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(57) Abstract

A circuit is presented which can produce
a temperature insensitive, constant current value.
The constant current source comprises transistor
pairs which mirror a temperature dependent cur-
rent into a node along with another temperature
dependent current. The node thereby receives two
temperature dependent currents, wherein one is
inversely dependent to that of the other. More
specifically, one current may increase as tempera-
ture increases, whereas the other current decreases
as temperature increases. The two currents may
thereby be construed to offset one another such
that the output of a common node produces a cur-
rent output which does not change with either an
increase or decrease in temperature imputed upon
the current source component.
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Title: TEMPERATURE INSENSITIVE CURRENT SOURCE

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an electronic circuit and more particularly to an electronic circuit configured as

a temperature insensitive current source.

2. Description of the Relevant Art

Current sources are found in many applications. For example, a current source may be used in various
circuits which either sense or amplify a signal. Ideally, a constant current source is one which does not vary
regardless of the load resistance or voltage applied across the source terminals. The ideal current source must be
capable of supplying any necessary voltage across its terminals. A practical current source, however, is limited to
the voltage in which it can provide, often called the “compliance” factor. In addition, a constant current source in
actuality cannot provide absolutely constant output current. There are many factors which can affect the

attempted constant current, one of which is temperature.

A current sources can be configured in numerous ways. An example of one way in which to form a
current source is to connect the gates or bases of two matched transistors (i.e., transistors having the same size or
beta). One of the two matched transistors is preferably connected as a diode, and the other of the two matched
transistors includes a resistor within the current path of that transistor. An example of this popular current source
is shown in reference to Holt, Electronic Circuits Digital and Analog (John Wiley and Sons), pp. 483-484 (herein

incorporated by reference).

A problem inherent with conventional current sources is the dependence of the sourced output to
temperature. Instead of a constant current source output, conventional sources produce a current which varies as
a function of temperature. This dependence on temperature is based on the principal that characteristics of

components which form the source, or which form the load, change as temperature changes.

The concept by which component performance changes as a function of temperature is particularly
founded in the field of semiconductor technology. For example, modern semiconductor pn junctions are
fabricated by a diffusion or implantation process. This process imparts negative immobile charges (acceptors)
and positive immobile charges (donors) within the semiconductor bulk material. When a sufficient number of

mobile charges on both sides of the junction are uncovered as a result of applied voltage thereto, a potential
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energy barrier is created by the uncovered acceptors and donors. This barrier voltage is often expressed

according to the following Boltzmann relation:

Vo = VT In[Pp/NN] (Eq. 1)

, where Pp is the concentration of holes in the p side of the pn junction and Py is the concentration of

electrons in the n side of the pn junction. V7 is the thermal voltage, often expressed as follows:

kT/q (Eq. 2)

, where q represents charge density, k represents the Boltzmann constant, and T represents temperature in Kelvin.
Charge density q and Boltzmann’s constant k are generally non-variable terms, leaving temperature as the

primary variable in equation 2 which effects V1 in equation 1.
Depending upon where the pn junction is formed, equations 1 and 2 indicate a relationship between the

barrier voltage across the junction and a temperature of that junction. Thus, as the silicon substrate temperature

rises, barrier voltage increases accordingly.

SUMMARY OF THE INVENTION

The problems outlined above are in large part solved by a temperature insensitive current source of the
present invention. That is, the present current source maintains a substantially constant current regardless of the
change in temperature imputed upon components which form the source. Changes in temperature thereby do not
deleteriously skew the current source output. Maintaining a constant current source over a broad temperature

range proves desirable in many applications which require tight operational tolerance.

Broadly speaking, the present invention contemplates a current source purposefully designed to output a
substantially constant current value regardless of the temperature exposed to the current source components, i.e.,
components formed within a single monolithic substrate or formed from separate and distinct materials. The
current source comprises a series connected first pair of transistors configured to produce a positive temperature
dependent current which is mirrored through a first current sourcing transistor. The current source further
comprises a series connected second pair of transistors configured to produce a negative temperature dependent
current which is mirrored through a second current sourcing transistor. A current source output is coupled to
receive a sum of the positive and negative temperature dependent current from the first and second current
sourcing transistors. The sum of the positive and negative temperature dependent current is derived thereby as

temperature independent.
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The current source thereby comprises first and second transistors connecting the series between a power
supply and a first node. The first pair of transistors, named third and fourth transistors, are connected in series
between the power supply and a second node. Transistors are connected in series between the power supply and a
third node, and the second pair of transistors comprise seventh and eighth transistors connecting the series
between the power supply and a fourth node. The positive temperature dependent current extends through a
primary resistor configured partially between the second node and a ground supply, whereas the negative

temperature dependent current extends through a secondary resistor connected between the fourth node and the

ground supply.

The second, third, sixth and seventh transistors each comprise mutually connected gate and drain
terminals. A first diode is coupled between the first node and the ground supply, whereas a second diode is
coupled between the third node and the ground supply. A third diode is included, such that the third diode is
coupled in series with the primary resistor between the second node and the ground supply. The voltage at the
first node is defined to be equal or substantially equal to a voltage at the second node. The voltage at the third
node is defined to be equal to or substantially equal to the voltage at the fourth node. The current through the first
node is defined to be equal to or substantially equal to the positive temperature dependent current, and the current
through the third node is defined as to be equal to or substantially equal to a negative temperature dependent

current.

The positive temperature dependent current is current which increases in magnitude as temperature of
the current source, or load applied thereto, increases. The negative temperature dependent current decreases in
magnitude as temperature on the current source or load decreases. Temperature can increase as a result of, for
example, ambient air/environment or operating temperature of the current source. As an example, if the
temperature increases as a result of the various transistors, diodes and resistors operating, then the present current
source will formulate a current source output which is the result of a positive temperature dependent current offset
by the negative temperature dependent current. Thus, as the positive temperature dependent current increases
from the rising operating temperature the negative temperature dependent current decreases preferably an equal
amount. Of course, the positive and negative temperature dependent currents can be tailored so that, if desired,
one need not exactly offset the other. There may be instances in which a designer might chose to retain some
temperature sensitivity. In those instances, he or she might make the positive temperature dependent current
predominant to the negative temperature dependent current. The opposite, of course, might also apply, if desired.

It is understood, however, that the present current source can achieve substantial offsetting currents such that the

current source output is either completely or substantially temperature independent.
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BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the invention will become apparent upon reading the following detailed

description and upon reference to the accompanying drawings in which:

Fig. 1 is a circuit schematic of a temperature insensitive, constant current source of the present invention;

Fig. 2 is a circuit schematic of a starter circuit, according to one exemplary embodiment, configured to

connect with the Vyy and VN’ input terminals shown in Fig. 1; and

Fig. 3 is a graph of temperature vs. current for indicating the positive and negative temperature
dependent currents I; and Iy, respectively, as well as the cumulative current source output I resulting from the

current source of Fig. 1.

Whiie the invention is susceptible to various modifications and alternative forms, specific embodiments
thereof are shown by way of example in the drawings and will herein be described in detail. It should be
understood, however, that the drawings and detailed description thereto are not intended to limit the invention to
the particular form disclosed, but on the contrary, the intention is to cover all modifications, equivalents and

alternatives falling within the spirit and scope of the present invention as defined by the appended claims.

DETAILED DESCRIPTION OF THE INVENTION

Turning now to the drawings, Fig. 1 illustrates a temperature insensitive, constant current source 10.
Current source 10 includes first and second transistors 12 and 14, respectively, connected in series between a
power supply and a first node, denoted in Fig. 1 as A. Connected between the power supply and a second node B
is a series connected first pair of transistors comprising third and fourth transistors 16 and 18, respectively.
Current source 10 further includes fifth and sixth transistors 20 and 22, respectively, connected in series between
the power supply and a third node C. A series connected second pair of transistors, comprising seventh and

eighth transistors 24 and 26, respectively, are connected between the power supply and a fourth node D.

The size of transistor 12 is substantially identical to the size of transistor 16. Likewise, the size of
transistor 14 is substantially identical to the size of transistor 18. Thus, a voltage VN and V' coupled to the
gate terminals of transistors 12, 14, 16 and 18, as shown, provide current mirroring of identical currents through
nodes A and B. More importantly, since the transistors are identically sized, the voltage at node A will be
substantially the same as the voltage at node B. The same is true for the configuration and result of transistors 20
through 26. Any current through transistors 20 and 22 will be mirrored through transistor 24 and 26 as an equal

magnitude thereof. Likewise, the voltage at node C will be the same as the voltage at node D.

4
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The mirrored current through transistors 12 and 14 (or transistors 16 and 18) is denoted as I;. The

mirrored current through transistors 20 and 22 (or transistors 24 and 26) is denoted as I5.

Current source 10 further includes a first current sourcing transistor 28 and a second current sourcing
transistor 30. According to a preferred embodiment, transistor 28 is sized approximately equal to the size of
transistor 12 and, since transistor 12 is sized similar to transistor 16, transistor 28 is sized substantially identical to
transistor 16, The same is true for transistors 30, 20 and 24. According to this embodiment, any current through
the current path of transistor 16 will be reflected through the current path of transistor 28. Likewise, current
within transistor 20 will be mirrored to transistor 24 and to transistor 30. According to an alternative
embodiment, the sizes of transistors 28 and 30 can vary not simply with respect to transistors 12 through 18 or
transistors 20 through 26, but also with respect to one another. In the latter instance, scaling the sizes of
transistors 28 and 30 with respect to the other transistors or with respect to one another affords modification to the
amount of temperature insensitivity achieved by the present invention. If scaling is such that the current is
mirrored throughout and presented as opposing positive and negative temperature dependent currents I and I
(as shown in Fig. 1), to node E, then the accumulation of 1 and I, as It will be substantially insensitive to current
fluctuation. This insensitivity may or may not be desired. Preferably, however, most designers require a

temperature insensitive current source which can be formed according to the present configuration.

Current insensitivity is achieved by not only mirroring the current, but by denoting certain principles of
operation. More specifically, the area multiplier M of diode 34 is selected to be a particular ratio of the area
multiplier M of diode 36. These area multipliers are denoted as M34 and M3g. Given the Boltzmann relation set
forth in equations 1 and 2 above, and knowing that the voltage at nodes A and B are equal, the temperature

dependent voltage variation across resistor 38 is determined as follows:
Vo = (kT/q)*In(M36/M34) (Eq.3)

Knowing the resistive value of resistor 38, the current fluctuation and, more specifically, current I1 if

mirroring is desired, is as follows:
1) = {(kT/q)*In(M36/M34)}/R38 (Eq.4)

Equation 4 demonstrates the temperature dependence upon what is deemed a positive temperature dependent
current 1. Current I is positively dependent on temperature since an increase in temperature will cause an

increase in the current value as presented through not only resistor 38 but also through transistor 28.

The change in voltage through primary resistor 38 as a function of temperature also occurs in secondary

resistor 40. However, the temperature dependence is opposite that of resistor 38. While nodes C and D are at the

5
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same voltage level as result of current mirroring, the voltage across resistor 40 is therefore a function of the
voltage across diode 42. It is commonly known, and documented throughout numerous references, that voltage
across a diode such as that configured as diode 42 will decrease as temperature increases. This relationship

presents itself in the following equation given that the voltage at nodes C and D are equal:

I» = Vc/Ryp. (Eq. 5)

As shown in equation 5, the current through resistor 40 is inversely proportional to increases in
temperature. This current, as mirrored across transistor 30 will denote a negative temperature dependent current
I2. A negative temperature dependent current 12 may or may not be directly offset that of positive temperature
dependent current I;. Unless sizing of transistors 28 and 30 occur, and in most of the cases I current change will
not be directly offset by the current change in Ip. Therefore, sizing of transistors 28 and 30 may be desired. In
either instance, the change in voltage V() across primary resistors 38 and secondary resistor 40 as a result of
temperature is mirrored as positive and negative temperature dependent current, and thereafter summed as a

current source output IT.

Transistors 12, 16, 20, 24, 28 and 30 are preferably p channel MOS transistors, whereas transistors 14,
18, 22, 26 and 46 are n channel MOS transistors. Transistors 14, 16, 22 and 24 are connected as diodes, wherein
a gate and drain terminals are mutually connected to one another. ‘The power supply, or Vpp, is a DC voltage
greater than the ground supply. According to one embodiment, the power supply can be a voltage dependent
upon the process constraints of the circuit being fabricated, a suitable range of operation is approximately 2.0-2.5
in the low range to a voltage of approximately 3.0-5.0, for example. The input voltages Vv and V[’ input to
transistors 12 through 18 can also be replicated in input to transistors 20 through 26, as shown. Those input
voltages represent any voltage disparity necessary to place desired voltage amounts at the gate terminals of
current source 10 transistors. A startup circuit is thereby needed which prevents Vy and VN’ from settling to a

non-desired voltage.

Fig. 2 illustrates 50 which produces Vyy and Vi to transistors 12 through 18 as well as transistors 20
through 26. V| is initially driven to a voltage level necessary to activate transistors 12, 16, 20 and 24. Likewise,
voltage VN’ is driven to an initial voltage necessary to activate transistors 14, 18, 22 and 26. Thus, voltages Vi
and VN’ are chosen to be at an interim level less than 1 threshold voltage below Vpp and greater than 1
threshold level above ground. This intermediate voltage can be applied via startup circuit 50, and then removed.
Removal of circuit 50 can be achieved without causing harm to the initial startup value as applied to current

source 10.

There are possibly numerous configurations of a startup circuit, an exemplary startup circuit 50 is shown
in Fig. 2. According to the exemplary embodiment, startup circuit 50 comprises a set of P-channel transistors 52

and 54, and a set of N-channel transistors 56, 58 and 60. Transistor 56 is connected as a diode in parallel with a

6
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capacitor 62. A feedback arrangement afforded by a configuration of transistors 52 through 60 ensure that Vi
does not rise above one threshold below Vpp and that Vpy’ does not extend below one threshold above ground

during initial startup. Ideally, VN and VN’ are maintained approximately one half Vpp during startup.

Numerous other startup circuits may be employed, any of which can achieve the desired voltage output.
Regardless of the circuit configuration, current source 10 is ensured of being placed in a proper voltage state

during startup, and that voltage state is maintained thereafier.

Referring to Fig. 3, a graph of current as a function of temperature for the current source output It as
well as the positive and negative temperature dependent currents [ and I, respectively, are shown. As
temperature increases, the positive temperature dependent current is shown to increase. However, as temperature
increases, the negative temperature dependent current decreases. Preferably, 11 and I rates of current change vs.
temperature are converse to one another such that the current source output I is constant regardless of the
temperature. If desired, however, IT can be designed to change either positively or negatively with respect to
temperature increases. This change is achieved by proper scaling of transistors within current source 10 so as to
change the slope of 1) and/or 1. Skewing the slope of these currents can thereby skew the slope from a horizontal

path to a slight tilted path if needed.

It will be appreciated to those skilled in the art having the benefit of this disclosure that this invention is
believed to be capable of use with any circuit which embodies a constant current source. Furthermore, it is also to
be understood that the form of the invention shown and described is to be taken as exemplary, presently preferred
embodiments depicting a desired temperature insensitive, constant current source either formed on a single
monolithic substrate or as discrete components coupled together in the desired configuration set forth above.
Various modifications and changes may be made without departing from the spirit and scope of the invention as
set forth in the claims. It is intended that the following claims be interpreted to embrace all such modifications
and changes and, accordingly, the specification and drawings are to be construed in an illustrative rather than in a

restrictive sense.
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WHAT IS CLAIMED IS:

1. A current source, comprising:

first and second transistors connected in series between a power supply a first node;

third and four transistors connected in series between said power supply and a second node, wherein a
gate terminal of said first and third transistors are mutually connected to a gate of a first current
sourcing transistor, and wherein a gate terminal of said second and fourth transistors are

mutually connected;

fifth and sixth transistors connected in series between said power supply and a third node;

seventh and eight transistors connected in series between said power supply and a fourth node, wherein a
gate terminal of said fifth and seventh transistors are mutually connected to a gate of a second
current sourcing transistor, and wherein a gate terminal of said sixth and eight transistors are

mutually connected;

a positive temperature dependent current extending through a primary resistor configured in part

between said second node and a ground supply;

a negative temperature dependent current extending through a secondary resistor connected between said

fourth node and said ground supply; and

a current source output coupled to receive a sum of said positive and negative temperature dependent

current from said first and second sourcing transistors.

2. The current source as recited in claim 1, wherein said second, third, sixth and seventh transistors each

comprise mutually connected gate and drain terminals.

3. The current source as recited in claim 1, further comprising a first diode coupled between said first node

and said ground supply, and a second diede coupled between said third node and said ground supply.

4. The current source as recited in claim 3, further comprising a third diode coupled in series with said

primary resistor between said second node and said ground supply.

5. The current source as recited in claim 1, wherein a voltage at said first node is equal to a voltage at said

second node.
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6. The current source as recited in claim 1, wherein a voltage at said third node is equal to a voltage at said
fourth node.
7. The current source as recited in claim 1, wherein the current through said first node is equal to said

positive temperature dependent current.

8. The current source as recited in claim 1, wherein the current through said third node is equal to said

negative temperature dependent current.

9. The current source as recited in claim 1, wherein said positive temperature dependent current increases

in magnitude as temperature increases.

10. The current source as recited in claim 1, wherein said negative temperature dependent current decreases

in magnitude as temperature decreases.

1. A current source, comprising:

a series connected first pair of transistors configured to produce a positive temperature dependent current

which is mirrored through a first current sourcing transistor;

a series connected second pair of transistor configured to produce a negative temperature dependent

current which is mirrored through a second current sourcing transistor; and

a current source output coupled to receive a sum of said positive and negative temperature dependent
current from said first and second sourcing transistors, wherein the sum of said positive and

negative temperature dependent current is temperature independent.

12. The current source as recited in claim 11, wherein said positive temperature dependent current increases
with increase in temperature, and said negative temperature dependent current decreases with increase in

temperature.

13. The current source as recited in claim 12, wherein the rate in which said positive temperature dependent

current increases is substantially equal to the rate in which said negative temperature dependent current decreases.

14, The current source as recited in claim 11, further comprising:
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15.

16.

17.

18.

a series connected diode and primary resistor connected between said first pair of transistors and a
ground supply, wherein said positive temperature dependent current extends through said

primary resistor.

The current source as recited in claim 11, further comprising:

a secondary resistor connected between said second pair of transistors and a ground supply, wherein said

negative temperature dependent current extends through said secondary resistor.

A method for producing temperature independent current from a current source output, comprising;

mirroring a current which increases as a function of temperature from a source-drain path of a series

connected first pair of transistors to a source-drain path of a first current sourcing transistor;

mirroring a current which decreases as a function of temperature from a source-drain path of a series-
connected second pair of transistors to a source-drain path of a second current sourcing

transistor; and

connecting the source-drain paths of said first and second current sourcing transistors to a current source

output to result in a temperature independent current produced therefrom.

The method as recited in claim 16, wherein said first mirroring comprises:

configuring one of the first pair of transistors to be of substantially equal size to said first current

sourcing transistor; and

coupling a gate terminal of said one the first pair of transistors with a gate terminal of said first current

sourcing transistor.

The method as recited in claim 16, wherein said second mirroring comprises:

configuring one of the second pair of transistors to be of substantially equal size to said second current

sourcing transistor; and

coupling a gate terminal of said one the second pair of transistors with a gate terminal of said second

current sourcing transistor.

10
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19. The method as recited in claim 16, wherein the rate in which the rate of increase of said current which
increases as a function of temperature is substantially equal to the rate of decrease of said current which decreases

as a function of temperature.

11



WO 98/03902 PCT/US97/08894

1/2

10

e




WO 98/03902 PCT/US97/08894

2/2

CURRENT

TEMP

FIG. 3



INTERNATIONAL SEARCH REPORT

Inten  .nal Application No

PCT/US 97/08894

. CLASSIFICATION UBJECT MATTER

A OF §
IPC 6 GO5F3/26

According to Internatonal Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC 6 GOSF

Mtnimum documentation searched (classification system (ollowed by classification symbots)

Documentaton searched other than minimum documentation to the extent that such documents are included in the ficlds searched

Electronic data hase consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citaton of document, with indication, where appropriate, of the relevant passages

January 1987
figures 3-5

January 1989
15; figures 3,4

December 1988

see column 3, line 4 - column 4, line 29;

see column 8, line 40 - column 11, line

see column 4, line 28 - column 5, line 22

X US 4 636 742 A (ORITANI ATSUSHI) 13 1,11,16

A US 4 800 365 A (WHITE ROBERT L ET AL) 24 1-19

A US 4 792 748 A (THOMAS DAVID M ET AL) 20 1-19

D Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documnents :

“A" document defining the general state of the art which is not
considered to be of particular relevance

"E” earlier document but published on or after the international
filing date

“L” document which may throw doubts on prionty claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"0" document refernng to an oral disclosure, use, exhibition or
other means

“P" document published prior to the intemational filing date but
later than the pnonty date claimed

"T* iater document published after the intemnatonal filing date
or prionty date and not in conflict with the applicauon but
cited to understand the pnnciple or theory underlying the
invention

“X" document of particular relevance; the claimed invention
cannot be constdered novel or cannot be considered 10
involve an inventve step when the document is taken alone

"Y" document of particular relevance; the claimed inventon
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the art.

“&" document member of the same patent family

Date of the actual completion of the internatonal search

11 September 1997

Date of mailing of the interatonal search report

2409 97

Name and mailing address of the ISA
European Patent Office, P.B. 5818 Patentfaan 2
NL - 2280 HV Rijswiik
Tel. (< 31-70) 340-2040, Tx. 31 651 ¢cpo nl,
Fax ( + 31-70) 340-30i6

Authorized officer

VILLAFUERTE ABR.., L

Form PCT/ISA/210 {second sheet) (July 1992)

Relevant to claim No.




INTERNATIONAL SEARCH REPORT

[nformation on patent family members

Inter. nal Applicaton No

PCT/US 97/08894

Patent document Publication Patent family Publication
cited in search report date member(s) date
US 4636742 A 13-01-87 JP 2525346 B 21-08-96

JP 60093530 A 25-05-85
CA 1224543 A 21-07-87
EP 0140677 A 08-05-85
US 4800365 A 24-01-89 DE 3820260 A 29-12-88
FR 2618621 A 27-01-89
GB 2206009 A,B 21-12-88
JP 1054819 A 02-03-89
JP 1865191 C 26-08-94
KR 9512976 B 24-10-95
US 4792748 A 20-12-88 DE 3836338 A 24-05-89
FR 2623307 A 19-05-89
GB 2212633 A,B 26-07-89
JP 1143510 A 06-06-89
JP 1858758 C 27-07-94

Form PCT/ISA!210 (patent family annex) (July 1992)



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS
	SEARCH_REPORT

