first means [err] coupled to the source of
deuxibme JFET (Q2) dont la source est cou- the first JFET for supplying a
first current        plee a la base du deuxibme transistor, le drain
thereto substantially equal to the first [err], said  est couple & la
deuxibme source de tension first means including,
d'alimentation et la grille est couplee a la (a) a third JFET [err] having
a source coup-   40  deuxibme entree, et qui possbde un deuxibme led to the
first source of supply voltage, a     loss le circuit amplificateur 6tant
caractdris6 drain coupled to the source of the first JFET    par: for
conducting said first current, and having        un premier moyen (I1)
couple a la source a gate, and                                      du
premier JFET et servant & fournir & celui-ci (b) a first adjustable
resistor [err] having a   45  un premier courant qui est sensiblement 6gal
first terminal coupled to the first source of     au premier IDss, ledit
premier moyen compor- supply voltage and a second terminal coup-
tant: led to said gate of said third JFET and to a        (a) un troisibme
JFET (Q6) dont la source source of a reference current [err]; and
est couplee A la premiere source de tension second means (12) coupled to
the source   so       d'alimentation, dont le drain est coupl6 A la of the
second JFET for supplying a second             source du premier JFET afin
de conduire current thereto substantially equal to the sec-       ledit
premier courant, et qui possede une ond [err], said second means including,
grille, et (a) a fourth JFET [err] having a source              (b) une
premiere resistance ajustable (RT) coupled to the first source of supply
volt-  55     dont une premibre borne est coupl6e A la age, a drain coupled
to the source of the           premiere source de tension d'alimentation
second JFET for conducting said second              et dont la deuxibme
borne est coupide & current, and having a gate, and
ladite grille dudit troisibme JFET et a une 4    7                 EP 0 273
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* C   L   M   S* source de courant de refdrence (IREF); et
Feldeffekt-Transistors angeschlossen ist, um un deuxieme moyen (12) coupl6
a la sour-        einen ersten Strom zuzuleiten, der im wesentli- ce du
deuxibme JFET et servant a fournir a         chen dem  ersten
Zugelektrodenstrom  (loss) celui-ci un deuxieme courant qui est sensible-
entspricht, und die die folgenden Bestandteile ment 6gal au deuxieme IDss,
ledit deuxibme   5     aufweist: moyen comportant:
(a) einen dritten Obergangs-Feldeffekt-Tran- (a) un quatrieme JFET (Q6)
dont la source          sistor (Q0), der mit seiner Quellenelektrode est
coupl6e a la premiere source de tension        an der ersten
Ladespannungsquelle und mit d'alimentatidn, dont le drain est coupi6 a la
seiner Zugelektrode zur Leitung des ersten source du deuxiome JFET afin de
conduire  l0        Stromes an der Quellenelektrode des ersten ledit
deuxiwme courant, et qui possede une
Obergangs-Feldeffekt-Transistors    ange- grille, et
schlossen ist, und der eine Torelektrode (b) une deuxibme resistance
ajustable (BFr)        aufweist, und dont une premiere bome est couplee a
la            (b) einen ersten einstellbaren Widerstand premibre source de
tension d'alimentation   i5     (Fr), der mit seiner einen Klemme an der et
dont la deuxibme bome est coupl6e a             ersten Ladespannungsquelle
und mit seiner ladite grille dudit quatribme JFET et a ladite     anderen
Klemme an der Torelektrode des source de courant de r6fdrence.
dritten    Obergangs-Feldeffekt-Transistors und an einer Quelle eines
Bezugsstromes 2. Amplificateur selon la revendicatfon 1, oO les-  20
(IREF) angeschlossen ist, dits premier et deuxibme transistors sont cha-
und durch eine zweite Einrichtung (12), die cun un transistor PNP.
an   der  Quellenelektrode  des  zweiten Obergangs-Feldeffekt-Transistors
angeschlos- 3. Amplificateur selon la revendication 2. ou le       sen ist,
um einen zweiten Strom zuzuleiten, courant de ladite source de courant de
referen-  25  der im wesentlichen dem zweiten Zugelektro- ce est
proportionnel A la tension de pincement     denstrom (ODSS) entspricht, und
die die folgen- desdits troisieme et quatrieme JFET.               den
Bestandteile aufweist: a) einen vierten Obergangs-Feldeffekt-Tran-
PatentansprUche                                           sistor (Q0), der
mit seiner Quellenelektrode 30        an der ersten Ladespannungsquelle und
mit 1. Verstarker mit zwei Eingangsklemmen (10,               seiner
Zugelektrode zur Leitung des zweiten 12), mit zwei Ober ihre Emitter
verbundenen           Stromes an der Quellenelektrode des zwei-
Transistoren (Qa, O4), die jeweils eine Basis,        ten
Obergangs-Feldeffekt-Transistors ange- einen Kollektor und einen Emitter
aufweisen,          schlossen ist, und der elne Torelektrode und deren
Emitter an einer ersten Ladespan-  3s       aufweist, und nungsquelle
angeschlossen sind, mit einem             b) einen zweiten einstellbaren
Widerstand Stromreflektor (DI, Q5), dessen Eingang bzw.          (Rr), der
mit seiner einen Klemme an der Ausgang mit dem Kollektor der beiden Transi-
ersten Ladespannungsquelle und mit seiner <..*    storen  verbunden  Ist,
mit einem  ersten            anderen Klemme an der Torelektrode des
Obergangs-Feldeffekt-Transistor (Qi), der mit  40     vierten
Obergangs-Feldeffekt-Transistors seiner Quellenelektrode an der Basis des
einen        und an der Quelle eines Bezugsstromes Transistors, mit seiner
Zugelektrode an elner         angeschlossen ist. zweiten
Ladespannungsquelle und mit seiner Torelektrode an der einen Eingangsklemme
2. Verstarker gemAiD Anspruch 1, bei dem jeder (10) angeschlossen ist, und
dem ein Zugelek-  45   der beiden Transistoren ein pnp-Transistor ist.
trodenstrom JDiS (bei kurzgeschlossener Tor- und Quellenelektrode)
zugeleitet wird, und mit  3  Verstarker gemr.0 Anspruch 2, bei dem die
einem zweiten Obergangs-Feldeffekt-Transistor      Quelle des Bezugsstromes
der Klemmspan- (02), der mit seiner Quellenelektrode an der       nung des
dritten und vierten Obergangs- Basis des anderen Transistors, mit seiner
Zu-  50  Feldeffekt-Transistors proproportional ist. gelektrode an der
zweiten Ladespannungsquel- le und mit seiner Torelektrode an der anderen
Eingangsklemme angeschlossen ist, und dem ein weiterer Zugelektrodenstrom
loss (bei kurz- geschlossener Tor- und Quellenelektrode) zu-  55 geleitet
wird, gekennzeichnet durch eine erste Einrichtung (1,), die an der
Quellenelektrode des ersten Obergangs-    


