.24 APR 2006 GENERAL- PURPOSE TEMPERATURE COVPENSATI NG CURRENT MASTER- Bl AS

CI RCU T Background of the Invention Field of the Invention This invention
relates to electronic circuits and systems. More particularly, this _
invention relates to circuits that generate biasing currents 2 rapq sgaslits.
This invention, especially, relates to circuits that generate biasing
currents that provide variations in these biasing currents to conpensate
for functional circuit variations due to changes in operating tenperature

of the f unct GENERAL BYRPOBESTEMPERATUIEICOMPENSATAREN | ¥ desi gned

analog circuits generally enploy current Dbiasing an volgagﬁ

bi asi ng. Current bi asi firstly, allows the operating points of the
transistors to be rel QR?B&%N?:M%\&%&B%B QH%B\‘-HEH cation process
parameters. Secondly, current biasing is | ess prone to noise pickup.
Thirdly, the tenperature coefficient of the biasing current can be easily
altered to provide tenpeBackgroundhefitheilowentiopone of the small signal

parameters, particularly, transconductance (gm of transistors. For the
pur pose of current biasing, a current master-bias circuit is usually

enpl 0ye¢ie|‘d°<‘!ﬁ}}ﬁ%ﬁnvéﬁ't‘?or§' ope of the tenperature characteristic of the bias
current fromthe master-bias circuit mght have to be different for 1
This invention relates to _electrbnic 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 operaiing
points of the transistors to{bé relatively independent of the fabrication

~ process par;mete-rs. 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 biasi'ng', a current master-bias circuit is usually
employed. However, the slope of the temperature characteristic of 'ithe

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




- 24 APR 2006 different circuits and even for the same circuit using
different fabrication processes, if reasonably precise tenperature
canpensation is required. Therefore, a master-bias current circuit nust be
abl e be easily adaptable to provide different characteristics RdrARMEIBI as
current. A Proportional To Absol ute Tenperature (PTAT) current generator

as showmn in Fig. 1 is very widely used as a tenperature conpensated

current master-bias circuit. The NPN bi polar transistors Ql and @,

resistor R, gifdredl clits\UhdeVoheot thd Jah CIqu %%k?@ %r&gg apﬂga B AT

current generat or. The current mrror circul o I ect or

current s of t f@asiakoltfeddbndb] pgc.gé)teta‘?peﬁgm @ngﬁsa{égﬁﬁgﬁe’e@ﬁg and

lc2. If the small base curren I'S 1 gnore that t he

| | ect y d . determned b
fﬁe egqa; tfg;f@fl%?réécalm%%rb%% &Irrénﬁg@ns@gé@ %18% é&%u %ﬂ;aef%iﬁ% i Vbeq}’

are the vol ! aaqsodey repgd oBRltERRcl BE (aRReAR AT LLer respectively of
the transistors QL a ) e resistance of ‘the resistor RI.

A Proportional To Absolute Temperature (PTAT) current generator
as shown in Fig. 1 is very widely used as a temperature compensated
current 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 colle_cftor
currents of transistors Q1 and Q2 to be equal which is shown as lcs and
[co. If the small base current of Q1 is ignored, it can be shown that the
‘collector currents Icq and lgz of transistors Q1 and Q2 is determined by the
equation:

Vbeaz — Vbeas

fcr=lcag =— 77 Ea 1
' ' R1 4

where:

Vhear and Vyeqz are the voltages developed
- between the base and emitter respectively of

the transistors Q1 and Q2,

R1 is the resistance of the resistor R1.



.2 24 APR 2006 It is known that the base emtter voltages Vbe@ & VbeQl, of
the transistors QL and Q2 are determ ned by the equation: Vbe = VT | n
~where: Ic JsA) Eq. 2 VT is a thermal voltage given by the equation: VT
KT q Eq. 3 where: k is Boltzmann's constant, T is the operatiﬂgA
tenperature of the transistor generally in degrees Kelvin, and  q Fg ZP%e
el ectrical charge, of an electron. Ic is the collector current of an NPN

transistor. Js is the saturation current density per unit area. Ais the
emtter area. ft is known that the base emitter voltages Vbeaz & Vbea: of the

transistors Q1 and Q2 are determined by the equation:

JsA

Vbe =VT]I‘I[ lc J Eq. 2

where:
Vr is a thermal voltage given by the equation:

KT
Vi=— Eq. 3
.9

where:
- K 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.

Ic is the collector current of an NPN transistor.

Js is the saturation current density per unit

area.

A is the emitter area.

3



-3 24 APR 2006 By substituting Eq. 2 and Egq. 3 into Eq. 1, it can be shown
~that the <collector currents 1cl and Ic2 of transistors QL and @ are equal
to: Icl =1c2 = VI inlc2 lcl, R JsA2)-in( JSAl) = VTIn(A2)=AVT R Al Eq.
4 |f the current mirror CML i s designed such that the MOS transd &ASRS2006ML,
M2, and M3 are of equal sizes, then the PTAT current |PTAT is equal to
.collector currents 1cl and Ic2 and is given by the equation: |PTAT = AVT
Eq. 5 where: A= -1 In Az and is the constant sinplified R A fromthe
terms of EQ. 4. VB sudshe I ; ' FlL g, shows t he

q y eitihg EyTe an‘d@é-@iﬁtoﬁ%&?ﬂ it 3in'be %I*g)w gtpa&zﬁ

t enper ature behavi or of the PTAT current | ver sus Fe. The

constant A Kk dolietidecSirohe i&faﬁdhg% {71’ t%sis-[gﬂs%i%l%jQiz%]rg%qlf‘iaﬂgg; ature

characteristic is usually very ée€ffective for prov
conpensation for Bipolar transistors.

let = lea = g 2 ) f e
R JsA: JsAd
£qg. 4

= -Ylln(&)"—: AVy
A

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

coilector currents lgq and I, e_md Is given by the equation:
IpTar = AVr | Eq. 5

where:

1 Az
A=—In —-= i implifi
=y (ﬁn] atjd is the gonstant simplified

flfom the terms of Eq. 4.
V7 is the thermal vo‘Itage of Eq. 3.:

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

versus temperature. The constant Al—(~ is the slope of the line. This kind
9

of linear characteristic is usually very effective for providing temperature |

‘compensation for Bipolar transistors.

[G008] The transconductance gmeip for a bipolar transistor is given by:

4



- [0008] The transconductance gnbip for a bipolar transistor is given by: 4 2
4 APR 2006 gnbip = Ic Eq. 6 where, VI Ic is the collector current. If a

bi pol ar transistor is biased by a PTAT current |PTAT, the PTAT current

| PTAT found in Eq. 5 is substituted for the collector current 1Z4iappERps 6,
t he transconductance gnbip 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 tyansistors in strong-inversion, the PTAT
current generator does not g de—an effective tenperature Eﬁqogpensation.
The transconduct ance gmmos of a MMrtransistor is given by thé equation:
gmMOS = 721DPCOX W L ,where: Eq. 8

where,

Ic is the collector current.

If a bipotar transistor is biased by a PTAT current Iprar, the PTAT
current lerar found in Eq. 5 is substituted for the collector current fcin AEq.

6, the transconductance gmuip of the bipolar transistor becomes:
gmbip = 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, fhe PTAT
current generator does not provide an effective temperature

compensation.'The' transconductance gmmos of a MOS transistor is given

gmMOS = 1_’2!0}.1.00)(% Eq. 8

-where:

by the equation:

Io is the drain current of the MOS transistor.



.IDis the drain current of the MOS transistor. 2 4 APR 2008 Cox is the gate
oxi de capacitance per unit area of the MOS transistor. WL the aspect ratio
of the MOS transistor the carrier nobility given by the equation: BT-m
where: B is a constant. mis a process dependent exponent thatg%@;@mg
typical value of 1.5. T is tenperature in degrees Kelvin. If a
transistor--is biased by a PTAT current |PTAT, the PTAT current |PTAT found
in Egq. 5 is substituted for the drain current IDin Eq. 8, the

transconduct ance gnvbs of the MOg {rapsi r.i.s found by the . equation: Eq.
9 gnmvbs = | 2kABW ox_1-m gL 24 Apﬁg‘éog%"lﬁtgio’sddér?c?&n‘:'%ﬁ‘c%ﬁ@H‘P‘E a%e process
dependent exponent mis not of the MOS transistor

WIL the aspect ratio of the MOS transistor

u the carrier mobility given by the equation:
p=BT™
where:

B is a constant.

mis 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 letar, the PTAT
current lerat found in Eq. 5 is substituted for the drain current Ibin 'Eq. 8, .

the transconductance gmmos of the MOS transistor is found by the

equation:

-

2kABWCox_ =@
gmMOS = —'"‘—q—L"ﬁT 2 | Eq 9




i ntrollable and is al nost never has a magnitude of 1. Thus it
ggzglrrgscgbt/i ous fromEq. 9 that the transconductance gnM3S has a level of
t enper at ure dependence even if biased with a PTAT current |PTAT U.S. Patent
6,157,245 (Rincon-Mra) describes a curvature corrected bandgai® 4 aperamce
voltage circuit, the output voltage that is substantially |inear and
i ndependent of the operating tenperature of the circuit. The circuit
i ncl udes a voltage divider network conprised of a first resistor and a

. . . . . . . U des
d resistor - c ; A fiLst conpensating.circuit provi
Zef‘:iopst , linear, gﬂggﬁg{)\?ﬁéﬁ ghgsn%gkﬁ%rpg?%se%e@ﬁ&gﬁ?t CHPPEHIT s BRld a second

conpensat i ng Lish¢Ubtir NPl 465 cond, | ogarithm ¢, o_perat_i ng .
(erpert ure- SSRGS el T “GHITAr hr Pl e sl (o che 10
gﬁ;:oisl gtrj ?o tdr%go}g%cgﬁg%yegeést %9‘ gﬁ%%’%ﬁ e%rl'ﬁcgﬂgu‘a?’\‘/‘ieo%rmmélaﬁ@r’ﬂe‘u. S. Patent

5,952,873 (Ri = j ates a_l.ow voltage cur rent - node,
pi ecewi se- I(i ndgggﬂg%@g}g%g%%%ér'{c&‘?v&? HARARFApR @%erérn%_rerﬁil’ff@w t. The
bandgap circuit includes a first current source supplying a current

B Girrent propor CLbaaraEh! %%52123335?%%-4\?%{%‘135%%‘0‘%%%%%%?éﬁtiré“r_EﬁrrZrﬁ?:'zﬁ'uP%e
et neen o 11 1ol nsne el FeRtenctie8et Rl i efblioblnge Tt Soupl ed to
the first ”O%%bsfgﬂﬁalﬁyqﬁ'%ggaﬁ&'m er[]}tenagrwo%?hel Sp’é:rgtliergl t%ﬂw;:}ecr)atﬂrgofzt#e APR 2006
' 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 pro.vides 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'-mod'e, piecewise-linear curvature corrécted bandgap reference
circuit. The .bandgab 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 cu.rrent. Three resistors ére coupied
in series bétween a first noaé and ground. The first current source is

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




: tween the first and second resistors. The third current
:gﬁ?gg ingdgoggl ed to a third node between the second and third re.sbstsors.
An out put coupled to the first node supplies a reference voltage. -d-
Patent 5,883,507 (Yin) describes a | ow power tenperature corrpegliag?eR A
current source. The current source creates a first reference cdfr a
~ tenperature conpensating vol tage-controll ing circuit generates a

t enperat ure conpensated vol tage control signal during tenperature

per | rage con' ol h t
variations. Aghbésd R4 ?ﬁtg\}e'eﬂghé; kfst Uh s!ecs,?ﬂgdgr%ggﬁrﬁ&r{pgtp{rgggrrg%tg,r—,te P ol

generating circuit and tenperature co

circuit to biag,thes Eﬁl{ﬂlﬁl%g% Hrtl%roqutgﬁjeet[;%@%&ﬁagl?e\égelcgoglg%qgotglt(é ?%,}ﬁ%rr@gﬁg ét i ﬁ\g

current output contro clrcurt 1s

i i ing volta controlling circuit for
gL)LtClr“olt I ?28 ;mgeiﬁﬁgq{og%dﬁgtqﬁ%%ggrgr{j)%ﬁg%lga ar'%%é?’é‘?‘?c‘@”@ﬂ?-r ent to generate

a high output source current even during |ow tenperature conditions. U S

aent 5. 195,244 Qervbnlodo LEPORRP( AL 268, ol ernce ol rouit Lhal

wi Il remain constant and indepéende

I t ap voltage of_ silicon is
Hoaor bed, - Theohppfsags/ SfinfColBe] e BARGIARE ¢RAE: SarSivetsriieni n an

. - : ; i ni i ' bstrate. The
bandgap vol tage rer o encane rul PAB M bE bl bl Vel Cncea
generator t habehbrlesae AR St A LbhRbnd LS USRYNDAS] 5595 aving a first 8
' 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 control circuit.
A current output controlling circuit is connected to the current generating
circuit and the temperature compensating voltage controlling circuit for

controlling a secorid temperature campensated reference current to

generate a high output source current even during low temperature

conditions.

US Patent 5,?96,244 (Chen et al.) teabhes a voltage referenc_e
circuit that m‘/i[l- 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 vdltége reference.c'ircuit has a bandgap voltage réferenced

generator that will generate a first referencing voltage having a first




2 4 APR 2006 tenperature coefficient, and a conpensating vol tage generator
that will generate a second referencing voltage having a second
tenperature coefficient. The second tenperature coefficient is
approximately- equal to and has an opposite sign to the first tenperature
coefficient. A voltage summing circuit will sumthe first referehdiPRg206
vol tage and the second referencing voltage to create the tenperature

i ndependent voltage. A voltage biasing circuit will couple a bias voltage

to the bandgaperptraage coefiielcal cad DENAF@IaNNy TBRRS éé?le?étaﬁthgp\%mba”dgap
voltage referenced generator to generate the first”referencing voltage.

U S. Patent 6gk8di66 seSmdeférensingofadERRERAL YEES gﬂﬁﬁ d high
preci sion current source, which prgvi de% a co s'ltégﬁ(fr%gur e?f’i%reeregardl ess of

t enper at ure chaaigeienThend esmRpbatMberAREREBER SN RGeS 8L Q0 surrent
source has a control circuit conngct ed to a vol {525 O’S’ﬁsgﬁ%ﬁzgﬁ*%ﬁ’ tOpr oduci ng

control si gnakndAatiahsdppebitd Sigh t&HER3L leRBefilUidermdSRe Al SS 2 first
current, which is proporti onaF to absol uﬁg)eten%géréaetﬁbre irﬁ\vo(rﬁgg?)onse to the

signal s from shententitalit will sCHi the ifstirbfoRdndiy ¥ rring circuit
transfers the first current to a common node.vcﬁaég%@%ﬁéﬁ?ﬁ%ﬁt generati ng

ci roui t_gener atfesnairgarange GERAR! the WHhBlrahdhe IWNSIEARLY L RLGRORL onal to
absol ute tenperature in response to the signals fromthe Lontrol circuit.

A second cur r edttager tAASHE ErEMOwli dotbieta biaansh ! nd current to the
common nhode. _The common node aplds Fr?eafli rstétgiezlto tggggﬁég%puwlgﬁ?s to -
generate a threferenued gheraliid means WBREIAE B9hdd¥pd oitage referenced

generatqr 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
regardiess of temperatgre 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, which 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 second 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 secénd ,
current to the common node._ The common node adds the first and

'secoqd currents to generaté a third current that is compensated for a |
current \}ariation caused by the temperature variation at the first and |

g




.current variation caused by the tenperature variation at the first and 9 24
APR 2006 second current generating circuits. An output circuit is connected
to the common node for receiving the third current fromthe conmon node
and generating a constant output current. Summary of the Inversg' on An
object of this invention is to provide a circuit that generate JaAPRa@Bﬁer
bi asi ng current that has a unique variation with changes in tenperature.
Anot her object of this invention is to provide a circuit that generates a

mast er bi asi ngcoH befbniafheRitdg RSURST ARRLEWLELRY iE@oxfu‘iegc’E'%cﬁ]{e%etHF”ffgre;d

bi asi ng current such that the master biasing current an

bi asi ng cur r eRimbRMEdI GEGVAG R g eshilohenperagure. To
acconplish at | east one of tkllelgée as vvelclmr%@fg @%%%@8&5%‘38"?emerature

conpensat i Ng qinasdting £driswdt Oiu&)&g[]%lgtuct ed by first determning a

pi ecewi se function Ssubstantially describing a required bias current with
respect to tenperature. Reference signals are created such that each

ref erence signal describes an anobunt of a contributing current of a
plurality of contributi ngSsUnmansof the Iswestioed contri buting currents,
when sumred together, generate the master biasing current. The biasing
current generator ,is further constructed to create a thermal signal, such
that the magnit udé"PIEHET thievaNtian §raprovids @ stret that eenseatasar e of t he

master biasing current that has a unique variation with changes in

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 biasing circuit is constructed by first
determining a piecéwise function 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 5iaéing current. The biasing
current gegerator is further _construbted to create a thermat sigﬁal, such |

- that the magnitude of the the}mal signa! indicates a temperature of the

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

10



: tional circuit to which the biasing currents are supplied. Each of the
'EghgthoAgR 2006 reference signals.is conpared to the thermal signal. The
bi asing current generator then identifies which of the cpntr!buflng .
currents or portions of the contributing currents are being Ipq'Hpﬁgggnts
generate the master biasing current. The identified contributing cu

~and the portions of the contributing currents are then summed to formthe

master biasing current. To acconplish the function as above described, the

e i iBi r.at: h . _ _
L eper at U1 6.1 o aeroe SignBd 15\ cBmpekid Bthe A LA Oal e Biasing i e cat i ng a

f : L.r . f i ener at or 'n
Lot et | ondenBa hGHILReoAlof o e SR LA EPBOG5R e ot y ¢ he

thermal si gnathelyn@idiiag cufrbms Lo Bei*ﬁg‘{r'nd?@detd*}g ggﬂél%Vee&hFeer%sgé%iggigg

characteristics to create the nmaster biasing~urren

i ] I; dent current.
t erat ur e- t Qureasitr §Rk igeHivied tehtriBain@cudSIPSRATHY Sohhdepsp ‘
sglrjnrjce, a proportional -to-labsol ut e- tggnperature cﬁrent Soufce, and a

' [ i i ' t source
current diffecanasutingdmichts dBeher SIRRTALY TG REGRRRASHLiSYLLEnt
provi des a first cur?ent that does not fPuct uate Wt h é\ EhEHEE n

tenperature. The proportional -to-absolute- tenperature current source

; . i ion eneral ly
provides a second TWiséRmMplith#e Mﬁﬁb@ﬁa%’l}é??\/eer@%}lmecf :flﬁ'eg[ﬁr[epqr &

linear) with tenperature: The current ence ¢ Eonnected to

bropor t) onal -t abea o SR sureht Feerath haE a0 lEe o chent ve the first
converter to provide a thermal signal indicating a temperature value of
current and a current function generator in communication with the
temperature-to-current converter to multiply the thermal signal by a bias
function héving 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 cireuit, The
temperature independent cﬁrrent 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 current source to receive the first
and second currents and fro[n the first and second currents generates the
thermal signal. The thermal signal is indicative of a diffefence between
the ﬁrst and second currents, which a current measure‘of the temperature. |

11




currents and fromthe first and second currents generates the
?Rgrrsrgfoggg(r:]al'. The thermal signal is indicative of a difference between
the first and second currents, which a current neasure of the tenperature.
11 24 APR 2006 The current function generator is in comunicat @4}@@%@ he
tenperature-to-current converter to receive the thermal signal. o
t hermal si gnal is conpared with the reference signals to determ ne whic
of the contributing currents or portions of the contributing currents

indicated by the rehebana® GhaRAlndffol Q iPEANISA LS, for M he master
generatraeepy

bi asing current. The reference signal s are ndgap voltage

gener at or andté}ﬁﬁerﬁhﬁéﬁ%ﬁﬁﬁeﬂ%ﬂc&é}qotr%'(?eé\ﬁati t%%ft%ll?]rﬂ% Iﬁi%ﬁf’h;r e master biasing

current may be used as the reference cu % of nmirrored

e o A A R 2

t enperature conpensali on

ciouit,  The bk rentuiing FARERs S pblle ' e AR GHcL e o i h 1 he

circuit. The current s rac ci'rcul

i t_.soyrce and th _
broport1 onal - I ERENE e BT S 3R aa%%?%en?dfe&dgm berweseve the firs
' t the first and secon 0 gen
?Rgr ﬁgfogﬂr (r:g%{a.gﬂ %é?%ﬂgf?%%ﬁe\%{eﬁé? S|gals R 9EREEEY Y # RaNEEAR ent subt ract or

i thermal current to the
E ﬁ r eclel V?g;gfoi{%%rd&lerﬁgrr 5&&15reacr?1%sercx ?rp \d/gtreEmlIngEihe bias function. .
ermal si .

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.diﬁerence 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 {o receive the first and second currents and to subtract the
first and second to generalte-a thermal current. A signal converter is
connected tc; the current subtractor to receive the thermal current and

convert the thermal current to the thermal signal.

The current function generator comprises a current multiplier in
communication with the teerrature—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



: nt function generator conprises a current nultiplier in
Igﬁnﬁg{zgt?on W th thg tenperature-to-current converter to receive the
thermal signal, conpare the thernmal signal with the reference signals tob
determine a contributing currents indicated by the reference sig ah?R%ﬁm e
12 24 APR 2006 added to formthe master biasing current. The curr
multiplier is formed of a plurality ﬁf fﬁrrenf stfféh?gd?;;grghié gﬁgﬂal

1 i i i i the thermal cu
current steering circuit conparing Lo ool ontivel v saor ol P ey

' j f__reference si S

tsgngngf O];ntehg?&?{elﬁ;tai:f%ﬁw%bﬂ??tgb 'aEWSrCEHPEEfU"%WFEﬁEF ﬁﬂ{“fﬁ*\’%@.fgmﬁ?i current

[ [ ' : ed t current summi ng node to
addi tivaly oot s BlerERTRENGO srblieachiRtantslrerng diont ant s <o form

' i asi t ing circuit has a first an
second M35 traRrgre e Wiy Pk Mo emsnser Sras! dagusnboir ecei ve | he
‘ Sﬁcon | signal . and a. rain connected to a voltage reference termnal, and
Ehgrgasecogd BENTS %{‘HE?@? FeiRglvely sigprall o yupe plenaefdhe contibuting er ence
i I d I ai connected tg the current summ ng node to provide sone
i'rggﬁ sbf atn he@“rgeé‘ﬁﬁ{rgﬁ u Lir}tﬁtj“& G ehte CHTFY seripa Firatts e @ cenpecten

i i | I i st to provide sone or
a1 e trst por b pIRHET ol 3 BiiNaY caifbent e shierkobedeadour ront
Sourae 161 o ' ' i.th a source of the second MOS transistor to
orovide som SO%W@%I On‘i?r*wf %edﬂa%f*" bigging GHEreMbout i ng current. A
provi de some or a 48518 'yat uting :

resistor i s connected

Each current steering circuit 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 referencé signals, and a drain
connected to the current summir_lg 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, andja second current source is in communication
with a source of the second MOS transistor to provide some or all a
second portion of the contr'ibuting 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 citcuit adjusts the contributing current such

that, if the rthermal signal has a magnituder between a sum and a
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between the sources of the first and second MOS transistors such that sone
or all of the first and second portions or the contributing current t
sel ectivel y flow through the first or second MXS transistor. The curren
steering circuit adjusts the contributing current such that, |f26£t Rer 2006

t hermal signal has a magni tude between a sumand a 13 24 APR 200 Cor
difference of the reference signal at the gate of the second MOS tyan5| S
and a signal devel oped at the resistor, an anount of the contributing

current transfafdrescd & thi SerBHIRUIIRAE 18 (A6 6 1L %%??q%b%ﬁ&ﬁt | on:

VC-VRL | Y-11+ R where: |y is the anount 'ent, 17 is
2, Tagni tude ofantfieebhsislouBRL Auflrel i g ¢5&;§gtt¢g§%ccrﬂagem Ve is the

t
thermal signal, VR7 is the reference si Y€ st ance of the

he current
esistor. Ho e [cuit usts t

;tZeri ng cur\rl\?r{\i?émsuch trﬁ%{{{%ﬂ% O%Wt hg(?}rsa(?étgmaﬂﬁ? SYAYGR t ude t hat |sd
| ess than the difference of the reference signal at the gate of the secon

MOS transi stor Ve - Vri
Iy=|‘l+

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,

V1 is the reference signal, and

R is the resistance of the resistor.

However, each current steering circuit adjusts the current steering current
_such that, if the thérmal signél has a magnitude that is less than the
difference of the reference signal at the gate of the second MOS transistor
and the signal ldeve[o.ped at the resistor, the amount of the contributing
current transferred to the output node is zero. - Finally each current
steering circuit adjusts the contributing éurrent such that, if the thermal
.signal has a magnitude greater than the sum of the reference éignai 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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- and the signal developed at the resistor, the amobunt of the contributing

current transferred to the output node is zero. Finally each current
steering circuit adjusts the contributing current such that, if the thernal
signal has a magnitude greater than the sumof the reference signal at the
gate of the second MOS transistor and the signal devel oped at @HeAPR 2006
resistor, the amount of the contributing current transferred to the output
node i's a sumof the first and second portions of the contributing current.

L4 24 APR 2006 Brief DByfef DoseRgtlof BF tRetfdigfnddd. 1 1 a schematic
di agram of a proportional -to-absoOl ute- tenperature current generator of the

prior art. Fig. 2 is a plot of the output current of the

proport i onal -t o- alragl 4iker sdrRARRE Ay Bm Ul SBhoHERANALRL Rl F1 0. 1 versus

tenperature. Fig. 3 is a functional™ bl ock 'diagramo er biasing

current . _genaeierailo dtish bONEAId WPind ity o 1S @ plot of a segment of the
| n

thermal signal of the naste asing curre generator of this invention
versus tenperature. Fig. 5 is schematic diagram of the master biasing

current generator g@f; {h %1?{ ‘%"‘éﬁé‘gh% Cllfrirgrgr?(?triﬁsg%gg%ggglgt%ﬁd%ggr am of a

current steerin_g citcuit _ |nyent| Ut the first
and second pagkip@Rfu® cdrfit GOMELP S FRY1 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.7is 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 signat of this invention,
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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. 15 2 4 APR 2006 Detail ed Description
of the Invention A tenperature conpensating biasing circuit of ZQhA.ﬁR 2006
invention provides the biasing currents to functional circuits to .
conpensate for variation in the operating paraneters of the functional
circuits. It is knowng in.t art .that adjusting the biasing currents can
conpensat e tenper aturQetg'fj?ag?gsﬁﬂpﬁmP shaln¥eptigns. The tenperature
conpensating biasing circuit functions by first generating a thernal

signal indicative Rger%he ogerati ng tenperature of the circuitry. The .
thermal signal is 'cOHPRFEHTT FOMRENTFNOL 7Ine Fisstileof dhiginyestiosone” or al | of a
roup of contrjbuting currents re sunmed to formthe nmaster biasing

gur r gnt . The Pr'i%’ dt&? ”g‘? g?l&r?& Cu&?f‘flsetﬁtfu'i“%“o&@h@'fquﬂ%fcé%PrBF}eﬁﬁalt%fOfdet ermning a

pi ecewi se function .sybstantjally describing a required bias current with
respect to t\éﬁ’*Fbag'Pgt’rt’J  OPHBUNGPUPRIRS & Hiralgclianel eifadised iskiatwn hat each
reference si %q%?&qﬁ%{% esi_ arh']afrqrpuiri\]tg of ea contri buti ng_tcur_renltJ of a
plurality of "c U CHrT @ APSINITHIEEEE @t @inresweie tsotierajursur r ent s,
Surrent " gencr it OF MO PREIIEFitb T EH T L ORI BabIas oo ur et . o
portions of circuit functions by first generating a thermal signal indicative of the 7-
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 sefected contributing currents, when summed
together, generate the master biasing current.. The biasing current
generator then identifies which of the contributing currents or portions of
said contributing currents are to be induded to generate the master

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

contn’buting 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
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said contributing currents are to be included to generate the master

bi asing current. The identified contributing currents and the portions of
the contributing currents are then summed to formthe master biasing
current’ Refer nowto Fig. 3 for a detail ed description of tenperature
biasing circuit of this invention. The tenperature-to-current,2éopreigr
TCC has a 16 2 4 APR 2006 reference current generator |REF that produces a
tenperature i ndependent current IRX and a current source | PTAT that

e pdces, B ookl NS BT Lok UR bt o

current IRX and the proportional

to the subtragt cand tractor S, subtractively conbines the
t enper at ur e indrg%neﬁ%(eandQ%ﬂf%ﬁpﬂfﬁ"@ﬁ@aﬁﬁé‘j 6P BFIAbEAa4%G- t enper at ur e

current | PTAT, f o] t of the subtractor S, that is a thernal
control curretr?w)f,r%{bgg. &E} it ELFJEE‘EIPP%'FELEFH@CEEL@SP?%@H@@ Irik and e i nput to the
-to- ; C. Th -t 0-vol t | VC
gencr at s 2t RoPaaior e EEh B RN et s riersHBiracior Si.gnal Vo(t)
in this enbody ] ol e. that is an input to a current function
gener at or IGEN. I%Eé t}ea%tc?roéqﬁuté’%gﬁt"‘?e C%{né"ﬁ?%Hl?s%fr@ﬁf%‘ﬁfetfﬁ@eﬁ%ﬁ@ﬂi on of the
t hermal sign rsus tenperature. In this instance, the thernmal
signal Vc(t) “éééq‘gﬁ%"ia\égéﬁe Pﬁ%&nﬁ%ﬁ?‘i?'t%wmwﬁaw%;lpwci(orfpnrmm( t-tnin)

.wher € output of the subtractor S4 that is a thermal control current k(t). The
output of the subtractor S is the input to the current-to-voltage converter
IVC._ The current—to-voltage .converter IVC generates a thermat éigna!
V(t) at its oqtput. 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 for a
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:
Vc(t) =C+ D(t — tmin)
-where:

C is the value of the of the thermal signal Ve(t)

at the minimum temperature tmi;,.
D is the slope of the function.

t is the present temperature of the circuit.
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[ | [ t the m nimum
~Cis the value of the of the thermal signal Vc(t) at
tenperature t,mn. Dis the slope of the function. t is the present
tenperature of the circuit. 17 2 4 APR 2006 The current function generator

| GEN has a bandgap referenced voltage generator VREF that 99”92?@5}?@@@

mul tiple reference signals VRL, VRL, VRZ, ..., VRn that are us](ca tho ster
describe tenperature characteristics of the desired function of eI maste
bi asi ng generator output current [QUT. The nultiple reference signa ,

LV ot AT N A S, 5

nonlinear-current-nmultiplier cir e con ef erence

current IR i SV@|fa’§@Sde%gfanr @JEQ%&%PP%%QC@@&%&% n%q%%{éc | REF to the

nonlinear-current-nmultiplier cir Vet er ence

Summed o or onre The meet ot BPASER 4 e Bl ot e P The

summed to create the naster asin

i i : each. of the.individual rrultiple
';21? repzlnczl g?gﬁ&%@%ﬁ%&?“@@%%gam gia?/ﬂﬁ ey WPYLGuEentlovpar i son some

then summed 1 5 oreafle {E=hedbEna i Vi Yeer alior reciie putieuhont - TOUT.
The out put Ofth%nﬁerrﬁ?a?rsfaghawg({)%g rtl‘xe.'gr(?cr)]n {n%taro—(r:urlr%%&l’ﬁptfe?r(]:ir:‘gl?iE ﬁECEVI?

The contributing reference current Ig is transferred from the reference

current source Igee to the nonIinear—current-mq{tiplier circuit NLCM. The

contributing reference current I is mirrored to form the individual

reference currents that are summed to create the master biasing

generator output current lgyr.

The thermal signat Vc(t) is compared to each of the individual
- multiple reference signals Vgs, Vs, Vag, ... . Vrn. Based on this
comparison some or ail 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 cufrent generator IGEN is connected to
the current mirror circuit IM. The current mirror circuit IM mirrors the
master biasing generator output current loyy to generate the biasing
currents lours, loutz, lours, and loyt;. The biasing currents loyr1, lours,

lours, and loyr provide biasing currents to functional circuits to
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the.current mrror circuit IM The current mrror circuit IMmrrors the
mast er bi asing generator output current TOUT to generate the biasing
currents 1QUT1, 1QUT2, IQUT3, and I QUTi. The biasing currents 10QUT1, |QUT2,
| QUT3, and |1 QUT1 provide biasing currents to functional circuits to 18 2 4
APR 2006 conpensate for changes in operation of the functional q}i é\%“ Eﬂ% due
to changes in tenperature. A preferred enbodi nent of the terrpgra (g
conpensated biasing current generation circuit is shown in Fig. 5. Refer
now si nmul t ane igs..3 and 5. The transi stors MAO, MBO and the
amplifier Al ?égﬁf%nstaﬁ%%t? gﬂ%’éﬁ’%ﬁ’ﬂr@%%@@ﬁ%%%% gWeuitssluede | REF. The
transi stors i S_ - figured as a current source. The transistors MO
MCO, M.I, I\/R:\&%“ﬁ%i"?%%feq?t.ure', M.n, MRn are current mrrors. The current
source reference current IR is a tenperature independent current that is
determ ned by the MOS transistor MDO, the anplifier A and the resistor

RX, and the ref er énpefandd a[gleoMR@ntmaerteiﬁ*@é@tl@r@c\éﬁJXbﬂQ&eEﬂB@siir% referenced
to the bandgap of the sem conductor. The anplifier A  ensures that the

reference vol eyt yRGEiagonsiratibisrddwadh G5 5t Fre@fve bitfultaReodie CUrrent IR
t hrough the resistor Rx and MOS transistors MAO and MDO is forced to be:
| = VRO Figs. 3 and 5. The MOS transistors MAG, MBO and the amplifier Aq form

the temperature' independent current source Irer. The transistors MAO is

configured as a current source. The transistors MBO, MCO, ML1, MR1,

ML2, MR2, ... , MLn, MRn are current mirrors. The current source

reference current g is a temperature independent current that is

determined by the MOS transistor MDO, the amplifier A and the resistor

Rx, and the reference voltage Vge. The refefence voitage Vg is

referenced to the bandgap of the semiconductor. The amplifier Aq

ensures that the reference voltage Vg is maintained across the resistor

Ry. The current Ig through the resistor Rx and MOS transistors MAO and

MDQ is forced to be:

X

Neglecting the temperature variations of the resistor Ry, the current Ig is
Independ_ent of temperature variations. The currents trx, lo, b, ..., I @re mirrored

from the current Iz and are therefofe, propbr;ional to the current Ir.
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Rx Neglecting the tenperature variations of the resistor RX, lt(r)\e ?:tirrent I R
is independent of tenperature variations. The currents | R, ; I "te'ihe
In are mrrored fromthe current IR and are therefore, proportiona o
current IR 19 24 APR 2006 The tenperature independent refer enc&g;‘%ema
IRX is transferred fromthe drain of the MOS transistor MBO an g

mrrored fromthe reference current IR The tenperature indepen e_rll_';]
reference current 1RX is transferred to the subtracting node S1. e

i R nnect ed to
roportional -t o- absitleitb@petRURER M pHRehtii&GBhcSAYF ' SnbeoG
Itohelosubt racting node SI and is arranged such tﬁH é}ﬁﬁg‘ %ﬁe urrent

lc(t) is the didii eteethem oﬂﬁémt@hglsf&mgﬁé‘ semfﬂ%?%(fﬁ G‘E‘ar reference

current IRX and the proportional-to-ab rent source

t current-tao-voltage
conver ter 1VC e went st R*;*f'e.% Richale e %eicfm@géw?wﬁacee WSSt | nput

forced
?R?obgﬁ ?E'[eplrjgssf}fsa?%fraﬁeaﬁm” e outgl)‘:r?&e %Qeﬁgaé)ﬁ%?uqrré?@ﬁ' g?‘é“tll??:comes t he
f th a'ﬁﬁje I Vc(t) is applied to
Y?\Lt gg?rgntts?gg??‘;g C|Cr%]('€%ﬁ?ésou¥g§ Ip)r‘ﬁéggg ac(?%%ﬁ) th gg?ﬂﬂmweﬁb 6 for a

t.h rre steering circuits
Cs1. ooz, and e SrRAS R %f“éﬁﬁ‘%""i’?'?fvsfe“n*gﬁ)ag Cfefcene gate of the

f Irst Nm tr al}b%hﬁéé}{ th%mpg&%r@rﬁ%ébeﬁjeﬁt reference current Irx and the

proporﬂona[—to-absoiute—temperature current source lpraz.

The amplifier A; 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 ampiifier A,. The thermal current Ic{t}) is forced
through the resistor Ry and the output of the amplifier A, is becomes the
voltage of the ther;nal signal Vc-(t). The thermal signal V¢(t) is applied to

the current steering circuits CS1, CS2, and CSn.

Refer new to Fig. 6 for a discussion of the structure and function of
the current steering circuits €81, €S2, and €Sn. 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 traneistor MBI is connected to one of the
reference signals Vg and the drain is connected to the output terminal that

sources the contributing_current lvi. The resistor R; is connected between

the sources of the MOS transistors MAI and MBi. The first current source
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- 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 VR and the drain is connected to the output term nal that sources
the contributing current Ir. The resistor R is connected between the
sources of the MOS transistors MAi and MBi. The first current ZSpupRe0lE0 2 4
APR 2006 L is connected between the power supply voltage source VDD and the
source of the first transistor MAI and the second current source IiRis

connect ed_bet hemmahecipawerygdiPPLYLoWRF Lagsy SOLC. PR gnd i he source  of
ea (0] e

the second transistor MAI. The magnitude o PR ts provided

by the currengomgro@ﬂﬁafiiﬂsitré’fﬂﬁlstbﬁ\miﬁﬁné’ﬂ’{@%?ﬁtoﬁg%cg%?current i through the

|
resistor Ri. The current steering circui ReS R ¥ Buti ng current

lyi such thatenddctddige | c(t) has a nmagnitude between a sum
and a difference of tﬁg;ér%é?@% Bﬁ"é‘g@paxa{"'%ﬂ? Sgi'rct?{v;’”j’é’fjéh%ﬁmfrﬁ@ second MOS

transi stor MBopind 2csh@halsikiRmglevel oped at the resjistor Ri, an anount of
the contributing current b?gftofgnnégf \eﬁﬁeedaqrgtufjﬁé)fSﬁ‘f'b‘eﬁthﬁﬁﬁ’ée’i‘@ det er mi ned by

the equation: plogideld s\Mive cuMBhe &lurESk I'}Loan Sl ate equal to the current |;

through the resistor R;.

_. The current steering circuit adjusts the contributing currént lyi 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 Iy transferred to the output node is determined by

the equation:

Ve_ Vai

i

byi=h+ Eq.10
where:

ly is the amount of the contributing current,

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

V¢ is the thermal signal,

Vi1 is the reference signal, and

Ry is the resistance of the resistor R,.

As can be shown, the thermal signal V¢ of Equation 10 is:

Vri—liRi < Ve < Vri + kR
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[ [ [ | 1A is a magni tude of the
ly is the anpbunt of the contributing current, | :
fiyrst portion of the contributing current, Vc is the thernmnal mgngll, XsRl
is the reference signal, and R, is the resistance of the resistor .

can be shown, the thermal signal Vc of Equation 10 is: VR -1i R'Z.f\/\\{gR fﬂﬂb‘
VR +li R 21 2 4 APR 2006 and therefore, the contributing cur_rentI VI O has
becones: lyi = 0 1yi=2L VR - LR VR +liRf If the thernal si gnal CI( {/R'

a magnitude that is less than the difference of the reference S||gna N
at- the gate %f the second MX transistor and the signal IRl devef ope dato
the resi stSHEFeRELMeLaiulige cpprgnt ledhacoimsst i ng current 1y trans e(rjre

the output node is zero. If the thermal signal Vc(t) has a magplzﬁ esecond
greater than the sumof the reference signal VR at the gate oh e econc
MOS transi stor and the évifgﬁal | Rl deveVopéBi at the resi stor, the armut e
the contributing currenti=2f; transferrgd,fg the output node is twce
current i through the resistor R .

If the thermal signal V¢(t) has a magnitude that is less than the
difference of the reference signal Vi at the gate of the second MOS
transistor and the signal IR; developed at the resistor Ri, the amount of the
contributing current ly transferred to the output node is zero. If the thermal
signal Vc(t) has a magnitude greater than the sum of the reference signal
Vri 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 | 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 €S2 of Fig. 5 with different values of current sources
li and }; and resistors Ry and R,. As the temperature increase from a
minimum temperature Ty, the thermal signal Vc(t) increases from Veq.

The current ly4 from the current steering circuit CS1 iﬁcreases from a zero
~ level to the value of 2I; as determined by Eq. 10. When the thermal signal
Ve(t) reaches the value Veq, the output cdrrent lvs of the current steering.

circuit becomes equal to 2l and remains at that level regardiess of the
change of the thermal signal Vc(t). The output current kv, from current
steering circuit CS2 remains at a zero level for the thermal signal V¢({t) at a
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Fig:. 7 shows that how a piecew se |inear output current characteristic can
be obtai ned by adding two such current steering circuits for instance CSl
and CS2 of Fig. 5 with different values of current sources |, and 12 and
resistors R, and R2. As the tenperature increase froma mninmum
tenperature To, the thermal signal Vc(t) increases from Vco. Treh aarrasst
'y, fromthe current steering circuit CSl increases froma zero level to
the val ue of 211 as determ ned by Eq. 10. When the thermal signal Vc(t)

reaches the v [ out put. current |y, of the current steering
circuit beco@Hga%églth?'{')Q%ii”‘iﬁ@'?%ﬁ%’?%a%or@ﬁ&tto fhevgncticagd Bl d8s of t he
change of the si gnal ). The output current 1Y2 fromcurrent
steering ci rcﬁb&&g{h?gﬂgjiwalt%@ raches igeYaluepl Yhe Theerumeht ki gnal Ve (t)
at a 22 24 AERseZSOOGth\\%ﬁl ue | ess than Vcl and begins to rise according to the
function of EFT™1D NRHERPEIRAUEHISeRantisihgbgrmat siopak\édtimeschesahwal ue of Vcl.
- The current IY% Vse as the tenperature rises until the thermal signal
Ve(t) reaches @@ Yoz af i coEent inrber gareldl: andrenteims afbislle®12 and remmi ns at
this I evel "~ independent of the change in tenperature. The contri buting
currents |vi 'BAGP§NEEnhPEthe pivaage it temneralote S2 to formthe current |ouT

havi ng the function as shown. It is worth nentioning that the output
current Ivi in Fig. 5 does not follow the expressions given exactly. The

current sat ur at es TressorMiudRbl LSRR S5 {,0aMhal Sy BT AU L, G s ef fect

is also showmn in Fig. 7 with“the fine tTaces:
form the current louy having the function as shown. 1t is worth mentioning

that the output current Iy; in Fig. 5 does not follow the expressions given
exacﬁy. The current saturates Iess 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., €82, and CSn is connected to the summing
node 82. The current mirror formed by the MOS transistor MCO provides
the fundamental contribution current I to the summing node S2. The
master biasing current loyr is the sum of the fundamental contribution
current l and some or all of the portions created as described in Fig. 6 of

the contributing currents Iy1, Iya, ..., ly, as formed at the sufnming node

Sz, as shown in the equation:

lout(Ve) = lo + 3" (V)

i=1
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How his results in a snoother overall characteristic because of the
g\c/)\(,a\ﬂ/:ng currents fromthe 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 summng node S2. The I
current mirror formed by the MOS transistor MCO provides the §undansg a t
contribution current 1o to the sumni ng node S2. The master biasing currelnI
TOUT i's the sum of the fundanental contribution current 1o and sone or a
of the portions created as d cg,i bed in Fig. 6 of the contributing ] _
currents 1YL, 1Y2, ... , IYn &8 formed at the summ ng node SZ,_as shown in
the equation: n lout(Vc) =to + h(VC) i=1 23 24 APR 200? wher e: Vea Vei -
li(Ve)=li+Ve-VR [Ve(i -1)SvVe_<Vei R =0 I¥. < Wi -,) =21i Il\/c> r?gntCI
Ve)i - 1) = 2LR The master bi asuil(ngc)gqinrr\ém mqﬁc(i'ﬁ)st@ceg%””o cu

input to the Ri

=0 IVc < Ve -
=2 |Vc > Vg
Vei—Vei- g = 2R

~The master biasing current oyt is the control currént input to the
current mirror IM. The MOS transistors Moo, Moq, Moz, Mos, ... Mg; are
conﬁgured to form the curreﬁt mirror IM. The ratios of the device
structures of the transistors Mag, Ma1, Moz, Mos, ... Mo; determine the
biasing currents loyr1, louts, louts, and loyti, 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 Vro, Vi1, VRa, ... , Vraut, Vra that determine in a
piecewise fashion of the fl:mction of the master biasing current loyr. The
bandgap referenced voltage generator Vger in therpreferred embodiment
ts referenced to a bandgap voltége source Veg. The bandgap voltage
source is the non-inverting input to the arﬁpliﬁer As. The amplifier A is a
configured as a voltage buffer circuit to isolate the bandgap voltage source
Vpg from the loéding of the biasing current generator of this invention.

The resistors Rpo, Rp1, Ropa, ... , Ron, Rp, are serially connected to form a
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current mrror IM The MOS transistors Moo, Mot, M2, MD3, ... Moi are

- configured to formthe current mrror IM The ratios of the device
structures of the transistors Mo, Mt, M2, M3, -.. Mi determne the

bi asing currents | OQUT1, | OUT2, |OUT3, and | OUTi, which are propdftAPGndb t o
the -nmeaster biasing current and maintain the tenperature rel ationship

est abli shed by the nonlinear current nultiplier NLCM The bandgap
referenced vol tage generator VREF generates the reference signals VRO, VRl
VR2, ... , VRYollage/dinidehalheletferemicaaigralsaVgpvecem, se fashiap pE the
function of the master biasing current I QUT. The bandgap referenced

vol t age gener &f&sted/REReijundtioe gfeetiepaieds BeleabiEeinndcfed @ERIGIREY tO a
bandgap vol ta%e source VBG The bandgap voltage source is the *

non-i nverti ngRongRz t.0, Rhe, Ropl The ealuddof FeeesiRrd RLERAR],S. 2 confi gured
as a voltage buffer circuit to isolate the bandgap vol tage source VBG from
the | oadi ng oRot-heRdiass ichgsausuotrthaiganestataicegrali §.4 QYERLLON.  The
resistors Roo, RDI, RD2, ... , Ron-1, Ron are serially connéctéd to forma
24 2 4 APR 20¥6nv 0/ ageddievinthed bythe eggiirence signals VRO, VR, VR2, ... ,
VRn-1, VRn are <created at the junction of each pair of the serially

connected resistors RDO, RD, RD2, ... , RDn-1, RDn. The val ues of the
resistors RDO, RD1, RD2, .... Rony i,_@%\lcqre chosen such that the reference
signals VRO, VRI, VR2, ... ,VRVRa—1; re determ ned by the equation:
VR = - 2 :

for

i=1to n and

Vo = Vo

- where:

Veo is the thermal signal representing the minimum
- temperature of the range of temperatures for which
the te_mperature compensating bias generating circuit

is to provide compensation.

Vo is the magnitude of the lowest reference signal of
the reference signals.Vio, Vi, Vez, ... , Vina, Van

formed by the voltage divider of the reference signal

gen e.rator VRer.
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‘Vc(i.- - 1) + Vei 2 VOO = VRO where: Vco is the thermal signal representing

the m ni num

tenperature of the range of tenperatures for which the
t enperature conpensating bias generating circuit 1is to provide

conpensati on.
r,e;rgrence signals. VRO, VR, VR2, ... , VRn-1, VRn forned. by2t

VRO is the magnitude of the | owest reference signa"h of the

|
APRAPage

I Vi ' 25 24 APR 2006 Fig. 8
der of the reference signal generator VREF. .
?: ?/Iljst"rat es the master biasing current lour of a tenperature conpensating

[ | S,.1 ' the thermal signal Vc(t).
bias current generator,.of 1his invention versus
i Yo 8 S By %s?;ﬂ"a"

The plot of Fig. 8

TR PRINEELUABE! ooy Gerismperaturet he mast er

use

I asi ' tation of the effects of
bi asing curre . The _synbolic representa _ .
t enper at ur e O%W%H%%ténrd;ﬁﬁéu'ﬁﬁ?teﬁ%]@ ter fthisHeventipp veowalthe theouat  ar e

descri bed. Th
the reference

range of the
conpensating

' t) i ubstituted for the tenperature and
%g%ﬁgg@ ‘Vﬁ':]ggﬁ’ho\%ée%??: ‘liﬁﬁsflj laexplagcidevinetbod tmcdristrast over t he
' | Vc(t) to be used. In Fig. 8, the tenperature
Bﬁr‘]‘géﬁ%r %l “@ﬁur&éwiqua{ dhe sgmbelicwgpdesntgtied of thehefieets our

.of temperature on the operating parameters of the functional circuit are

described. The thermal signal Vc(t) is substituted forAthe temperature and
the reference signals Vg; are determined as piece-wise functions over the
range of the thermal signal V¢(t) to be uéed. fn Fig. 8, the temperature
compensating biasing current generator is being designed to have four

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

lour. This means that there are four current steering circuits CSn (where

n =4) as shown n Fig. 5. The portions 1y, I2, 15, and 14 of the contributing
current ly; and the‘resistors R1, 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 Vgq,

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

The thermai signal Vc(t) is then compared to each bf the reference
signals VRs, Vrz, Vra, and Vrs. 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 biasing current becomes the value of the

contributing current ly; as determined by Eq. 10. This is as shown in

Region A. Upon reaching the value of the reference signal Vgy summed

with the signal 141R4 developed across the resistor R4, the contributing
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. piece-wse regions A, B, C, and D to describe the master biasing current
lour. This nmeans that there are four current steering circuits CSn (where n
= 4) as shown n Fig. 5. The portions 11, 12, 13, and 14 of the contributing
currently; and the resistors Rl, R2, R3, and R4, are selected ;ﬁ %%tRe@ﬁBr ne
the sl ope function of the each of piece-wise regions A, B, C lﬁl )
tenperatures |l ess than a m ninumval ue that yields a thermal signal Vco,
the output current is set to a fundanmental contribution current 10. The
thermal si gnalcuvegt Iy, becarhenfoaanmanedatie 2636 BE sbhsd &a‘rﬁffitﬁnﬁas signal s VR1
VR2, VR3, and VR4. WWen the thermal signal Vc(t) reaches the “value of the
reference si geatrenAll; bessldidveniségpalEql 1Rand eVl fuead tﬁ&ﬁ%%ﬁar‘bi};}%n{ esi stor Ri,
the master biasing current beconmes the value of the contribu |r$g current
lyl, as det er wiument lbyr. Bthis s Hoveh inReétSors BOVR i ' i n_reaching
the value of the reference signal VR i%md%v&h?ﬁ t égg%rés\wgﬁ%%fﬁl

devel oped acr tesmbhier bsirgt@irdil Loy ReaG@RbE bhuld &gj,@&%ﬁﬁ APR 2006 current
| yl, becones fixed at the value 211 and the Second con r|%uting current

12 is as det eonrihathdyuctints k9 aA0dy fordditetltdhn LREBSHEN AL EsLAg  current

| QUT. This is as shown in Region B. As the tenperature Increases, the
mast er bi asi ngSdury gwrl iI0Redionadjdnstigd by the addition of the
contributing currents 1Y3 and 1Y4 fromthe current steering circuits CS3
and CS4 as shown in Regions C and D. The piece-w se function of the

‘preferred enbodi maﬂt] of this ]
& place-wise function of the preferred embodiment of this

invention is shown as substantially linear as is evident in Figs. 7 and 8.
HoWever, it i; 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 Rpg, Rop1, Roz, ..., Ron1, Rog.

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 withoyt departing from the spirit and scope of the invention.
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invention is shown as substantially linear as is evident in Figs. 7 and 8.
However, it is keeping wwth the intent of this invention that any

achi evabl e pi ece-wi se function may be used, thus the voltage referepge
generator VREF of Fig. 5 maybe nore conplex than the voltage dividér APR 2006
fornmed of the serially connected resistors RDO, RDI, RD2, ... , RDn-1,

RD,,. Wil e thiasmMssnventi on has been particularly shown and described with
reference to the preferred enbodinents thereof, it will be understood by

those skille# in Abamparttutd@dmpershiiisi in f.ormand details may be
made wit hout depagf, ﬂ?h from th@sg@rl tlgﬂﬁg%g]g%%nee Pr PrEesta adpasterbiasiy p 4
APR 2006 CLAI NS 1. A"t &rqy%tuiqHede RiFdiTs shanagtetistins, it bias buEMYeAb@fort O
create a naster HoAwireigg: current havi ng uni que tenperature characteristics,
said bias current generator conprising: a tenperature converter to provide
a thermal signal itndi cating a magnitude of tenperature; and a current
functi on gener at GrléiMpebmeconester RMHrdlibE at ture converter to

mul tiply the ther M Sbanak. by @ ft?i{]fas func'ﬁh?gtﬁp V|Iﬁ1g§jvaﬁ@98ﬁ'i‘q%55”de°f
tenperature characteristics to create the nmaster biasing current, wherein
said bias function is determned by a plurality of reference signals that

are conpared to abh@eﬁth@ﬁdﬁ&hgéhgg%%-to erformsaid nultiplication. 2. The
rein

bi as generator of clajm| 115 fationméth dlomtespesature converter to

multiply the thermal signal by a bias function having the unique temperature
characteristics to create the master biasing current, wherein said bias

function is determined by a plurality of reference signals that are compared to
the thermal signal to perform said'multiplication.

The bias generator of claim 1 wherein the temperature converter

comprises:

a temperature independent current source to provide a first current

that does not _flucituate with a change in temperature;

@ proportlonaI—to-absolute-temperamre' current source to provide a

~ second current that varies with temperature;

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

currents and from the first and second currents generate the
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conprises: a tenperature independent current source to provide a first
current that does not fluctuate with a change in tenperature; a

proportional -t o-absol ute-tenperature current source to provide a S%Q%R 2006
current that varies with tenperature; a current difference circuit

associated wth the tenperature independent current source and the
proportional -to-absolute- tenperature current source to receive the first

and second currents angf ; Lfst_and. segond _currents generate the 28
2 4 APR 2006 thernal si S“neg'f‘“%ﬁ'épgﬁ i’b{‘ﬁdﬁ“ﬁ%%l”x?eo?&féj@er&ﬂfﬁ?éﬁm thetiden t he

first and second curregts end. rrbitas current generator of claim1
further conprising a pl uraﬁlty 0 Prored current sources in

comuni cation with the current function generator to produce a plurality

of bias curgent sTyd £L0¢ sajd ter _bjasing current. 4. The bias
current gener at orHEo ]réglcgﬁrenaggﬁeer?{@rr??g%@&fw Pt CHTRIEY e A PdUrality ofi t

conprises: a cur ke H@Irrn ctor circuit in comunication with the
tenperature independent curtefiCSSBEPauneationavitt hieairianh finction absol ut e-
tenperature curr %r%}’{;?cer to receive the first and second currents' and
to subtract the 7 s Card S8UEha Ay aliy il bigseusrents mirrored from said master

biasing current.

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

comprises:

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;

_ asignal converter connected to the current subftractor to receive the

thermal current and convert said thérma! current to the thermal

signal.

The bias current generator of claim 1 further comprising a bandgap

referenced signal source that generates and communicates the'plurélity of

- reference signals to the current function generator,
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~thermal current; a signal converter connected to the current subtractor to
receive the thermal current and convert said thermal current to the
thermal signal. The bias current generator of claim|l further conprising a
bandgap referenced signal source that generates and connunicaggsA§%§m5
plurality of reference signals to the current function generator. 29 2 4
APR 2006 6. The bias current generator of claim5 wherein the current
function generator conprises a current nmultiplier in comunication with
the tenperature converter to receive the thermal signal, conpare the

t hermal  €i gnalhewbigh cttrent gfrerstoc ef abmﬂglm]etr@n%&frrgrﬁ%ﬁﬁg,qnt ributing
currents indicated by the reference signals to be added to formthe master

~ biasing curregrnerdihechpsses E@RNtGRNESIRL & cOhmGhRLidPuwihglLi n the current
multiplier conprises: a plurality of current steering circuits, each

- current steeritagiperatow convedap@Ireogvé it thBahdBigral FealnatO NGt he
plurality of reference signals to selectively steer all or sonme of one of

the contri but igignal euthrteatefetancarsignatdust deoHane ARARRILGHAYG EMte YN Ng node
connected to the output node of each of the plurality Of current steering

circuits to aduditatediby thendfermctbgnals 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 terminali
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'selectively steered contributing currents to formthe master biasing
current. 8. The bias current generator of claim?7 wherein each current
steering circuit conprises: a first MOS transistor having a gate to
receive the thernal signal, and a drain connected to a power spRpipR p@surn
termnal; 30 24 APR 2006 a second MOS transistor having a gate to receive
one of the reference signals, and a drain connected to the current

summi ng node to provide some or all of the contributing current; a first
current source in conmuni C'ﬁb on with a source of the first MOS transistor
to provide sone or %??Coé?df &tr%ﬁ‘%t?ﬁ?ﬁvﬁg@ﬁéte tedneaiveane atheurrent; a
second current source_i.n conmuni cation with a source of the second MOS
transistor to provide "%"ﬁ&%ﬁ*%ﬁlﬁ and achai gonesied to tfe aumeentont ri but i ng
current; and a resistor connected between the sources of the first and
second MOS transi st oP'$"EVh"YRat RIBHiEe spmEl ar adfof timecdritilsttingruineet ond
portions or the contri but| ng current selectively flow through the first or
second MOS transi storr e bias generator of claim8 wherein, if the

t hermal signal has aa‘rshﬁﬁfﬁqtﬁﬂércﬁéF\ﬁ@W%'Wﬁﬂa‘n&ﬂ 2SQireé of Brdiestof t he

reference signal at t .
9 DI%S 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 MQOS 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 éecond MOS transistor and a signal developed at the resistar,
an amount of the contributing current transferre.d to the output node is

determined by the equation:

A




econd M3S transistor and a signal developed at the resistor,
'gﬁtgrrgrmt hgfst he contributing current transferred to the out pu'(t)en(ide_ ISS'[ e
det er mi ned by the equation: Vc-VRL ly=I1 where: R 31 24 APR Zg'ﬂlsnif’ Ic?ﬂ&ﬁi ne
anount of the contributing current, 11 is a magnitude of the fi ° R
of the contributing current, Vc is the thermal signal, VRl bs El'he b as
reference signal, and Ris the resistance of the resistor. 10. 'ted as
generator of claim8 wherein, if the thermal signal has a magnitude

i i he gate of the second
: than the difference of |t henbef Rl ERGE IR GRA L Al L
:\/Le’)gstransistc)r and the signal deve op@g AT R ‘ré@P%FBV‘? he amount of the

contributing current transf dnisedmagnitine oi.ﬂlhplﬂirs_tmmde)ricﬁtﬁ@b@rﬁ\triﬂ«d{jng-rge bi as
~generator of claim8 wherein,jdythe thermal signal has a maﬁnl t'ude .
greater than the sumof the reference S|g.nal at the gate of the sfecoh MOS
transi stor and the signal de¥wisdpetheatnat fignalesi stor, the anount of the

! ; ' um
contributing current transfe\yl;:rﬁgtr{eq.e}é‘,lgngeugig,l{g,. node is as

R is the resistance of the resistor.

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 atr the gate of the
second MOS trans_istor and the signal developed at the resiétor, 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 multiply the thermal signal by a bias function having
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~of the first and second portions of the contributing current 12. A

t enperature conpensating bias current generator to create a master biasing
current. having uni que tenperature characteristics, said bias current
generator conprising: a tenperature converter to provide a theyalprsiimal
indicating a magnitude of tenperature; a current function generator in
comuni cation with the tenperature converter to nultiply the thernal

signal by a bias function having 32 2 4 APR 2008 the uni que tenperature
characteristics to create the master biasing current; a plurality of
mrrored current souftedigye tromaraiucathanciatisiicsttberett HeaRbsHNCt i on
generator to produce a plurality of bias currents mrrored fromsaid
mast er bi asi ng curr ehigsingmiirnbandgap referenced signal source that
generates and comrunicates a plurality of reference signals to the current
function generator, wherein the plurality of reference signals are
conpared to the tePhlitseignatores aidemtedoar@aee csngal@i6NAx8Mhe t © det er ni ne
the bias function. 13. The bias generator of claim 12 wherein the

t enperature convert efUr@dripndtivegienardtentpgradutices pRERPLHTARES cGrEfENt source
to provide a first current
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

to determine the bias function.

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

comprises:

a 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

a current difference circuit associated with the temperature
independent current source and the proportional-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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~that does not fluctuate with a change in tenperature; a

proportional -to-absol ute-tenperature current source to provide a second
current that varies with tenperature; and a current difference circuit
associated with the tenperature independent current source angj Rer 2006
proportional -to-absolute tenperature current source to receive the first
and second currents and fromthe first and second currents generate the 33
2 4 APR 2006 thermal signal that is indicative of a difference between the

first and second cur trentnal siddal tﬂ'ﬁtﬂsh@(ﬁé‘ati‘?b'ro'f_grlﬁﬁéi’@ﬁ@@ét%%emhecijir?im 13
wherein the current difference <circuit conprises: a current subtractor

circuit in comunicat aeds¥edry dpeenienperature independent current source
and the proportion al-to-absolute- tenperature current source to receive
the first and second currents and to subtract the first and second to

generat e a4. t hEndrBlas QUIrERNGencRaSt BNALINE 98 VRlut opnected 1o the current
subtractor to receive the thernal cutrrent gnegﬁggenvéfefntggfeﬂeqcﬁermal current

to the thernalcirgitgoalprisd®. The bias current generator of claim 13 wherein
the current functiaon generator conprises a current nultiplier in
comuni cation with the '

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 c_onv_ert 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
températur_e converter to receive the thermal éignal, compare the thermal
signal with ihe 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 of claim 15 wherein the current muitiplier

comprises:
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~tenperature converter to receive the thermal signal, conpare the thernmal
signal with the reference signals to determne a contributing currents
indicated by the reference signals to be added to formthe master biasing
current. 16. The bias current generator of claim15 wherein the gwﬁ(nﬁ_mogs
mul tiplier conprises: 34 24 APR 2006 a plurality of current steering
circuits, each current steering circuit conparing the thermal signal to
one of the plurality of reference signals to selectively steer all or sone
of one of the contributing, currents to an output node; and a current
sunmi ng node conneét léfa{"é’ 4f GHITEUL PaeribeiEculs. ¢avd cuplent sleiting offcudtur r ent
steering circuits to additively conbine the selectively steered
contributing current FNPHHLIN¢ Hiermaksignal tioas ioh thecplumatitytaf raféredBee bi as
current generator of ¢laim 16 wherein each current steering circuit
conprises: a first MEHESIRILeSelysieerplorgams ¢foneardhe cortthibutirger nal
signal, and a drain connected to a voltage reference termnal; a second
MOS transi stor havi ngU4egkt e a'ritedgiogs: emé of the reference signals, and
a drain connected to the current sunm ng node to provide sone or all of
‘the contributing current; _ _

: a current summing node connected to the output node of the

plurality of current steering circuits to additively combine the
selectively steered contributing currents to form the master

biasing current.

j?. The bias current generator of claim 16 wherein each current steering

circuit comprises:

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

and a drain connected to a voitage reference terminal:

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

symming 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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a first current source in comunication with a source of the first MOS
‘transistor to provide some or all a first portion of the contributi nﬁ
current; 35 2 4 APR 2006 a second current source in comunication wth a
source of the second MOS transistor to provide sone or all a seggnghn 200?‘
portion of the contributing current; and a resistor connected betwe?aln tfe
sources of the first and second MOS transi stors such that sone or a 19I
the first and second portions or the contributing current selecti veI]}/ ow
through the first or second MOS transistor. 18. Th_e bi as generator o ;
claim 17 wherein, PfSechRd cH@emeoustaginalontrasnicationagth 4 selecbef ween a sum an

a difference of the reference signal at thga ~gate of the second M3S
transistor and a si grig@icod@MEP pedsiator thpraverl SINes or albd s&EBMPor®in Ejhg .
contributing current transferred to the output node is determine yb t_en
equation: fly=11+ VofihemintiBitidgeserentiand s the amount of the contributing
current, 11 is a magnitude of the first portion of the contributing

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 transferred to the output node is
determined by the equation:

Ve— Vg1
y=h+4+—— "

where: -
ly is the amount of the contributing current,

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

Vg is the thermal signal,

Vr1 is the reference signal, and

Ris th_e resistance of the resistor.

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

maghitude is less than the difference of the reference signatl at the gate of
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~current, Vc is the thermal signal, VRl is the reference signal, and Ris
the resistance of the resistor. 19. The bias generator of claim 17 wherein,
if the thermal signal has a nagnitude is |less than the difference of the
reference signal at the gate of 36 2 4 APR 2006 the second MOS_transi,stor
and the signal developed at the resistor, the anount of the cark Arh ng
current transferred to the output node is zero: 20. The bias generator of
claim17 wherein, if the thermal signal has a nagnitude greater than the
sum of the refgrence signal at the gate of the second MOS transistor and
the signal dev e&&&a@ B dapgisios Epe the Rignakdryelpedfat tieeresistiry hbut i ng
current transferred to the output node is a sum of the first and second
portions of th8TEBRL4fithe EPMgbYing eurrer? andietretnie trt cUtBUIGRRIBEAS@LI NG bi as
current generator to create a master biasing current having uni que
tenperature characteristics, said bias current generator conprising: a
tenperature converter to provide a thermal signal indicating a nmagnitude
of tenperature, said tenperature converter conprising: a tenperature

i ndependent current source to provide a first current that does not
fluct uat e2Qi t hTke bleaggeeiator of claim 17 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

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:

a 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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rature, a proportional-to-absol ute-tenperature current source to
’ tp(ra(r)resde a secong cgrrent that varies with tenperature, and 37 2d4 AP(I}eﬁ?%
a current difference circuit associated with the tenperature in epten ent
current source and the proportional -to- absolute-tenperature c%iggadsé%
to receive the first and second currents and fromthe first ad'ff e
currents generate the thermal signal that is indi cative of a |_t er.n
between the first and second currents; a current function generﬁ or :
comuni cation with the tenperature converter to multiply the t er_mat_cs O
signal by a bias functi @ncuienitdifer¢rime Ll aesb@ape MathUhe térhgdagker | sti
create the master biasing current, said current function generator

conprising: a current nul tinpepardennceosimuauertdRthBickdbdriishdi.giper at Iur\?vi h
converter to receive the thermal signal, conpare the thernmal signa

. : . . i ndicated by
ference signals to datsiutetempera@Bldlirebt iNPcCy LEBLS Hdgiea _
Eﬂg igfgrence Si gnal s to be added to formthe master biasing current; a

plurality of mirrored curramt seouticesehl HRITBHIKAkEI I Ehe current
function generator to produce a plurality of bias currents

currents generate the thermal signal that is indicative of a

difference between the first and second currents;

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

biasing current, said current function generator comprising:

a current multipiier in communicétion with the temperature
converter to receive the thermal signal,’c_ompare the
thermal signal with the reference signals to determine a
i contributing currents indicated by the referer;ée signals to

be added to form the master biasing current;

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

mirrored from said master biasihg current; and

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

- function generator, wherein the plurality of reference signals are
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mrrored fromsaid master biasing current; and a bandgap referenced signal

" source that generates and conmunicates a plurality of reference signals to
the current function generator, wherein the plurality of reference signals
are 38 24 APR 2006 conpared to the thermal signal, said referequé?#w&%s
chosen to determne the bias function. 22. The bias current generator of
claim.21 wherein the current difference circuit conprises: a current
subtractor circuit in comunication with the tenperature independent

current source and thgoRLaRYN ihi1Re&; s | ut.e- tenperature current source
to receive the first andbseconcs é]g*uerr%g;\ Qﬁéhﬁalgf)efgmf:?é&“awoﬁﬁ'ﬂ st and

second to generate a i haLim t; a signal converter connected to the
current subtractor to receil vgegﬁé’é[)%{gﬁ%?%f" current and convert said thernmal

current to the thermal signal. 23. The bias current generator of claim21

wherein the cufre LbLier . copprises: a plurality of current steering
circuits, each cu?tagﬁwsebg %ri?enrato(giofglalr? S?%%Pit%c%rfﬁﬁldﬁ@r@me signal to

one of the plugal ity risgg,ference signals to selectively steer all or sone
of one of the contributing '

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 c_:onvert said thermal current to the thermai

signal.

23.  The bias current generator of claim 21 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

. acurrent summing node connected to the output node of the

plurality of current steering circuits to additively combiné the
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currents to an output node; and a current summ ng node connected to the

out put node of the plurality of current steering circuits to additively
conbine the 39 2 4 APR 2006 sel ectively steered contributing currents to
formthe master biasing current. 24. The bias current generator of claim
23 wherein each current steering circuit conprises: a first M3 APRP8Wst or
having a gate to receive the thermal signal, and a drain connected to a
voltage reference ternmnal; a second MOS transistor having a gate to

receive one of the r&fiesRBLStSErdARbLRILA ' nnected to the current.
summi ng node to provide sorre%or al | 'fn tﬂ@gg%rﬂ%rfﬁ% Eju'%)f)rﬁéh%[]@??ﬁt; a first

current source in COWHHQE?%LHBHt“ﬁth a source of the first MOS transistor
to provide sone or all a Tirst portion of the contributing current; a
second current source in conmunication with a source of the second MOS

transistoggto j r..all second portion of the contributing
current; and ﬁeﬁ?%?%&@@e&eﬁgé Q! gw{‘ﬁ@%ww skeREng i rst and

second MOS trc@r@ﬁiitﬁ{)r%faﬁ such that sone or all of the first and second
portions or the contr fﬁ'ﬁ'ng current selectively flow through the

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

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:

3

a first current source in communication with a source of the first
MQS 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 co.ntributing current; and

a resistor connected between the sources of the first and second
MQOS 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. -
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i | i . The bi as generator of
‘ second MOS transistor. 40 2 4 APR 2006 25
FL:;?;182 wherein, if the thermal signal has a magnitude betmegnwgssun1and
a difference of the reference signal at the gate of the secon M5
transistor and a signal developed at the resistor, an anDuntn%deAPbﬂmBhe
contributing current transferred to the output node is deter R
equation: |y = 11+ VC - VRL R where: 1y is the amount of the contributing
cﬁrreht ‘117is a magni t ude of the first poralon ?f thgecg?;L;Futggg m i
C ’ i : ignal, VRL is the referen I, _
The rosi stanceT h%.thernau_5| claipg23 whereli, althg éremat signaifhaglzai m 23 wherein
the resistdnce Bf thodestster: 'i g @is Iesg than the difference of the
i i has a magnitude . .
o er e = orgE BR8P A S caon s osest epard 5 5 on
he resistor, the amount of the contributing curren _

? re\allﬁls? gregegt t Eggtﬁé’f&ﬁ PRACNHAdESiteansisiarardi7a sihal deivalbpeeaetatrasisef cl ai m 23

[ if the thernal_ signal has a
wherein, | f_ an amount of the contributing current transferred to the output node is

determined by the equation:

Ve — Vi1
Iy = |1+

where:
Iy is the amount of the contributing current,

l1is a magnitude of the first portion of the contributing
current,

V¢ is the thermal signal,

Vr1 is the reference signal, and

Ris 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 transistor and the signal deVeloped at the resistor, the

amount of fhe contributing current trahsferred 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 thé
second MOS fransistor and the signal developed at the resistor, the

‘amount of the contributing current trénsferred to the output node is a sum

of the first and second portions of the contributing current
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. magni tude greater than the sumof the reference signal at the gate of the
second MOS transistor and the signal devel oped at the resistor, the anopunt
of the contributing current transferred to the output node is a sum of the
first and second portions of the contributing current 41 2 4 APR 2006 28. A
met hod for generation of a tenperature conpensating bias currend® APR 2006
conprising the steps of: determning a piecew se function substantially
describing a required bias current with respect to tenperature;

determning a gl ' rence _signals, each reference signal
descri bing an ?‘rr%%ﬂj httf)%/r ngéﬁoﬁicﬁu tfgﬁ'é’eg‘%?rlﬂeqﬂnq?ﬁsét‘ﬁﬂ Ripacutrgntof

contributing current: i vhen summed together, generate the bias
LA Dt

current; creating a al, the magnitude of said thermal signal
indicating a tenperature; conparing each of the reference signals to the
thermal signal; identifying which of the contributing currents and which
portions of said cSHEMTBIEiTeEWiFe fnstian subsiantiatly deectiting genpiatie t he
bias current; and supm ng identified contributing currents and the
portions of the contPESEHTREt Willk respest todempematdrae bi as current. 29. The
met hod of claim 28 wherein the thermal signal is formed by the steps
determining a plurality of reference signals, each reference signai
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

summing identified contributing currents and the portions of the

contributing 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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~of: 42 24 APR 2006 providing a tenperature independent control signal
having a constant ragnitude over tenperature; providing a
proporti onal -t o- absol ut e-tenperature signal having a nmagnitude that varies
Wi th tenperature; and subtracting the tenperature independent control
signal fromthe proportional-to-absolute-tenperature signal t &4 APRn2608e
thermal signal. 30. The nethod of claim28 wherein the reference signals
are referenced to a sem conductor bandgap voltage. 43

: _ providing a temperature independent control signal having a

constant magnitude over temperature;

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

magnitude that varies with temperature; and

subtracting the temperature independent control signal from the

proportional-to-absolute-temperature signal to form the thermai

signal.

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

semiconductor bandgap voltage.
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