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TEMPERATURE COMPENSATED CIRCUIT (71) We,  MOTOROLA,  INC.,    One scheme
for obtaining a positive a corporation organised and existing under
temperature coefficient signal is by taking   50 the laws of the State of
Delaware, United  the difference of the emitter-to-base voltage States of
America, of 1303 E. Algonquin  from  two different transistors that are 5
Road, Schaumburg, Illinois 60196, United  operating at two different
current levels. States of :America, do hereby declare the  Such a scheme
was used on the regulator in invention, for which we pray that a patent
U.S. Patent 3,617,859. The  reference   55 may be granted to us, and the
method by  provided in the aforementioned U.S. Patent which it is to be
performed, to be  is commonly called a band-gap reference 10  particularly
described  in  and  by the  since the reference voltage provided is
following statement:-                  equal to the band-gap energy of the
emitter- This  invention  relates generally  to  to-base junction voltage,
[err]. In order to  60 electronic reference circuits and, more  achieve
lower voltages than [err], the output particularly, to a low voltage
reference  of the reference must be attenuated such as 15  source capable
of providing an output  by a voltage divider network. Then the voltage
which is insensitive to temperature  attenuated voltage is usually buffered
by a variations and to variations in the power  unity gain amplifier.
However, such a   65 supplied to the reference circuit. The output  scheme
is cumbersome  and  requires voltage can be lower than the silicon band-
additional circuitry to attenuate and to 20  gap voltage. The reference
circuit can also  isolate the reference voltage. be  adapted  in
accordance  with  this    Due to the tight logic level tolerances invention
to provide a current reference.   on many state-of-the-art logic circuits
it is  70 Many  circuits  exist  for providing  desirable to have a low
voltage that is voltage regulation or voltage references.  independent of
temperature and other 25  However, many of these prior art circuits
variations. This is more so the case when low suffer from poor temperature
compensation  voltage power supplies are used as a voltage and are
therefore not suitable for use in  source for the logic circuit, e.g. in
portable  75 logic circuits requiring closely regulated  equipment which is
powered by dry cell power sources. In a solid state voltage  batteries. 30
regulator  not  having  temperature    Accordingly, one of the objects of
the compensation, the output will tend to vary  present invention is to
provide an output with changes in ambient temperature. In  voltage or
current having a zero. or  80 most' cases, the output variation is due to
the  adjustable temperature coefficient at a negative temperature
coefficient associated  voltage less than the silicon band-gap 35  with the
base-to-emitter junction voltage of  voltage. transistors used in the
regulator. As ' the    Another object of the invention is to temperature
increases, the base-to-emitter  provide a reference voltage or a reference
85 voltage drop, [err], decreases, and conversely  current which is
insensitive to temperature with a decrease in temperature the 'VE  and to
variations in the main power supply 40  increases. In the past, voltage;
references or  and yet produces an output voltage less than regulators have
been made temperature  the silicon band-gap voltage. independent by
combining  a positive    According to one aspect of the invention   90
temperature coefficient component with the  there  is  provided  a
temperature negative temperature coefficient voltage of  compensated
electronic reference circuit 45  the base-to-emitter junction so that the
two  comprising means for providing a voltage different temperature
coefficients cancel  independent of variations in a main power each other
out and therefore provide an  supply; means for developing a voltage that
95 output that is independent of temperature.  is a fractional value of a
base-to-emitter    2                                         1,575,081
2 voltage drop of a transistor, the means for  voltage drop of the first
transistor; and an developing being coupled with the means  output
transistor coupled to the collector of 



for providing; and  output means  for the first transistor so that the
output providing- an output voltage, the output transistor is provided with
current control, 5   means being controlled by the voltage  the output
transistor being  capable of  70 provided by the. means for providing, the
providing an output voltage lower than output  voltage  being
substantially  silicon band-gap voltage. insensitive - to temperature
variations and    According to a still further aspect of the being lower
than silicon band-gap voltage  invention there is provided a temperature 10
According' to  another aspect: of the  compensated circuit capable of
providing a   75 invention'-there is provided a temperature low reference
voltage, comprising: a first compensated circuit having at least one
circuit means connected to a main power main power supply terminal and at
least one  terminal  and having a transistor, feedback output terminal,
comprising  a  current means coupled to the first circuit means so 15
source  means  coupled  to  the  supply  that at least one point in the
first circuit can   80 terminals; a first transistor having a base, an  be
maintained  at a voltage which  is emitter, and a collector, the collector
being  independent from  voltage variations in a coupled to the current
source means; a  main power supply, the feedback means and second means; a
second transistor having a  the first circuit means cooperating  to 20
base, an emitter, and a collector, the base of provide a fraction of
base-to-emitter-voltage   85 the second transistor being coupled to the. of
the transistor; means coupled to the current source means, and the
collector of feedback  means to provide a positive the second transistor
being coupled to the  temperature coefficient signal, the positive supply
terminal; a first and  a second  temperature coefficient being obtained by
25   resistance being connected in series, -the  developing a difference
between a base-to-   90 first resistance being coupled to the emitter
emitter voltage  drop  of two  different of the' second transistor, and the
base of the  transistors, the  means coupled  to -the first transistor
being. coupled to a junction  feedback means providing a capability of
formed by the first and second resistances;a  maintaining -the at least one
point at a 30 third transistor having. a base, an emitter, voltage. level
having a predetermined 95 and a collector, the' base of the third
temperature  coefficient; and an output transistor being coupled to the
junction  circuit coupled to the at least one point so formed by the first
and second resistances, that the output circuit is provided with the
collector of the third transistor being  current control, the output
circuit -being 35   coupled to the base of the.second transistor; capable
of providing an output voltage  100 a third resistance being coupled to the
which is temperature compensated and is emitter of the third transistor;
and a fourth  less than silicon band-gap voltage. transistor having a base,
an emitter and a    The invention will now be described by collector, the
base of the fourth transistor way  of example  only  with  particular 40
being coupled to the collector of-the first reference to the accompanying
drawings  105 transistor, the  collector of the  fourth  wherein:
transistor being coupled to the supply    Figure  1 is a graph illustrating
the terminal, the at least one output terminal relationship between the
base-to-emitter being coupled to the emitter of the fourth  voltage drop
versus temperature; 45  transistor to provide an output voltage    Figure 2
illustrates in schematic form one  110 lower than silicon band-gap voltage.
embodiment of the invention; According' to a further aspect of the
Figure' 3 is a schematic of the preferred invention there is provided a
temperature  embodiment of the invention; and compensated low voltage
reference capable    Figure 4 is a slight variation of the 50  of providing
an output that is -independent  embodiment of Figure 3.
115 of temperature variations and power supply    Figure I is a graph
illustrating the base-to- voltage -variations,  comprising:  a  first
emitter junction voltage drop of a typical transistor having a base, an
emitter, and a  silicon transistor versus temperature. The collector;
feedback means coupled to . the  base-to-emitter voltage drop is plotted
along 55  first transistor to  maintain: a  voltage  the ordinate in volts
while the temperature  120 constant at the  collector of  the  first is
plotted  in degrees Kelvin along the transistor even though the power:
supply  abscissa. Curve 10 is a plot for a typical voltage  varies,  the
feedback- means  silicon   transistor  operating   at a cooperating with
the first transistor to  predetermined currentlevel. At 0  Kelvin, 60
provide a fraction -of the first transistor's  the base-to-emitter, voltage
would be-at its  125 base-to-emitter  voltage  drop;  means  maximum, point
11, which is theoretically coupled to the feedback means to provide a
1.205 volts.- Point 12, along curve 10 could positive temperature
coefficient thereby  be atypical operating ambient temperature compensating
for a negative temperature  of a transistor'such as for instance 3000 65
coefficient  inherent  in  base-to-emitter  Kelvin. It is well known that
as current flow   130   
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3 through a transistor increases its base-to-  different current levels.
Accordingly, the emitter voltage also increases. This known   voltage
developed across resistor 21 can be fact can be used to obtain an apparent
expressed as positive temperature coefficient. Curve 13 is 5   a plot of a
typical transistor operting at a higher current level than operting at on
curve 10. Even though curve 13 illustrates operation at a higher current
level, at 0 Kelvin its band-gap voltage is still equal to   where [err] is
a voltage developed across  70 10  the voltage at point 1 1. However, at a
resistor 21 - [err] is the base-to-emitter typical ambient operating
temperature, i.e.  voltage drop of transistor 18; [err],[err], and 3000K,
its base-to-emitter voltage would be   R23 is the ohmic value of each
respective plotted at point 14. Accordingly, if the   resistor 21, 22, and
23; and [err] is the current flow of a transistor operating at  difference
between  the  base-to-emitter  75 15  point 12 is increased, the
transistor's base-   voltage drop of transistor 26 and 29. The to-emitter
voltage drop wound also increase   current through transistor 29 is
established as illustrated by point 14. If two similar   by resistor 28
connected  between  the transistors, such as on an integrated circuit
emitter of transistor 20 and node 25 to chip, ate operating at the same
temperature   which are also connected the collector and   80 20  but at
different current levels their base-to-   base of transistor 29 and the
base of emitter junction voltage would be different  transistor 26. and
could correspond to a AVBE, such as       It will now be appreciated that
the voltage illustrated, as a difference between the   across resistor 21
can be adjusted not only points 12 and 14 of the graph of Figure 1.  to a
zero temperature coefficient but to   85 25  The use of such a difference
to appear as an   either a positive or a negative temperature apparent
positive temperature coefficient  coefficient by the choice of the ratio of
will be explained hereinafter. The voltage which is plotted along curves 10
and 13 can be equated to the silicon band-gap voltage 30  which is the
difference in energy between                      [err] the conduction band
and the valence band of the semiconductor material.              to
Referring to Figure 2 now, there is illustrated a simplified schematic of a
circuit 35  that can produce an output voltage lower
90 than the silicon band-gap; voltage. The output  voltage  is
substantially  fully temperature compensated. A transistor 18  It should
be  noted  that the  voltage has its collector connected to a current
developed at the emitter of transistor 20 is 40  source 19. The collector
is also connected to   equal to the voltage drop across resistor 21 the
base of a transistor 20. The collector of  plus the base-to-emitter voltage
drop of transistor 20 is connected to the main power  transistor 18.
95 'supply, [err], at terminal 27, while its emitter  The emitter of
transistor 20 is connected is connected to a resistor 21. Resistor .21 is
to the base of a transistor 31 and to a resistor 45  also connected to the
base of transistor 18,  28. Resistor 28 -cooperates with transistor 29 to
another resistor-22, and to the collector  to provide a bias voltage for
transistor 26. of a transistor 26. Transistor 26 has an   Transistor 29
'has its  base-to-collector  100 emitter connected to a resistor 23. The
connected together to appear electrically as voltage developed across
resistor 22 will be   a diode. Transistor 31 has a resistor 32 50
equivalent to the base-to-emitter voltage   connected to its emitter to
which is also drop of transistor 18 since the two are in  connected a
terminal 33 which forms an parallel.. This voltage drop establishes the
output voltage terminal. Now, it will be  105 current flowing through
resistor 22. Such   recognized by those persons skilled in the current also
flows through  resistor 21.  art that the voltage at the emitter of 55
However, resistor 21 also has a current  transistor 31 is equal to the
voltage at the flowing through it which flows through   emitter of
transistor 20 minus the base-to- transistor 26 and resistor 23. Therefore,
the   emitter voltage drop of transistor 31. Or, the  110 current flowing
through resistor 21 is the   equation for the voltage at the emitter of sum
of the currents flowing through resistor  transistor 31 can be written as
follows: 60  22 and resistor 23. It should be noted that the voltage
developed across resistor 23 will         [err] have an  apparent positive
temperature coefficient since it is the difference between   Now, if [err]
these two terms cancel 



the  base-to-emitter  voltage  drops  of  each other out in the above
equation, thus,  115 65  transistors 26 and 29 which are operating at
leaving  the  voltage  at the  emitter of    4
1,575,081                                       4 transistor 31 equal to
the voltage drop  44 is controlled  by the base-to-emitter across resistor
21. As noted hereinbefore,  voltage drop of transistor 43 and, of course,
the voltage drop across resistor 21 can be  is equal to the base-to-emitter
voltage drop made independent of temperature. It should  of transistor 48
plus the voltage drop across 5   also be noted that the, voltage drop
across  resistor 51. The voltage drop across resistor   70 resistor 28 is
equal to the emitter voltage at  46 is then equal to the current flowing
transistor 20 minus the [err] drop of transistor  through resistor 46 times
the resistance of 29. Now, once again, if the base-to-emitter  resistor 46.
The current flowing through voltage drop of transistor 29 equals the
resistor 46 is considered to be equal to the      ; 10  base-to-emitter
voltage drop of transistor 18  current flowing through, resistor 44 since
75 then the voltage drop across transistor 28  this current can be made
very much larger will equal the voltage drop across resistor  than the base
currents of transistors 43 and 21. Thus, the currents through resistors 28
48  so that the  base  currents can  be and 32 will track over temperature
and  neglected when computing the current flow 15  depend only on the
temperature coefficient  through the -resistors. Since the voltage   80 of
the resistors. Therefore, the current  across resistor 44- follows the
negative flowing through. transistor 31 can be made  temperature
coefficient of the  [err] of independent of temperature since the same
transistor 43, the current flowing through current flows through resistor
32.          resistor 46 due to this [err] will follow the 20    The
magnitude of the voltage appearing   same negative temperature coefficient.
The   85 at terminal 33 is then approximately equal  current flow through
resistor 51 will be to the voltage drop across resistor 21 and   caused by
the difference in voltage of the can be adjusted to almost any desired
value  base-to-emitter drops between transistor 43 by the selection of
resistor 21. It will be  and  transistor  48. Thus, the  voltage 25
appreciated that by proper selection of  developed across resistor 51 can
be equated   90 resistor 21 the voltage at output terminal 33  to a [err]
which has an apparent positive can be adjusted to less than the silicon
band-  temperature coefficient. gap voltage. Also, it should be noted that
Resistor 40  establishes  the  current [err] resistor 22 or resistor 23 can
be  through  transistor 43 while resistor 41 30  selected independently and
still achieve   compensates for changes in [err] of transistor   95 zero
temperature compensation.              43 caused by changes in collector
current The collector of transistor 31 is connected  through  transistor
43. The  changes in to a terminal 35. Terminal 35 is connected   collector
current are brought about by to terminal 34 by jumper 36. The purpose of
changes in the main power supply voltage 35  terminals 34 and 35 and jumper
36 is to  appearing at terminal 45. Accordingly, the  100 illustrate the
adaptability of the circuit to   ohmic value of resistor 41 is chosen so
that provide a current reference. Jumper 36 can   variations in  the
voltage  appearing  at be removed and the circuit requiring the  terminal
45 do not cause variations in the current reference can then be placed in
voltage appearing at node 49 at the collector 40  series between terminals
34 and 35. Since the  of transistor 43. A feedback loop is formed  105
voltage across resistor 32 is controlled by   by resistor 40, transistor
43, resistors 44 and the voltage drop across resistor 21 then the   46,
transistor 47, and the connection from current flowing in the collector of
transistor  the base of transistor 47 to the junction of 31 is also
controlled.                      resistors 40 and 41. This feedback loop
helps 45    Figure 3 is a schematic of the preferred   maintain the current
flow through transistor  110 embodiment of the invention. It will be   43
at a value to allow transistor 43 to noted that the circuitry of Figure 3
has been   operate in its linear region. Resistor 44 modified  somewhat to
overcome  some   senses the base-to-emitter voltage drop of positive
feedback problems that could exist  transistor 43 and thereby establishes
the 50  with the circuitry of Figure 2 with some   current flow through
resistor 46. It follows  115 selections of [err]. In Figure 3, resistor 40
is  that the voltage drop across resistor 46 is connected in series with
resistor 41 and to   equal to the base-to-emitter voltage drop, the
collector of a transistor 43. A resistor 42   [err], of transistor 43 times
the ratio of is connected to the junction between the   resistor 46 to
resistor 44. This voltage drop 55  resistors 40 and. 41 and to the base of
a   across resistor 46 is selected to be a fraction  120 transistor 47.
Transistor 47 has its own   of the base-to-emitter voltage of transistor
collector connected to main power supply  43 by setting the resistance of
resistor 46. terminal 45 while its emitter is connected to  Resistor 42 is
a load resistor for transistor aresistor 46. Resistor 46 is connected to
the   48 and therefore, develops an amplified 



60  base of transistor 43, to the base of a   version of the difference
between the base-  125 transistor 48, and  to  resistor 44. The
to-emitter voltages of transistors 43 and 48. collector of transistor 48 is
connected to   As mentioned hereinbefore, this difference the base  of
itransistor  47  while  its  in base-to-emitter voltage appears to have a
emitter is connected to a resistor 51. The   positive  temperature
coefficient  and 65  voltage   drop   across   resistor  therefore
compensates for the negative  130    5
1,575,081                                     5 temperature coefficient of
the fraction of  substantially the same as the circuit of the
base-to-emitter voltage of transistor 43   Figure 3.
65 which appears across resistor 46 plus any effects due to variations of
the current    WHAT WE CLAIM IS:- S  which flows through transistor 43. The
value  1. A temperature compensated electronic of resistors 42 and 46 are
chosen so that the   reference circuit comprising: means for temperature
coefficients of the voltages  providing  a  voltage  independent  of
developed across these resistors virtually  variations in a main power
supply; means   70 cancel and  the  sum  of the  voltages  for developing a
voltage that is a fractional 10  developed contributes the majority of the
value of a base-to-emitter voltage drop of a desired output voltage. Thus,
the voltage at  transistor, the means for developing being node 49 equals
the [err] of transistor 43 plus  coupled with the means for providing; and
the [err]  of transistor 47 plus the sum of the   output means for
providing an output  75 voltage developed across resistors 42 and 46
voltage, the output means being controlled 15   minus  the  small
correcting  voltages  by the voltage provided by the means for developed
across resistor 41. Node 49 is  providing,  the  output  voltage  being
connected to the base of a transistor 53.  substantially  insensitive  to
temperature Transistor 53 is connected between voltage  variations and
being lower than silicon   80 terminal 45 and a resistor 52. The emitter of
band-gap voltage. 20  transistor 53 is connected to the base of a   - 2. A
circuit as claimed in claim I wherein transistor 54. The collector of
transistor 54  the  means for developing  includes a is coupled to voltage
terminal 45 while the   resistance means and a transistor. emitter of
transistor 54 is connected to a  3. A temperature compensated circuit  85
resistor 56. The base-to-emitter voltage  having at least one main power
supply 25   drops of transistors 53 and 54 are subtracted  terminal and at
least one output terminal, from the voltage appearing at node 49 to
comprising: a current source means coupled cancel the base-to-emitter
voltage drops of  to the supply' terminal; a first transistor transistors
43 and 47, thereby reducing the  having a base, an emitter, and a
collector,  go voltage appearing at terminal 57 to a level  the collector
being coupled to the current 30   below the silicone 'band-gap voltage. The
source means; a second transistor having a voltage output of the circuit
can be taken   base, an emitter, and a collector, the base of from  the
emitter of 54, or if a current  the second transistor being coupled to the
reference is desired, it can be taken from   current source means, and the
collector of   95 the terminals 58 and 59 by removing jumper  the second
transistor being coupled. to the 35   60. Of course, those persons skilled
in the  supply terminal; a first and a second art will realize that by
taking the voltage  resistance being connected in series, the output from
the emitter of transistor 54 a  first resistance being coupled to the
emitter relative low  impedance output voltage  of the second transistor,
and the base of the  100 source is provided.                       first
transistor being coupled to a junction 40  Approximate value of resistors
that may  formed by the first and second resistances; a be used in the
circuit of Figure 3 are:   third transistor having a base, an emitter, and
a collector, the base of the third Resistor 40   4070 ohms
transistor being coupled to the junction   105 Resistor 41       79 ohms
formed by the first and second resistances, Resistor 42        8700 ohms
the collector of the third transistor being 45       Resistor 46
168 ohms        coupled to the base of the second transistor; Resistor 51
4700 ohms        a third resistance being coupled to the Resistor 52
2060 ohms        emitter of the third transistor; and a fourth  110
Resistor 56              600 ohms         transistor having a base, an
emitter and a collector, the base of the fourth transistor Figure 4 is a
schematic of a slightly  being coupled to the collector of the first 50
modified  version  of  the  preferred  transistor, the  collector of the
fourth embodiment of Figure  3. The  main  transistor being coupled to the
supply  115 difference between the schematics of Figure  terminal, the at
least one output terminal 3 and Figure 4 is that a transistor 65 has  being
coupled to the emitter of the fourth 



been substituted in Figure 4 for resistor 41  transistor to provide an
output voltage 55  of Figure 3. The emitter of transistor 65 is  lower than
silicon band-gap voltage. connected to node 49 while the base is    4. A
circuit as claimed in claim 3 wherein  120 connected to the collector. The
resistors of  a load can be connected between the the circuit of Figure 4
have different  collector of the fourth transistor and the reference
numbers from  the resistors of  supply terminal so that the circuit becomes
60  Figure 3 to indicate that the ohmic values of  a current source. the
resistors of Figure 4 can be of slightly    5. A circuit as claimed in
claim 3 having a  125 different ohmic values if desired. The  fourth
resistance coupled to the emitter of operation of the circuit of Figure 4
is  the fourth transistor.    5
1,575,081 temperature coefficient of the fraction of  substantially the
same as the circuit of the base-to-emitter voltage of transistor 43  Figure
3.                             65 which appears across resistor 46 plus any
effects due to variations of the current    WHAT WE CLAIM  IS:- 5  which
flows through transistor 43. The value  1. A temperature compensated
electronic of resistors 42 and 46 are chosen so that the  reference circuit
comprising: means for temperature coefficients of the voltages  providing
a  voltage  independent  of developed across these resistors virtually
variations in a main power supply; means   70 cancel and  the  sum  of the
voltages  for developing a voltage that is a fractional 10  developed
contributes the majority of the  value of a base-to-emitter voltage drop of
a desired output voltage. Thus, the voltage at  transistor, the means for
developing being node 49 equals the [err] of transistor 43 plus  coupled
with the means for providing; and the [err] of transistor 47 plus the sum
of the  output means for providing an output  75 voltage developed across
resistors 42 and 46  voltage, the output means being controlled 15  minus
the  small  correcting  voltages  by the voltage provided by the means for
developed across resistor 41. Node 49 is  providing,  the  output  voltage
being connected to the base of a transistor 53.  substantially  insensitive
to  temperature Transistor 53 is connected between voltage  variations and
being lower than silicon   80 terminal 45 and a resistor 52. The emitter of
band-gap voltage. 20  transistor 53 is connected to the base of a    2. A
circuit as claimed in claim I wherein transistor 54. The collector of
transistor 54  the  means for developing  includes  a is coupled to voltage
terminal 45 while the  resistance means and a transistor. emitter of
transistor 54 is connected to a    3. A  temperature compensated circuit
85 resistor 56. The base-to-emitter voltage  having at least one main power
supply 25   drops of transistors 53 and 54 are subtracted  terminal and at
least one output terminal, from. the voltage appearing at node 49 to
comprising: a current source means coupled cancel the base-to-emitter
voltage drops of  to the supply terminal; a first transistor transistors 43
and 47, thereby reducing the  having a base, an emitter, and a collector,
90 voltage appearing at terminal 57 to a level  the collector being coupled
to the current 30   below the silicone band-gap voltage. The  source means;
a second transistor having a voltage output of the circuit can be taken
base, an emitter, and a collector, the base of from the emitter of 54, or
-if a current  the second transistor being coupled to the reference is
desired, it can be taken from   current source means, and the collector of
95 the terminals 58 and 59 by removing jumper  the second transistor being
coupled. to the 35  60. Of course, those persons skilled in the  supply
terminal; a first and a second art will realize that by taking the voltage
resistance being connected in series, the output from the emitter of
transistor 54 a  first resistance being coupled to the emitter relative low
impedance output voltage  of the second transistor, and the base of the
100 source is provided.                      first transistor being coupled
to a junction 40    Approximate value of resistors that may  formed by the
first and second resistances; a be used in the circuit of Figure 3 are:
third transistor having a base, an emitter, and a collector, the base of
the third Resistor 40        4070ohms         transistor being coupled to
the junction   105 Resistor 41           79 ohms       formed by the first
and second resistances, Resistor 42         8700 ohms        the collector
of the third transistor being 45       Resistor 46           168 ohms
coupled to the base of the second transistor; Resistor 51        4700 ohms
a third resistance being coupled to the Resistor 52         2060 ohms
emitter of the third transistor; and a fourth  110 Resistor 56          600
ohms       transistor having a base, an emitter and a collector, the base
of the fourth transistor Figure 4 is a schematic of a slightly  being
coupled to the collector of the first 



50  modified  version  of  the  preferred  transistor, the  collector of
the fourth embodiment of Figure  3. The  main  transistor being coupled to
the supply  115 difference between the schematics of Figure  terminal, the
at least one output terminal 3 and Figure 4 is that. a transistor 65 has
being coupled to the emitter of the fourth been substituted in Figure 4 for
resistor 41  transistor to provide an output voltage 55  of Figure 3. The
emitter of transistor 65 is  lower than silicon band-gap voltage. connected
to node 49 while the base is   4. A circuit as claimed in claim 3 wherein
120 connected to the collector. The resistors of  a. load can be connected
between the the circuit of Figure 4 have different  collector of the fourth
transistor and the reference numbers from  the resistors of  supply
terminal so that the circuit becomes 60  Figure 3 to indicate that the
ohmic values of  a current source. the resistors of Figure 4 can be of
slightly    5. A circuit as claimed in claim 3 having a  125 different
ohmic values if desired. The  fourth resistance coupled to the emitter of
operation of the circuit of Figure 4 is  the fourth transistor.    6
1,575,081                                       6 6. A circuit as claimed
in claim 3 having a  of providing an output voltage lower than fifth
transistor having a base, an emitter,  silicon band-gap voltage. and a
collector, the collector of the fifth    10. A temperature compensated
circuit transistor being coupled to the supply  capable  of providing  a
low  reference 5  terminal, the base and emitter of the fifth  voltage,
comprising: a first circuit, means   45 transistor being between the base
of the  connected to a main power terminal and fourth transistor and the
emitter of the first  having a transistor, feedback means coupled
transistor; and a fourth resistance coupled  to the first circuit means
so-that at least one to the emitter of the fifth transistor.   point in the
first circuit can be maintained at 10    7. The circuit of claim 3 further
having a  a voltage which is independent from voltage   50 fourth
resistance in series between the   variations in a main power supply, :the
collector of the first -transistor and the  feedback means and the first
circuit means current source means; and fifth resistance   cooperating to
provide a fraction of base-to. coupled to a junction formed by the current
emitter voltage of the transistor; means 15  source means and fourth
resistance and to  coupled to the feedback means to provide a   55 the base
of the second transistor.         positive-temperature coefficient signal,
the 8. The circuit of claim  3 wherein the   positive  temperature
coefficient  being current source means is a resistor.        obtained  by
developing  a  difference 9. A  temperature  compensated  low   between a
base-to-emitter voltage drop of 20  voltage reference capable of providing
an  two different transistors, the means coupled   60 output that is
independent of temperature  to  the  feedback  means  providing  a
variations  and  power  supply  -voltage  capability of maintaining the at
least one variations, comprising: a first transistor  point  at  a  voltage
level  having - a having a base, an emitter, and a collector;
predetermined temperature coefficient; and 25  feedback  means  coupled  to
the  first  an output circuit coupled to the at least one  65 transistor to
maintain a voltage constant at  point so that the output circuit is
provided the collector of the first transistor even   with current
control,. the output circuit though the power supply voltage varies, the
being capable of providing an output voltage feedback means cooperating
with the first  which is temperature compensated and is 30  transistor to
provide a fraction of the first  less than silicon band-gap voltage.
70 transistor's base-to-emitter voltage drop;    11. A temperature
compensated circuit means coupled to the feedback means to  substantially
as hereinbefore described and provide a positive temperature coefficient
as shown in Figures -2, 3 or 4 of the thereby  compensating  for  a
negative  accompanying drawing. 35  temperature coefficient inherent in
base-to- emitter voltage drop of the first transistor;         For the
Applicants, and an output transistor coupled to the       F. J. CLEVELAND &
COMPANY, collector of the first transistor so that the       Chartered
Patent Agents, output transistor is provided with current          40-43
Chancery Lane, 40   control, the output transistor being capable
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