
24 APR 2006 GENERAL-PURPOSE TEMPERATURE COMPENSATING CURRENT MASTER-BIAS
CIRCUIT 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  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 be relatively independent of the fabrication  process
parameters. 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, transconductance (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 



24 APR 2006 different circuits and even for the same circuit using
different fabrication  processes, if reasonably precise temperature
compensation is required.  Therefore, a master-bias current circuit must be
able be easily adaptable  to provide different characteristics for the bias
current. 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 collector
currents of transistors Q1 and Q2 to be equal which is shown as 1c, and
Ic2. If the small base current of Q1 is ignored, it can be shown that the
collector currents Ic1 and Ice of transistors Q1 and Q2 is determined by
the  equation: Ic1 = 1C2  VbeQ2 - VbeQ1  R1 Eq. 1 where: VbeQ1 and VbeQ2
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 emitter voltages VbeQ2 & VbeQ1, of
the  transistors Q1 and Q2 are determined by the equation: Vbe = VT I n
where: lc  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 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 24 APR 2006 By substituting Eq. 2 and Eq. 3 into Eq. 1, it can be shown
that the  collector currents 1c1 and Ic2 of transistors Q1 and Q2 are equal
to: Ic1 =1c2 = VT in Ic2 Ic1,  R, JsA2)-in( JSA1) = VTIn(A2)=AVT  Ri A1 Eq.
4 If the current mirror CM1 is designed such that the MOS transistors  M1,
M2, and M3 are of equal sizes, then the PTAT current IPTAT is equal to
collector currents 1c1 and Ic2 and is given by the equation: IPTAT = AVT
Eq. 5 where: A= -I In Az and is the constant simplified  Ri Ai from the
terms of Eq. 4. VT is the thermal voltage of Eq. 3.: Fig. 2 shows the
temperature behavior of the PTAT current IPTAT versus temperature. The
constant A k is the slope of the line. This kind  q of linear
characteristic is usually very effective for providing temperature
compensation for Bipolar transistors. 



[0008] The transconductance gmbip for a bipolar transistor is given by: 4 2
4 APR 2006 gmbip = Ic Eq. 6 where, VT Ic is the collector current. If a
bipolar transistor is biased by a PTAT current IPTAT, the PTAT  current
lPTAT found in Eq. 5 is substituted for the collector current 1c in Eq.  6,
the transconductance gmbip 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, the PTAT
current generator does not provide an effective temperature  compensation.
The transconductance gmmos of a MOS transistor is given  by the equation:
gmMOS = 721DPCOX W  L ,where: Eq. 8 



ID is the drain current of the MOS transistor. 2 4 APR 2008 Cox is the gate
oxide capacitance per unit area of the MOS transistor. W/L the aspect ratio
of the MOS transistor   the carrier mobility given by the equation:  BT-m
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 IPTAT, the PTAT  current IPTAT found
in Eq. 5 is substituted for the drain current ID in Eq. 8, the
transconductance gmMos of the MOS transistor is found by the  equation: Eq.
9  gmMos = I2kABWtox_1-m qL 24 APR 2006 It is known in the art the process
dependent exponent m is not  



easily controllable and is almost never has a magnitude of 1. Thus it
becomes obvious from Eq. 9 that the transconductance gmMOS has a level  of
temperature dependence even if biased with a PTAT current IPTAT U.S. Patent
6,157,245 (Rincon-Mora) describes a curvature  corrected bandgap reference
voltage circuit, the output voltage that is  substantially linear and
independent of the operating temperature of the  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-mode,
piecewise-linear curvature corrected 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 node and ground. The first current source is  coupled to
the first node. The second current source is coupled to a 7 24 APR 2006 



second node between the first and second resistors. The third current
source is coupled to a third node between the second and third resistors.
An output coupled to the first node supplies a reference voltage. U.S.
Patent 5,883,507 (Yin) describes a low power temperature  compensated,
current source. The current source creates a first reference  current and a
temperature compensating voltage-controlling circuit  generates 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 control circuit.  A
current output controlling circuit is connected to the current 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.) teaches a voltage reference  circuit that
will 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 8 



2 4 APR 2006 temperature coefficient, and a compensating voltage generator
that will  generate a second referencing voltage having a second
temperature  coefficient. The second temperature coefficient is
approximately equal to  and has an opposite sign to the first temperature
coefficient. A voltage  summing circuit will sum the first referencing
voltage and the second  referencing voltage to create the temperature
independent voltage. A  voltage biasing circuit will couple a bias voltage
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, 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 response to the signals from the  control circuit.
A second current transferring circuit transfers the second  current to the
common node. The common node adds the first and  second currents to
generate a third current that is compensated fora  



current variation caused by the temperature 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 from the common node
and  generating a constant output current. Summary of the Invention An
object of this invention is to provide a circuit that generates a  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
piecewise 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 biasing current. The biasing
current generator is further constructed to create a thermal signal, such
that the magnitude of the thermal signal indicates a temperature of the  



functional circuit to which the biasing currents are supplied. Each of the
10 2 4 APR 2006 reference signals.is compared to the thermal signal. The
biasing current  generator then identifies which of the contributing
currents or portions of  the contributing currents are being 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. To accomplish the function as above described, the
temperature  compensating bias current generator has a
temperature-to-current  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 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 current 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 24 APR 2006 The current function generator is in communication with the
temperature-to-current converter to receive the thermal signal. The
thermal signal is compared with the reference signals to determine which
of the contributing currents or portions of the contributing currents
indicated by the reference signals are to be added to form the master
biasing current. The reference signals are generated by a bandgap  voltage
generator and are chosen to determine the bias function. 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 to receive the first
and second currents and to subtract the  first and second to generate a
thermal current. A signal converter is  connected to 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 temperature-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 24 APR 2006 added to form the master biasing current. The current
multiplier is formed  of a plurality of current steering circuits, each
current steering circuit  comparing the thermal current difference 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. The current
steering circuits are all connected  to a current summing node to
additively combine the selectively steered  contributing currents to form
the master biasing current. 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 reference
signals, and a drain  connected to the current summing 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 24 APR 2006
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:
VC-VR1 IY-I1+ R where:  ly is the amount of the contributing current, I7 is
a magnitude of the first portion of the contributing  current, Vc is the
thermal signal, VR7 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 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 circuit adjusts the contributing current such that, 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.
14 24 APR 2006 Brief Description of the Drawings Fig. 1 is a schematic
diagram of a proportional-to-absolute- temperature current generator of the
prior art. Fig. 2 is a plot of the output current of the
proportional-to-absolute- 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. 15 2 4 APR 2006 Detailed Description
of the Invention A temperature compensating biasing circuit of this
invention  provides the biasing currents to functional circuits to
compensate for  variation in the operating parameters of the functional
circuits. It is known  in the art that adjusting the biasing currents can
compensate temperature  effects on functional circuits. The temperature
compensating biasing  circuit functions by first generating a thermal
signal indicative of the  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 required 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 contributing currents or
portions of  



said contributing currents are to 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 2 4 APR 2006 reference current generator IREF that produces a
temperature independent  current IRX and a current source IPTAT that
produces proportional-to- temperature current. The temperature independent
current IRX and the  proportional-to-temperature current IPTAT are inputs
to the subtractor S1.  The subtractor S, subtractively combines the
temperature independent  current IRX and the proportional-to-temperature
current IPTAT to form the  output of the subtractor S, that is a thermal
control current 1,(t). The  output of the subtractor Si is the input to the
current-to-voltage converter  IVC. The current-to-voltage converter IVC
generates a thermal signal  Vc(t) at its output. The thermal signal Vc(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 Vc(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 Vc(t)  at the minimum
temperature t,min. D is the slope of the function. t is the present
temperature of the circuit. 17 2 4 APR 2006 The current function generator
IGEN has a bandgap referenced  voltage generator VREF that generates the
multiple reference signals VR1,  VR1, VRZ, ..., VRn that are used to
describe temperature characteristics of  the desired function of the master
biasing generator output current [OUT.  The multiple reference signals VR1,
VR1, VRZ, ... , VRn are the inputs with  the thermal signal Vc(t) to the
nonlinear-current-multiplier circuit NLCM.  The contributing reference
current IR is transferred from the reference  current source IREF to the
nonlinear-current-multiplier circuit NLCM. The  contributing reference
current IR is mirrored to form the individual  reference currents that are
summed to create the master biasing  generator output current TOUT. The
thermal signal Vc(t) is compared to each of the individual  multiple
reference signals VR1, VR1, VRZ, ... , VRn. 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 TOUT.
The output of the master current generator IGEN is connected to  



the current mirror circuit IM. The current mirror circuit IM mirrors the
master biasing generator output current TOUT to generate the biasing
currents IOUT1, IOUT2, IOUT3, and IOUTi. The biasing currents IOUT1, IOUT2,
IOUT3, and IOUT1 provide biasing currents to functional circuits to 18 2 4
APR 2006 compensate for changes in operation of the functional circuits due
to  changes in temperature. A preferred embodiment of the temperature
compensated biasing  current generation circuit is shown in Fig. 5. Refer
now simultaneously  Figs. 3 and 5. The MOS transistors MAO, MBO and the
amplifier Ai form  the temperature independent current source IREF. The
transistors MAO is  configured as a current source. The transistors MBO,
MCO, MLI, MRI,  ML2, MR2, ... , MLn, MRn are current mirrors. The current
source  reference current IR is a temperature independent current that is
determined by the MOS transistor MDO, the amplifier A, and the resistor
RX, and the reference voltage VRO. The reference voltage VRO is  referenced
to the bandgap of the semiconductor. The amplifier A,  ensures that the
reference voltage VRO is maintained across the resistor  R. The current IR
through the resistor Rx and MOS transistors MAO and  MDO is forced to be:
IR= VRO 



Rx Neglecting the temperature variations of the resistor Rx, the current IR
is  independent of temperature variations. The currents IRx, l0, I1, ...,
In are mirrored  from the current IR and are therefore, proportional to the
current IR. 19 24 APR 2006 The temperature independent reference current
IRX is transferred  from the drain of the MOS transistor MBO and is
mirrored from the  reference current IR. The temperature independent
reference current 1RX  is transferred to the subtracting node S1. The
proportional-to-absolute- temperature current source IPTAT is connected to
the subtracting node SI  and is arranged such that the thermal current
Ic(t) is the difference  between the temperature independent reference
current IRX and the  proportional-to-absolute-temperature current source
IPTAT. The amplifier A2 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 A2. The thermal current Ic(t) is forced
through the resistor Ry and the output of the amplifier A2 is becomes the
voltage of the thermal signal Vc(t). The thermal signal Vc(t) is applied to
the current steering circuits CSI, CS2, and CSn. Refer now to Fig. 6 for a
discussion of the structure and function of  the current steering circuits
CS1, 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 VRi and the drain is connected to the output terminal that  sources
the contributing current Ir. The resistor Ri is connected between  the
sources of the MOS transistors MAi and MBi. The first current source 20 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 IiR is
connected between the power supply voltage source VDD and the source  of
the second transistor MAi. The magnitude of each of the currents  provided
by the current sources Iii and IM are equal to the current Ii  through the
resistor Ri. The current steering circuit adjusts the contributing current
lyi such  that, if the thermal signal Vc(t) has a magnitude between a sum
and a  difference of the reference signal VRi at the gate of the second MOS
transistor MB and a signal IiRi developed at the resistor Ri, an amount of
the contributing current ly transferred to the output node is determined by
the equation: Iyi=li+VC - VRi Ri Eq.10 where:  



ly is the amount of the contributing current, I1A is a magnitude of the
first portion of the contributing  current, Vc is the thermal signal, VR1
is the reference signal, and R, is the resistance of the resistor R1. As
can be shown, the thermal signal Vc of Equation 10 is: VRi -IiRi < Vc <
VRi+liRi 21 2 4 APR 2006 and therefore, the contributing current 'Vi
becomes: lyi = 0  Iyi=2L VRi - LR  VR +IiRf If the thermal signal Vc(t) has
a magnitude that is less than the  difference of the reference signal VR;
at the gate of the second MOS  transistor and the signal IR1 developed at
the resistor R;, 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  VR; at the gate of the second
MOS transistor and the signal IR; developed  at the resistor, the amount of
the contributing current 'Y; transferred to the  output node is twice the
current Ii 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  I, and 12 and
resistors R, and R2. As the temperature increase from a  minimum
temperature To, the thermal signal Vc(t) increases from Vco. The current
ly, from the current steering circuit CS1 increases from a zero  level to
the value of 211 as determined by Eq. 10. When the thermal signal  Vc(t)
reaches the value Vci, the output current ly, of the current steering
circuit becomes equal to 211 and remains at that level regardless of the
change of the thermal signal Vc(t). The output current IY2 from current
steering circuit CS2 remains at a zero level for the thermal signal Vc(t)
at a 22 24 APR 2006 value less than Vc1 and begins to rise according to the
function of Eq. 10  when the thermal signal Vc(t) reaches the value of Vc1.
The current IY2  rises as the temperature rises until the thermal signal
Vc(t) reaches the  value Vc2. The current IY2 then equal 212 and remains at
this level  independent of the change in temperature. The contributing
currents lvi and IY2 are summed at the node S2 to  form the current IouT
having the function as shown. It is worth mentioning  that the output
current lvi in Fig. 5 does not follow the expressions given  exactly. 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 current Io to the summing node S2. The  master biasing current
TOUT is the sum of the fundamental contribution  current 1o and some or all
of the portions created as described in Fig. 6 of  the contributing
currents lY1, 1Y2, ... , IYn as formed at the summing node  S2, as shown in
the equation: n  lout(Vc) = to + h(VC) i=1 23 24 APR 2006 where:
li(Vc)=li+Vc-VRi IVc(i -I)SVc_<Vci  Ri =0 IV. < W(i -,) =21i IVc> Vca Vci -
Vc)i - 1) = 2LRi The master biasing current TOUT is the control current
input to the  



current mirror IM. The MOS transistors Moo, Mot, M02, M03, ... Moi are
configured to form the current mirror IM. The ratios of the device
structures of the transistors Moo, Mot, M02, M03, -.. Moi determine the
biasing currents IOUT1, lOUT2, IOUT3, and lOUTi, 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 VREF generates the  reference signals VR0, VR1
VR2, ... , VRn-1, VRn that determine in a  piecewise fashion of the
function of the master biasing current IOUT. The  bandgap referenced
voltage generator VREF in the preferred embodiment  is referenced to a
bandgap voltage source VBG. The bandgap voltage  source is the
non-inverting input to the amplifier A3. The amplifier A3 is a configured
as a voltage buffer circuit to isolate the bandgap voltage source  VBG from
the loading of the biasing current generator of this invention.  The
resistors Roo, RDI, RD2, ... , Ron-1, Ron are serially connected to form a
24 2 4 APR 2006 voltage divider. The reference signals VRO, VRI, VR2, ... ,
VRn-1, VRn are  created at the junction of each pair of the serially
connected resistors RD0,  RDI, RD2, ... , RDn-1, RDn. The values of the
resistors RD0, RD1, RD2, ...  Ron-1, RD, are chosen such that the reference
signals VRO, VRI, VR2, ... ,  VRn-1, VRn are determined by the equation:
VRi = 



Vc(i - 1) + Vci  2 VCO = VRO where: Vco is the thermal signal representing
the minimum  temperature of the range of temperatures for which  the
temperature compensating bias generating circuit  is to provide
compensation. VR0 is the magnitude of the lowest reference signal of  the
reference signals. VR0, VR1, VR2, ... , VRn-1, VRn  formed. by the voltage
divider of the reference signal generator VREF. 25 24 APR 2006 Fig. 8
illustrates the master biasing current Iour of a temperature  compensating
bias current generator of this invention versus the thermal  signal Vc(t).
The plot of Fig. 8 is used to explain the method to construct  the master
biasing current lour. The symbolic representation of the effects  of
temperature on the operating parameters of the functional circuit are
described. The thermal signal Vc(t) is substituted for the temperature and
the reference signals VRi are determined as piece-wise functions over the
range of the thermal signal Vc(t) to be used. In 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
Iour. This means 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 R1, R2, R3, and R4, 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 I0. The
thermal signal Vc(t) is then compared to each of the reference  signals VR1
VR2, VR3, and VR4. When the thermal signal Vc(t) reaches the  value of the
reference signal VRI less the signal 11R, developed across the resistor R1,
the master biasing current becomes the value of the  contributing current
Iy1, as determined by Eq. 10. This is as shown in Region A. Upon reaching
the value of the reference signal VRI summed  with the signal I1R1
developed across the resistor R1, the contributing 26 2 4 APR 2006 current
ly1, becomes fixed at the value 211 and the second contributing  current
IY2 is as determined by Eq. 10 and is added to the master biasing  current
IOUT. This is as shown in Region B. As the temperature increases,  the
master biasing current IOUT is adjusted by the addition of the
contributing currents IY3 and IY4 from the current steering circuits CS3
and  CS4 as shown in Regions C and D. The piece-wise function of the
preferred embodiment of this  



invention is shown as substantially linear 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  VREF of Fig. 5 maybe more complex than the voltage divider
formed of the  serially connected resistors RDO, RDI, RD2, ... , RDn-1,
RD,,. 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. 27 P 4
APR 2006 CLAIMS 1. A temperature 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; and a 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, wherein
said bias  function is determined by a plurality of reference signals that
are compared to  the thermal signal to perform said multiplication. 2. The
bias generator of claim I 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; 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 28
2 4 APR 2006 thermal signal that is indicative of a difference between the
first  and second currents. 3. The bias current generator of claim 1
further comprising a plurality of  mirrored current sources in
communication with 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
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. The bias current generator of claim I further comprising a
bandgap  referenced signal source that generates and communicates the
plurality of reference signals to the current function generator. 29 2 4
APR 2006 6. The bias current generator of claim 5 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. 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; 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
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; 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 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: Vc-VR1 ly=l1 where: R 31 24 APR 2006 1, is the
amount of the contributing current, 11 is a magnitude of the first portion
of the contributing  current, Vc is the thermal signal, VR1 is the
reference signal, and 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 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 12. A
temperature 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 32 2 4 APR 2008 the unique temperature
characteristics to create 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 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 33
2 4 APR 2006 thermal signal that is indicative of a difference between the
first  and second currents. 14. The bias current generator of claim 13
wherein the current difference  circuit comprises: a current subtractor
circuit in communication with the temperature  independent current source
and the proportion al-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. 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 of claim 15 wherein the current
multiplier  comprises: 34 24 APR 2006 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 the  plurality of current
steering circuits to additively 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 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
transistor to provide some or all a first portion of the  contributing
current; 35 2 4 APR 2006 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. 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: fly=11+. Vc - VR1  R where:  ly is the amount of the contributing
current, 11 is a magnitude of the first portion of the contributing  



current, Vc is the thermal signal, VRI 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 36 2 4 APR 2006 the second MOS transistor
and the signal developed at the resistor, the  amount of the contributing
current transferred to the output node is zero: 20. The bias generator 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. A temperature 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 37 2 4 APR 2006
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 thermal signal that is indicative of a  difference
between the first and second currents; a 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 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; a
plurality of mirrored 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 38 24 APR 2006 compared to the thermal signal, said reference signals
chosen  to determine the bias function. 22. The bias current generator of
claim 21 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; 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 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 the plurality of current steering circuits to additively
combine the 39 2 4 APR 2006 selectively steered contributing currents to
form the master  biasing current. 24. The bias current generator of claim
23 wherein each current steering  circuit comprises: 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 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. 40 2 4 APR 2006 25. The bias generator of
claim 23 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: ly = 11+ VC - VR1 R where:  ly is the amount of the contributing
current, 11 is a magnitude of the first portion of the contributing
current, Vc is the thermal signal, VR1 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 transistor and the signal
developed at the resistor, the  amount of the 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 41 2 4 APR 2006 28. A
method for generation of a temperature compensating bias current
comprising the steps of: determining a piecewise function substantially
describing a required  bias current with respect to temperature;
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 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: 42 24 APR 2006 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
thermal  signal. 30. The method of claim 28 wherein the reference signals
are referenced to a  semiconductor bandgap voltage. 43 




