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MASTER- BI AS Cl RCU T Background of the Invention Field ZZent i on
This invention relates to electronic circuits and systens. More
particularly, this invention relates to circuits that generate biasing
‘gurrents for circuits. This invention, especially, relates to circuits
tthat generate biasing currents that provide variations in these biasing

currents to comémfg‘?ﬁmgiﬁmngmRva EWA Gt o changes in

operating tenperature of e tunctronal circurts. scription of Related

Art Presently designed anal og circuits generally enploy current biasing.
rat her than vol tage bi asC%ﬂﬁﬂTMﬁsﬂﬁiéﬁmﬁs ngE])'}' all ows the operating

points of the transistors to be relatively independent of the fabrication
process paraneters. Secondly, current biasing is |ess prone to noise

pi ckup. Thirdly, .the tenperBackgrountifofctheinwentidre bi asing current can be
easily altered to provide tenperature conpensation to sone of the snall
signal paraneters, particularly, transconductance (9n) of transistors. For

t he purpose_of ., cunrent biasing, a current nmaster-bias circuit is usually
enpl oyed. Fg\ﬁi%gf{hetelﬁﬁe'gq'%e of the tenperature characteristic of the

This invention relates to eiectfonic circuits and systems. More
particularly, this invention relates to circuits that generate biasing currents
for circuits. This invention, especially, relates to circuits that generate
biasing currents that provide variations in these biasing currents to
compensate for functional circuit variations due to changes in operating

temperature of the functional circuits.

Description of Related Art

Presently designed analog circuits generally employ current biasing.
rather than voltage biasing. Current biasing, firstly, allows the operating
points of the transistors to_bé relatively independent of the fabrication
process par;metérs. Secondly, current biasing is less prone to noise
pickup. Thirdly, the temperature coefficient of the biasing current can be
easily altered to provide temperature compensation to some of the small
signal parameters, particularly, transcondhctance (gm) of transistors. For
the purpose of current biasing, a current master-bias circuit is usually
employed. However, the slope of the temperature characteristic of the

bias current from the master-bias circuit might have to be different for
1



bias current fromthe nmaster-bias circuit mght have to be different for g
different circuits and even for the sane circuit using different
fabrication processes, if reasonably precise tenperature conpensation is
required. Therefore, a master-bias current circuit nust be able be easily
adaptable to provide different characteristics for the bias current. A
Proportional To Absol ute Tenperature (PTAT) current generator as shown in
Fig. | is very widely used as a tenperature conpensated current

mast er - bi as ci r ceifferentreuiprrg epen for the same sk@iitusing differenpfabrialisn st or R1,
and an active current mrror circuit CML formthe PTAT  current dgener ator.
The current nirrecessesUf teagpnaliypresisetpBpestyra cogpensalipp inreguisyd.
transistors QL and Q120 to be equal which is shown as 1ci and 1c2. If the
smal | base cur r ehergfore B masteyhigs surrentcieri myst Beabip berpasily adaptalde | ect or
currents 1c7 and Ice of transistors gl and Q2 is determ ned by the
equation: {0 = togrowds/gisfgrent cheragieristies fofthe Wigeewster/beQq and Vbe02 are the
vol t ages devel oped between the base and emitter respectively of the
transistors QL and 2. Rl is the resistance of the resistor RL. It is known
that the base emi tt erA Poposipnel Vo dbsolsteVissageraiure (RYAT) current generator

as shown in Fig. 1 is very widely used as a temperature compensated

_ curren; master-bias circuit. The NPN bipolar transistors Q1 and Q2,

resistor R1, and an active current mirror circuit CM1 form the PTAT

current generator. The current mirror circuit CM1 forces the collector

currents of transistors Q1 and Q2 to be equal which is shown as Igt and

lc2. If the small base current of Q1 is ignored, it can be shown that the

collector currents le1 and lc. of transistors Q1 and Q2 is determined by the

equation:

Vbeaz — Vbeat

o=l s —m/4m  —— Eg. 1
' R1

where:

Vheqt and Veeqz are the voltages developed
between the base and emitter respectively of

the transistors Q1 and Q2.

-

R4 is the resistance of the resistor R1.



t.ran5|stors QL and @ are determ ned by the equation: Vbe = VT in Jsi4 Eg.
2 Wwhere: VT is a thermal voltage given by the equation: V7 = kT Eq 3 g
where: k is Boltzmann's constant, T is the operating tenperature of the
transi stor generally in degrees Kelvin, and q is the electrical charge of

an el-ectron. Ic is the collector current of an NPN transistar. Js is the
saturation current density per unit aFea Ais the emtter area. 3 By
substituting Eq. 2 and Eq. 3 into Eg. 1, it can be shovvn that the

col | éctor currents |dtlsaiwawndlzatéhebaw%tpbv@ta@sé#ma@ aee Gb@al to: lcy
-lcx = R Y-TIn JsAz - | JsAl _ VT 1 Az " AVWMEq. 4 R4 A

transistors Q1 and Q2 are determined by the equation:
lc
Vbe = V1in| —— Eq. 2
JsA

where:

V1 is a thermal voltage given by the equation:
Vr=— Eq. 3

where:
. kK is Boltzmann's constant,

T is the operating temperature of the
transistor generally in degrees Kelvin,

and
q is the electrical charge of an electron.

le is the collector current of an NPN transistor.

Js is the saturation current density per unit

area.

A is the emitter area.



t.f the current mrror CML is designed such that the MOS transistors M,
M2, and M3 are of equal sizes, then the PTAT current |PTAT is equal to
collector currents lei and lce and is given by the equation: |PTAT = AVT
Eq. 5 where: A= 1 1 Az and is the constant sinplified R A fromthe
terns of EqQ. 4. VT is the thernmal voltage of Eq. 3.: Fig. 2 shows the

t enper at ure behavi or of the PTAT current 1PTAT versus terrperature The
constant Ak is the slope of the line. This kind of |inear
characteristic is usBf $ypstieitipg Eaf 2end &8 8 o Eﬂo‘kﬂﬂ‘?ﬁﬁbb‘%@}%‘rtaﬁﬁhé
conpensation for Bipolar transistors. 10008] The transconductance gnbip for
a bipol ar transi seligetor sugenisdestand leaoftignsigioss @1-and Qaregquakiere, Ic is the
collector current. If a bipolar transistor is biased by a PTAT current

| PTAT, the PTAT current |PTAT found in Eq. 5 is substituted for the

collector current Ic in Eg. lor = oz = _\_’l] ( le2 )—ln( ket )
R Eq. 4

1 | JshAz Jshu
= —V—Tl Az = AVr
R A1

tf the current mirror CM1 is designed such that the MOS transistors
M1, M2, and M3 are of equal sizes, then the PTAT current lpyar is equal to

collector currents lcs and k2 and is given by the equation:
IptaT = AV Eq. 5

where:

—-1—l L and is the constant simplified
Ri | A1

fmm the terms of Eq. 4.

‘Vris the thermal vd)tage of Eq. 3.:

Fig. 2 shows the temperature behavior of the PTAT current lprar

versus temperature. The constant A% is the slope of the line. This kind

of linear characteristic is usually very effective for providing temperature

‘compensation for Bipolar transistors.

[0008] The transconductance gmpip for a bipolar transistor is given by:
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6, the transconductance gnbi p of the bipolar transistor becones: gnbip = A
Eq. 7 Thus the PTAT current generator effectively forces the
transconductance of the bipolar transistor to be constant over
tenperature. Conversely, for MOS transistors in strong-inversion, the PTAT
current generator does not provide an effective tenperature conpensation.
The transconductance gmws of a MOS transistor is given by the equation:
gnMOS = j1QJ.LCox WEq. 8 L .where: IDis the drain current of the MOS
transistor. 5 Cox is the gate_oxidelccapacitance per unit are f the MOS
transistor. WL the aspect r at$BHT {Fhe MOS transi stor t he 2%9% er
nmobility given by the equation: BTU where: Bis a constant. mis a
process dependent exponent that has a typical val ue

where,
Ic is the collector current.

If a bipolar transistor is biased by a PTAT current lprar, the PTAT
current lerar found in Eq. 5 is substituted for the collector current I¢ in Eq.

8, the transconductance gmip Of the bipolar transistor becomes:
Qgmbip = A, Eq.7

Thus the PTAT current generator effectively forces the transconductance

of the bipolar transistor to be constant over temperature.

Conversely, for MOS transistors in strong-inversion, the PTAT
current generator does not provide an effective temperature
compensation. The transconductance gmmos of a MOS transistor is given

by the equation:

gmmos = 1/2lnp,Cc>x—‘£l~- Eq. 8

.where:

Ip is the drain current of the MOS {ransistor.



of 1.5. T is tenperature in degrees Kelvin. If a KOS transistor'is biased
by a PTAT current |PTAT, the PTAT current |PTAT found in Eq. 5 is
substituted for the drain current to in Eq. 8, the transconductance 9mMVOS
of the MOS transistor is found by the equation: gmws 2kABWCoxT2 Eq.9 1
Q- 6 1t is known in the art the process dependent exponent mis not easily
controllable and is al nbst never has a magnitude of 1. Thus it becones
obvious fromEq. 9 that the transcaonductance gmmos has a | evel  of
tenperat ure dependence even if bi ased hergale Pdercapacitange pestinik area s
Patent 6,957,245 (R ncon-Mra) describes a curvature corrected bandgap
reference voltage circuit, the out mﬁfthlsaFg@Ststﬁt is substantially linear
and i ndependent of the operating tenperature of the circuit. The circuit
includes a voltage divider network conRri sed of a first resistor and a
second resistor connected in seri esWilghpiaspectaatitpeitbaMQiytrangistetui t provi des
a first, linear, operating tenperature-dependent current, and a second
conpensating circuit provides a second, |ogarithmc,

: L the carrier mobility given by the equation:

p=BT™
where:

B is a constant.

m is a process dependent
exponent that has a typical value

of 1.5.

T is temperature in degrees

Kelvin.

If a MOS transistor is biased by a PTAT current lpyar, the PTAT
current lprar found in Eq. 5 is substituted for the drain current lp in Eq. 8,
the transconductance gmmos of the MOS transistor is found by the

equation:

1-m
gmMoS = g_ké_%\{_\l_(‘,_%.r 2 Eq. 9



pperati ng tenperature-dependent current. The first current is supplied to
the first resistor of the voltage divider network, while the second current
Is supplied to the second resistor of the voltage divider network. U S.
Pat ent 5, 952,873 (Rincon-Mira) illustrates a | ow voltage, current-node,

pi ecewi se-linear curvature corrected bandgap reference circuit. The
bandgap circuit includes a first current source supplying a current
proportional to a base-emtter voltage, a second current source supplying
a current proportionthls krowslds thaiart theeprpeesstdapendent éxponent mds nolr r ent  sour ce
supplying a non-linear current. Three resistors are coupled in series

bet ween a fir st easijecomfrdilapleand is diivesf nevet hasia meghitsdeusfce Thes itcoupl ed to
the first node. The second current source is coupled to a 7 second node

bet ween t he fi r $bcands sindougirora EHas Odinat.thd rendcbhdubtancergambs haoaleael! i s
coupled to a third node between the second and third resistors. An output

coupl ed to the fof tepipaiatiee demppidence averef biagawitly 8 IPTAJecuridnBerdPat ent
5,883,507 (Yin) describes a | ow power tenperature conpensated, current
source. The current source creates a first reference current and a

t enper at ur e conpensayiSPatontiertsy, 248 {Rinddn-Moral desaiibbs aganataées a
t enper at ure conpensated voltage control signal during tenperature

variations. A biggesratbantijap@ierenesivditage oo @es addptitoscithge thatisr ent
generating circuit and the tenperature conpensating voltage control
circuit to bias dubstahtaRainehram PaspaRisat oftbe vpbraBaStcpRitratate ¢fithe ui €.
| circuit. The circuit includes a voltage divider network comprised of a first
resistor and a second resistor connected in series. A first compensating
circuit provides a first, linear, operating temperature-dependent current,
and a second compensating circuit provides a second, logarithmic,
operating temperature-dependent current. The first current is supplied to

the first resistor of the voltage divider network, while the second current is

supplied to the second resistor of the voltage divider network.

U.S. Patent 5,952,873 (Rincon-Mora) illustrates a low voltage,
current—modg, piecewise-linear curvature corrécted bandgap reference
circuit. The .bandgap circuit includes a first current source supplying a
current proportional to a base-emitter voltage, a second current source
supplying a current proportional to absolute temperature, and a third
current source supplying a non-linear current. Three resistors are coupled
in series between a first nodé and ground. The first current source is

coupled to the first node. The second current source is coupled to a



A current out put

a high output source current even during | ow tenperature
Pat ent 5, 796,244 (Chen et al.) teaches a voltage reference

controlling circuit is connected to the current generating
circuit and the tenperature conpensating voltage controlling circuit for
controlling a second tenperature conpensated reference current to

w Il remain constant and i ndependent of changes in the operating

t enper at ure that

is correlated to the bandgap voltage of silicon i

generate

conditions. U S.
circuit that

S

descri bed. The vsdcbadeodebetweeodéhefinstand seddnld régdstorsc dhep thirdtoedrent t hi n an
integrated circuit and will mnimze currents into the substrate. The

bandgap vol t age smfres smoapled te dithirdrasiechdiwaey e scobtdigred thirtl eesstorsd
generator that will generate a first referencing voltage having a f

t enper at ur e coefAneutpnt couphst B the fipensdd sugplies btrafgeengeneltageor that wil |
generate a second referencing voltage having a second tenperature

coefficient. The second tenperature coefficient

irst 8

I s approxi mately equal to

and has an opposite di.gnPttent 5,888,608 (Yihkdpsribbs adove pakértempataturd vol t age
will sumthe first referencing voltage and the second
ref erenci ng vol t egapésatade atireentiseuiceneeattrent soacdepeeatent fiwd rdfagace A
circuit will couple a bias voltage to the bandgap vol tage

summing circuit

vol t age bi asing
ref erenced gener
generator to gen

alirréry and artsmperdiire sofrpensatingoepayswtdmeiingeiresienced
erate the first referencing voltage.

genergtes a temperature compensated voltage control signal during
temperature variations. A bias controlling circuit is connected to the
current generating circuit and the temperature compensating voltage
control circuit to bias the temperature compensating voltage controf circuit.
A current output controlling circuit is connected to the cu;rent generating
circuit and the temperature compensating voltage controlling circuit for
controlling a second temperature compensated reference current to

generate a high output source current even during low temperature

conditions.

U.S. Patent 5,796,244 (Chen et al.} teaéhes a voltage reference
circuit that v;ill remain constant and independent of changes in the
operating temperature that is correlated to the bandgap voltage of silicon
is described. The voltage reference circuit will be incorporated within an
integrated circuit and will minimize currents into the substrate. The

bandgap voltage reference circuit has a bandgap voltage referenced

generator that will generate a first referencing voltage having a first



U S Patent 6,191,646 (Shin) teaches a tenperature-conpensated high
preci sion current source, which provides a constant current regardless of
tenperature change. The tenperature-conpensated high precision current
source has a control circuit connected to a voltage supply for producing
control signal. Afirst current generating circuit generates a first
current, - which is proportional to absolute tenperature in response to the
signals fromthe control circuit. A first current transferring circuit
transfers the fitesmperaiuresrelicen). s eempeRpating\vaitags aenetatedh Wikener at i ng
circuit generates a second current, which is inversely proportional to
absol ut e t enper agén¥ralen peaopgnelerensingnettage having p sesendiempedidteol circuit.
A second current transferring circuit transfers the second current to the
conmon node. The ceeffipient Nd@sesars tampreratureseoeffiipnt iscanpreximatetyetiius! oo
generate a third current that is conpensated for a current variation
caused by the te@pénasaneppesiesigote the firshterparaiureserprientc dnwitegs r ent
generating circuits. An output circuit is connected to the conmon node for
recei vi ng the thisuohming eiegvit vil sum theefirsbreferanciogieoltage angdheseaondg a const ant
output current. Summary of the Invention An object of this inventionis to
provi de a circui trefeteicingeage toscraate fipes tempepataies indgepandertnoliepat Ahas a
uni que variation with changes in tenperature.

voltage biasing circuit will couple a bias voliage to the bandgap voltage

referenced generating means to bias the bandgap voltage referenced

generator to generate the first referencing voltage.

U.S. Patent 6,191,646 {Shin) teaches a temperature-compensated
high precision current source, which provides a constant current
regardless of temperature change. The temperature-compensated high
precision current source has a control circuit connected to a voltage
supply for producing control signal. A first current generating circuit
generates a first current, wﬁich is proportional to absolute temperature in
response to the signals from the control circuit. A first current transferring
circuit transfers the first current to'a common node. A seéond current
generating circuit generates a second current, which is inversely
proportional to absolute temperature in responée to the signals from the
control circuit. A second current transferring circuit transfers the second
current fo the common node. The common node adds the first and
second currents to generate a third current that is compensated for a
currer.]t variation caused by the temperature variation at the first and
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Another object of this invention is to provide a circuit that generates a
mast er” biasing current and biasing currents mrrored fromthe nmaster

bi asi ng current such that the nmaster biasing current and the mirrored

bi asi ng currents have unique variation with changes in tenperature. To
acconplish at |east one of these as well as other objects, a tenperature
conpensating biasing circuit is constructed by first determning a

pi ecewi se function substantially describing a required bias current with
respect to tenpeiesPld 8?”@2@1‘9&“8’?%'89&" & Anpulpytciigyiblg ceprerted iptheeach

ref erence signal describes an amount of a contributing current of a
plurality of corfamMBaR rAde Kirewining therbirdeyrent Eamdbe comnmeninegde@ifr ent s,
when sumred together, generate the naster biasing current. The biasing
current gener at ogeriesatingra pnstandeutputicteentt o create a thermal signal, such
that the magnitude of the thermal signal indicates a tenperature of the
functional circuit to which the biasing currents are supplied. Each of the

10 reference signals.is Comﬁtﬁ-ﬂr@é}tf@tﬂ@ﬁ{@ﬁéﬁg”a' . The biasing current
0 he ribu

generator then identifies whic con ting currents or portions of
the contributing currents are being included to generate the nmaster biasing

current. The idbnti fiﬁr@o@@ﬁ}dﬂt%‘ﬁﬂv@ﬂ%&’{‘%&ﬁgl‘o%id%"édcixtclﬂﬁtl{%ﬁbleh%fesoi the

contributing currents ar en sunme rmthe master “biasing current.

To accomplish the kgl &?reﬁpg’x\éf’hﬂié Ggfqtﬁé%riétfaﬁ v&iﬁ@:%h@éé‘fne

conpensat’i ng bi as current “gener at or enperature-to-current
temperature.

~ Another object of this invention is to provide a circuit that generates’
a master biasing current and biasing currents mirrored from the master
biasing current such that the master biasing current and the mirrored

biasing currents have unique variation with changes in temperature.

To accomplish at least one of these as well as other objects, a
temperature compensating biaéing circuit is constructed by first
determining a piecewise fundion substantially _describing a required bias
current with respect to temperature. Reference signals are created such
that each reference signal describes an amount of a contributing current of
a plurality of contributing currents. The selected contributing currents,
when summed together, generate the master biaéing current. The biasing
current generator is further _construéted to create a thermal sighal, such |
that the magnitude of the the;'mal signal indicates a temperature of the

functional circuit o which the biasing currents are supplied. Each of the

10



converter to provide a thermal signal indicating a tenperature val ue of
current and a current function generator in conmunication with the
tenperature-to-current converter to nultiply the thermal signal by a bias
function having the unique tenperature characteristics to create the
master biasing current. The tenperature-to-current converter has a

t enper at-ure i ndependent current source, a proportional-to-absol ute-

t enperature current Sourié%lsfand a current difference_ciyrcuit. The

tenper at ure i ndEpERNSELS isrempgradle e thrmpaksignal.i The bigsipg EHeRthat does
not fluctuate with a change in tenperature. The proportional -to-absol ute-
t enper at ure cur ragferaeiihes idengliesgwukich ot eseatrbutingeHrantyer Rasligns<ofpy a
known function (égener ally linear) with tenperature. The current difference
circuit is conndbeeentiibuiingcurieniscaraging dedgsda generatathe sistarbiasid and  the
proportional -to-absol ute-tenperature current source to receive the first.
and second cur r €Enhnng jdgpiifiadecontriasiting serreris aRe theurariensOi digher at es t he
thermal signal. The_thermal signal is indicative of a difference between
the first and seRasiibuling cuments aghthen samimad lerdermibgadiaséerdriagingcur@mber at ur e.
49 The current function generator is in comunication with the
tenperature-to-current converter to receive the thermal signal. The
thermal signal is corfpedasamptisihthetfenclion@sabore despibed tholamepasatiiiene whi ch of
the contributing currents or portions of the contributing currents '
i ndi cated by t hecorafensatieebies guueat generator has al¢tpdratyreftorcuirenie nast er

converter to provide a thermal signal indicating a temperature value of

current and a current function generatdr in communication with the

temperature-to-current converter to multiply the thermal signal by a bias

function having the unique temperature characteristics to create the

master biasing current. The temperature-to-current converter has a

temperature independent current source, a proportional-to-absolute-

temperature current source, and a current difference circuit. The

temperature independent current source provides a first current that does

not fluctuate with a change in temperature. The proportional-to-absolute~

temperature current source provides a second current that varies by a

known function (generally linear) with temperature. The current difference

circuit is connected to the temperature independent current source and

the proportional-to-absolute-temperature ¢urrent source to receive the first

and second currents and from the first and second currents generates the

thermal signal. The thermal signal is indicative of a difference between

the first and second currents, which a current measure of the temperature.

11



bi asing current. The reference signals are generated by a bandgap vol tage
generator and are chosen to determ ne the bias function. The master biasing
current may be used as the reference current for a plurality of mrrored
current sources that provide a plurality of bias currents that have the
tenperature conpensation bias function as determ ned by the nmaster biasing
current..The current difference circuit includes a current subtractor
circuit. The current_subtractor circuit is in comunication with the

t enperature i ndependégtcuEignt BiActiauganesatanig in pemmunication with the

proportional -to-absol ute-tenperature current source to receive the first
and second cur r etempesatdrerio-auient canverterto receive therberswt sigdalt dhgenerate a
thermal current. A signal converter is connected to the current subtractor
to receive the tthermralsignat iserompaneld witlo theerefereee sigrersrol dedermirenvhich t he
thermal si.gnal. The current function generator conprises a current

mul tiplier in cohmerooblting eurtdnts drepdrioneesfdbelcenttibutiogrouenttsconverter to
receive the thermal signal, conpare the thermal signal with the reference
signal s to det eimiicatedbycthatrefetanicesgnalsrareitd be nddecmtfean the haster ef er ence
signals to be 12 added to formthe master biasing current. The current

mul tiplier is fobheihg cutreat. prhe @fdréyceodigrals arngeretated bpg bandgap t s, each
current steering circuit conparing the thermal current difference signal

to one of the pl woidgetgenefator &fdedrevhosai Wradterntice ekt funetion. steer all or
some of one of the contributing

The master biasing current may be used as the reference current
for a plurality of mirrored current sources that provide a plurality of bias
currents that have the temperature compensation bias function as

determined by the master biasing current.

The current'difference circuit includes a current subtractor circuit.
The current subtractor circuit is in communication with the temperature
independent current source -and the proportional-to-absolute-temperature
current source fo receive the first and second currents and to subtract the
first and second to generajce.a thermal current. A signal converter is
connected tc:) the current subtractor to receive the thermal current and

convert the thermal current o the thermal signal.

The current function generator comprises a current multiplier in
communication with the temp.erature-to-current converter to receive the
thermal signal, compare the thermal signal with the reference signals to
determine a contributing currents indicated by the reference signals to be

12



currents to an output node. The current steering circuits are all connected
to a current summ ng node to additively conbine the selectively steered
contributing currents to formthe naster biasing current. Each current
steering circuit has a first and second MOS transistor. The first MOS
transi stor has a gate to receive the thermal signal, and a drain connected
to a voltage reference termnal, and the a second MOS transistor has a
gate to receive one of the reference signals, and a drain connected to the
current sunmi ng added to forpribe mdstes biasingrcuatent. of he ¢uerent owidtiplienis forgredur rent . A
first current source is in communication with a source of the first MOS
transi stor to prafapleratyrof comremtisteegingicirstitsp each curret steetisg cioqbtr i but i ng
current, and a second current source is in comunication wth a source of

t he second MOS taoafpsriag diie therrpalaurdat differenos sighél ta one et teglyralityiobn of t he
contributing current. A resistor is connected between the sources of the

first and secondeMoEhde sigisdlstoosesectivelll stdentall o SovRe of orsd bf thé cblteibditingst and
second portions or the contributing current selectively flow through the

first or second ddentd @reh altput.nodbe The cugaht sséatidgicirguits dare il icoatkotst s t he
contributing current such that, if the thermal signal has a magnitude

bet ween a sum ang sculndshfieirenueiead adbtiveigomeimeahs sgoctivedtstédred gat e of
the second MOS transistor and a signal developed at the resistor, an

anount of the cogdntitulingRgrrestsns fmin the anstebisthgarehe out put node is
determ ned by the equati on:

Each current steering ¢ircuit has a first and second MOS transistor.
The first MOS transistor has a gate to receive the thermal signal, and a
drain connected to a voltage reference terminal, and the a second MOS
transistor has a gate to receive one of the reference signals, and a drain
connected to the current summipg node to provide some or all of the
contributing current. A first current source is in communication with a
source of the first MOS transistor to provide some or all a first portion of
the contributing current, and-a second current source is in communication
with a source of the second MOS transistor to provide some or all a
second portion of the contributing current. A resistor is connected
between the sources of the first and second MOS transistors such that
some or all of the first and second portions or the contributing current

selectively flow through the first or second MOS transistor.

The current steering circuit adjusts the contributing current such

that, if the thermal signal has a magnitude between a sum and a

13



ly-11+Vc-VRI R where: |y is the amount of the contributing current, 11 is
a magnitude of the first portion of the contributing current, Ve is the
thermal signal, VRa is the reference signal, and Ris the resistance of the
resi stor. However, each current steering. circuit adjusts the current
steering current such that, if the thermal signal has a magnitude that is

| ess than the difference of the reference signal at the gate of the second
MOS transi stor

and the sjgnal devel oped at the resistor, e anmount of the
Sontr | buti ng . cuRiErNoE PEETaIer e TEna! DGO REcost OB FapPha | y
each current steering cirduit adjusts the contributing current such that,
if the thermal 8pgA&IInAbdevelaped it tharesisiascabameyt Of theConiiRubng t ne
ref erence signal at the ate of the second MOS transi stor and the signal
devel oped at theCUff%ﬁfélPél%{feﬂ fethertpit nede isdetergiined Biuthergualion: ent
transferred to the output node is a sumof the first and second portions
of the contributing current. 14 Brief Description of the Drawings Fig. |
is a schematic di agram of gzq{_pﬁm‘ﬁ*onal -t o0-absol ut e-

R

where: _

ly is the amount of the contributing current,

l1 is a magnitude of the first portion of the contributing
current,

V¢ is the thermal signhal,

VR is the reference signal, and

R is the resistance of the resistor.

However, each current steering. circuit adjusts the cuirent steering current
such that, if the thermal signal has a magnitude that is less than the
difference of the reference signal at the gate of the second MOS transistor
and the signal developed at the resistor, the amount of the contributing
current transferred to the output node is zero. - Finally each current
steering ciréuit adjusts the contributing current such that, if the thermal
signal has a magnitude greater than the sum of the reference éignal at the
gate of the second MOS transistor and the signal developed at the
resistor, the amount of the contributing current transferred to the output

node is a sum of the first and second portions of the contributing current.

14



tenperature current generator of the prior art. Fig. 2 is a plot of the
out put current of the proportional -to-absolute- tenperature current
‘generator of Fig. | versus tenperature. Fig. 3 is a functional block
di agram of a master biasing current generator of this invention. Fig. 4 is
a plot of a segnent of the thermal signal of the master biasing
current-generator of this invention versus tenperature. Fig. 5 is schematic
di agram of the master biasing current generator of this invention. Fig. 6
i s schematic diagram of eBHG‘?D&&CTthL@ﬂiQfdh@i Peawings this invention. Fig.
7 is aplot of the first and second portions of the contributing currents
and the total contributing current provided by the current steering
circuit of Fig. 6 asFig. flinsschematic diagrarmefrapropatignalito-gbseliies i nventi on.
Fig. 8 is a plot of the master biasing current as a function of the
thermal signal dempeiadurercuernl ganeraiér @dbapliercarDescri pti on of the Invention
A tenperature conpensating biasing circuit of this invention provides the
biasing currents to functional circuits to conpensate for variation in the
operati ng paramnet er s Figd. 2iba dlotret theomaputaiurent sfdhe ptopoaiokablorabsblatd-he art
that adjusting the biasing currents can conpensate tenperature

temperature current generator of Fig. 1 versus temperature.

Fig. 3 is a functional block diagram of a master biasing current

generator of this invention.

Fig. 4 is a plot of a segment of the thermal signal of the master

biasing current-generator of this invention versus temperature.,

Fig. 5 is schematic diagram of the master biasing current generator

of this invention.

Fig. 6 is schematic diagram of a current steering circuit of this

invention.

Fig. 7 is a plot of the first and second portions of the contributing
currents and the total contributing current provided by the current steering -

circuit of Fig. 6 as a function of the thermal signal of this invention.

Fig. 8 is a plot of the master biasing current as a function of the

thermal signal of this invention.
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effects on functional circuits. The tenperature conpensating biasing
circuit functions by first generating a thermal signal indicative of the
operating tenperature of the circuitry. The thermal signal is conpared to
mul tiple reference signals. Some or all of a group of contributing currents
are .summed to formthe nmaster biasing current. The nmaster biasing current
is constructed by first determning a piecew se function substantially
describing a required bias current with respect to tenperature. The
reference signals are crBetaited Descriptiorafithedhvention signal describes an
anount of a contributing current of a plurality of <contributing currents.
The sel ected contributing currents, when summed together, generate the
mast er bi asi ng curr em tempdratubs eshpegnsating biating gradr afttlas itveation dent i fi es

whi ch of the contributing currents or portions of said contributing

currents are to pevides livsbidsihg corasisad Runichenaraisduits to borapeneatecior rent . The
identified contributing currents and the portions of the contributing

currents are thegasafisnes tHeoferstingt firamiemtLof the Asictghat bircuate! It is Redvat now to
Fig. 3 for a detailed description of tenperature biasing circuit of this

invention. The tgnpeaitHstadi@stidy thebihsifgBueEits tad E8mpéakate telfpetatluer ence
current generator | REF that produces a tenperature independent current h x

and a current soeffécts bR Tirctibhatcititd irsteihellircicompbnddingtbeasiey at ure

current. The tenperature independent current | and the

proportional -to- crepEfunEtions byfirstegheldihdd therendl Bigoaldndicativeef st ract or St.
operating temperature of the circuitry. The thermal signal is compared to
multiple reference signals. Some or all of a group of contributing currents
are summed to form the master biasing current. The master biasing
current is constructed by first determining a piecewise function
substantially describing a requirgd bias current with respect to
temperature. The reference signals are created such that each reference
signal describes an amount of a contributing current of a plurality of
contributing currents. The selected contributing currents, when summed
together, generate the master biasing current.. The biasing current
generator then identifies which of the cpntributing currents or portions of
said contributing curr'ents are fo be included to generate the master

biasing current. The identified contributing currents and the portions of the

contributing currents are then summed to form the master biasing current.

Refer now to Fig. 3 for a detailed description of temperature biasing

circuit of this invention. The temperature-to-current converter TCC has a

16



The subtractor S1 subtractively conbines the tenperature independent
current |Rx and the proportional -to-tenperature current | PTAT to formthe
out put of the subtractor S1 that is a thermal control current 1',(t). The
out put of the subtractor S1 is the input to the current-to-voltage
converter |1VC. The current-to-voltage converter |IVC generates a thernal
signal VEt) at its output. The thermal signal V,,(t) in this enbodi nent
is a voltage that is an inPut to a current function generator | GEN. Refer
to Fig. 4 for a refrenags®irent genarpler iranthet preduees hiemnpesatied indenghgentyc (t)
versus tenperature. In this instance, the thermal signal Vc(t) has a

| i near function @frrephiex apda@auirent soure erar tiat-praiuces propertional-ishere: Cis the
value of the of the thermal signal Vc(t) at the mninmmtenperature tmn.
D is the sl ope dempestinereiieoh. The femperdursrisdapenderdropeeat lux andthet he
circuit. 17 The current function generator | GEN has a bandgap referenced
vol t age gener at oprop®REbnaliattergperatut egrretidevatiatel iphuds teethersehitactsi $nal s VRI,
VR1, VRZ, , VR' that are used to describe tenperature characteristics of

t he desired funcThesuldfactdnd,sabiractivblyaehbinegdne temiperatare ipdépendentent LOUT.
The nultiple reference signals VRI, VRI, VR2, ... , VR' are the inputs with

current Irx and the proportional-to-temperature current Iprar 1o form the
output of the subtractor $4 that is a thermal control current Ic(t). The
output of the subtractor S is the input to the current-to-voltage converter
tVC. The current—to-voltage converter IVC generates a thermal éignal
V(t) at its output. The thermal signal V(t} in this embodiment is a voltage
that is an input to a current function generator IGEN. Refer to Fig. 4 fora
discussion of the function of the thermal signal V¢(t) versus temperature.
In this instance, the thermal signal Vc(t) has a linear function of the

equation:
Ve(t) = C +D{t — tmin)
-where:

C is the value of the of the thermal signal Vc(t)
at the minimum temperature ty,.
D is the slope of the function.

t is the present temperature of the circuit.
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the-thermal signal Ve(t) to the nonlinear-current-nultiplier circuit NLCM
The contributing reference current IRis transferred fromthe reference
current source IREF to the nonlinear-current-multiplier circuit NLCM The
contributing reference current IRis mrrored to formthe individual
reference currents that are sutmed to create the master biasing generator
out put current [OUT The thermal signal Vc(t) is conpared to each of the
individual multiple reference signals VRI, VR, VR2, ... , V. Based on
this conparison soméhecusent figictipo igeneiatordGENH@siankandgep sefereaced ence
currents are generated and then summed to create the nmaster biasing
generat or out putoltage gendratooWier That geneaies thie rhlitplesefersnce signastVrgener at or

| GEN I's connected to the current mrror circuit IM The current mrror

circuit IMmrrofg, Vie..., Vas thett atd assidtg dgetrivestempeitirp thaGigtetistids dfOUT t o
generate the biasing currents louTl, |ouTS, IQUT3, and |our. The biasing

currents |louTm thed&&ired fuattion cftice mastep bizgindeyehbatorgitpul cueaitdodro
functional circuits to 18 The tenperature independent reference current |IRX

is transferred THomukipe rdfe@én"cecsﬁ%ﬁdmevmg;,wgsi._swgad\ﬁﬁemté\eimﬁ rrored
fromthe reference current IR The tenperature independent reference

current 1RX is theaRsrhN sigAalhQ(t] Reths wehlimricogemadgitisiler ciFf@t NLCM.
proportional -to-absolute- tenperature current source |PTAT is connected to
the subtracting fgondhibuting reference current Iy is transferred from the reference

current source Irgr to the nonlinear-current-multiplier circuit NLCM. The

contributing reference current g is mirrored to form the individual

reference currents that are summed to create the master biasing

generator output current loyr.

The thermal signal V(t) is compared to each of the individual
multiple reference éignals VR1, VR1, VR2, --. , VR Based on this
comparison some or all of portions of the individual reference currents are
generated and then summed to create the master biasing generator

output current loyr.

The output of the master cﬁrnent generator IGEN is connected to
the current mirror circuit IM. The current mirror circuit IM mirrors the
master biasing generator output current loyr to generate the biasing
currents lours, lourz, louts, and loun. The biasing currents lour, loutz,

lours, and lours provide biasing currents to functional circuits to
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and is arranged such that the thermal current Ic(t) is the difference

bet ween the tenperature i ndependent reference current |IRX and the
‘proportional -to-absol ute-tenperature current source MAT. The anplifier A2
and the resistor Ry formthe current-to-voltage converter |VC The
reststor Ry is connected between the inverting input and the output of the
anplifier A2. The thermal current 1C(t) is forced through the resistor Ry

and the.output of the_anplifier A2-is beconmes the voltage of the thernmal
signal VC(t). The thefiralempegaiure idgrendeat refsrpncepuprgnt 'Bh@ trametedst steering
circuits-CSlI, CS2, and CSn. Refer now to Fi 6 for a discussion of the

structure and f ufremi tha dedin of the MQS tignsistor MEQ anfl isimigoreddransihe cs2, and CSn.
The thermal signal Vc(t) is applied to the gate of the first MOS

transi stor MAl. Téferamceaicurret Iz.nEheé temperatieSndezandiest refer@mie ¢usrepblrnect ed to
t he power supply ground return. The gate of the second MOS transistor MBi
i s connected to d@neamdferrdrbtoribé suldranting ngda 3. VRe peopdrtidnal-th-absolite- connect ed
to the output termnal that sources the contributing current lyi. The
resistor R is cdempettae betremtaourcehgasiBuoopscted td the shiiFadtingmeds Sdr s VA
and MBi. The first current source 20 conpensate for changes in operation
of the functi onalandiis arratgeddueh tieat tiedihegral currehElgiteis atieldifferehcpr ef erred
enbodi ment of the tenperature conpensated biasing current generation
circuit i s shown petwédrothelempleraitire independant teldrenttssttrent Irx and the

proportional-to-absolute-temperature current source lprar.

The amplifier Az and the resistor Ry form the current-to-voltage
converter IVC. The resistor Ry is connected between the inverting input
and the output of the amplifier A;. The thermal current le(t) is forced
through the resistor Ry and the output of the amplifier Az is becomes the
voltage of the ther;nal signal Vg(t). The thermal signal V¢(t} is applied to

the current steering circuits CS1, €S2, and CSn.

Refer now to Fig. 6 for a discussion of the structure and function of
the current steering circuits €81, CS2, and CSn. The thermal signal Vc(t)
is applied to the gate of the first MOS transistor MAi. The drain of the first
MOS transistor MAi is connected to the power supply ground return. The
gate of the second MOS transistor MBi is connected to one of the
reference signals Vg; and the? drain is connected to the output terminal that
sources the contributing_ current ly;. The resistor R; is connected between

the sources of the MOS transistors MAI and MBi. The first current source
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Figs. 3 and 5. The MOS transistors MAO,L MBO and the anplifier Al form the
t enper.at ure i ndependent current source 'REF. The transistors MAO i s
‘configured as a current source. The transistors MBO, MCO, M9, M3, M2,
MR2, ... , Mmn, MRn are current mrrors. The current source reference
current iR is a tenperature independent current that i.s determ ned by the
MOS transistor MDO, the anplifier Al and the resistor Rx, and the

ref erence voltage VRO The reference voltage VRO is referenced to the
bandgap of the senpeosnieﬁrmhangmmampratnbn@f the, functiopalrairsuithdide tohe r ef erence
vol tage VRO is maintained across the resistor R The current IR through

t he resistor RXchaagddisi¢mperatiséors MAO and MDO is forced to be: VRO 1R~
Rx Negl ecting the tenperature variations of the resistor R, the current 1R
is independent of tenperature variations. The currents 1R, 10 11 ., In

cur Z‘ng r f’rﬁ?dlgf i F‘?r%%hﬁ@ kgt oLl RABKENRE SenBRRIRAbRAR oL ce
Xgﬁ’r o 1R s~ dofety et B AR e S o iy R,
cur rent s pr ovi e E@ﬁfﬁl@ L6 PR i o S 464 &ea%&gaﬁ&? he

current It the temperature independent current source lrer. The transistors MAO is

configured as a current source. The transistors MB0, MCO, ML1, MR1,
ML2, MR2, ..., MLn, MRn are current mirrors. The current source
reference current Iz is a temberature independent current that is
determined by the MOS fransistor MDO, the amplifier A4 and the resistor
Ry, and the reference voltage Vro. The refe;;ence voltage Vro is
referenced to the bandgap of the semiconductor. The amplifier A4
ensures that the re'ference voltage Vgy is maintained across the resistor
Rx. The current Iz through the resistor Rx and MOS transistors MAQ and

MDO is forced to be;

Ir -

X

Neglecting the temperature variations of the resistor Ry, the current I is
independent of temperature variations. The currents Iy, lp, b, ..., |y are mirrored

from the current Iz and are therefore, proportional to the current Ig.
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through the resistor RL. The current steering circuit adjusts the
contributing current lyj such that, if the thermal signal Vc(t) has a
‘magni t ude between a sumand a difference of the reference signal VR at
the gate of the second MOS transistor MB and a signal |1Rl devel oped at
the-resistor R, an anount of the contributing current |y transferred to
t.he output node is determned by the equation: lyi =1t + Vo RVRL Eq 1
where: |y is the amount of the conptributing current, 11Ais magni t ude of
the f1rst porti o 6PORTRSIRPRINPER e RpWs SHPRIAVONSGE SPUrcMonBRA il si gnal
VR is the reference signal, and RL is the resistance of the resistor RIL.
As can be shown, Squiee 9ﬁgeﬁaattr§n§ﬁ@rmaafi thesrpond gurrentisgurceyiRis - - |tR < Ve

< VR + |liR 21 and therefore, the contributing current |IYi becones: lyi =
0 VR -1A 1lyi =c@mecigribetwaerrihepowensupiieyoligigesodicalVove(id jhegasiree nagni t ude
that is |l ess than the

of the second transistor MBi. The magnitude of each of the currents

provided by the current sources by, and lig are equal to the current I;

through the resistor R;.

_ The current steering circuit adjusts the contributing currént ly; such
that, if the thermal signal Vc(t) has a magnitude between a sum and a
difference of the reference sign_al Vi at the gate of the second MOS
transistor MB and a signal R; developed at the resistor R;, an amount of
the contributing current ly transferred to the output node is determined by

the equation:

Vc - VRi
i

hi=h+ Eq.10
where:

ly is the amount of the contributing current,

. lia is a magnitude of the first portion of the contributing
current,

V¢ is the thermal signal,
Vg1 is the reference signal, and

Rs is the resistance of the resistor Ry.
As can be shown, the thermal signal V¢ of Equation 10 is:

Vri—liRi < Ve <« Ve +liRs
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di f.ference of the reference signal VRl at the gate of the second MOS
‘transistor and the signal IR developed at the resistor R, the anpunt of
‘the contributing current |y transferred to the output node is zero. If the
thermal signal Vc(t) has a nmagnitude greater than the sum of the reference
signal VR at the gate of the second MOS transistor and the signal IR
devel oped at the resistor, the anount of the contributing current |yi
transferred to the output node is twice the current |i through the
resistor RlanE'tk%refBré*&%"éorﬁf@ltfn%%ﬂ#rénﬂki%%%§§ l'inear output current
characteristic can be obtained ding two such current steering circuits
for instance CS1 and CS2 of Fi g 5 vmth dlfferent val ues of current sources
‘'l and 12 and resistors RJI a erature increase froma

ni ni num t enperature To, theé ther mal SI gnaﬁ i ncreases fromWo. The
current |-1 fromthe currévhf 2t cerj ng ci Yehl B’ CSl i ncreases froma zero

| evel to the value of 21, as determ ned by Eg. 10. Wen the thermal signal
Vc(t) reaches the value Vcj, the output current Iyl of the current
steering. circuit bdtthedberowhaignaidVdt) haaadnagnimie thadis lesathah dheel

regardl ess of the change of the thermal signal Vc(t). The output current
1Y2 from curr ent difietereeiohtheaefarende sifithl Ngnatitmsgate ohthecseooh@MES f or t he
thermal signal Vc(t) at a 22 value less than Vcl and begins to rise
accordi ng to thethosistor amnd thie dighal i) dewbloped Stethé hesisted Risihgramhouvit Gftthe r eaches
the. value of Vci. The current 1Y2 rises as the tenperature rises until the
thermal signal Veohtributegoduerent Reransferred to the output node is zero. if the thermal

signal V¢{t) has a magnitude greater than the sum of the reference signal
Vr; at the gate of the second MOS transistor and the signal IR; developed
at the resistor, the amount of the contributing current ly; transferred to the

output node is twice the current I; through the resistor R;.

Fig. 7 shows that how a piecewise linear output current
characteristic can be obtained by adding two such current steering circuits
for instance CS1 and CS2 of Fig. 5 with different values of current sources
Iy and I; and resistors Ry and R;. As the temperature increase from a
minimum temperature Ty, the thermal signal Ve(t) increases from Veo.

The current lyq from the current steering circuit CS1 increases from a zero
level to the value of 2} as determined by Eq. 10. When the thermal signal
Vc(t) reaches the value Ve4, the output cdrrent ty4 of the current steering.
circuit becomes equal to 2l and remains at that level regardless of the
change of the thermal signal V¢(t). The output current vz from current
steering circuit CS2 remains at a zero level for the thermal signal V¢(t) ata
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val-ue V&. The current 1Y2 then equal 212 and remains at this |evel

I ndependent of the change in tenperature. The contributing currents 1Y, and
"1Y2 are sunmed at the node S2 to formthe current 10OUT having the function
as shown. It is worth nentioning that the output current 1Yi in Fig. 5
does not follow the expressions given exactly. The current saturates |ess
abruptly conpared to what is predicted. This effect is also shown in Fig. 7
with the fine dotted traces. However, this results in a snoother overall
characteristic batmisss thiant\ire andbegihafo d$e acoording © the functibe ol/2g.il®us current
steering circuits. Referring back to Figs. 3 and 5, the output node of each
of the current witerethernigeroial sighald/Epicachs theavalueGSiVdis Thecurettdd t o t he
summi ng node S2. The current mrror-fornmed by the MOS transi stor MCO

provi des the fupdsrrihetensmuratuidtigdsamticterteering sighal V(@ réasies g node 82.
The nmaster biasing current IoUT is the sumof the fundanmental contribution:

current o and sk V. afte dirrehbR, %h@q@ﬂﬁZlEéﬁtﬁie%bu%atdﬁ@@éVebed in Fig. 6
of the contributing currents lyl, 1Y2, ... , lyt, as formed at the summ ng

node Sz, as sh C© =to +Y, ill(VvVo) 23
wher e: h(Vc) = ?i}ﬂﬁeé{/h&bﬁ?c\:/@ﬁé‘@ﬁé&@%m@emﬁ&ﬂﬁ{ Ve{

The contributing currents lys and lyz are summed at the node S2 to
form the current lour having the function as shown. It is worth mentioning
that the output current ly; in Fig. 5 does not follow the expressions given
exacﬂy. The current saturates less abruptly compared to what is
predicted. This effect is also shown in Fig. 7 with the fine dotted traces.
However, this results in a smoother overall characteristic because of the

overlap of currents from the various current steering circuits.

Referring back to Figs. 3 and 5, the output node of each of the

- current steering circuits CS1., CS2, and CSn is connected to the summing
node S2. The current mirror-formed by the MOS transistor MCO provides
the fundamental contribution cur-rent I to the summing node $2. The
master biasing current loyr is the sum of the funciamental contribution
current §p and some or all of the portions created as described in Fig. 6 of
the contributing currents lyq, lyz, ... , lvn as formed at the sui'nming node
8, as shown in the equation:

-

lout(Ve) =l + 3 (Vo)
i=1
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R =0 (Ve<ver' -,) =2h (V. > V., Vci-Vcp-1 =2hR;, The naster biasing
current [our is the control current input to the current mrror IM The

‘MOS transistors Moo, Mal, Moe, Mb3, ... Mai are configured to formthe
current mrror 1M The ratios of the device structures of the transistors
Moo, Mal, Ma2, Mb3, ... Mai determne the biasing currents lourm

| our 2, 1ouT3, and louT;, which are proportional to the master biasing
current and naintain the tenperature relationship established by the
nonkinear current multiplier Nu@e: The bandgap referenced voltage generator
VREF generates the reference signals VRO, VR, VR2, ... WRn-4, VRn that
determine in a piecew se fashion of the function of the master biasing
current TOUT. The bandgap referenced vol tdgevgenerator VREF in the
preferred enbodinent is refer enced‘(Yt):d”ba‘fﬁgap V't?l“ﬂlé?g%%\ﬁ’br ce VBG The
bandgap voltage source is the non-inverjing input t&cttv_arrpl ifier A3. The
anplifier ABis a configured as a vol t’“‘a‘i)e buffer ci Pefitftd isolate the
bandgap. vol t age source Vsc fromthe | eagi ng of the Wcaysvcng current
generator of this invention. The resistors Roo, RD, Roe, , Ron.,, RD
are serially connected to forma 24 voltage divider. The reference signals
VRO VRI, VR2, ... t VRn-7, VRn are

Vo —Vei-19=2LR

" The master biasing current lour is the control current input to the
current mirror IM. The MOS transistors Moo, Mo+, Moz, Mos, ... Mg; are
conﬁgured to form the curreﬁt mirror IM. The ratios of the device
structures of the transistors Moo, Mos, Moz, Mos, ... Mo; determine the
biasing currents lours, lout2, louts, and loun, which are proportional to the
master biasing current and maintain the temperature relationship

established by the nonlinear current multiplier NLCM.

The bandgap referenced voltage generator Vger generates the
reference signals Vg, Vi1, Vr2, .- , VRn-1: VRa tﬁat determine in a
piecewise fashion of the ft'mcﬁon of the master biasing current loyr. The
bandgap referenced voltage generator Vger in the preferred embodiment
is referenced to a bandgap voltage source Vgg. The bandgap voltage
source is the non-inverting input to the aniplifier A;. The amplifier Asis a
configured as a voltage buffer circuit to isolate the bandgap.voltage source
Vg from the loéding of the biasing current generator of this invention.

The resistors Rpo, Ro1, Roz, -.. . Ron, Rog are serially connected to form a
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created at the junction of each pair of the serially connected resistors

'Roo, Roc, RO2% ... , Ron-it Ron. The values of the resistors Roo, RQ1,
"Rae,- ... % Ron-,, Ron are chosen such that the reference signals VRO VRI,
VR2, - , VR'_4, VR' are determned by the equation: VR -- VC(i-1)+VC

2 for i=1ton and VCO = VRQ Where: VcO is the thermal signal
representing the mninum tenperature of the range of terrperatures for

Corpensat ton. VRGPS ANERARAE FieEnet SeRalbncbe Vidr erolies \érfn'gffﬁ %of The'
i vi dor of the rEPEPatdiein of gastpalt BTG RpR SSPRFGES teoPs 8Pt es ¢ he
Gener ator of | Chiow RFbne Bt suih%r*ﬁ@{ﬂ?%é{tﬁar&?@faﬂiq KSR “The bl ot of

Fig. 8 1s used tlgpm, Rlu.? ZI:H%C ggenrrgucrl]ﬂgatt t%e?gfgrsetnrce signals Vge, Vi1, VRz, ...

Vrn1, Vrn are determined by the equation:

Vi : Veii - )+ Vi
2

for
=1 ton and
Vco = Vro

- where:

Vo is the thermal signal representing the minimum
- temperature of the range of temperatures for which

the tem'perature compensating bias generating circuit

is to provide compensation.

vR',, is the magpnitude of the lowest reference signal of
the reference signals Vro, Va1, Vrz, ... , Vroet, VRn

formed by the voltage divider of the reference signal

-

generator Vgrer.
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the master biasing current | ouT The synbolic representation of the effects
‘of tenperature on the operating paraneters of the functional circuit are
-described. The thermal signal Vc(t) is substituted for the tenperature and
the reference signals VR are determ ned as piece-w se functions over the
range of the thermal signal Vc(t) to be used. In Fig. 8, the tenperature
conpensating biasing current generator is being designed to have four

pi ece-wi se regions A, B, C, and D to describe the master biasing current A
| QUT. Thi s neans t hatFighilastaates freumastar biesing streentilgug of & teropearstu@sn (wher e

n = 4) as showmm n Fig. 5. The portions 11,12,13, and 14 of the contributing

current |yl and térepsresstisg blas dirrenREneRRor efithis Rventivreveraliethederhal det er mi ne
the sl ope function of the each of piece-wise regions A, B, C, and D. For

t enper at ures | essighbiawk(g). mMheiplotof Fiy. Bas st toyxplaitsthe nidissd el constamal Vo,
the output current is set to a fundanmental contribution current 10. The

thermal signal Ve{dmaiter biashgcareRlISH. tThenmbol rebRBehBiioh 6MNBE effettgnal s
VRI, VR2, VR3, and VR4. \When the thermal signal Vc(t) reaches the value of

the reference si GF@mp\é%tufee&f?th‘é'lf‘pe?ét&ﬁ?agﬁrﬂ&érs%‘(ﬁé RASEHAFERRR drdie

resistor R, the master biasing curre econes the value of the _

Regi on A Upon r Saapicetl e HEnEl Sghatyctt i Hostilted ! i GmBRaRiBia " i 11

the .Si gna'l 1 RL geyRl9RRt 8GhAS VL A8 defthited asPiece fige AIHMEALO i 26
range of the thermal signal Vc(t) to be u’sed. In Fig. 8, the temperature
compensafting biasing current generator is being designed to have four

piece-wise regions A, B, C, and D to describe the master biasing current

tour. This mear;s that there are four current steering circuits CSn (where
n = 4) as shown n Fig. 5. The portions {4, 13, ls, and i5 of the contributing
current ly; and the resistors Ry, Rz, Rs, and Ry, are selected to determine
the slope function of the each of piece-wise regions A, B, C, and D. For
temperatures less than a minimum value that yields a thermal signal Vco,

the output current is set to a fundamental contribution current k.

The thermal signal Vc(t) is then compared to each of the reference
signals VR{, Vg2, Vrs, and Vgs. When the thermal signal V¢(t) reaches the
value of the reference signal Vg4 less the signal 1R developed across the
resistor Ry, the master biasiﬁg current bec;omes the value of the
contributfng current v as determined by Eq. 10. This is as shown in
Region A. Upon reaching the value of the reference signa;l Vg1 summed

with the signal 141R¢ developed across the resistor R4, the contributing
26



----------- - current |yl becones fixed at the value 21, and the second
‘contributing current 1Y2 is as deternmned by Eq. 10 and is added to the
‘master biasing current lour. This is as shown in Region B. As the
tenperature increases, the nmaster biasing current |lour is adjusted by the
addition of the contributing currents 1Y3 and | Y4 fromthe current steering
circuits CS3 and CS4 as shown in Regions C and D. The piece-w se function
of the preferred enbadinent of this invention is shown as, substantially
i near as i s evi BRI DEPRRES fXothat the Vg AnASK, the SeGoidiOBBERING  h ¢ he
intent of this invention that any achi evable piece-w se function nmay be
used, thus the vE¥TeRjdvziepRreteraingd ¥R 4P andigpdded tefhe mestppbigeingor e
conpl ex than the voltage divider forned of the serially connected
resistors Roo, REWTeMtdaur Thisis aRsHown in Regiond: |As tha fampeiglert NeRasRss been
particularly shown and described with reference to the preferred

enbodi ment s t her &f Master bipsing surrapideyrds gaiysiey byithe addiign ¢fiteel in the art
that various changes in formand details nay be mnade w thout departing
fromthe spirit &Adtribgdjgecuwienthles arg bnirparthe surent atagsng zirguitsdrieant ur e
conpensating bias current generator to create a master biasing current

havi ng uni que t erfg a8 shoawndn&egiansrG end Bs, said bias current generator
conpri si ng:

_ The piece-wise function of the preferred embodiment of this
invention is shown as substantially finear as is evident in Figs. 7 and 8.
However, it is keeping with the intent of this invention that any achievable
piece-wise function may be used, thus the voltage reference generator
Vrer Of Fig. 5 maybe more complex than the voltage divider formed of the

serially connected resistors Roq, Ro1, Roaz, ... , Rps-1, Ron.

While this invention has been particularly shown and described with
reference to the preferred embodiments thereof, it will be understood by
- those skilled in the art that various changes in form and details may be

made without departing from the spirit and scope of the invention.
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a tenperature converter to provide a thermal Sig ' a magnitude
"of tenperature; and a current function gener | jcation wth the
‘tenperature converter to multiply the thernﬁﬁ"’ﬂﬂﬂ%@?as function
having the unique tenperature characteristics to are s mast er _
biasing current. 2. The bias generator of claiml wherein the tenperature
converter conprises: a tenperature independent current source to provide a
first currenttA¥¥dt does not fluctuate with a change in tenperature; -a
proportional, to- - : ' second
Burront. & hat'-var FoeTRPCRpSERDe G o Gt SOME, L Bagd fited:
associated wth : [ - L: gﬂﬁ - GAMT t he
proportional -to- g[)%b u ex_%nff&%\%@ léllﬂ'g'gl?%{éc r?@%{&%ﬂ%ﬁ%ﬂ@%&ﬁ%&!ﬁ%@ the first
and second curr Jirst and second currents generate the

28 | 11111111111%%%’1@%%&%%&%&?&’% L S thermal. signal that is

I ndicative of a difference between the first and second currents. 3. The

bias current generatoy of ol al m & foel Do GaER ey sn‘angll it ©f

magnitude of temperature; and

a current function generator in communication with the temperature
converter to multiply the thermat signal by a bias function having
the unique temperature characteristics to create the master

biasing current.

2. The bias generator of claim 1 wherein the temperature converter

comprises:

a temperature independent current source to provide a first current

that does not ﬂuétuate with a change in temperature;

a proportional-to-abéolute-temperaturé' current source to provide a

sécond current that varies with temperature;

a current difference circuit associated with the temperature
independent current source and the propoitional-to-absolute-
temperature current source to receive the first and second

»

currents and from the first and 'second currents generate the
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mrrored current sources in comunication with the current function
‘generator to produce a plurality of bias currents mrrored from said mast er
‘biasing current. 4. The bias current generator of

current difference circuit conprises: a current smmmuﬁl““am

comuni cation with the tenperature independent curryertt $oufces arfd t e
proporti-onal -to-absol ut e- terrperature current source to receive the first
and second currents and to subt _t,h fir [}g n erate a
thermal current; a sign Prﬁﬂrﬂg@@ @d’f‘ﬁei%‘?ﬁ't" ?g] C@ ‘@?\?"g‘ﬁgﬁiactor to
receive the thermal current and convert said thermal current to the
thermal signal. 5. The®M $8CORACHERRISgenerator of claim | further
conprising a bandgap referenced signal source that generates and

communi cates a plurality of reference signals to the current function
generator, wher ef e PRE CHFBW&HQ“@W%‘T“Q‘%’F&@HH@' COMMpiging aplaraiylared to the
thermal signal, said reference signals chosen to determ ne the bias
function. 29 | [|mirrored cufrent spurces in communicatian with theicugentrfiactiohas current

generator of claim5 wherein the current function
' ' generator to produce a plurality of bias currents mirrored from said master

biasing current.

4, The bias current generator of claim 2 wherein the current difference circuit

comprises:

a current subtractor circuit in communication with the teinperature
independent current source and the proportional-to-absolute-
temperature current source to receive the first and second
currents and to subtract the first and second to generate a

thermal current;

a signal converter connected to the current subtractor to receive the
thermal current and convert said thérmal current to the thermat

signal.

5. The bias current generator of claim 1 further comprising a bandgap
referenced signal source that generates and communicates a plurality of
reference signals to the currfant function generator, wherein the plurality of

- reference signals are compared to the fhermal signal, said reference
signals chosen to determine the bias functioﬁ.
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generator conprises a current multiplier in communication wth-the
tenperature converter to receive the thermal signal, conpare the thermal

signal with the reference signals to determ ne ?““mmmm&“IHL Hrrents
i ndicated by the reference signals to be added ol r biasing
current. 7. The bias current generator of claimé wherein' the current

multiplier conprises: a plurality of current steering circuits, each
current steering circuit conparing the thermal signal to one of the

| ur-al i f f ' I ' f f
Phe. cont 11 buf g THappsEeiieerdet 8 P ihdeRlfE cufeatic®iimi ng noge
connected to the outqpu} node .of each%rgf tt?.e {)I ural i t(}/ .0f ctﬁrﬁent steering
circuits to ?ddi t?i’ér oéffﬂ%'fjﬂﬁésﬁf_éu" udYR 'géngogﬁﬁjé}' é’aoﬂﬂvﬁ fDut | ng t

ts t orm the er i.asing. current. 8. . ia [ren ner r
of c1 ai m 7 wiher o1 IPRRRCIG PRt ECiedBpRE U o st Rt e fftndl Ve °
t i stor. havinag. ' h | si l ... d dr ai
Connected to a. possnebiling Telefeiiie el tegttoriie s ediipunporifrei| %1011y
INCLMS indicated by the reference signals to be added to form the master biasing

current,

7. The bias current generator of claim 6 wherein the current multiplier

~ comprises:

a plurality of current steering circuits, each current steering circuit
comparing the thermal signal to one of the plurality of reference
signals to selectively steer all or some of one of the contributing

currents to an output'node; and

a current summing node connected to the output node of each of
the plurality of current steering circuits to additively combine the
selectively steered contributing currents to form the master

biasing current.

8. The bias current generator of claim 7 wherein each current steering circuit

comprises:

a first MOS transistor.having a gate to receive the thermal signal,

and a drain connected to a power supply return terminal;
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a second MOS transi st or traving—a—gate—+to-+recei ve one of the reference

"signals, and a drain con e current sunm ng node to provide sone
“or all of the contri butiigi,imm' "Jllst current source in conmunication
with a source of the fir r to provide sonme or all a first
portion of the <contributing current; a second current source in
comuni cation with a source of the second MOS transistor to provide sone
or all a second portion of the contributing current; and a resistor
connect ed bet ween t heasecrrsEMOS trarsistén hayinganmgats de tmedive DB of fhensi st or s such
that sonme or all of the first and second portions' or the contributing
current sel ectively fl oweferancagignalse and ardsain consentehis tMOBurerdnsi st or. 9.
The bias generator of claim8 wherein, if the thermal signal has a
magni t ude between a sumsamngniag dodié¢ &y povide sbmilte all of tieanagibetignalrent; t he
gate of the second MOS transistor and a signal devel oped at the resistor,
an anount of the contributing current transferred to the output node is
det erm ned by the equatfirstreurrbptslrceRn cohemericalibn Withid doirced dofltthe firsHi 11 |1 11
LT Tiil

MOS transistor to provide some or all a first portion of the

contributing current;

“ a second current source in communication with a source of the
second MOS transistor to provide some or all a second portion

of the contributing current; and

a resistor connected between the sources of the first and second
MOS transistors such that some or all of the first and second -
portions or the contributing current selectively flow through the

first or second MOS transistor.

9. The bias generator of claim 8 wherein, if the thermal signal has a
magnitude between a sum énd a difference of the reference signal at the
gate of the ;econd MOS transistor and a signal developed at the resistor,
an amount of the contributing current transferred to the output node is

determined by the equation:

iy =l1+-

Ve — Vre
R

where:
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ly-is the amount of the contributing current, 11 1—s—a—nagm—rudv*o‘f—rhe

first portion of the contributing current, Vc is VRI
‘is the reference signal, and Ris the resistance oﬂi@ﬂbﬂﬁ@ﬂ EE ﬂﬂzo The
bi as generator of claim8 wherein, if the thernal ni tude
Is less than the difference of the reference signal at the gate of the
second MOS transistor and the signal developed at the resistor, the anopunt

of the contributing current transferred to the output node is zero: 11. The
bi as generator of claim8 wher &iipthg amewy of fher eaptribstipmavrents a magni t ude

greater than the sumof the ref qg%gﬁgqrﬁfttsﬁg%\‘tr\%.tflr&g)%rtﬂﬁtcﬁtﬁ’écérﬂﬁbutlﬁ cond MOS

transi stor and the' signal devel ope e resist anount o
contributing current transferr@&drrent,t he out put node is a sum of the f| rst

and second portions of the conty | |?H1tetﬂgrn‘fé|r{g‘?1ﬁ 12. A tenperature
conpensating bias current gener gtor to create a naster bi asi ng current

havi ng uni que tenperature char M srtheréfesncesignabaad current generator
conprising: a tenperature converter to provide a thermal signal indicating
a nmagnitude of tenperature; a Risrtheasidtamstofdine gpeistorat or i n communi cati on
with the tenperature converter to nultiply the thermal signal by a bias
function having .
10.  The bias generator of claim 8 wherein, if the thermal signal has a
magnitude is less than the difference of the reference signal at the gate of
the second MOS transistor and the signal developed at the resistor, the

amount of the contributing current transferred to the output node is zero:

11.  The bias generator of claim 8 wherein, if the thermal signal has a
magnitude greater than the sum of the reference signal at the gate of the
second MOS trans_istor and the signal developed at the resistor, the
amount of the contributing current transferred to the output node is a sum

of the first and second portions of the contributing current

12.  Atemperature compensating bias current generator to create a master

biasing current having unique temperature characteristics, said bias

current generator comprising:

a temperature converter to provide a thermal signal indicating a

magnitude of temperature;

»

a current function generator in communication with the temperature
converter to muitiply the thermat signat by a bias function having
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32.11111212 222222 tEEEr 1reki e 1l L Mthe unique tenperature
"characteristics to create the master biasing current; a plurality of
"mrrored current sources in co ' ' ' the current function
generator to produce a pluralit g'mﬂ“gﬂ{ml&@ﬂts mrrored fromsaid
master biasing current; and a bandgapLrex ers d signal source that
generates and communicates a plurality of reference signals to the current
function generator, wherein the plurality of reference signals are
conpared to the thernal i@T@e&eﬁﬁb&t&r@fcﬁé%%sﬁ&sﬁﬂ%&atéH%Srﬁé’stert0 det erm ne
the bias function. 13. The bias generator of claim 12 wherein the

t enmperature converter Bﬁgﬂﬂbicﬁﬁéht'a t enmper at ure i ndependent current source
to provide a first curren that does not fluctuate with a change in
tenperature; a proportional -to-absolute-tenperature current source to

provide a second cury @ﬂpa'ﬁﬁ;‘@*m\"?ﬁéﬁ”m“" Qo&r@%%’ﬁrc%Hﬁﬁlﬁi' aﬁﬂﬁggﬁu%rent

difference circuit assoOcCl ate e tenperature 1 ndepen t current

source and the proporti BG%rgthﬁ&iBﬁ%'eHér%iorttg%%éé HieRursit) bPBLs 30WERS O

receive the first and secon
mirrored from said master biasing current; and

a bandgap referenced signal source that generates and
communicates a plurality of reference signals to the current
function generator, wherein the plurality of reference signals are
compared to the thermal signal, said reference signals chosen

o determine the bias function.

13.  The bias generator of claim 12 wherein the temperature converter

comprises:

a temperature independent current source to prbvide a first current

that does not fluctuate with a change in temperature;

a proportional-to~absolute-temperature current source to provide a

second current that varies with temperature; and

a current difference circuit associated with the temperature
independent current source and the proportional-to-absolute-
temperature current source to recsive the first and second

currents and from the first and second currents generate the
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currents and fromthe first and second currents genw
fltff IIHffFf ff ~I1flf~If thermal signal that is indicative o

di fference between the first and second currents. 1; ent
generator of claim 13 wherein the current di fference W”
current subtractor circuit in comrunication with the tenf)er‘at ur

| ndependent current source and the proportlonal -t 0- absol ut e- terrperature

current source to receive the fir econd rents btract
the first and second to g’@ﬁ'@?ﬁ?'%“ajtthaﬁ at&?{)‘&ﬁf@eﬁfferea%? 3?’“ bter
connected to the current subtractor to receive the thernal current and
convert said thermal cur PBRASCERGWES er nal  signal . 15. The bias current
generator of claim 13 wherein the current function generator conprises a
current nultiplier in comunication with the tenperature converter

to, recei ve thet hdhadiassugieat genaspionptclaiiie 13 waeieH] th@lcgﬂﬁlﬂt qifferangene
reference signals to determne a contributing currents indicated by the
ref erence si gnal s cireuibeorapiif@d: t o-f orm t he master biasing current.

a current subtractor circuit in communication with the temperature
independent current source and the proportional-to-absolute-
temperature current source fo receive the first and second
currents and to sqbtract the first and second to generate a

thermal current;

a signal converter connected to the current subtractor to receive the
thermal current and convert said thermal current to the thermal

signal.

15.  The bias current generator of claim 13 wherein the current function
generator comprises a current multiplier in communication with the

temperature converter to receive the thermal signal, compare the thermal

signal with the reference signals to determine a contributing currents
indicated by the reference signals to be added to form the master biasing

current.

16.  The bias current generator 9f claim 15 wherein the current multiplier

comprises:
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_16: The bias current generator of—cttarnr1l5 wherein the current nmultiplier
conprises: 34 i |illili

| andi jLyii it illl L Naplurality of
“current steering ci rcuiuﬂmgwgﬂﬂ%w steering circuit conparing the
thermal signal to one Ol s of reference signals to selectively
steer all or sonme of one of the contributing currents to an output node;

and a current summ ng node connected to the output node of the plurality
of current steering circuits to additively conbine the selectively

steered. contributing gufdi8Néfout@ni KBS @roiRS (Rkh clirefisheripy'dreqt - 17. The
bi as current generator of claim 16 wherein each current steering circuit

comprises: a first MO birdfird b i igfald4sbic bANG BRPLNPof Aferetie

signal, and a drain connected to a vo ge reference ter a second

MOS transistor having asgake Qeléagﬁﬁﬁﬁoﬁfwm%f thfoth%%ﬁtrébhE&@ and

| s,
a drain connected to the“current e to provide sone or all of

the contributing currﬁ/&ﬂ”&tg kd sk oﬁﬁﬂ[lfﬁdbte' SPgrce in commnication with a
t t or

source of the first ransistor to provide sone or all a first portion
of the contributing current;

a cuirent summing node connected to the output node of the
plurality of current steering circuits fo ad(_jitively combine the
selectively steered contributing currents to form the master

biasing current.

17.  The bias current generator of claim 16 wherein each current steering

circuit comprises:

a first MOS transistor having a gate to receive the thermal signal,

and a drain connécted to a voltage reference terminal;

a second MOS transistor having a gate to receive one of the .
reference signals, and a drain connected to the current

summing node to provide some or all of the contributing current;

a first current source in communication with a source of the first
MOS transistor to provide some or all a first portion of the

contributing current; -
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35:22 20 1 1 i 1 111 1211 | 11111 11 11111 1 = current

‘source in communication with a source of the sec m!ﬂr transistor to

"provide sonme or all a second portion of the cont mue”]ﬂﬂ)sand a
resi stor connected between the sources of the fir

transi stors such that sone or all of the first and second port|6ns or the
contributing current selectively flow through the first or second MOS
transi stor. 18. The bias generator of claim17 wherein, if the thermnal

signal has a magni t“?% ﬁé?wtds n?s% %n’f}n%é&tﬁhﬁ\gﬁ\% ﬁuréé‘ﬁf g&f erence

signal at the gate o econd transi stor a signal devel oped at

Lhe Tresistor, | an ATount gl BRI BB R 4F ORLEE Efigho e

out put node is determ ne he equa
where: |y is the anmount

n urrent, |li is a nmagnitude of
the first portion of thg?g"o {Bﬁtrﬁ&%éagrﬁ%ﬁt érclt Vc is the thermal signal,

a resistor connected between the sources of the first and second

MOS transistors such that some or all of the first and second
portions or the contributing current selectively flow through the

first or second MOS transistor.

18.  The bias generator of claim 17 wherein, if the thermal signal has a
magnitude between a sum and a difference of the reference signal at the
gate of the second MOS transistor and a signal developed at the resistor,
an amount of the contributing current fransferred to the output node is

determined by the equation:

-Iy = [t

Ve—Vr1
R

where: -

ly is the amount of the contributing current,

11 is a magnitude of the first portion of the contributing
current,

V¢ is the thermal sign'al,

V1 is the reference signal, and

R is the resistance of the resistor.

19.  The bias generator of claim 17 wherein, if the thermal signal has a

magnitude is less than the difference of the reference signal at the gate of
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VR-i is the reference signal, and Ris the resistance of the resistor. 19.
‘The bias generator—of ctraim 17 wherein, if the thermal signal has a

‘magni tude is |ess e i ce of the reference signal at the gate
of 36 III11If flll ﬂmmm‘ﬂml[ﬂlﬂ ml 1 * Cthe second MOXS transistor and the
si gnal devel oped at '« resistor, «t he anmount of the contributing current
transferred to the output node is zero: 20. The bias generator of claim17
wherein, if the thermal signal has a nmagnitude greater than the sum of the

reference signal g SebndRICB Bhndidter arPpEliRovolopRa s iR redor the i gnal

devel oped at the resistor, the anmount of the contributing current
transferred to themBlblind\afriifing ottt iPnstdHedth kRl othit re@ERNSBOT LT ons
of the contributing current . enperature conpensatling bras current
generator to create a master biasing current having unique tenperature
characteristics, said bias current generator conprising: a tenperature
converter to provide a thermal signal indicating a nagnitude of
tenperature, said tenperature converter conprising: a tenperature

| ndependent Gy Rl ROt R PO IS AR R RO AR sianalors ot

magnitude greater than the sum of the reference signal at the gate of the
second MOS transistor and the signal developed at the resistor, the
amount of the contributing current transferred to the output node is a sum

of the first and second portions of the contributing current

21.  Atemperature compensating bias current generator to create a master
biasing current having unique temperature characteristics, said bias

current generator comprising:

a temperature converter to provide a thermal signal indicating a
magnitude of temperature, said temperature converter

comprising:

“ & temperature independent current source to provide a first
current that does not fluctuate with a change in

temperature,

a proportional-to-absolute-temperature current source to
provide a second current that varies with temperature,

and
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a proportional -to-absol ute-tenperature current soume_pe——p%av%dv'a’second
current that varies with tenperature, and 37 1111111 14N mi‘

‘difference circuit associated with the tenperature u“u
source and the proportional-to- absol ute-tenperatur

receive the first and second currents and fromthe ¥ |rst and second
currents generate the thermal signal that is indicative of a dlfference
between the first and second currents; a current function generator

cormuni cation W th the te"ﬁg&ﬁ%ﬂrﬁfﬁgﬁ&vﬁf&ﬁﬁé&le@é Wit e ﬂﬁa e{?\‘ﬁfe”&'

signal by a bias function erature c eristics to
compr | si ng: & current il ti pH% %%s\erﬁshﬁﬁrﬁt“ea‘f wa#ﬁ?hw"p%@%ﬁ%ﬁ ature
Che ref orence signals to det EPRPHE-BMRSLV BaeNHiPLEcs PaRTaV ATt ed by
Dl ur ol 1 £y of mrrored currenereSaPREe TPrEbALITEINT DR AR FRORS  curr ent

function generator to pr Oducecu%‘eﬁtsugre%eratté/ th%fthgrln?a s%lrjiglrtﬁat i indicative of a

ent

difference between the first and second currents;

a current function generator.in communication with the temperature
converter to muitiply the thermal signal by a bias function having
the unique temperature characteristics {o create the master

biasing current, said current function generator comprising:

a current multiplier in communication with the temperature
converter to receive the thermal signal, 'qompare the
thermal signal with the reference signals to determine a
contributing currents indicated by the referer:lée signals to

be added to form the master biasing current;

a plurality of mirroéed current sources in communication with the
current function generator to produce a plurality of bias currents

mirrored from said master biasing current; and

a bandgap referenced signal source that generates and
communicates a plurality of reference signals to the current

function generator, wherein the plurality of reference signals are
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mrrored from sai d mast er ent; and a bandgap referenced signal
" source that generates and comrunl cates a plurality of reference signals to

"the current function m |nthe plurality of reference signals
are 38 L S corrpared mm gnal said reference signals chosen
to determ ne the bias unetl‘on The bias current generator of claim21
wherein the current difference CIrCUIt conprises: a current subtractor

circuit in conmunication with eratur endent current source
and the proportional -tOCSH?BF%{t@E{h? g’%’@?'&ﬁ@f@z S@IS&P&’E‘P"%Q £hPSeBcei ve t he
first and second currents and to subtract the first and second to generate
a thermal current; a silgHgiermngies bigs funligected to the current subtractor
to receive the thermal current and convert said thermal current to the
thermal signal. ' 23. The bias current generator of claim?2l wherein the
current nul t23l i dhe ienpurens generagsir of alaim ¢1 sherain therqurrentdifferegcei rcui t s,
each current steering circuit conparing the thermal signal to one of the
plurality of ref elrenit eomprises:

a current subtractor circuit in communication with the temperature
independent current source and the proportional-to-absolute-
temperature current source to receive the first and second
currents and to subtract the first and second to generate a

thermal current;

a signal converter connected to the current subtractor to receive the
thermal current and convert said thermal current to the thermal

signal. -

23.  The bias current generator of claim 21 wherein the current multiplier

comprises:

a plurality of cu_rreht steering circuits, each current steering circuit
comparing the fhermal signal to one of the plurality of reference
signals to selectively steer all or some of one of the contributing

currents to an output node; and

a current summing node connected to the output node of the

plurality of current steering circuits to additively combine the
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signals to selectively steer all or sone of one of the contributing
‘currents to an output node; and a current sunm ng node”mmﬂﬂﬂmm

‘out put node of the plurality of current steering circd ,mn/uﬂy
conbine the 39 111G 11111111111 L f~111I~I1 sel ecti*vefy Stderéd *
contributing. currents to formthe master biasing current. 24. The bias

current generator of claim23 wherein each current steering circuit
conprises: a first MOS transistor haying.a gate to receive the thernal
sigral, and a drain corsfaeatielysigese 8‘?‘%55‘@%9&%?%‘%% Farthe fstera second
MOS transistor having a gate to receive one of the reference signals; and
a drain connected to thebigsing eutrentsumm ng node to provi de sonme or all of
the contributing current; a first current source in conmunication with a
source of the first MOS transistor to provide some or all a first portion
of the cont 2dbut Tigbizscugant genessoooictiaimri3ambersioeack cumedesterningcat i on with
a source of the second MOS transistor to provide sone or all a second

portion of the ceriuitidoripriegs:current; and
a first MOS transistor having a gate to receive the thermal signal,

and a drain connected to a voltage reference terminal;

a second MOS transistor having a gate to receive one of the
reference signals, and a drain connected to the current

summing node to provide some or all of the contributing current;

a first current source in communication with a source of the first
MOS fransistor to provide some or all a first portion of the

contributing current;

a second current source in communication with a source of the
second MOS transistor to provide some or all a second portion

of the contribufing current; and

a resistor connected between the sources of the first and second
MOS fransistors such that some or all of the first and second
portions or the contributing current selectively flow through the

first or second MOS transistor.
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e
a resistor connected between the sources of the first and second MOS
“transistors such that sonme or all of the first andm t he
“contributing current selectively flow through the ' !!m econd MOS

transi stor. 40 25. The bias generator of claim 23 ‘&1 Imuuuer mal
nc

signal has a magnitude between a sumand a difference
signal at the gate of the second MOS transistor and a signal dével* oped at
the resistor, an anount of the contributing current transferred to the

out put node b§, d?ﬁ@ﬁlﬁk@@ﬁerﬁibrtoh&a@lﬁl%wr@?em lymatﬁler?ﬁ@szgﬁﬁl Hgs gvhere: iy is
the anount of the contributing current, |. is a magnitude of the first

portion of the CO%QQRJ%%I My éh“éEﬁrﬂtand\écdlfféfeh@ﬁoﬁﬂ@ré@tlen%észé;ghi affig s the

ref erence si gnal e resistance o e resistor he bi as

generator of clai gété%f WA C??bﬁ% Mds ;rgﬁ&g@%ﬁr&la syngpc?éve{@ﬁd% ?Q&t%ﬁde 'S

| ess than the difference e rererence si e second

MOS transi stor angn LARUR SRS cHRME Y rRht frgr?sfér?e% 8404 outbnlenode is

determined by the equation:

where:

ly is the amount of the contributing current,

l1 is @ magnitude of the first portion of the contributing
current,

V¢ is the thermal signal,

Vg4 is the reference signal, and

R is the resistance of the resistor.

26.  The bias generator of claim 23 wherein, if the thermal signal has a
magnitude is less than the difference of the reference signal at the gate of

the second MOS transistpf and the signal deVeioped at the resistor, the

" amount of fhe contributing current transferred to the output node is zero:

27.  The bias generator of claim 23 wherein, if the thermal signal has a
magnitude greater than the sum of the reference signal at the gate of the
second MOS transistor and the signal developed at the resistor, the

amount of the contributing current transferred to the output node is a sum

of the first and second portions of the contributing current
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anount of the contributimg current—transferred to the output node is zero:

27. The bias gener f wherein, if the thermal signal has a
" magni tude greater ﬂ'ﬂl”ﬂ ﬂmr(ﬂ Ihe reference signal at the gate of the
! .

second MOS transi ster an e sighal devel oped at the resistor, the anpunt
of the contributing current transferred to the output node is a sum of the
first and second portions of the contributing current 41
Lrrrrrrcarcatirrrircahiel rrrrrrlr €L M28. Arethod for generation of a

t enper at ur e 2&inpeh swthadfobgerserationrof it temperatireicompehseatist dies @lrrentiet er m ni ng
a piecew se function substantially describing a required bias current with

respect to tenpersimprigingdpé etesf:ng a plurality of reference signals, each
ref erence signal describing an anount of a contributing current of a

plurality of <contributing currents, which, when sunmed together, generate

the bias current; Cre%&é}@‘irﬁn%gg{eeamséifmbns&gﬁa@%@l?héw@ fa R@lifed ner mal

signal indicating a tenperat conparing ea he ret érence signals

to the thermal signal; &gg?\;& XA 'e%Pthoem&)QF‘atSrg””i buting currents and
T

whi ch portions of said con ut'l ngr urrents are be included to generate
the bias current; and -

determining a plurality of reference signals, each reference signal
describing an amount of a contributing current of a plurality of
contributing currents, which, when summed together, generate

the bias current;

creating a thermal signal, the magnitude of said thermal signal

indicating a temperature;
comparing.each of the reference signals to the thermal signal;

identifying which of the contributing currents and which portions of
| said contributing currents are be included to generate the bias

current; and

3

summing identified contributing currents and the portions of the

confributing currents to form the bias current.

29. The method of claim 28 wherein the thermal signal is formed by the steps

of: ' .
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summ ng identified contributing currents and the porMstﬁ

contributing currents to formthe bias current. 29. The nethod of claim 28

wherein the thermal signal is fornmed by the steps of U" !

T1A##1#11111#6 101! * C 1111 #1111#1 providing. a te“!m ,”r"’,"",ﬂﬂd"ﬁdent
i

control signal having a constant magnitude over tenperature® pfovsdiflg a
proportional -to-absol ute-tenperature signal having a magnitude that varies

wi th tenperature; and spilidaeid e ature i ndependent control
signal fromthe pr oporttj':@ongmlcgf t{yﬁ)&g%ut ‘@?@%&Pgﬁ%ﬁei gg'@ﬂ\&ﬁ‘”ﬂﬁaf ormthe

thermal signal. 30. The ol al m 28 wherein the reference signals
are referenced to a seni g%?\ uctnggrgnﬁ)tgﬁ%agﬂq%f’?@ € 43

providing a proportional-to-absolute-temperature signal having a

- magnitude that varies with temperature; and

subtracting the temperature independent control signal from the

proportjonal—to-absoiute—témperature signal to form the thermai

signal.

30.  The method of claim 28 wherein the reference signals are referenced to a

semiconductor bandgap voltage.



