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&S PATENT : :
Fﬁﬁk“%f%N This invention generally relates to el.ectronic
circuits and specifically relates to a bias sté&ﬂﬁﬁ&* circuit.
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5 A BIAS STABILIZATION CIRCUIT
‘EIELD OF THE INVENTION

Thie invention generally relates to eleétronic circuigs and
‘specifically relates to a bias stabilization gircuit.
10
BACKGROUND OF THE INVENTION
The DC gate bias of a field effect transistor ("FET") affects
the DC and AC opérating characteristics of the transistor. It is
desirsble that FETs which are fabricated into ipntegrated circuits
15 {("ICs") exhibit predetermined DC and AC operating characteristics.
The powexr drainm caused by the bias current is one of the major DC
characteristics that needs to be predictable and well stabilized.
The AC operating characteristics of the FETs in an IC affect
clrcuit characteristics su;h as the gain of the circuit. Yet, when
20 the FETs are fabricated, there are variations in the physical
characteristics which are unavoidably.infroduced due to variations
in the fabricstion process and the fabrication material.
FIG. 1 shows tyﬁical current curves for an N-channel depletion
mode FET. The curves plot the change in drain to source current
5 ("Ipg") as a function of the drain to source voltage ("Vys"). The

curves A, B, and C are for gate to source voltages ("Vg"] equal to
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Wd f%ect transistor ("FET") affects the DC and AC operating
characteristics of the transistor. It is desirabl e that FETs which
are fabricated into integrated circuits 15 ("ICs™) exhibit

predeterm ned DC and AC operati ng characteristics. The power drai n
caused b bi_ as rJ f th a
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characteristics of the FETs in an |IC affept circuit characteristics
such adldh&hggencervese % rElirat, ¥dhe vherdncrpases; g8 EbesVar dncxppEest ed,
there are variations in the physical characteristics which are

unavoi diilsy beharddycedntivués wAtdl @oint called the pinch off voltage
("Wpoff") of the FET. After the Vpoff, the I, tends to level off
5 until the breakdown volrage ("Vy")is reached. When the Vy of t}}e
FET is between the Vpoff and the V;, the FET is operating inm the
saturation region. In the saturation region, the I, is called the
saturation current. In typical applications, such as a power
amplifier ("PA"), an FET is biased to 'operate within the saturation

10 region.

As can be seen by the curves A, B, and € in FIG. 1, the
saturation current, the Vpoff and the V; of the FET arxe a function
of the Vi;. Consequently, the V. may be used to compensate for
variations in the operating characteristics generally, and the DC

15 characteristics particularly, of an FET that wmay occur due to
variations in the <fabrication process. Variations in
characteristics such as dopant concentration, uniformit;y of the
layers making up the FET, and the length and width of the gate
electrode from wafer to wafer or lot to lot may introduce

‘0 variations in the operating characteristics of an fET. These
variations in the operating characteristics of the FET may be
manifeated as a change Iin the Vpoff and thereby, the saturation

2
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shows typical current curves for an N-channel depletion node FET.
The curves plot the change in drain to source current 25 ("lIf[err]") as
a function of the drain to source voltage ("V[err]"). The curves A,

B, and C are for gate to source voltages ("V[err]") equal to
2 current of the FET for a given bias condition (e.g., a fixed gate

to source and drain to source wvoltage).
When an FET has a saturation current that deviates from a
desired wvalue for a specified V , the Vg, may be adjusted to
5 compensate for this wvariation. By appropriately adjust':ing
(*tuning"} the DC bias (e.g., the Vi) of the FET, the I, may be
adjusted back to the desired level. This can help stabilize the
input and output characteristics of a circuit in which the FET is
incorporated. |
10 This adjustment can be done experimentally by measuring the
input and output characteristics of a given circuit and then
appropriately tuning the FET’'s bias to produce a desired result.
The problem with this technique is that each integrated circuit may
need to be individually tuned to compensate for the fabrication
15 variations. This is a very cumbersome and time consuming task
which unacceptably.increases the cost of fabricating the ICs into
which the FET=® are incoipofated. Further, additional pin outputs
on the IC may be required to tune properly an IC. This may be
unacceptable in applications where additional pin outpute are
20 already limited due to other IC constraints.
In the prioxr art, a bias stabiliéaéion circuit allegedly may
compensate for variations in a transistor's (e.g., a stabilized
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three curves, at first, the I[err] increases as the V[err] increases.

Thi s behavior continues up to a point called the pinch off voltage
("Vpoff") of the FET. After the Vpoff, the I[err] tends to level off 5
until the breakdown voltage ("V[err]")is reached. V\hen the Verr] of the
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saturation current. In tgpl cal applications, such as a power
anpl i fHeweyepA' 3 pra¢eEcal biasedimsudperin eawnmduqtﬁ@nsaemmqmntlo
regi on. As can be seen by the curves A, B, and Cin FIG 1, the
should stabilize the current with respect to all the possible
parameters affecting it. Depending upon the circuit
5 implementation, these parameters could be:
(i) Vpoff variatious,
{ii) Resistance variations in the yesistors that are

typically used to control the bias current,

{iii} Positive Power supply ('VDD") variations of the
10 bias stabilizatlon circuit, and
(iv) Negative Power supply ("VGG"} variations of the

bias stabilization circuit.

Point (iv) above can be appreciated in light of the fact that

15 in wmost GaAs technologies, only depletion mode devices are
available. To use these devices at an optimum bias level, sa;y for

a PA, one often needs a negative power supply. Thus, the PA
clrecuit for instance should be sl:abi-lized with respect to the
procesg variations, such as variations in the Vpoff of the

10 transistor and resistance variations in the bias 'resistors, and

with respect to the system variations,' such as variations in VDD

ar_xd VGG of the biag circuit,
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the V[err]. Consequently, the Verr] nay be used to conpensate for
variations in the operating characteristics generally, and the DC 15
characteristics particularly, of an FET that nmay occur due to

variations in the fabrication process ' Vari ati ons I n
characteristics such a ant co rati niformty,of the

| ayers naklﬁ 5ﬁmﬁh@pﬁ ﬁﬁthe Fkﬁ dﬁﬁﬂﬂﬁdﬁﬁ% ﬁérﬁﬁPE may not

el ectrode fron1mafer to mafer or lot to lot may introduce 20 vari ations
i n t he ngesy ¥FDDn§ocbpexateri sihcthede aorddd, a didowd pin mayabeausedsimn t he
operating characteristics of the FET nay be mani fested as a change in
the Vpafde gixhddes®by, pbbet £9é UpaliéPNaupply for the bias stabilization

circuit as shown in U.S. Patent No. 5,412,235 to Nakajima ("the

5 '235 Patent”) discussed in more detail below. This eliminates the

need for the circuit to be stabilized with_respect to the VDD.

However in this case, it may not always be possible to adequately

gtabilize the DC blas current of the wain circuit. .Furthermore, in

most cases at least the other three parameters are present and

10 variations in those parameters should be compensated for by a bias
stabilization circuit that is useful in practical applications.

In addition to the above four parameters, the bias
stabilization circuit often has to comply with other system
constraints as well., Two such possible systeﬁ constraintes are

15 discussed below:

(1) Considering a PA clrcuit as an example, for such
applications the transistor width (W) of the PA circuit (e.g., the
stabilized transistor) is usually very large in relation to the
bias transistor. This means that the leakage current from the

L0 stabilized transistor's gate may also be large. This can lead to

a thermal runaway problem. To avoid such a situation, the biag
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gate to source and drain to source voltage). When an FET
has a saturation current that deviates froma desired value for a
specified V[err], the Verr] may be adjusted to 5 conpensate for this
vari ation. By appropriately adjusting.

gtabilization circuit should present a relatively low output
resistance to the stabilized transistor's input.
(1i) In some applications, such as a PA circuit, a negative
voltage iz often provided for optimal operation of the circuit.
5 This negative voltage may be generated by a switching invertex
‘circuit. Such circuits only have a limited current sinking
capability. A useful bias stabilization circuit must therefore
respect this constraint as well.
One prior art method that claiﬁs to stabilize the operating
10 characteristics of an amplifier transistor ié disclosed in the 235
Patent. The contents of the '235 Patent are incorporated herein by
reference.
FIG. 2 shows a gate bias stabilization cirecuit 200 and an
amplifier 210 as disclosed in the '235 Patent. The bias
15 stabilization circuit 200 is comprised of an FET ("a bias
transistor 110v), a resistor 114, a resistor 115, a resistor 118
and a resistor 119. The bias transistor 110 is fabricated on the
same chip on which an FET ("a stabilized transistor 111") of the
amplifiex circuir 210 is fabricated. By this method, the
10 . fabrication process variations that affect the stabilized

transistor 111 will alsc equivalently affect the bias transistor

110.
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adj usted back to the desired level. This can help stabilize the

i nput and out put characteristics of a circuit in which the FET is

i ncorporated. 10 Thi s adjustnment can be done experinentally by
measuring the | nput and output characteristics of a given circuit
and then 1y th@PeLP :llétﬂébltﬁé'éﬂnﬂnt EﬁﬁEEifés; i 0 the0deaend (Ipsdf ed

resul t. e problemwth this technique 1s that each integrated
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consum ng task whi ch unacceptably increases the cost of fabricating
the | C&1#nepnd a gate (G) of the stabilized transistor 111i. A second end

=8 #3822 P.O9/53
rr] may be

of the resistor 114 is comnected to a ground potential. A source
5 (S} of the bias transistor 110 is comnected to a first end of the

resistor 115. A second end of the resistor 115 is connected to a

negative power supply ("VGG") and a first side of the resistor 119.

A second side of the resistor 119 is connected to a gate (G} of the

bias transistor 110 and-a first side of the resistor 118. A second
10 side of the resistor 118 ies connected to a ground potential.

In operation, the drain to source currenmt ("I4 ") of the
stabilized transistor 111 may vary due to fabrication process
variations (see discussion above). This change in I, is primarily
due to a change in the Vpoff of the sgtabilized transistor 111.

L5 Considering these variations, if the Vpoff is more negative than a
desired value due to fabrication process variations, then the drain
to source current may tend to be dgreater than a degired value in
both the bias transistor 110 (e.g., Isa) and the stabilized
transistor 111 (e.g, Iy.). The increased drain to source current

0 Is» in the bias transistoxr 110 tends to make the voltage V,, at the
drain of the bias transistor 110, more negative (see equationm 1
bglow) .
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I'C may be required to tune properly an IC. This nay be

unaccept able in applications where additional pin outputs are 20.

already limted due to other IC constraints. In the prior art,

a bias stabilization circuit allegedly may conpensate for

Za” ations Q g;%\{_:ﬁ%}'rsggg %igghgéiog ﬁ:a’glsl Ia%sumed that (i} the gate

leakage currents of the biag transistor 110 and the stabilized
transistor 111 are negligible; (ii) the resistor 118 = open and the
resistor 1139 = short; and ('iii) RL = the resistance of resistor
5 114. .Thus, from Fig. 2:

Va=-Iu* (RL) ' | (1)
and,; since the gate leakage currents are negligible (see assumption
(i) above), a voltage (V) at the gate of the stabilized transistor
111 is:

10 Vo=V, e @
As mentioned above, 1f I, tends’ to increase’ by AIs ., due to a
variation in the Vpoff (e.g., 4 Vpoff) of the stabilized transistor
111, Iy tends to increase by Alg. This increase in I tends to
bring down the potential at the drain of the bias transistor 110 by

15 AVy, equal to:

AVy = - (AIp*{RL)) : S (3)
If
AV, = AVpOEf, (4)
the current I, stays constant as the effect of the Vpoff variation
0 of the stabilized ctransistor 111 is counteracted by the gate
voltage (V, = V) variation in the same direction and bl;' supposedly

the same amount.
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However, a practical bias circuit in a production environnent shoul d
stabilize the current with respect to all the possible par anmet ers
affecting " it. Dependi ng upon t he cifcuit 5 i npl enent ati on,

t hese paraneters coul d be: (i) Vpoff vari ations,

(i) Repi;at €BC€hi’§‘rétlaiH %g't‘ﬂoﬁhewes'%gff) té@ysakﬁnst?nt c%)%ssal, 19 o

typically use to contr ias currk

Power s "VDD') variatipns of as
stabiIF Féﬁr Fcaﬁ% tghaemafh unaféected %y the Vpoff varlatian In

practice, however, exact cancellation of the Vpoff variations are
not pogsible and Iy, tends to vary to some extent. The objective

5 of any bias stabilization circuit is to keep this variation within
tolerable limits.,

n equation (3), RL can be seé'n ag a gain factor which
t‘amplifies" a given Al, variation to a desired AV? that is required
to cancel the Vpoff variations. Therefore, for the required 'exact®

10 or near perfect cancellation of variations in the Tapars a.specific
value of RL is needed for a specific value of the nomimal I,
current. It should be noted that this specific value of RL may not
be the same as that required to satisfy equation 1.

This is one of the main shortcomiags of the device disclosed

15 in the '235 Patent. Since the porential connected to the second
side of the resistors 114 and 118 in the ‘235 Patent (see FIG. 2)
are fixed to a ground potential (0 V), an arbitrary choice of RL is
difficult to select. This is because RL algo fixes the nominal DC
gate potential of the stabilized transistor 111 (see equation 1)

10 which often times is determined from other considerations, such as

the requirad efficiency and linearity expected of a circuit such as

a PA.
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ras stabilization circuit. Point (iv) above can be
appreciated in light of the fact that 15 in nmost GaAs technol ogi es,
only depletion node devices are avai |l abl e. To use these devices
at an optinum bias |evel, say for _ a PA, one often needs a negative
pover supplpt canlhh®is ©aedRhficult €b'&dlldcd U VAl MIC REIMienDgives
stabilized wth respect to the process variations, such as variations
in the,Vpoff of the 20 nsi stor, and Jg.esi stance_yvariations, i.a the bias
Fosi St Fegred Somipad, NGRS VBYCRRE Ty Jedn OairbirIAd Wi pT 08
variations in VDD and VGG of the bias circuit.

at the same time achieves the near perfect cancellation of the
Vpoff variations (see equations 3 and'4}, Still furthey, this
5 choice of RL may nst adequately cancel the fabrication process’
variations that may also cause the bias stabilization resistors
(e.g.., the resistors 114, 115, 118 and 113) to change.
A furthex pfoblem is that the nominal value of the current Iy
oftentimes cannot be chosen arbitrarily.. The negative voltage VGG
10 required for operation of a circuit-auCﬁ as the PA may be generated
by a switching inverter circuit. - Switching inverter circuits
- generally only have a limited current Binkiﬁgfcapaﬁility. In other
woxrds, VGG may only be able to sink a small amount of current.
Consequently, the nominal value of the current I, must be selected
15 to account for this limitation. Additiomally, the variations in
VGG may not be shielded enough by the bias transistor 110 if it is
not biased properly in the saturation‘xegion.' In that case, Vy and
hence the power amplifier's DC bias current I, varies with VGG.
Thus, Ig, needs to be stabilized with respect to VGG as well.
‘0 Thus, in a multi-constraint environment, such as for a PA, the
circuit from the ‘235 Patent may not adquately compensate for all
these variations.

10
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ot MLGN&s F’mﬁd VDD to operate. In these cases, a ground pin may be used in
the place of a posi-tive power supply for the bi as stabilization
circuit as shown in U S. Patent No. 5,412,235 to Nakajima ("the 5
Patent") discussed in nore detail bel ow. Thj S eI i mnates the

10

L5

Therefore, it is an object of the present invention to prov:.de
a bias stabilization circuit that can adequately compensate for
parameter variations such as Vpoff variations, resistance
variations in bias reasistors, and power supply variations.

Another object of the presemt invention is to provide an
improved method of forming a bias s;:'ak_.jilization circuit that can

compensate for the above parameter variations,

SMMARY OF THE INVENTION |

These and other objects of the present invention are achieved
by a bias stabilization circuit of the present invention. A
preferred embodiment of the bilas stabilization circuit is comprised
of an FET ("the bias transistor') and a novel configuration of bias
resistors and power supplies. The bias stabilization circuit
gtabilizes an FET ("the stabilized transistor"} that may be part of
another circuit. If the operating point (g.g. , the saturation
current) of the stabilized transistor varies, the bias transistor
will compensate to maintain a substantially constant opc-:rat.ing

point of the stabilized transistor. Ceonsequently, by stabilizing

‘the stabilized traunsistor's operating point, the circuit in which

"the stabilized transistor operates will also be stabilized. Foxr

instance, 1f the stabilized transistor is configured as a powar

11
I —
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However in this case, it may not always be possible to adequately

stabilize the DC bias current of the main circuit. Furthernmore, in

nost, cases at |east the other three paraneters are present and 10

variations in those paranmeters shoul d be conpensated for by a bias

st abi | ia#pl @R et r(ﬂw')t h@heh StHS Sbplrd 41 Rf aé}{dﬁ%lue%&ehheat ' Qﬁéh as the

In addition to the above four paraneters t he bi as Stabilization
circuit _often to c i,th o nstrai nts.as
Tuo suBFHESs SRt Ehe AR bl fiF £ P 8111 e d FeparguR 1P wetl
(i) Considering a PA circuit as an exanple, for such

stabllized.

In the present invention, the bias transistor and the

5 stabilized transistor's electrical characteristica are preferably

closely related. In a preferred embodiment of the present

invention, the close relationship is achieved by fabricating the

bias transistor and the stabilized transistor on the same chip.

additionally, the bias transistor and the stabilized transistor may

10 be fabricatéd physically close to each other and during the same
process. |

The present invention stabilizes-bhe’operating characteristics
of the stabilized transistor by compensating for variations that
may occur in the bias and stabilized transistors through the

LS proposed solutions at both the circuit and the system level.

At the circuit level, the bias stabilization circuit of the
present invention operates to compénségé for Vpoff variatioms in
the bias and stabilized transistors.  Further, the circuit of the
present invention also may comﬁensate foi resistance variations in

Q the bias resistors. The Vpoff &afiétions and the resistance
variations may occur from chip to chip and lot to lot during
fabrication due to unavoidable process changes.

12
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stabililzed transistor) is usually very [arge in relation to the bi as
transistor. This nmeans that the | eakage current fromthe 20 stabilized
transistor's gate may also be large. This can lead to a therma

runaway problem To avoid such a situation, the bias

At the syétem level, the circuit of the present invention
compensates for variations that may occur in the power supplies
that are connected to the bias transistor. In a preferred
embodiment of the'present invention, this is asgisted by deriving

s the negative power supply (VGG) of the biams transistor from the
positive power supply (VDD Bias) of the bias transistor.

In a preferred embodi@ant, the =bove may be accomplished by
connecting the bias transistor to a ioéd comprising a first
resistor, a second resistor, and a third resistor. The first and

10 second resi%tors are connected in =series between a bias power
supply and a reference power supply (e.g., a ground potential). A
drain of the bias transistor is conmected to the first and second
resiscors through the third resistor. Additionally, the drain of
khe bias transistor is also connected tn-a gate of the stabilized

5  ctransistor. A source of the biaS'ﬁiansistor‘iS'connected to a
negative power supply tﬁ?ough a fourth.resistor.

If the bilas transistor is fabricated to operate in a depletion
m9de; an embodiment of the prasené invention may couple a gate of
the biag transistor to the junction between the negative power

} supply and the fourth resistor.

The bias stabilization circuit of the 'present imvention

compensates for variations in the poWér supplies that are uged for

13
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ance to the stabilized transistor's input. (i) I'n sone
ations, such as a PA circuit, a negative’ voltage is often

provi ded for optinmal operation of the circuit. 5 Thi s negative voltage
may be generated by a switching inverter - circuit. Such circuits
only hane bikenttatisistoent Asphiéfagred embeapndnt i éomperbatsaf Wobitds

st abi |
One pr
char ac
Pat ent

i zation circuit nmust therefore .. respect this constraint as well.

pavel uBLY Sat T iGhE IR ROy LA S0G PR ol ldbeyy, of

.. The, contents of the ! 235 Patent:gre:incorporated herein, by

ref er B bias circuit from the positive bias power supply. In this way,

10

variations in the bias power supply.are‘pfopofgioﬁately reflected

'in the negative power supply. Additionally, the bias power supply

may or may noct be derived from a power supply of the stabilized
transistor. Deriving the bias power supply from a power supply of
the stabilized transistor may help keep the bias transistor in the
saturation region. Alternativelyé the bias power supply may be
derived from a power supply of tﬁg Eéabilized-transistaf as a
matter of convenience. | S .-

The circuit of the present inééntiéﬁ may be uséd to stabilize
the bias current imn ICs such as Microwave Monolithic Integrated
Circuits ("MMIC"). The circuit of the present invention may also
be used in a variety of circuit applica;ions, such a8 with a power
amplifier (*PA"), with a cascode low—néise amplifier (“LNA"), with
a mixer c¢ircuit, ecc.. In an amplifier application, the bias
stabilization circuit of the presenﬁ'iﬁ§ention'méy be'eﬁploy;d to
set up the quiescent poinﬂ of.thg amplifier. To exemplify the
usefulness of the present inﬁention; an illustrative case of using
the bias stabilization circuit to stabilize a PA is presented

below.

14
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%_[\%; Hg@ggoy@raar gate bias stalsnt izzatsss® circuit 2087-ZRf%an T fier
5 disclosed in the '235 Patent. The bias 15

stablllzatlon circuit 200 is conprised of an FET ("a bias
transistor 110"), 'a resistor 114, a resistor 115, a resistor 118 and
a resistor 119. The bias transistor 110 is fabricated on the same

chip on “hTQHu%QIEEIv%&Q,St@ﬂkl'éﬁd bﬁgnsbﬁtoéaﬁ%%égtgé tﬁg%ng (petal

anplifier circult abrica
fabricati,on rocess _,variations that ,affect the_ stabi

t r ansi®&MC c\F»"Irl Sl‘-g?ﬂdecﬁﬁﬁﬁ’éﬂ%nf;ﬁ“ﬁﬂ%%’fstﬁ M§§§§Tﬁrén§'ﬁét6r Gahs
110.

subst;ate. The circuit technique of the present invention may be -
applied to achieve similar results in.other eircuits and for other
5 technologies as well.

For the PA, the bias stabiliéation cirxcuit of the present
invention eliminates the ﬁeed for the cumbersome and time consuming
tuning of the bias circuit which may otherwise be required. The
circuit of the present invention operates to.éounteract the chip-

10 to-chip, wafer-to-wafer and lot-to-lot variations (for brevity,
hereinafter referred to as the lot-to-lot variations) of the pinch-
off voltage (Vpoff) that may occur due to the fabrication process.
The bias stabilization circuit of the present invention compensates
for resistance variatioﬁs in the biaé-resistors and variations in

5 the power supplies of the bias transistor.

Additionally, the present bias Cirduit-has'a relatively small
output resistance. Therefore, the circuit of the present invention
does not have problems with thermal runaway {(see discussion asove).
This makes the bias circuit of the present invention suitable for

p a wide ranée of transistor geometries-and operating conditioms.

The inventive bias circuit worksﬁWell with low currents.

Therefore, in cases where the bias circuit uses a negative power

15
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Lo m:;;&s I—— the ci r cuiste dvsekesed in t he #9385 83t ent? *Phe :élarza'rnl (D
57 the bias transistor 110 is connected to a first end of the

resi stor 114 and a gate (G of the stabilized transistor 111. A
second end of the resistor 114 is connected to a ground potential. A
source (S) of the bias transistor 110 is connected to a first end of

e R el e Y R
bias cirxcuit is still suitable.
The problem with thermai runaway.;£§ availability of negative
power supply current are generally‘preéenﬁ'iﬁ-a PA appligation.
5 The novel bias stabilization circuit meets the aggressive demands
of such an application as well as other 1less demanding
applications, such a8 a cascode LNQ,_a mixer, etc.
In any case, the basic requixeméhts to make the stabilized
transistors current relatively immuné'to.p;oéess variations, éuch
10 as variations in the Vpoff andﬁ.ﬁias resistors,- and systems
variations, such as power Sﬁpply variations,'generally exist in
most ap?lications. The bias stabili;atién circuit of the present

invention meets all the above discussed general and special

requirements.
.5
D P )3
Following is a description of praferrea embodiments of the
present inventiom, which when takén -in conjunction with the
following drawings, will illustrate the zabove nqtéd features and
0 advantages as well as further ones. It should be expressly

understood that the drawings are included for illustrative purposes
and do not represent the scope of the present invention.
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ransi stor 110 and a first side of the resistor 118. A second 10

e —————

side of the resistor 118 is connected to a ground potenti al .

operation, the drain to source current (I[err]") of the stabilized
transi stor 111 may vary due to fabrication process vari ations (see

Gheitde sRowlRgr |yl neukrk¥nt and @edthgea
change in the Vpoff of the stabilized transistor 111. 15 Consi deri ng

Oé/rﬁé%“ L& atids oy /PRf fal aﬁlé@{&l NGRX VR- éﬂéﬂn@l field d%%'f&‘éé val ue

rain source
tend to be greater than a desired value in both t he bi as

di scussi on gwye), ighia

t hese
due t

current

on process variations, then the

tran5|%¥ﬁﬁgéﬂ. ¥°X&.g., I[err]) and the stabilized

10

FIG. 2 is a schematic diagram of a prior art bias
stabilization circuit in a power amplifier application;

FIG. 3 is a schematic diagram of an embodiment of the present
invention; |

FIG. 4 is a block diagram of an applicatian of the bias
stabilization circuit of the present invention biasing multiple
circuits;

FIG. S is a schematic diagram of & Thevenin equivalent circuit
for the bias stabilization circuit of the present invention;

FIG. 6 is a schematic diagram of 'ai alternate embodiment of
the present invention; and

FIG. 7 is a schematic diagram of an embodimsnt of the present
invention indicating which componenta, in that embodiment, are

fabricated on the same chip.
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' %ﬁﬂM&T(e g, I[err]).sisThe s8reased dr a7 1% %our &&' errene T e

I'nin the bias transistor 110 tends to nmake the voltage V[ferr], at the
drain of the bias transistor 110, nore -negative (see equation 1
bel ow) . 8
To sinmplify the dlSCUSSIOﬂ it is assuned that (i) the gate | eakage
Curr empEy i 2 ; : e T d

For clarity of presgentation, the detailed description is set

out in the following subsections:

I. verview of tion
5 . The invention is briefly described.
IY. System Level Solutions

A few system level implementation aspects of an
embodiment of the present invention are described. These
have influence on the bias stabilization characteristics
10 with respect to the power supply and Vpoff varlatlons.
Irr, ¢ci Level Soluti
A few circuit level implementation aspects of an
embodiment of the present invention are described. These
have influence on the bias stabilization characteristics
15 with respect to the Vpoff, power supply and resistance
variations.
Iv. ixcud
An embodiment of- the present invention is described
wherein the bias and stabilized transistors are
20 . fabricated to operate in an ephancement mode technology.
Y. mput i i u
Computer simulation data is presented for a preferred
embodiment of the present invention.
VIi. GConclusion '

5
I. Overview ventdi
FIG. 3 shows a schematic diagram"of a:kdas stabilization
circuit 20 fsr a PA 30, in accordance with a preferred embodiment
of the prasent. invention. As a _:esult of this novel bias
3 stabjlization circuit 20, the satpraéibg curreﬁt ¢f the PA 30 can

be stabilized with respect to both process variatioms, such as

Vpoff variations and resistance variations in the bias resistors,

i8
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resistor 119 = short; and (iii) RL = the resistance of resistor 5 114.
Thus, fromFig. 2: . Merr]=-I[err]* (RL)

(1) and, since the gate | eakage currents are negligible (see
assunption (i) above), a voltage (Vp) at the gate of the stabilized
transiaidreystem vd#iatsonslOsuch as v¥Etéticds el vDD and VGG of the

(2) As mentioned above, if I[err] tends to increase by [err]l[err]
due tQflag civeyid@driation in the Vpoff (e.g., A Vpoff) of the stabilized
transi stor 111, I[err] tends to increase by [err]l[err]. This

| ncrease | r}ss! [s?{orw]n tignng:[ 03, a preferxed embodiment of the present bias
stabilization circuit 20 is comprised of a bias transistor 10 and

5 a novel configuration of load resiste};r;:' (e.g., a resistor 12, =
resistor 13, and a resistor 14), and po';ver supplies (e.g., VDD Bias
and VGG). In the present invention, the electrical -characteristics
of the bias transistor 10 and a stabii'ized tra;lsisior 11, should be
clogely related. In a preferred embodiment of the present

10 ° invention, this close relationship is achieved by fabricating the
bias transistor 10 and the stabilized ;:ransis-tor 11 on the same
chip. Additionally, the bias transistor 10 and the stabilized
transistor 11 may be fabricated physié:ally close to each other,
with the same orientation, etc., an&-dﬁﬁ:ing the same process.

5 In a preferre_d e!ﬁbodiméﬁt, the bias transistor 10 is conne_c':ted
to a load comprising resistgrs 12, 15,‘ 14. The resistors 12, 13
are comnected in sexies. The drain (D) of the bias trapsistor 10
may be connected to first ends of registors 12, .13 through the
resistor 14. The drain (D) of the bias transistor 10 may also be

J connected to a gate (G) of the stabilized transistoxr 11. A second
end of the. resistor. 12 is connectéd to a bias power supply
("VDD_Bias"). A second end of the xésistor 13" is conrected to a

19
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[err err], equal to: [err]V[err] = ([err]l[err]*(FL))

(3) [err]V[err] = [err] Vpoff,

(4) the current I[err] stays constant as the effect of the Vpoff
variation 20 of the stabilized transistor 111 is counteracted by the

gate ground Whiane {1V er the=s¥Leks] )(svardzatduw bikd hersaimstdiy ecd i 8 and

by supposedly t he sane anount.
connected to a negative power supply { "VGG") through a resistor 15.

In configurations where the b*as transistor 10 is fabricated

to operate in a depletion mode, a gate té) of the bias transistor

5 10 may require a negative supply potential. One configuration for

achieving a negative potential at the gate (G} of the bias

transistor 10 is shown in FIG. 3. In this embodiment, the gate. (G)

of the bias transistor 10 is coupled-tc the junction between the
negative power supply'VGG and the reéistor 15.

10 The novel bias stabilization _tifcuit 20 - of the present
invention compensates for vagiétibns' in -ths power supply
po;entials. In a preferred embodiment of the bias stabilization
circuit, the negative power supply VGG may be derived from the bias
power supply VDD Bias using for instance, an LTCl044A which is

.5 available from Linedr Technology. In this way, variations in the
bias power supply VDD Bias are proportionately reflected in the
negative power supply VGG@. In a preferred embodiment, the bilas
power supply VDD Bias may be derivea;frﬁﬁ.a power supply VDb_?A of
the stabilized transistor 1l1. This;één'further:démpansate for the

0 effects of the power supply variations by helping to keep the bias
transistor more in the saturation region. In alternate

embodiments, |[VDD_PA| is gemerally > |VGG|. Typically, VDD _PA =

20
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const ant causi ng the‘current I[err], to.remain unaffected by the

Vpoff variations. In practice, however, -exact cancellation of the
Vpoff variations are not possible and I[err] tends to vary to sone
extent. The objective 5 of any bias stabilization circuit is to keep

this vargeat iag@ washin-3, ov. i:@lxﬂ{ea'yz@fbb:%asmboamem, vopl Baequatrggn
(3), RL can be seen as a gain factor which
= 3,6V,

The bias stabilization circuit of the present invention also

compensates for variations in the éat@ra;ion current (e.g., Ig,) of

5 a stabilized transistor that may occur due to fabrication process
variations. Considering these variations, if in a given circuit
configurétion, the Vpoff is more négative than a desired Vpoff, the
Saturation current Ig, in both the stébilized transistor 1l (e.g.,
I4a) and the bias transistor 10 (e.g, Ip) increases. The increased

Lo current in the bias transistor 10 tends to make a voltage V; at the
drain of the bias transistor 10 .more negative.

Aseuming that the leakage cuxiént "in the gate of the
stabilized transistor 11 is negligibieu a voltage V, at the gate of
the stabilized transistor 11 is equal to 'the voltage V; . Thus, ag

5 the Vpoff of the bias transistor 16 and gtabilized transistor 11
becomes more negative, so does the gate voltage V,. This action
tends to keep the DC current (e.g., the saturation current) I,
through the stabilized transistor 11 relatively constant.

In the present inventive circuit, the Vpoff of the two FETs

0 (e.g., both the bilas transistor lo;éhd'fhe gtabllized transistor
11} are strongly correlated. Thué; in an embodiment of the
inventive bias stabilization circuit, the bias transist&r 10 and

21
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required to cancel the Vpoff variations. Therefore, for the required
"exact" 10 or near .perfect cancellation of variations in the I[err], a
specific value of RL is needed for a specific value of the nom nal
[[err] current. It should be noted that this specific value of RL
may naot ..he the sang as that required to satisfy equation 1.

Thi s | e AFab LR 0 EFRnaREE DTGl MGY B FARFiRASGA o Lhrogae aHB andy t he
'235 Patent. Since the potential connected to the second si de of

t he reas stlese ol eawh them asheos2iblPat ent. (see FIG 2) are fixed
to a ground potential (0V), an arbitrary choice of RL is difficult

to select. adhirewins iBepagse; RarfloiBohlingst &€ vIUTLRRLRE jnventidfhly

potential of the stabilized transistor 111(see eguation 13- S
isclate the DC bias circuit (e.g., the bias stabilization circuit

5 20} from the analog operation of the power amplifier circuit 30 by
uging a resistor 16. The resistor 16 1s especially useful to
isolate various circuits that are being driven by the same bias
stabilization circuit, such as when two stages of a PA are
stabilized by a single bias stabiliiéﬁiqn circuit.

L0 FI1G. 4 shows an embodiment wherein the bias stabilization
cirenit 20 of the prgsent'inVention.istused to drive "N" stages

30A, 30B, ..., 30N of an:amplifier.circuit. 1In this embodiment,

isolating resistors 16A, 16B, ..., 16N are used to isolate each
amplifier stage 30A, 30B, ..., 30N from the bias stabilization
5 circuit 20,

The operation of the inventive bias stabilization circuit 20
in a multiple circuit application, as ‘shown in FIG. 4, is similar
to the operation in a single circuit épplication as shown in FIG.
3. Therefore, the details of operation of the biaS'st;bilizétion

3 . eircuit of the present invention in é'@hltigle &ircuit application
are not discussed in great detail heréin. WwWhen only one stage's
saturation current is to be stabilized by the bias stabilization

22
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the required efficiency and linearity expected of a circuit such as

a PA It can thus be difficult to select a val ue
of RL which gives the required nom nal DC bias voltage V[err] (see
equations 1 and 2) and : '

circuit, the resistor 16 may not be prov:Lde& When multiple sfages

of an amplifier are to be stabilized by a single bias stabilization

circuit, as shown in PIG. 4, a transistor from each stage of the

amplifier prefexrably may also be fabricated on the same chip as the

5 bias transistor. In this way, the .@%gc:;rical characteristics of

each stage's transistor's may alsc be closely related to the
electrical characteristics of the bias gransistor.

Solutions to the above noted proc.e-ss‘ and system variations are

disclosed by the novel blas stabiliz-ation ci?':cuit 20 of the present

Lo invention. The solutions are implemented by the present invention

at both the systewm and the circuit level.

II. System Level Sglutiops

(i} In contrast to the teach'in‘gé of the '235 Patent, a

5 pesitive power supply VDD“Bias 1s uged on the "load side" of the
bias transistor 10 WW For convenience

and for the reason described undex t’hé-"zioinf: '("iif below, VDD_Bias

may be chosen to be the game as VDD_PA. Although, VDD _Bias =
VDD_P2 is not conceptually necessary for a good operation of the

0 bias stabilization circuit with respect to Vpoff variations.

However, asz described in (ii) below, this choice can-help achieve

23
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variations (see equations 3 and 4). Still further, this 5 choice of RL
may not adequately cancel the fabrication process vari ations that may
al so cause the bias stabilization resistors (e.g., the resistors 114,

115, 118 and 119) to change. A further problemis that the

bl et PR EoFy AR o ERRETLPrbgon icr oremp et s o R b e VB B14r a

circuit such as the PA nay be generated. - by a switching inverter

ci rcuivariatSnshing inverter circuits : generally only have a limted

current sinking capability. In other words, VGG may only be able to

sink a smaldd@i®ibsialdfy CUERENEhoice of usmg ‘a m power supply
VDD Bias ({whether it is equal to VDD_FA_ o;'not) coupled with the

5 circult level solution described in poif;t {iii) below, makes the
present proposal more robust and general-purpose in achieving a
better overall bias stabilization as compared to the circuit
described in the '235 Patent. To be :n"i'ore specific, the preferred
embodiment of the present invention ﬁé}}'-achieve a better overall

Lo biag stabilization with respect ‘to. Vpoff, VDD Bias and VGG
variations. |

(ii) Also at the system iew.;él ; in an- _’ambodiment of the
present invention, the negative powér s'ﬁpply VGG may be derived
from the positive power supply VDD _Bias of the bias circuit.

5 Further, VDD Bias may be chosen to be derived from the power supply
of the stabilized éircuit (e.qg. ,' VDD PA) In a preferred
embodiment, VDD Bias may be derived from and equal to VDD _PA., Thus
effectively, in the preferred embodiment of the present invention,
-VGG = VDD _Bias = VDD_PA, inste‘ad'_'of'l the typical practice of

0 generating VGG from a “ragulated" su.pply of zbout 3V. For example,
since VDD PA may be typically 3.6 V. Selecting -VGG = VDD Bias =

VDD_PA, results in the mpegative supply VGG = -3.6 V. For this
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to account for this limtation. Additionally, the variations in VGG
may not be shi el ded enough by the bias transistor 110 if it is not

bi ased properly in the saturation region, In that case, V[err] and

hence the power anplifier's DC bias current Iferr] varies with VGG

Thus, IJerr] needs to b tabili Wt spect, to VGG.,as well .

This. SHFRBIRA AERESHAPRERLY ShAdiiinel SEERELd Brovtadd {§ deep the

circuit fromthe '235 Patent may not adequately conpensate for al

t hese bias atransistor 10 in the saturation region. Consequently, the
preferred embodiment of the present invention improves the

stabilization of I, with respect to VGG, since VGG variations can

5 now be shielded more effectively by the bias transistor 10.

ITT Cirxcuit level Solutions
(iidi) At the circuit level, = novel;grrangement for the
load of the bias transistor 10. iz disclosed Dby the present
10 invention., FIG. 3 shows this novel arrangement of the resistors
12, 13, 14. In this embodiment, the resistors 12, 13 are coupled
between the power supply VDD Bias and a reference potential such as
a ground potential.
FIG. 5 shows a Thevenin equivalent circuit for the circuit
15 shown in FIG. 3. In this cizcult, the éower supply VDD_Bias, and
the resistors 12, 13 provide a Thévenin equivalent voltage Vteq and
a Thevenin equivalent resistance Rtéq. Thus, the preferred
embodiment of the present invention provides several additional
factors, such as the Thevenin equivalent voltage Vteg., the
20 resistors 12, 13, 14, and the Thevenin equivalent resistance R,
provided by the resistoxe 12, 13,ttﬁét-are not available in the
prior art (e.g., the '235 Patent). fThege additional factors help
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stabilization circuit that can adequately conpensate for par anet er
variations such as Vpoff wvariations, resistance variations in
bi as resistors, and power supply variations. 5 Anot her obj ect of
the present invention is to provide an I mproved nethod of formng a

bias sabiht-z3k Q”d&bi‘:}aht v§A%h- 88 oxn RLCP!H%E'%%%%?:J.BW 3t §8o08PVe The

paraneter variation

additional parametexs that have beenhgenerated help to obtain a
gain-factor that adequately canq.e'ié“ B the; Vpoff variations by
.satisfying equations 3 and 4 (see above) . - At thé same time, the
5 additional parameters help -ébtain' a sﬁi'.t"able DC gate-biag voltage
V, at the gate of the' st'ébiliz'e'd' Er'ai{si.étmz%. lli by satisfying
eguations 1 and 2 (see above}. The additional parameters infiuence
the bias stabilization achieved not only with respect to the Vg
variations but also with respect to the power supply variations as
10 well.

{iv) Again at the circuit level, to achieve the stability of
the saturation current 'Id'pa' w;th respect to the resistance
variations in the bias resi-stors;' if: .i:s '. 'des:[rabie. that the voltage
V, {(see FIG. 3) be stabilized with fespeci’: t§ Ehése variations.

15 A preferrad embodiment of the present invention achieves this
stability by maintaining the resistor 15 and the overall load of
the bias transistor 10 (e.g., RL) in'.a definite ratio. This helps
stabilize the saturation currem:' '._I.:_,,;,a; In this way, if the
resistance of the overall load RL :of.t the bias transistor 10 tends

20 to incre.ase due to process va.riaiionsi, the effect of the
corresponding resistor 15 i_nére#se ﬁta_nds‘ tQ cancel the variatien of
Vy, thereby keeping the current I, .dc’r.'xstarit R However, since the
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I nvention are achieved by a bias stabilization circuit of the present
i nventi on. A preferred enbodi nent of the bias stabilization circuit
i's conprised of an FET ("the bias transistor™) and a novel
configuration of bias resi stors and power supplies. The bi as
stabill uL.t. . st abtat.i El.("the st.abi |zed tranS| tor")
that nEraisten 157 eha the, RERTY o TRE"0E et SHAR HHA IR 18 g
t he saturatlon current) of the stabrllzed transi stor varles t.he bi as
transi Preferably \fayisfpelier cconshnainis naa webdi adti dld ynebnsluays
operating poi nt of the stabilized transistor. Consequently, by

st abi | ippisedble to have a definite ratio between them. Additicnally, a
bias stabilization circuit preferably is stabilized with respect to
5 variations in the bias resistors.

Thus, a preferred embodiment of the present invention splits
the overall locad of the bias tramsistor into two parts. One part
of the load, e.g., the resistor 14, .13 fabrlcated on the chip that
the bias and stabil;zed rran51storsl are fab*lcated. on. The

10 remaining part, comprising the res;sto&s 12, 13 may be fabricated
off the chip. In this way, the- resmsto?s 12, 13 may be selected so
that the effect of process variations on the resistor 14 may be
canceled by the matching varlations of the resistor 15 which is
also fabricated on the same chip. Since in this embodiment, the

15 resistors 12, 13 are fabricated off tie chip, precision components
can easily be chosen for these resiséors to provide a required
effective load resistanée'xé.g;, éLi;. |

Whereas the inventive bias circiit has been described with
reference to a typical.agplication'of stabilizing the DC bias

20 current (e.g., the operating saturation current) of a PA in a
depletion mode GaAs technology, the circuit of the present
invention can be utilized for other applications such as a cascode
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the stabilized transistor operates will also be stabilized. For

i nstance, if the stabilized transistor is configured as a power
anplifier ("PA"), then the operating characteristics, such as the
power and the anplification of the PA, will also be relatively well

10

15

20

LNA, a2 mixer, etc. where only positive gupplies may generally be
involved. 1In an alternate embodiﬁeﬂgiof the present invention
which is suitable for such cases, ﬁbéﬂéohei_sﬁppiy VGG may not be
equal to (- VDD _Bias). 1In }et anctgé;:embodimeht of the present
invention, the voltage of the pcwei supply VGG may gimply be at a
ground potential. o |

FIG. 7 shows an embodiment of the present invention where the
resistors 14, 15 arxe fabricated on the same chip 50 as the bias
transistor.lo and the stabilized trapéistor 11,

In alternate embbdiménta ofi Ehé!.present invention, other
circuit components such as the resistéﬁsjlz,-13, 14, 15, may or may
not be fabricated on the same chié;a; the bias and staSilized
transistors. However, if the resiétdzs 14, ié'are fabricated on
the same chip as the blas and stabilizea trénsistors, the pin count
of the Ié may be reduced and resistance variations in the resistors
14,15 may bé more readily compensated (as digcussed above) .

In an embodiment of the presen; invention, the resistors 12,
13 may be fabricated §n the same cﬁip“a§ the biae and stabilized
transistors. However, in this eﬁbﬁﬁ;ment; it may sometimes be
difficult to cancel properly .the “effect of the 'resistance
variations on the DC bias current-éf“the'gtébilized circuit:

_
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st abf9 HeGWRS PRTENT In the presesd, Ldpsention, th i as_transi stor and

the 5 stabilized transistorps eIeSE??%aI charact%%?é F%% ar%”ﬁ?ef%?ﬁﬂ??bgg
closely related. In a preferred enbodinent of the present

i nvention, the close relationship is achieved by fabricating the bi as
transi stor and the stabilized transistor on tthe same chip.

Additionally, the bias transistor and-the stabilized transistor may 10

rocess. | -th R SnEBkeRt et ST PRI SEPER 14 2 2 ARe B Agated
characteristics of the stabilized transistor by conpensating for
vari at i ¥hsthatame chipmag Sheubiam and stiaidligddstusnéistora.r Ahsret oay
t hrough t he _ . L
be some additional flexibility provided-by_exteréally tuning the
bias stabilization circuit +to Ffurther imérove the circuit
5 performance. This external tuning may be pe?formed if in =a giv;n
fabrication process, the Vpoff of the bias and stabilized
transistors are found to be correlatéﬁ, but are not exactly the
same, as assumed in the simple analfsi; djscussed sbove. In that
case, the effect of the constant Vféff offset between'thé two
10 transistors way be compensated by & suitable  change in the
selection of the resistéors 12, 3. T genéral, this external
tuning way only need be performed as a-one time correction for a
given fabrication process. Thereafter, no external tuning should
.be necessary for the lot to lot variations.
15 As mentioned earlier, the resisto£ 1S may not be necessary or
critical when the bias clrcuit is uSédf:o stabilize the de current
Tsa ©f only one stabilized trahéiééor 11. However, in an
embodiment where the resistor 16 is'ihéluded in the circuit, it may
also be fabricated on the same chip as.the'Biés and stabilize&

20 transistors to reduce the pin-count. Othérwise, it is not a

critical component for bias-stabilization.
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At the circuit level, the bias stabilization circuit of the pr esent

i nvention operates to conpensate for Vpoff variations in t he bias and
stabilized transistors. Further, the circuit of the present invention
al so may conpensate for resistance variations in 20 ° the bias resistors.
The Vpoff variations and the resistance variations nmay occur from

chip to chi gvand Epbianicement Modendircuit fabricati on due to unavoi dabl e
process changes.

FIG. 6 shows an alternate embodiment of the inventive bias
stabilization circuit of the present invention that may be used
with enhancement mode PETs. Typically, an enhancement mode FET

5 operates with a positive gate p&tential. Therefore, in an
embodiment of the present invention, the gate and the source of the
bias transistor 11 may not be shorted ‘t'ogether. In the embodiment
shown in FIG. 6, the gaf.e (@) of the .bié_s trangistor 10 is
connected to first sides of resistors 18, 13. A s_econd side of the

10 resistor 19 is shown comnnected to the second side of the resistor
15 and the negative power supply VGG. ' In this embodiment, the
second side of the resistor ls'may}':J'fér instanc'e, be connected to
a ground or a positive potential tl'};r;a-ugh a n;:de 46. |
The circuit modification shown :t‘a.. Fig. 6 realizes a positive
15 gate to source voltage for the b_‘ias trangistor 10. In this
enbodiment of the present invention, tf}ié l;éwér' supply VGG may not
have a negative potential. In one embodiment of the present
invention, the power supply VGG may simply be at a ground
potential. |
20 In the above - illustrative éﬁﬁo'dihe'rité' of the present

invention, analog decoupling capacitors may be connected to various

nedes. These decoupling capacitors are not shown or described
. 30
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18roM :muawes pRTENT At the systentslevel ssddie Circuit 1od7. bd@spregank | R iz80%3
conpensates for variations that may occur® in the power supplies t hat
are connected to the bias transistor. In a preferred enbodi nent of
the present invention, this is assisted;by:deriving 5 t he negative power
supply (VG5 of the blas transi stor fron1the positive power supply
(vDDBi as) of the bias transistor. ' “In’a preferred enbodi nent, the
above hmyebs .accdiphilshedr by small J:emrm:rsng (ehg.bi as tiesnsobmel taxe | oad
conprising a first

gsometimes incorporated in the gate reglcn to suppress the tendency

of the circuit to oscillate at high frequencies. These circuit

stabilization resistors are also not shown. The decoupling

5 capacitors and the circuit stabilizing resistors generally do not

influence the DC bias control aspects of the present invention.

Tables 1 and 2 which follolﬁ ‘show the computer simulated
10 performance of a preferred'embodimeﬁﬁjb%“the inventive circuit with
respect to the variations in the'abq§e"n¢ted'system_and brocess
dependent parameters. Since in % preferreé_embodiment of the
present invention, VGG = (-VDD_Bias) = {-VDD _PA}, the variations of
VGG and VDD_Bias are shown in Tables 1 and 2 as just one variation
i5 parameter, VGG. Table 1 shows the simulation results for the case
when the bias stabilization circﬁiﬁfdrains a current I, of about
2.6 mA. Table 2 shows the simulation;iesults for the case when the

biag gtabilization circuit drains a b;r:ent Iy of about 2.0 wa.
For simplicity, the Tabies are genefétéd_assﬁﬁing=that the Vpoff of
20 the bias transistor 10 and the stabilized transistor 11 are

perfectly correlated and equal.

\
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I eshai OdLowls $RAQRD resistor, ang e thiggd resistor I%ﬁ ég_%%\tlve?{kqm 10“385 P .24/5%

second resistors are connect ed in series between a supply
and a reference power supply (e.g., a ground potential). A drai n of
the bias transistor is connected to the first and second resistors
through the third resistor. Additionally, the drain of t he bi as

transistor is also connected to a gate of the stabilized 15 transi stor.

A source of fHegbhasatéagnkstables, CQﬂaeﬁbﬁdnEQ 2., = 155€@dl ives FIARSE
supply through a fourth reS| stor. tfe bias transistor is

L?gg;ﬁ? &ﬁgf‘}%ﬂ?gpﬁoﬁag E\’gfgé at‘g"’rﬁo‘fes ot m)fﬁ S aég??g%] st o?lt’f&ihc%%e

junction between the neg atlve power ply and the fourth resijstor.
values lie at the “center" of the range. For example, the typical

Voege = - 2.55 V and the typical VGG = ~3.6 V. Thereafter, each of
5 the parameters was varied over ita full 'xange and maximum deviation

was noted at each extreme of the paiameﬁér range. This deviation

is entered as a % of the nominal I,, in the last column of the
Tables. |

As shown by both Tables 1 and 2, the bias stabilization

10 circuit of the present 'inventicn:"_ achieves an excellent bias

stabilization with respect to the four system and process variables

discussed above. As shown by the -éiﬁulation data presented in

Tables I and II, the maximum variatiow of the saturation current of

the stabilized transistor considerijﬁg"éil'- the noted parameters is

15 within about -6% to + 17%. In a case where only Vg, is considered

as varying (e.g., as in the '235 Patent), then a much smaller

variation of the saturation current of the stabilized transistor is

—

mced

. i

obtainable.

ﬁ
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Therrom asieieabrdrErait | On circuit Qfgt-e ugsent i nvery%tsg,rbe_zs LaSPeasat €S s
for variations in the power supplies that are used

14 the bias transistor. A preferred enbodi ment conpensates for the
power supply variations by deriving the negative power supply of t he
bias circuit fromthe positive bias power supply: In thls way,

TABLE 1

Nominal Ig, = 155 mA, I, =~ 2.6 ma,

Width of the stabilized transistor 11 = 5700 um,
5 Width of the bias transistor 10 = 15.5 um,

resistor 15 = 257 ohms, resistor 14 = 602 Ohms,

resistor 12 = 1800 Ohms, resistor 13 = 1860 Ohms.

ﬂ?arameter Parameter Variation | I, Varlation 1 %
10 ﬂVpoff -(2.2 to 2.9) V -6.0/+17.1%
VGG (= -VDD_Bias) -{3.3 t03.9) Vv 5.2/+16.7%
R (Internal) - +/-20% ~1.03/+0.88% 1

R (External) +/-1% | f 4.8/-4.6%

15
IABLE 2

Nominal I, = 155 mA, Iy = - 2.0 ma,
Width of the stabilized transistor 11 = 5700 um,

20 Width of the bias transistor 10 = 11.5 um,
resistor 15 = 347.3 ohms, resistor 14 = 827.5 Chme,
resistor 12 = 2400 Ohms, resistor 13 = 2400 Ohms.

A — :
Parametaer Parameter Vaxiation | I,, Variation "
25 | vpofs -(2.2 t0 2.5) V| -6.2/+17.2% I
h@s (= -VDD_Bias) -(3.3 to 3.9) Vv 5.3/+16.6% Il
ﬂjg {Internal)  4/-20% " - 0 10.13/-0.04%
HR (External) +/-1% 4.8/-4.6%
30

While the invention has been described with reference to the
preferred embodiments, it will be apﬁa%ent'to those skilled in the
art that numerous variations can be made withogt departing from the

'rhlSShee‘tHa
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the negative power supply. Additionally, the bias power supply nay ' or
may not be derived froma power supply of the stabilized transi stor.

Deriving the bias power supply froma power supply of - "the stabilized
transi stor may hel p keep the bias transistor in the saturation

region. Alternatively, the bias power suppl-y--ray be 10 derived froma

power SanﬂnatﬁoﬂfEhdyﬁﬂbﬂIﬁhﬁjﬂuV@m%héhoﬁhiéhaas deflﬁﬁﬁtﬁy'ﬂﬂé @g@&ﬁ&bance
The circuit of the present invention may be used to stabil |ze

o ercsalody | S ehond ey ot e MUt cegi
utilized the bias stabilization cl;cult‘pf the present invention te¢
stabilize a PA, the bias.stabiliZaEioﬁ éircuit can be utilized in

5 many different applications. The biés ;£abiliéaﬁion circuit of the
present invention can be used in applications for setting up the
quiescent point in devices such as a cascode amplifier,. multiple
gate applications such as a mixer, a'multistage power amplifier, or
any other application whcre a qu*ESCent point iz required to be

10 stabilized to compensate for lot t¢- lot fabrlcatlon variations.
Additionally, although the abcvé illustrative example of the
present invention showed'étabiliéingﬂﬁhe biés current in a Gals
power amplifier dsing'MESFBT transistors, thé'§¥esen£ invention can
be utilized in many other technologies. For instance, the bias and
15 stabilized transistors may be: Metal Insulator Semiconductor Field
Effect Transistors ("MISFETs!); MeFal Oxide Semiconductor Field
Bffect Transistors (FMOSFETB“): J@#ggidn'Field Effect Transistors
("JFETs") ; High Electron Mobility Transistors ("HEMTs"); Modulation
Doped Field Effect Trénsistor;' kﬁMODFETs“); Two-Dimensional

20 Electron Gas Field Effect Transistor'(“TEGFETs“}, etc.

This Sheet Has Been Re
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15FroMpegEis] PRTENE vari ety of cCigRubdr el | cati ons, 1 S4CEL-38 vmglga@ PR s 27 e
anplifier ("PA"), with a cascode |ow noise anpl |f|er ("LNA"), with a
m xer circuit, etc. In an anplifier application; - the bias

stabilization circuit of the present invention nmay be enpl oyed to

set up the qui escent point of the anplifier. To exenplify the 20

usef ul ness ofI{ hecomesegtonvention, an-illustrative case of using

the bias stabilization circuit to stabilize a PAis presented bel ow.

The novel bias-stabilization circuit disclosed in' the present
invention allows stabilization of the DC bias current of the
gtabilized circuit with respect to ..n‘ct only the Vpoff wvariations

5 but also with respect to variations m the power supg':l.ies and bias
resistors of the bias stabi].izéti.on circuit. The bias
a.t:abilization circuit of t;.he present :‘;nvention_ ﬁay be used in many
applications when it is desirable E.o:"stajbiiiée.. ?:;he quiescent point
of a transistor for fabrication process variations that may occur

10 from chip-to-chip, wafer-to-wafer, and lot-to-lot. The cirenit of
the present invention compensétea for these variations in many
cases without requiring additional ._,tﬁni;g of the bias sjl:abilizat:ion
circuit. In a case where external tuning is desired to compensate
for a given fabrication process, the tuning may be performed in the

15 initial setup of the fabrication _pmcgss. Thexreafter, the bias
stabilization circuit ;)f the pies'eﬁt; 'ifn:‘rént'ion may adequately
compensate for the lot to lot variationms.

ﬁe circuit of the present invention operates to counteract
the lot to lot variations of the pinch-off voltage (vpoff) which

20 may occur due to the fabrication ﬁrédéss. The bias stabilization
circuit of the present invenﬁio:}";:ﬁmp'ensates for resis;tance
variations in the bias resistors and variations in the power

supplies of the bias stabilization circuit.

35
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IIF@@tnamwuehymmthe PA may be fafr+pated usi-ng nmetalg,, ongluct or
field effect transistors ("MESFETsS") in a GiAs 97@3 straﬁqbg Qﬂ& F.5e/53

circuit technique of the present i nventi on’ may be “applied to achleve
simlar results in other circuits and for other 5 technol ogi es as wel | .
For the PA, the bias stabilization circuit a4f the present I nvention
el i ninates tidditeiashaldy,t tbecprbeesv sl iiiow tchas uai pglatively tsmaildg of
the bias circuit which may otherw se be required. The circuit of the

presentoﬁfﬁﬁ%“féﬁléﬂ%ﬁﬁgtesTﬂ&%éfBﬁ&‘EE%%tFR?@hf%”Jf'the present invention
does not have problems w1tn thermal runaway

The blas circuit of the present iﬁ;ention works well with low

5 currents. Therefore, in cases where the bias circuit uses a

negative power supply that has limited current sinking capability,

the cixcuit of the present invention“;s still suitable. The biasg

stabilization circuit of the presengAiﬁv;ntion meets the aggressive

demands of application such as é péﬁéé wmplifief, as well as other

10 less demanding applicatio#?, sugﬁ_és';fcascode.LNA, a mixer, ete.

The basic requirements téiﬁake the sﬁ%biliz#d transistors current

relatively immune to process variations, such as variations in the

Vpoff and bia® resistors, and system variations, sﬁch as power

supply wvariations, generally exists in any application. The

15 inventive bias stabilization circuiﬁ_@éets all the abéve discussed

general and special requirements.

In the illustrative embodiménts; the present invention is

shown biasing a power amblifier.ihplemented'in a depletion mode

GaRs technology. The circuit of -thé presént invention can be

20 applied to achieve gimilar results in other circuits and for other

" technologies as well.

t
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hereinafter referred to as the lot-to-lot variations) of the pinc
of f voltage (Vpoff) that may occur due to the fabricati

r ocess.

The bias stabilization circuit of the present inventiOHQSBEﬁénsaLE§\B\\\$h
for resistance variations in the bias resistors and vari ajff !QQ? 1 e
nt
Jﬂ!ﬁ”ﬂu@ﬂ?he

does not have problens wth thersral

power supplies of the bias transistorGLAIMS Addi ti U
bias circuit has a relatively snall out put resistance.®
circuit of the present-invention
runaway (see discussion above).

present 4 nverd i o i £20Le110Le 180 cAlie EBROCGhpdARIE) A} OlopiEaNELy'

iy

This makes the bias circuit of the

and operating conditions.

10

15

20

characteristics of a first transistor, said bias stabilization
circuit comprising:

a second transistor having i gate, s source and a drain,
wherein said source is configured to be connected to a first supply
potential, said gate is configured to be connected to a second
supply potential, and said first and second transistors are
fabricated together on a chip;

a first resistor; and

a resistive load connected €§' the drain of said second
transistor through said first resistbr,,Wherein said resistive load
is configured to be éonnected betweéﬁ-é“thitd’éupply potential and
a reference potential.

2. The circuit of Cléim 1,. wherein said resistive load is
comprised of:

a second resistor; and

a third resistor, wherein saiatégcond and third resistors are
connected together in segies, and-%herein said first resistor is
connected to said resistive load aﬁ“é"jtnétibn-between said second

and third resistors.
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TherpmventuggerdyE@s Circuit wor ksigelb dakdh | ow cur ri@884,9a-29 14:23€" QLS 8, 40,53
in cases where the bias circuit uses a negatlve power

16 supply that has limted current sinking capability, the
i nventive bias circuit is still suitable. The problemw th
t hermal runaway and avallablllty of negative.. '

3. The circuit of Clalm 1, further comprxsing a second resistor,

whercin said second resistor is connected betwaen said source of

2aid second transistor and a node configured to be connected to

L

4. The circuit of claim 3, wherein said first and second

said first supply potential.

resistors are fabricated on said chip.

5. The circuit of Claim 3, wherein said second supply potential
10  is derived from said first supply potential by connecting said gate
of said second transistor o maid node configured to be connected

to said first supply potential.

6. The circuit of Claim 5, further -cemprising:

15 a third resistor; and

a fourth resistor, wherein said gate of said second transistor

is connected to =said sécond resisﬁo&ltﬁrough.séid third resistor,
and said third resistor is configured to receive a fourth supply
potential through said fourth resistor,

20
7. . The circuit of Claim 1, wherein eaid first supply potential is

derived from said third supply poténtial.
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powWETMsUtphptEs eamenent are gener aldig presgat in a PA appli.calion., e
novel bias stabilization circuit neets the aggressive gﬁ%%dSQ4aés %%Q§hﬁﬂg3

an application as well as other |ess demandi ng applications, such as
a cascode LNA, a m xer, etc. . . Inany case, the basic requirenments
to make the stabilized transistors current relatively inmune to

process gari ath®rsiraiith of101ainsl VaicddiaNsaid thi¥a Yepbly AL is
resistors, and systens vari ations, 'sich as power sSupply variations,

of 'the pheERked Eon 3 muly PRREASRY BB sl ity iRt s ol ond

speetar " requremnis. 1o T

9. The circuit of Claim 2, furtﬁeffcémbrisinﬁ'a fourth resistor,

5 wherein said fourth resistor is connected between said source of
sald second transistor and a node configured to be connected to
said first supply potential, and wherein said first and second
supply potentials are derived from said third supply potential.

10 10. The circuit of Claim 9, wherein said first supply potential is

derived from a supply potential -for said first transistor.

11. A bias stabilization circuit for compensating operating
characteristics of a first transistor, sald bias stabilization
15 circuit comprising:
a second transistor having a gatls; a source and a drain;
a first resistor;
a resistive load connected'éé‘said drain of said second
transistor through said first resisfor;_wherein sald resistive load
20 is configured to be connec¢ted betweehié"first'supply pct;ntial and

a reference potential;
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BRIfEPH DESSRIsPFHTENr OF THE DRAW NGPs 747 sezs -+ . FOl 10 descri pt,j.on of
preferred enbodi nents of the present i nvent'i \(,)!r?ggvdﬁal% \Aﬁgng ak“é"ﬁ2 irn2ss
conjunction with the following drawings, will illustrate the above
noted features and 20 advant ages as well as further ones. It should be
expressly understood that the drawings are included for illustrative

Egr poses a s@RYndOresi stEP &ctdCheErEen Haild'@ol-88CHf ddNE HelcBRd
transistor and a node configured to be connected to a second supply
potential, wherein said gate of said sécond transistor is connected

to sald node, and wherxein said first and second transistors and

5 . sald first and second resistors are fabricated together on a chip.

12, The circuit of Claim 11, wherein said resistive load is
comprised of third and fourth resistors comnected together in
series, and wherein said first resistor is connected to said

10  resistive load at a junction between said third and fourth

RN I S 0

13. The circuit of Claim 12, wherein said first and second supply

resistors,

potentials are derived from a supply potantial for said first

15 transistor.

14, The circuit of Claim 1, wherein sald first and second

transistors are wetal field effect ttansistors.

20 15. The circuit of Claim 1, wherein said first and second

transistors are metal insulator memiconductor - field effect

transistors.
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FI GRSy PAPFNTS howi NG t ypi cakieCod+ eads and vol tage, . characteristics
for a depletion node N-channel field effect:. - transistor; .14 EIS f3e2 P.43/53
FIG 2.is a schematic diagramof a prior art'blas 5 stabilization

circuit in a power anplifier application;. . .- FIG 3 |s a . schematic

di agram of an_enbodj nenf of the present : invention; " FIG 4
i s g bl ogﬁ di %?arﬁ%ﬁc%f: af | Gdaivn bf shergins said fgm | andt i 3gcond

circuit of the present invention biasing nmulti'ple _
transistors are metal oxide semiconductor f£ield effect transistors.

17. The circuit of Claim 1, wherein said first and second

5 transistors an‘re juncrjion field effect“_j:ransistors. | , ’!',"J mly "lll ”l,sl " l!l,

18. The circuit of Claim 1, wherein said first and second

transistors are high electron mobility transistors.

10 18. The circuit of claim 1, wherein sai:'d first and second

transistors are modulation doped field effect transistors.

20. The circuit of Claim 1, wherein said first and second
transistors are two-dimensionai Sdlactron gas field effect

15 transistors.

21. A method for~-'-fabricating a -bias‘-stabili'zation circuit for
compensating operating characteristic{of a f;irsﬁ transistor, said
method comprising the steps of:
20 fabricating said first transistor and a second transistoxr
concurrently on a chip;
configuring a source of saild second transistor to be connected

to a first supply potential;

21
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10 PR YEEESsPATENT FIG Ssissvar sematic di agyarggols a % enin
of t he

equi val ent circuit for the bias stabilization circult presé’r’if”/sz
i nventi on; FIG 6 is a schematic diagramof an alternate

enbodi ment of the present invention; and 15 FIG 7 is a
schemati c di agram of an enbodi ment of the present I nvention

i ndi cati ng Wiorf iRrEeRe Y Gatie otfhéhl&n’B@dbﬁBntraﬁéﬁstor to D ddriieed @D
t he sane chip.
to a second supply potential;
providing a resistive load connectad to said drain of said

second transistor through a first rxesistor, wherein said resistive

5 load is configured to be connected between a third supply potential

R0

22. The method of Claim 21, wherein said first and second

and a reference potential.

resistors are fabricated on said chig. "
10 ‘ .
23. The method of Claim 21, wherein s2id third supply potential is

derived from said first supply potential.
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18 From :Mcuwes BETEAT LED DESCRI PTI @,_Is T, PREFERRED IJ%EQLI S . For
clarity of presentation, the detai Iqjg écfﬁégcrl ption |§¥Eet MR i ROEfetess
fol'l owi ng subsecti ons: . overview of the.lnvention 5

The invention is briefly described. Il. System Level Solutions

A few system | evel inplenentation aspects of an enbodi nent

of the present invention are descri RBETREGTse have influence
on the bias stabilization characteristics 10 with respect to

t he power supply and Vpoff variations. [11. Grcuit Level

Sol uti ons A fewcircuit |evel inplenentation aspects of an

erbodi ment of tb%%oﬁgts%r}g?z%\e% %r;tg Pgﬁdf %rﬂ,{) %’l}_ﬁgee DC gate bias of

have i nfl uen(?é ar ac eristics

a stabilized transistor is disclqsed. The bias stabilization
5 circuit may be comprised of a bias..t:ransistor that is fabricated
concurrent with, aﬁd on the same chip as, the stabilized
transistor. Preferably, the bias transistor and the ‘stabilized
transistor are fabricated physically close to each other and during
the same process so that the electrical characteristics of the
10 transistors are closely related. In a preferred embodiment, a
drain of the bias transistor is connected to a load comprising a
first resistor, a second resistor, and a third resi_stor. The drain
of the bias transistor is connected through the third resistor to
a junction between the first and zec-~nd resistors. The firxrst and
15 second resistors are c¢oanected in sevies hatween-a. first supply.
potential and a reference potential. ' The gate and source of the
bias transistor are comnected together through a fourth reesistor,
The gate is alsc connected to a second supply potential that is
derived from the first 'supply pot'ential. The .third and fourth
20  resistors are fabricated togeth'er':"-&ith' the bias and sktabilized
transistors. - By t.his configdratidn, if the operating
characteristics of the- stabilizgd-- trapsisgtor varies from chip to

chip during fabrication due to process va:ri"ations;' or the supply

43
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15 FROM MLGWRS PRTENTHh respect to tde 3430 power sup n re5| Stance

vari ati ons. | V. Enhancenent %\/ébﬁe Cireuit sk, 8" € 4106 ppHss2 P.4e/53
enbodi ment of the present invention is described wherein the
bi as and stabilized transistors are 20.- - ::=" “ifabricated to operate in
an enhancenent node technol ogy V. Conputer Sinulation Results
Conput ePosienfiadsorayyy athe lp:@% dirans iisborawpldf compensate to maintain a
enbodi ment of the present i nventl on. VI.  Concl usi on 25

. Overgiitsgaaitiidlay NVeSk&©dnt - operating Gpodnehovst a ergen@iabidiiggnam
of a bias stabilization circuit 20'tor a PA 30,” i'n accordance with a

preferr%%aqibgi%cj% of the present. inventi.on. As a result of
t hi s novel™ bias stabilization circuit 20, the saturat+en current of

the PA 30 can be stabilized with respecltmstsg bot h process vari ati ons,
such as Has Been Replac

LT
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Vrac%rﬁ MedkalA-0Be and resistance;¥akt akkdns i n the 106ASeIRS| SLAEE, #382 P.47/53
and systemvariations, such as variations in VDD and VGG of

the ‘ bias circuit. As shown in FIG 3, a preferred
enbodi nent of the present bias stabilization circuit 20 is conprised
of a bias transistor 10 and

T Ips DA

w

VDS Volts

FIG. 1 (Prior Art)
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5 FRMNBYEYEBAENGur ati on of | oaslsresisdsars (e.g., istor 12, a
resistor 13, d a resistor 14), and power sgp'pl i esPs ge%l_% VDijB??as H382 P.4e/83
and VG5 . In'Ahe present invention,2Whe el-est+ical-characteristics of
the bias trafisistor 10 and a stabili2ed transistor 11, shoul d be

cl osel’y Tetatedr—---lr-a-preferred enbdsiiment :of.-yDp Mg esent, 10

invention, this close relgti onship is achl]i eved by fabricating the

bi as jtransistgqr 10 and the stabilized trénsistor|{1l on the sgne chi p.

f tabi-hi zed t transistor 11

Addi ti onal Ify; " ttreq bi as triansistor 10 andit he

may Ke fabrfi cat ed|physi cally close mﬁaleg{:h other, [A17 withithe sane

ori ent qtlho , etc.} and during the sdmmtp'roces . 1% I} a preferred
di t A4 hpas transistor 10 is C cted

(7]

enbodi ne
1 ]
VB : D |dpa
o\ / L l'\J l
G v ey ~111
™~ Idp e 1.
~I10 VP G \s

FIG. 2 (Prior Art)
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t orra | :paCBSOPMPENSI N resi stors sld,743Fszd 4. The resisst@eszsl?, 1337 #4382 PAdLsz
conngcted in series. The drain (D) of éé‘ue,bi as transistor 10 may be
connect ed to first end _vﬁu_[ma§$tors 1 ~_\1§ through the resi stor 14.
The drain (D) of the bifas transistor 10{may al'so be 20 i connected to a

)
gate!(G of the stabi' zed trankistor 11. - A VDDA ' end of the
resigtor 12 fs connectdd to a bias powen suppl (YVvDD Bias"). A
secohd end of the resigtor 13 i connected to ,
20 : 1 r 17 :
: t : l Pl t
i i Analog, 1
1 13 ! Input ! !
0. ! 145 : ~ i
~ : 7 o :
‘ '
. va s O\ gl
1 D / N \ , r p ‘
: ~ Ldb ; 6 ;
~.10 i S )
! . Vp ! !
. 8 15 ! : 5
] ' : ] } {
! : : ~ !
1 1 LI t
i 1. s 1
] X I\ --------------- - -
} VGG ! '
! I
I 5 /_f——
e e :
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gr JUiRY PbEESt PRTIENT The sour ce ( SusOfs-tdhggbi as trans
connected to a negative power supply ("VGG") throug}hsglz?iod; egs?’fs (19%, HIs2 P.So/s3
In configurations where the bias transistor 10 is fabricated to
operate in a depletion node, a gate (G of the bias transistor 5 10 may

require a negative supply potential. configuration for achi evi ng
a negative poteppial _at the gate (G o he bi as transg@t or 10 is
shown in FIG 3. N’T t hi s enbodi nment, the \gate (Q of e bias
transistor 10 is cdqupl edfTo fhe juncriom weer—t+he /nmegati ve power
supply VGG and the fresisfor 15. 10 The novel bijas stabilization
circuit 20 of the—jresknt 168
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| RHERtORRE GIPARSat es for vari i ohs deBe t he pover 19ufApbies  14:0POt QBSd Al sz
In a preferred_enbodi nent of the bias stabilization circuit, the

A I B e o e

negative povverTE?]fFﬂF‘E/E‘lm'?Fﬁy be derived fromthe bias , power supply

VDDBI as usi_n_g jor i nstance, an LTC1044A whi-ch is -J"JSPA @vai | abl e from
Li near Technol oGy~~~ "CRi"S “Way,” var ? ifons in oo ybi as power supply
VDD Bi as; are proporti ely refliected Tn the neg’at;i ve power supply
VGG Inta preferred e di ment, it he bi a,'s power supply VDDBi as may be
derived froma ppwe ' VDD PA of ¢ The s}abjj i zéd transistor 11.
Thi szn:an:further conpensat ¢ for the 20, ef|f ect sy6f t he(power supply
vari at™ahs by he| ping to 2NTedve! bAgiflog ! —taRSi stor ‘nore in the
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abilized transistor 11 (e g ,
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1Q current in the bj transistor 10 tends to~»gBB pa Vol tage Vierr] at
t he drain of the i as transistor 10 nore fegatTve.
Assuming that the |eakagg current in the gate of |the stabilized
transistor 11 is l e, a voltage V[err] )e gate of t he
stabilized transigtor 11{is equal to the voltpge V|[eriT Thus, as 15
the Vpoff ¢f--t-he Pias-tnansistor 10 log abi transistor 11
becones more nega ive es the gat®¥.o 1 age” err]. This action
{ 1
______________ {T- D :
o i
A\ i) /1‘,__'" 1 I/
37 NG ;
8 1
o
} ]
< :
i
___________________________________________ 1
FIG. i This Sheet Has Been Replaced

#382 P.53/53

[

L

1




T

through the stabilized transistor 11 relatively constant.

A

EPLACEMENT SHE

tends ta keep t he R cwrrent e.g., the saturation currentT\ 1o
2

the present inventive cjircuit, the Vpoff of the two FETs
the bias transistor 10 and the stabilized transistor 1 o

strongly correl at ed. Thus, in an enbodi nent of the %%9e%¢?9¥§§n
stabilization circuit, the bias transistar 10 and
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A BIAS STABILIZATION CIRCUIT

FIELD OF THE JINVENTION
This invention generally relates to electronic circuits and

specifically relates to a bias stabilization circuit.

The DC gate bias of a field effect transistor (ﬁFET") affects
the DC and AC operating characteristics of the transistor. It is
desirable that FETs which are fabricated into integrated circuits
("ICsf) exhibit predetermined DC and AC operating characteristics.
The power drain caused by the bias current is one of the major DC
characteristics that needs to be predictable and well stabilized.

The AC operating characteristics of the FETs in an IC affect

circuit characteristics such as the gain of the circuit. Yegrﬁwhéﬁ

-
-

the FETs are fabricated, there are variatio§§¢iﬁ’?£e physical
characteristics which are unavoidably inﬁroé;;ed due to variations
in the fabrication process and the fabrication material.
FIG. 1 shows typical current curves for an N-channel depletion
[
mode FET. The curves plot the change in drain to source current

{("Ins") as a function of the drain to source voltage ("Vy"}. The

curves A, B, and C are for gate to source voltages ("Vg") egual to

Vi




the stabilized transistor 11 may be fabricated on the sanme chip and
as close to each other as possible. As shown i n HESe

enbodi ment of the present invention nay i sol ate the DAHE ) .|f%§;}

'"83€Tﬁrﬁuw -~k

(e.g., the bias stabilization circuit 5 20) from the analjo
the power anplifier circuit 30 by using a resistor 164 -
16 is especially useful to i sol ate2yarious circuits tha
driven by the sane bias stabilization circuit, such a$ When-t
stages of a PA are stabilized by a single bias stabil zatlon CIFCUIt

28

W ¥

10 FIG 4 shows an enbodi nent wherein the bias stabilTZatTon
circuit 20 of the present invention is used to drive "N' stages
0 volts, -1 volt, and -2 volts, respectively. As can be seen by
all three curves, at first, the I,; increases as the V,; increases.
This behavior continues up to a point called the pinch off voltage
(*vpoff*) of the FET. After the Vpoff, the I, tends to level off
5 until the breakdown voltage ("V,")is reached. When the V,; of the
FET is between the Vpoff and the Vy, the FET is operating in the
saturation region. In the saturation region, the I, is called the
saturation current. In typical applications, such as a power
amplifier ("PA"), an FET is biased to operate within the saturation
10 region.

As can be seen by the curves A, B, and C in PFIG. 1, the
saturation current, the Vpoff and the Vy of the FET are a function
of the Vzi. Consequently, the Vg may be used to compensate for
variations in the operating characteristics generally, and the DC

15 characteristics particularly, of an FET that may occur due to
variations in the fabrication process. Variations in
characteristics such as dopant concentration, uniformity of the
layers making up the FET, and the length and width of the gate
electrode from wafer to wafer or lot to lot may introduce

20 variations in the operating characteristics of an FET. These
variations in the operating characteristics of the FET may be

manifested as a change in the Vpoff and thereby, the saturation




30A, 30B, ..., 30N of an anplifier circuit. In this enbodi
I solating resistors 16A, 16B,..., 16.., 16N are used to

| RERLACEMENT SHEET
offat@ each  ~™1

anplifier stage 30A, 30B, ..., 30N fromthe bias stabiliz t' %ﬁ% 1
circuit 20. The operation of the inventive biag $t I §étT n
circuit 20 ina mltiple circuit application, as shpws in R Hs
simlar to the operation in a sindie circuit applicgation as shomn in
FI G 3. Therefore, the details of operation of the biras '

20 circuit of the present invention in a nmultiple circuit application
are not discussed in great detail herein. Wen only one stage's
saturation current is to be stabilized by the bias stabilization
current of the FET for a given bias condition (e.g., a fixed gate
to source and drain to source voltage).
When an FET has a saturation current that deviates from a
desired value for a specified V,, the Vg4 may be adjusted to
5 compensate for this wvariation. By appropriately adjusﬁing
("tuning") the DC bias (e.g., the Vg) of the FET, the I,s may be
adjusted back to the desired level. This can help stabilize the
input and output characteristics of a circuit in which the FET is
incorporated.

10 This adjustment can be done experimentallf by measuring the
input and output characteristics of a given circuit and then
appropriately tuning the FET's bias to produce a desired result.
The problem with this technigue is that each integrated circuit may
need to be individually tuned to compensate for the fabrication

15 variations. This is a very cumbersome and time consuming task
which unacceptably increases the cost of fabricating the ICs into
which the FETs are incorporated. Further, additional pin outputs
on the IC may be regquired to tune properly an IC. This may be
unacceptable in applications where additional pin outputs are

20 already limited due to other IC constraints.

In the prior art, a bias stabilization circuit allegedly may

compensate for variations in a transistor's (e.g., a stabilized



circuit, the resistor 16 nay not be provided. Wen nultiple stages

an anplifier are to be stabilized by a single bias stabiliz

circuit,

anplifier preferably may al so be fabricated on the same chi
bias transistor. In this way, the elec%{ical characteristi

10

15

20

as shown in FIG 4, a transistor fromeach stage of

—————

transistor) operating characteristics without requiring tuning.
However, a practical bias circuit in a production environment
should stabilize the current with respect to all the possible
parameters affecting it. Depending upon the circuit
implementation, these parameters could be:
(1) vpoff variations,
{(ii) Resistance variations in the resistors that are
typically used to control the bias current,
{iii) Positive Power supply ("VDD") variations of the
biasg stabilization circuit, and
{iv) Negative Power supply ("VGG") variations of the

bias stabilization circuit.

Point (iv) above can be appreciated in light of the fact that
in wmost GaAs technologies, only depletion mode devices are
available. To use these devices at an optimum bias level, say for
a PA, one often needs a negative power supply. Thus, the PA
circuit for instance should be stabilized with respect to the
process variations, such as variations in the Vpoff of the
transistor and resistance wvariations in the bias resistors, and
with respect to the system variations, such as variations in VDD

and VGG of the bias circuit.




each stage's transistor's may al so be closely related to the

T

electrical characteristics of the bias transistor. REME%&‘ESS%%E
t he above noted process and systemvariations are dilsdr6séd by the
novel bias stabilization circuit 20 of the present 10 iinvie nglgo?mg {ne
solutions are inplenented by the present invention %t both the
systemand the circuit |evel. - 1. System Leve] Set-tt-+otrs—
(i) I'n contrast to the teachings of the '235 Patent, a 15 positive power
supply VDDBias is used on the "l oad side" of the bi as™tTansistor

I nstead of ground potential. For conveni ence and for the reason

descri bed under the point (ii) below VDD Bias

i0

15

20

In some applications, the bias stabilization circuit may not
need VDD to operate. In these cases, a ground pin may be used in
the place of a positive power supply for the bias stabilization
circuit as shown in U.S. Patent No. 5,412,235 to Nakajima {("the
1235 éatent“) discussed in more detail below. This eliminates the
need for the circuit to be stabilized with respect to the VDD.
However in this case, it may not always be possible to adequately
stabilize the DC bias current of the main circuit. Furthermore, in
most cases at least the other three parameters are present and
variations in those parameters should be compenséted for by a bias
stabilization circuit that 1s useful in practical applications.

In addition to the above four parameters, the bias
stabilization circuit often has to comply with other system
constraints as well. Two such possible system constraints are
discussed below:

(i) Considering a PA circuit as an example, for such
applications the transistor width (W) of the PA circuit (e.g., the
stabilized transistor} is usually very large in relation to the
bias transistor. This means that the leakage current from the
stabilized transistor's gate may alsc be large. This can lead to

a thermal runaway problem. To avoid such a situation, the bias




may be chosen to be the sane as VDDPA. Al t hough, VDDBi as = REPLA{\}MB%EH
not conceptually necessary for a good operation of the 20 ti%@”””“”
stabilization circuit with respect to Vpoff variations. FQF@V 998
described in (ii) below, this choice can hel p achieve ROV
2.4 _

-6

stabilization circuit should present a relatively low output
resistance to the stabilized transistor's input.
(ii) In some applications, such as a PA circuit, a negative
voltage is often provided for optimal operation of the circuit.
5 This negative wvoltage may be generated by a switching inverter
'circuit. Such circuits only have a limited current sinking
capability. A useful bias stabilization circuit must therefore
respect this constraint as well.
One prior art method that claims to stabilize the operating
10 characteristics of an amplifier transistor is diéclosed in the '235%
Patent. The contents of the '235 Patent are incorporated herein by
reference.
FIG. 2 shows a gate bias stabilization circuit 200 and an
amplifier 210 as disclosed in the '235 Patent. The bias
15 stabilization circuit 200 is comprised of an FET (%a bias
transistor 110"), a resistor 114, a resistor 115, a resistor 118
and a resistor 119. The bias transistor 110 is fabricated on the
same chip on which an FET ("a stabilized transistor 111") of the
amplifier circuit 210 is fabricated. By this method, the
20 fabrication process variations that affect the stabilized
transistor 111 will also equivalently affect the bias transistor

110.
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a better bias stabilization with respect to VGG and VDD {B o
vari ations. Additionally, the choice of using &
) p@&%ﬂ%@ﬁ%‘é’t

suppl y : VDDBi as (whether it is equal to VDD PA or ro
present proposal nore robust and general;purpose in achijeving a

Q

fon WA

the 5 circuit level solution described in point (iii)

better overall bias stabilization as ¢ red to the circurt

described in the '235 Patent. To be nore specific, the preferred

enbodi ment of the present invention nmay achieve a better overall 10 bi as
stabilization wth respect to Vpoff, VDDBias and VGG vari ations.
(ii) Also at the systemlevel, in an enbodi nent of the

In the circuit disclosed in the '235 Patent, the drain (D)} of
the bias transistor 110 is connected to a first end of the resistor
114 and a gate (G) of the stabilized transistor 111. A second end
of the resistor 114 is connected to a ground potential. A source

5 (8) of the bias transistor 110 is connected to a first end of the
resistor 115. A second end of the resistor 115 is connected to a
negative power supply ("VGG") and a first side of the resistoxr 119.
A second side of the resistor 119 is connected to a gate (G) of the
bias transistor 110 and a first side of the resistor 118. A second

10 side of the resistor 118 is connected to a grouﬁd potential.

In operation, the drain to source current ("I, ,") of the
stabilized transistor 111 may vary due to fabrication process
variations (see discussion above). This change in I, is primarily
due to a change in the Vpoff of the stabilized transisﬁor 111.

15 Considering these variations, if the Vpoff is more negative than a
desired value due to fabrication process variations, then the drain
to source current may tend to be greater than a desired value in
both the bias transistor 110 (e.g., Ia) and the stabilized
transistor 111 {e.g, Ig,). The increased drain to source current

20 Is in the bias transistor 110 tends to make the wvoltage Vg, at the
drain of the bias transistor 110, more negative (see equation 1

below) .



present invention, the negative powér supply VGG may be derived from

[~

ot laaas

the positive power supply VDDBias of the bias circuit. 1
VDDBi as nay be chosen to be derived fromthe power supp
stabilized circuit (e.g., VDDPA). In a preferred
VDDBi as may be derived from and equal to VDDPA. Thus

the preferred enbodi nent of the presenLanvention,

REPLACEMENT: BHEET

-Vgiégpgggﬁgggslg

r—erhodiHent ,

VDD PA, instead of the typical practice of 20 gener at i NG MGG f-rom-a
"regul at ed" supply of about 3V. For exanple, sincle VDD PA may be
typically 3.6 V. Selecting -VGG = VDD Bias = VDD PA—resutts~TTi T Ne

negative supply VGG = -3.6 V. For this

To simplify the discussion it is assumed that (i) the gate
leakage currents of the bias transistor 110 and the stabilized
transistor 111 are negligible; (ii)} the resistor 118 = open and the

resistor 119 = short; and (iii} RL = the resistance of resistor

5 114. Thus, from Fig. 2:
Vp=-Ig* (RL) (1)
and, since the gate leakage currents are negligible (see assumption
(i) above), a voltage (V;) at the gate of the stabilized transistor
111 is:

10 Vp=Vs | (2)
As mentioned above, if I4, tends to increase by Ay, due to a
variation in the Vpoff (e.g., A Vpoff) of the stabilized transistor
111, I4 tends to increase by Alg. This increase in Iy tends to
bring down the potential at the drain of the bias transistor 110 by

15 AV, equal to:

AV = - {AIg* {RL}) (3)
If

AV, = AVpoff, (4}
the current I, stays constant as the effect of the Vpoff variation

20 of the stabilized transistor 111 is counteracted by the gate

voltage (V, = V3) variation in the same direction and by supposedly

the same amount.




25

exanpl e, approximately an additional 600 nV i }fjirgytded to
keep t he bias transistor 10 in the saturation regiorn. -eds&quent|y, "
t he preferred enbodi nent of the present invention i oveé t he
stabilization of I[err] with respect to VGG since VGG vari at idohsirieg

now be shi el ded nore effectively by thegﬂew transi stor 10.

10

15

20
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Due to this stabilization, (V, - Vpoff) stays constant causing
the current Ig, to remain unaffected by the Vpoff variations. 1In
practice, however, exact cancellation of the Vpoff variations are
not possible and I4, tends to vary to some extent. The objective
of any bias stabilization circuit is to keep this variation within
tolerable limits.

In equation (3}, RL can be seen as a gain factor which
"amplifies® a given AI, variation to a desired AV that is required
to cancel the Vpoff wariations. Therefore, for the required "exact"
or near perfect cancellation of variations in tﬁe T4, @ specific
value of RL is needed for a specific value of the nominal Ig
current. It should be noted that this specific value of RL may not
be the same as that required to satisfy eguation 1.

This is one of the main shortcomings of the device disclosed
in the ‘235 Patent. Since the potential connected to the second
side of the resistors 114 and 118 in the ‘235 Patent {see FIG, 2)
are fixed to a ground potential (0 V), an arbitrary choice of RL is
difficult to select. This is because RL alsoc fixes the nominal DC
gate potential of the stabilized transistor 111 (see equation 1)
which often times is determined from other considerations, such as
the required efficiency and linearity expected of a circuit such as

a PA.



1l Crcuit Level Solutions (rii) At the ci f .al
novel arrangenent for the | oad of the bias transis.%Eaggﬁﬁgﬁgﬁ§ﬁﬁdsed

by the present 10 invention. FIG 3 shows this novel}afrangenent of jthe
resistors 12, 13, 14. In this enbodi nent, the resigt re gasyldesr
coupl ed bet ween the power supply VDD Bias and a refefence potenti
such as a ground potenti al . 10 FIG 5 shows & '

equi valent circuit for the circuit 15 shown in FIG 3 In this circui

t he power supply VDD Bias, and the resistors 12, 13 provide a
Theveni n equi val ent voltage Vteq and a Theveni n equi val ent resistance
Rt eq. Thus, the preferred enbodi nent of the present invention

provi des sever alt 2ddi th@hale difficult to select a value of RL which gives
the required nominal DC bias voltage V; {see equations 1 and 2) and
at the same time achieves the near perfect cancellation of the
Vpoff variations (see equations 3 and 4). still further, this
5 choice of RL may not adequately cancel the fabrication process
variations that may also .cause the bias stabilization resistors
{(e.g., the resistors 114, 115, 118 and 119) to change.

A further problem is that the nominal value of the current Ig
oftentimes cannot be chosen arbitrarily. The negative voltage VGG
10 required for operation of a circuit such as the PA may be generated
by a switching inverter circuit. Switching inverter circuits
generally only have a limited current sinking capability. In othex
words, VGG may only be able to sink a small amount of current.
Consequently, the nominal value of the current Iy must be selected
15 to account for this limitation. &additionally, the variations in
VGG may not be shielded enough by the bias transistor 110 if it is
not biased properly in the saturation region. In that case, V; and
hence the power amplifier's DC bias current I4, varies with VGG.

Thus, I4. needs to be stabilized with respect to VGG as well.
20 Thus, in a multi-constraint environment, such as for a PA, the
circuit from the '235 Patent may not adequately compensate for all

these variations.



factors, such as the Theveni n equival ent voltage Vteq., the—=2Be—es ksééﬁ
12, 13, 14, and the Theveni n equival ent resistance R[erﬁﬂE?LAC??%ﬁﬁvuh

by the resistors 12, 13, that are not available in the prior art
(e.g., the '235 Patent). These additional factors help 6N g

26 to obtain a desired "gain-f?ﬁ}or" RL (see equatlé% g oV §
The

Therefore, it is an object of the present invention to provide

a bias stabilization circuit that can adequately compensate for

parameter variations such as Vpoff variations, resistance
variations in bias resistors, and power supply variations.

5 - BAnother object of the present invention is to provide an

improved method of forming a bias stabilization circuit that can

compensate for the above parameter variations.

SUMMARY OF THE INVENTION
10 These and other objects of the present invention are achieved
by a bias stabilization circuit of the present invention. A

preferred embodiment of the bias stabilization circuit is comprised
of an FET ("the bias transistor") and a novel configuration of bias
resistors and power supplies. The bias stabilization circuit
15 stabilizes an FET ("the stabilized transistor"} that may be part of
another circuit. If the operating point (e.g., the saturation
current) of the stabilized transistor varies, the bias transistor
will compensate to maintain a substantially constant operating
point of the stabilized transistor. Consequently, by stabilizing
20 the stabilized transistor's operating point, the circuit in which
the stabilized transistor operates will also be stabilized. For

instance, if the stabilized transistor is configured as a power
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addi ti onal paraneters that have been generated help to ob}
gai n-factor that adequately cancels the Vpoff variations py] . |
satisfying equations 3 and 4 (see above). At the same ting,|tBd NV 1898
addi ti onal paraneters help obtain a suitable DC gate-bias}vpltage
Merr] at the gate of the stabilized transistor 11 by sat|stying
eguations 1 and 2 (see above). The addi-&2enal parameters tnfluence

the bias stabilization achieved not only with respect to the V[err]
variations but also with respect to the power supply variations as 10
wel . (iv) Again at the circuit level, to achieve the stability
of the saturation current -I[err] with respect to the resistance

vari at i onsafgl $fierbi(apar gsitHed shei bpéfatiey chbkectddisdite, veltvass the

power and the amplification of the PA, will also be relatively well
stabilized.

In the present invention, the bias transistor and the

5 stabilized transistor's electrical characteristics are preferably
closely related. In a preferred embodiment of the present
invention, the close relationship is achieved by fabricating the
bias transistor and the stabilized transistor on the same chip.
Additionally, the bias transistor and the stabilized transistor may

10 .be fébficated physically close to each other aﬂd during the same
process.

The present invention stabilizes the operating characteristics
of the stabilized transistor by compensating for variations that
may occur in the bias and stabilized transistors through the

15 proposed solutions at both the circuit and the system level.

At the circuit level, the bias stabilization circuit of the
present invention operates to compensate for Vpoff wvariations in
the bias and stabilized transistors. Further, the circuit of the
present invention also may compensate for resistance variations in

20 the bias resistors. The Vpoff variations and the resistance
variations may occur from chip to chip and lot to lot during

fabrication due to unavoidable process changes.



Vlerr] (see FIG 3) be stabilized with respect to these va Rgpmﬁﬁg:%ﬁaﬁﬁ
preferred enbodi nent of the present invention achieves thi$ - -ty
by maintaining the resistor 15 and the overall | oad of tge 3&? o
transistor 10 (e.g., RL) in a definite ratio. This hel ps s$ $ﬂ%@
the saturation current |Iferr]. In this way, if the _ resi.stanc
of the overall load RL of the bias trask3stor 10 tends 20 to increase
due to process variations, the effect of the Corr-espondi-nyg
resistor 15 increase tends to cancel the variation of V[err], thereby

keeping the current I[err] constant. However, since the

At the syétem level, the circuit of the present invention
compensates for variations that may occur in the power supplies
that are connected to the bias transistor. In a preferred
embodiment of the present invention, this is assisted by deriving

5 the negative power supply (VGG) of the bias transistor from the
positive power supply (VDD_Bias) of the bias transistor.

In a preferred embodiment, the above may be accomplished by
connecting the bias transistor to a load comprising a first
resistor, a second resistor, and a third resistor:. The first and

10 second resistors are conﬁected in series betﬁeen a bias power
supply and a reference power supply {e.g., a ground potential). A
drain of the bias transistor is connected to the first and second
resistors through the third resistor. Additionally, the drain of
the bias transistor is also connected to a gate of the stabilized

15 transistor. A source of the bias transistor is connected to a
negative power supply through a fourth resistor.

If the bias transistor is fabricated to operate in a depletion
mode, an embodiment of the present invention may couple a gate of
the bias transistor to the junction between the negative power

20 supply and the fourth resistor.

The bias stabilization circuit of the present invention

compensates for variations in the power supplies that are used for



27 resistor 15 and the overall load RL of the bias {RBEFiAGHGL /10
preferably satisfy other constraints as well, it is not always] - :
possible to have a definite ratio between them Additionally gtsﬁggﬁg%

stabilization circuit preferably is stabilized with respect to
variations in the bias resistors. Thus, a preferred
of the present invention splits t B4 overall |oad of thg bias

transistor into two parts. One part

the bias transistor. A preferred embodiment compensates for the

power supply variations by deriving the negative power supply of

the bias circuit f£rom the positive bias power supply. In this way,

variations in the bias power supply are proporticmately reflected

5 in the negative power supply. Additionally, ﬁhe bias power supply

may or may not be derived from a power supply of the stabilized

transistor. Deriving the bias power supply from a power supply of

the stabilized transistor may help keep the bias transistor in the

saturation region. Alternatively, the bias power supply may be

10 derived from a power supply of the stabilized transistor as a
matter of convenience.

The circuit of the present invention may be used to stabilize
the bias current in ICs such as Microwave Monolithic Integrated
Circuits (*MMIC"). The circuit of the present invention may also

15 be used in a variety of circuit applications, such as with a power
amplifier ("PA®"), with a cascode low-noise amplifier ("LNA"), with
a mixer circuit, etc. In an amplifier application, the bias
stabilization circuit of the present invention may be employed to
set up the quiescent point of the amplifier. To exemplify the
20 usefulness of the present invention, an illustrative case of using
the bias stabilization circuit to stabilize a PA is presented

below.



of the load, e.g., the resistor 14, is fabricated on the chip uagﬁﬁﬁ? a T
! | B

the bias and stabilized transistors are fabricated on. The
remai ning part, conprising the resistors 12, 13 may be fabric

of f

the chip. In this way, the resistors 12, 13 may be selected s 26 Moy ee | ;
the effect of process variations on the resistor 14 may be cancel ed '
by the matching variations of the resisk®r 15 which is 4l so ‘t
fabricated on the sane chip. Since in this enbodinent, the 1%——tgsislors

12, 13 are fabricated off the chip, precision conponents can easily

be chosen for these resistors to provide a required effective | oad
resistance (e.g., RL). Whereas the inventive bias circuit has

been descri bediyiddtrativelyel etacepsd O mayl Y BeCakaBpitdted | @Biah Shabdl i zing
t he DC bi as
semiconductor field effect transistors ("MESFETs"} in a GaAs
substrate. The circuit technique of the present invention may be
applied to achieve similar results in other circuits and for other
5 technologies as well.

For the PA, the bias stabilization circuit of the present
invention eliminates the need for the cumbersome and time consuming
tuning of the bias circuit which may otherwise be required. The
circuit of the present invention operates to counteract the chip-

10 -to-chip, wafer-to-wafer and lot-to-lot variatiéns {(for brevity,
hereinafter referred to as the lot-to-lot variations) of the pinch-
off voltage (Vpoff} that may occur due to the fabrication process.
The bias stabilization circuit of the present invention compensates
for resistance variations in the bias registors and variatioms in

15 the power supplies of the bias transistor.

Additionally, the present bias circuit has a relatively small
output resistance. Therefore, the circuit of the present invention
does not have problems with thermal runaway (see discussion above).
This makes the bias circuit of the present invention suitable for

20 a wide range of transistor geometries and operating conditions.

The inventive bias circuit works well with low currents.

Therefore, in cases where the bias circuit uses a negative power



LLOhﬁf’

20 current (e.g., the operating saturation current) of ai§ﬁ3| RarT G
depl eti on node GaAs technol ogy, the circuit of the present - Vazsa i

can be utilized for other applications such as a cascode !
28 LNA, a mixer, etc. where only positive supplies pay pdhigyl {73 !
be involved. In an alternate engﬂginent of the presenf ] nvention —J

supply that has limited current sinking capability, the inventive
bias circuit is still suitable.
The problem with thermal runaway and availability of negative
power supply current are generally present in a PA application.
5 The novel bias stabilization circuit meets the aggressive demands
of such an application as well as other 1less demanding
applications, such as a cascode LNA, a mixer, etc.
In any case, the basic requirements to make the stabilized
transistors current relatively immune to process variations, such
10 as variations in the Vpoff and bias resistﬁrs, and systems
variations, such as power supply variations, generally exist in
most apélications. The bias stabilization circuit of the present

invention meets all the above discussed general and special

requirements.
15
Following is a description of preferred embodiments of the
present invention, which when taken in conjunction with the
following drawings, will illustrate the above noted features and
20 advantages as well as further ones. It should be expressly

understood that the drawings are included for illustrative purposes

and do not represent the scope of the present invention.




2 which is suitable for such cases, the power supply VGG may not be

‘equal to (- VDDBias). In yet another embodiment of the pr%§§q§§E§§;;"EQEEF
;invention, t he vol tage of the power supply VGG may sinply CMWE$Q.§LT“'
iground potential. FIG 7 shows an enbodi nent of fhe present
_invention where the resistors 14, 15 are fabricatedjoh ?ngﬂyngd hijp
50 as the bias transi stor 10 and_1Ke stabilized trahsfsftor 11. 10
In alternate enbodi nents of the present invention, other etrcuit—
conponents such as the resistors 12, 13, 14, 15, may or y not be
fabricated on the sanme chip as the bias and stabilized transi st ors.

However, if the resistors 14, 15 are fabricated on
FIG. 1 is a graph showing typical current and voltage

characteristics for a depletion mode N-channel field effect
transistor;
FIG. 2 is a schematic diagram: of a prior art bias
5 stabilization circuit in a power amplifier application;
FIG. 3 is a schematic diagram of an embodiment of the present
invention;
FIG. 4 is a block diagram of an application of the bias
stabilization circuit of the present invention biasing multiple
10 circuits;
FIG. 5 is a schematic diagram of a Thevenin equivalent circuit
for the bias stabilization circuit of the present invention;
FIG. 6 is a schematic diagram of an alternate embodiment of
the present invention; and
15 FIG. 7 is a schematic diagram of an embodiment of the present
invention indicating which components, in that embodiment, are

fabricated on the same chip.




the sanme chip as the bias and stabilized transistors, the Rig Sail

of the I1C may be reduced and resistance variations in the r&%ﬁegmi}. §HEET
14,15 may be nore readily conpensated (as di scussed above). I n
an enbodi ment of the present invention, the resistors 12, 2 G1BOVHIDe
fabricated on the sane chip as the bias and stabilized transi stors.
However, in this enmbodinment, it may somd8 mes be 20 diffjicultT ~10

cancel properly the effect of the resistance variatiqns. on the

DC bias current of the stabilized circuit.

For clarity of presentation, the detailed description is set

out in the following subsections:

I. Overview of the Invention
5 The invention is briefly described.
II. System Level Solutiong
A few system level implementation aspects of an
embodiment of the present invention are described. These
have influence on the bias stabilization characteristics
10 with respect to the power supply and Vpoff variations.
IIT. Circuit Level Solutions
A few circuit level implementation aspects of an
embodiment of the present invention are described. These
have influence on the bias stabilization characteristics
15 with respect to the Vpoff, power supply and resistance
variations.
Iv. Enhancement Mode Circuit
An embodiment of the present invention is described
wherein the bias and stabilized transistors are
20 fabricated to operate in an enhancement mode technology.
V. Computer Simulation Resgults
Computer simulation data is presented for a preferxrred
embodiment of the present invention.
Vi. Conclusion

25
I. verview A4 i
FIG. 3 shows a schematic diagram of a bias stabilization
circuit 20 for a PA 30, in accordance with a preferred embodiment
of the present invention. As a result of this novel bias
30 stabilization circuit 20, the saturation current of the PA 30 can

be stabilized with respect to both process variations, such as

Vpoff variations and resistance variations in the bias resistors,



29 I n an enbodi nent where the resistors 12, ngﬁégﬂgﬁé CUEET
fabricated on the sane chip as the bias and stabiliz I @:

t here may be sone additional flexibility provided by éxternal

tuning the bias stabilization circuit to further inprové@ ﬁrﬂﬂﬁnﬁQ&ut
5. performance. This external tuning nag be perforned i{ {n a given
fabrication process, the Vpoff of the ht and stabilized tranS|stors
are found to be correlated, but are not exactly the sane,. . _as_assuned
in the sinple analysis discussed above. In that case, the effect of

t he consta

10

15

20

nt Vpoff offset between the two
and system variations, such as variations in VDD and VGG of the
bias circuit.

As shown in FIG. 3, a preferred embodiment of the present bias
stabilization circuit 20 is comprised of a bias transistor 10 and
a novel configuration of load resistors f{e.g., a resistor 12, a
resistor 13, and a resistor 14}, and power supplies (e.g., VDD _Bias
and VGG). In the present invention, the electrical characteristics
of the bias transistor 10 and a stabilized transistor 11, should be
closely related. In a preferred embodiment of the present
invention, this close relationship is achieved 5y fabricating the
bias transistor 10 and the stabilized transistor 11 on the same
chip. Additionally, the bias transistor 10 and the stabilized
transistor 11 may be fabricated physically close to each other,
with the same orientation, etc., and during the same process.

In a preferred embodiment, the bias transistor 10 is connected
to a load comprising resistors 12, 13, 14. The resistors 12, 13
are connected in series. The drain (D) of the bias transistor 10
may be connected to first ends of resistors 12, 13 through the
resistor 14. The drain (D) of the bias transistor 10 may also be
connected to a gate (G) of the stabilized transistor 11. A second
end of the resistor 12 is connected to a bias power supply

("vDD_Bias"). A second end of the resistor 13 is connected to a



10 transi stors may be conpensated by a suitable change .ln._the

sel ection of the resistors 12, 13. I'n general, this exter ‘REPL@QE%WP%?Q
may only need be performed as a one tine correction for a ghieh SN
fabrication process. Thereafter, no external tuning should ge
necessary for the lot to lot variations, 15 As ment { ohed ®HIY &93
the resistor 16 may not be necessary o+£X. critical when}the bias
circuit is used to stabilize the dc current I[err]. o only one
stabilized transistor 11. However, in an enbodi FeRt—where..t.he
resistor 16 is included in the circuit, it my al so be fabricated on

the sane chip as the bias and stabilized 20 transistors to reduce the
pi n- count .grouddn@ovefitialit THe NGburce (S) of the bias transistor 10 is

connected to a negative power supply ("VGG") through a resistor 15.

In configurations where the bias transistor 10 is fabricated

to operate in a depletion mode, a gate (G} of the bias transistor

5 10 may require a negative supply potential. One configuration for

achieving a negative potential at the gate (G) of the bias

transistor 10 is shown in FIG. 3. 1In this embodiment, the gate (G)

of the bias transistor 10 is coupled to the junction between the
negative power supply VGG and the resistor 15.

10 The novel bias stabilization circuit 26 of the present
invention compensates for variations in the power supply
potentials. 1In a preferred embodiment of the bias stabilization
circuit, the negative power supply VGG may be derived from the bias
power supply VDD_Bias using for instance, an LTC1044A which is

15 available from Linedr Technology. In this way, variations in the
bias power supply VDD _Bias are proportionately reflected in the
negative power supply VGG. 1In a preferred embodiment, the bias
power supply VDD _Bias may be derived from a power supply VDD_PA of
the stabilized transistor 11. This can further compensate for the

20 effects of the power supply variations by helping to keep the bias
transistor more in the saturation region. In altermnate

embodiments, |{VDD_PA| is generally > [VGG|. Typically, VDD _PA =



“critical conponent for bias-stabilization.

30 | V. Enhancenent Mbde Gircuit FI G RBPEAGRk an
al ternate enbodi nent of the inventive bias stabi |l i zat i pnferretti—of
'the_ present invention that may be used wi t h enhanceneng 'mges %{fsfﬁ'ﬁ‘
Typi cal ly, an enhancenent node FET 21

e nd

3.6V, and VGG = -3.0V. In the preferred embodiment, VDD PA = -VGG
= 3.6V,

The bias stabilization circuit of the present invention also
compensates for variations in the saturation current (e.g., Ig,) of

5 a stabilized transistor that may occur due to fabrication process
variations. Considering these variations, if in a given circuit
configuration, the Vpoff is more negative than a desired Vpoff, the
saturation current I, in both the stabilized transistor 11 (e.g.,
Isa) and the bias transistor 10 (e.g, Iy ) increases. The increased

10 current in the bias transistor 10 tends to make a voltage V; at the
drain of the bias transistor 10 more negative.

Assuming that the leakage current in the gate of the
stabilized transistor 11 is negligible, a voltage V, at the gate of
the stabilized transistor 11 is equal to the voltage V, . Thus, as

15 the Vpoff of the bias transistor 10 and stabilized transistor 11
becomes more negative, so does the gate voltage V,. This action
tends to keep the DC current (e.g., the saturation current} I4.
through the stabilized transistor 11 relatively constant.

In the present inventive circuit, the Vpoff of the two FETs

20 (e.g., both the bias transistor 10 and the stabilized transistor
11) are strongly correlated. Thus, in an embodiment of the

inventive bias stabilization circuit, the bias transistor 10 and



5 operates with a positive gate potential. Therefore, in an

enbodi nent of the present invention, the gate and the sourcefg -

bias transistor 11 may not be shorted together. In the enbod bﬂﬁﬂﬁEMT SHe.
shown in FIG 6, the gate (G of the bias transistor 10 is connect ed
to first sides of resistors 18, 19. A second side of the 10} }r@sb 0} 19088
i s shown connected to the second side o22the resistor |5{and t he
negative power supply VGG In this enbodi ment, the s¢cond st de of
the resistor 18 may, for instance, be connected to a gfound or._.a
positive potential through a node 40. The circuit nodification
showmn in Fig. 6 realizes a positive 15 gate to source voltage for the

bi as transiisd @tab@iized RrhhbSstor 11 RP WY FEBLi@{tddenPEes eainel BE tainan,
t he power supply VGG nay not

as close to each other as posgsible,

As shown in FIG. 3, an embodiment of the present invention may

isolate the DC bias circuit (e.g., the bias stabilization circuit

5 20) from the analog operation of the power amplifier circuit 30 by
using a resistor 16. The resistor 16 is especially useful to
isolate various circuits that are being driven by the same bias
stabilization circuit, such as when two stéges of a PA are
stabilized by a single bias stabilization circuit.

10 FPIG. 4 shows an embodiment wherein the 5ias stabilization
circuit 20 of the present-invention is used to drive "N" stages
30A, 30B, ..., 30N of an amplifier circuit. 1In this embodiment,
isolating resistors 16A, 16B, ..., 16N are used to isolate each
amplifier stage 30A, 30B, ..., 30N from the bias stabilization

15 circuit 20.

The operation of the inventive bias stabilization circuit 20
in a multiple circuit application, as shown in FIG. 4, is similar
to the operation in a single c¢ircuit application as shown in FIG.
3. Therefore, the details of operation of the bias stabilization

20 circuit of the present invention in a multiple circuit application
are not discussed in great detail herein. When only one stage's

saturation current is to be stabilized by the bias stabilization



have a negative potenti al . I n one enbodi ment of the pﬁﬁsu GEME HEE'i

I nvention, the power supply VGG may sinply be at a grou
20 In the above illustrative enbodinments of }t resegg
I nvention, anal og decoupling capacitors nay be connecteq tjo szﬁr NOW Y B
nodes. These decoupling capacitors arezriot shown or desfcr bed

31 -2

circuit, the resistor 16 may not be provided. When multiple stages

of an amplifier are to be stabilized by a single bias stabilization

circuit, as shown in FIG. 4, a transistor from each stage of the

amplifier preferably may alsoc be fabricated on the same chip as the

5 bias transistor. In this way, the electrical characteristics of

each stage's transistor's may also be closely related to the
electrical characteristics of the bias transistor.

Solutions to the above noted process and system variations are

disclosed by the novel bias stabilization circuit 20 of the present

10 invention. The solutions are implemented by the‘present invention

at both the system and the c¢ircuit level,

II. gSystem Level Solutions
{i) In contrast to the teachings of the '235 Patent, a
15 positive power supply VDD Bias is used on the "load side" of the
bias transistor 10 instead of ground potential. For convenience
and for the reason described under the point (ii) below, VDD_Bias
thay be chosen to be the same as VDD _PA. Although, VDD Bias =
VDD_PA is not conceptually necessary for a good operation of the
20 bias stabilization circuit with respect to Vpoff wvariations.

However, as described in {ii) below, this choice can help achieve



her ei n. Simlarly, small resistors (e.g., a few ohns) are

sonetines incorporated in the gate region to suppress the t
the circuit to oscillate at high frequencies. These CifCUIaﬂgﬂ%@tW¥ﬁf CH&i‘

stabilization resistors are also not shown. The decoupl i

capacitors and the circuit stabilizing resistors generally dq qpﬁ MOy ﬁﬁg
I nfl uence the DC bias control aspects he present invent}i g

V. Conmput er Sinmul ation Results Tables 1 and 2 mh?th‘

show t he conmputer simulated 10 performance of a preferrdd_enbodi nent of
the inventive circuit with :

a better bias stabilization with respect to VGG and VDD_Bias
variations.

Additionally, the choice of using a positive power supply
VDD _Bias (whether it is equal to VDD _PA or not} coupled with the

5 circuit level solution described in point (iii} below, makes the
present proposal more robust and general-purpose in achieving a
better overall bias stabilization as compared to the circuit
described in the '235 Patent. To be more specific, the preferred
embodiment of the present invention wmay achieve a better overall

10 bias stabilization with respect to Vpoff, ﬁDD_Bias and VGG
variations.

(i1} Also at the system level, in an embodiment of the
present invention, the negative power supply VGG may be derived
from the positive power supply VDD Bias of the bias circuit.

15 Further, VDD_Bias may be chogen to be derived from the power supply
of the stabilized circuit (e.g., VDD_PA). In a preferred
embodiment, VDD Bias may be derived from and equal to VDD_PA. Thus
effectively, in the preferred embodiment of the present invention,
-VGG = VDD _Bias = VDD_PA, instead of the typical practice of

20 generating VGG from a "regulated" supply of about 3V. For example,
since VDD_PA may be typically 3.6 V. Selecting -VGG = VDD_Bias =

VDD_PA, results in the negative supply VGG = -3.6 V. For this



respect to the variations in the above noted system and process
dependent paraneters. Since in a preferred enbodi nent of i :
present invention, VGG = (-VDDBias) = (-VDDPA), the vari ati BEéL%EMENT Shids
and VDD Bias are shown in Tables 1 and 2 as just one variati §n 15
paranmeter, VGG Table 1 shows the simulation results for th

when the bias stabilization circuit dr a current I[err] f(?zﬁmv 138
2.6 MA. Table 2 shows the sinulation results for the case wh
bias stabilization circuit drains a current I[err] of abouf 2.0 mA

For sinmplicity, the Tables are generated assum ng that the Vport of 20
the bias transistor 10 and the stabilized transistor 11 are perfectly
correl at edegitfpleJUapproximately an additional 600 mV is provided to keep the
bias transistor 10 in the saturation region. Consequently, the
preferred embodiment of the present invention improves the

stabilization of I, with respect to VGG, since VGG variations can

5 now be shielded more effectively by the bias transistor 10.

IIT gCircuit Ievel Solutions
(iii) At the circuit level, a novel arrangement for the
load of the bias transistor 10 is disclosed by the present
10 invention. FIG. 3 shows this novel arrangemenﬁ of the resistors
12, 13, 14. In this embodiment, the resistors 12, 13 are coupled
between the power supply VDD _Bias and a reference potential such as
a ground potential.
FIG. 5 shows a Thevenin equivalent circuit for the circuit
15 shown in FIG. 3. 1In this circuit, the power supply VDD _Bias, and
the resistors 12, 13 provide a Thevenin equivalent voltage Vteq and
a Thevenin equivalent resistance Rteq. Thus, the preferred
embodiment of the present invention provides several additional
factors, such as the Thevenin egquivalent wvoltage Vteg., the
20 resistors 12, 13, 14, and the Thevenin equivalent resistance Ri

provided by the resistors 12, 13, that are not available in the

prior art (e.g., the '235 Patent). These additional factors help



32 To generate the tables, the nomnal I[err] = 155 mA was

first obtained for the "typical" values of all the i eutyelical
values lie at the "center" of the range. For exanple, the*ﬁém*‘aﬁ.ﬁﬁ?‘;
, teach of 5

the paraneters was varied over its full range and maxi num{dqvizbti ¥8Y 1998
was noted at each extrene of the paraneﬁgi.range. Thi s deyi gtion

Vl[err] = - 2.55 V and the typical VGG = -3.6 V. Thereafter

to obtain a desired "gain-factor" RL {see equation 3 above). The

additional parameters that have been generated help to obtain a

gain-factor that adequately cancels the Vpoff wvariations by

satisfying equations 3 and 4 (see above}. At the same time, the

5 additional parameters help obtain a suitable DC gate-bias voltage

V, at the gate of the stabilized transistor 11 by satisfying

eguations 1 and 2 (see above). The additional parameters influence

the bias stabilization achieved not only with respect to the V.

variations but also with respect to the power supply variations as

10 well.

(iv) Again at the circuit level, to achieve the stability of

the saturation current I4, with respect to the

resistance

variations in the bias resistors, it is desirable that the voltage

Ve, {(see FIG. 3) be stabilized with respect to these variations.

15 A preferred embodiment of the pregent invention achieves this

stability by maintaining the resistor 15 and the overall load of

the bias transistor 10 (e.g., RL) in a definite ratio.

stabilize the saturation current Ig,. In this way,

This helps

if the

resistance of the overall load RL of the bias transistor 10 tends

20 to increagse due to process variations, the effect of the

corresponding resistor 15 increase tends to cancel the variation of

Vy, thereby keeping the current I, constant. However,

since the



Is entered as a % of the nomnal I[err] in the last col umrmf r
Tabl es. As shown by both Tables 1 and 2, the b|BEFEA@@“EN¥:§H #I
10 circuit of the present invention achieves an excel lefgt bias
stabilization with respect to the four system and process {v ngalggv 1998
di scussed above. As shown by the sinulation data presentddiin

Tables | and Il, the nmaxi numvariati on#f_the saturation durtem—of

the stabilized transistor considering all the noted parangters is 15

Wi thin about -6%to + 17% 1In a case where only V[err] is-consi dered

as varying (e.g., as in the '235 Patent), then a nmuch smaller

variation of the saturation current of the stabilized transistor is
resistor 15 and the overall load RL of the bias transistor 10
preferably satisfy other constraints as well, it is not always
possible to have a definite ratio between them. Additionally, a
bias stabilization circuit preferably is stabilized with respect to

5 variations in the bias resistors.

Thus, a preferred embodiment of the present invention splits
the overall load of the bias transistor into two parts. One part
of the load, e.g., the resistor 14, is fabricated on the chip that
the bias and stabilized transistors are fabricated on. The

10 remaining part, comprising the resistors 12, 13.may be fabricated
off the chip. 1In this way, the resistors 12, 13 may be selected so
that the effect of process variations on the resistor 14 may be
canceled by the matching variations of the resistor 15 which is
also fabricated on the same chip. Since in this embodiment, the

15 resistors 12, 13 are fabricated off the chip, precision components
can easily be chosen for these resistors to provide a required
effective load resistance {e.g., RL).

Whereas the inventiv; bias circuit has been described with
reference to a typical application of stabilizing the DC bias

20 current {(e.g., the operating saturation current) of a PA in a

depletion mode Galds technology, the circuit of the present

invention can be utilized for other applications such as a cascode
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TABLE 1

Wdth of the stabilized transistor 11 5700 [err]m

10

15

20

Nominal I[err] = 155 mA, I[err] =~ 2.6 REPLA%MENT SHEE“{

2 6 NOV 1398

28

LNA, a mixer, etc. where only posgitive supplies may generally be
involved. 1In an alternate embodiment of the present invention
which is suitable for such cases, the power supply VGG may not be
equal to (- VDD _Bias}). In yet another embodiment of the present
invention, the voltage of the power supply VGG may simply be at a
ground potential.

FIG. 7 shows an embodiment of the present invention where the
resistors 14, 15 are fabricated on the same chip 50 as the bias
transistor 10 and the stabilized transistor 11.

In alternate embodiments of the present 'invention, other
circuit components such as the resistors 12, 13, 14, 15, may Or may
not be fabricated on the same chip as the bias and stabilized
transistors. However, if the resistors 14, 15 are fabricated on
the same chip as the bias and stabilized transistors, the pin count
of the IC may be reduced and resistance variations in the resistors
14,15 may be more readily compensated {as discussed above).

In an embodiment of the present invention, the resistors 12,
13 may be fabricated on the same chip as the bias and stabilized
transistors. However, in this embodiment, it may sometimes be
difficult to cancel properly the effect of the resistance

variations on the DC bias current of the stabilized circuit.



5 Wdth of the bias transistor 10 = 15.5 [err]m

resistor 15 = 257 ohns, resistor 14 = 602 Chns, I egi-stot—F2—=mmmm.
1800 GChns, resistor 13 = 1800 Chms. Par anet er REPLAGEMBNT GHEET
Variation |I[err] Variation [err] % 10 Vierr] i -(Z20Z2°10
2:9) V -6.0/+17. 1% VGG (= - VDD Bi as) -(3.3 10§39

5.2/ +16. 7% R (Internal) 29 +/-20% 11.730§/Qr{8".é%?fgo

R (External) +/-1% 4.8/-4.6% 15 TABLE—2

Nominal I[err] = 155 mA, I[err] =~ 2.0 mA, Wdth ¢f the

stabilized transistor 11 = 5700 [err]m 20 Wdth of thebras
transistor 10 = 11.5 [err]m resistor 15 = 347.3 ohns, resistor

14 = 827.5 OhnBIn an embodimenteshéted thé2resZedRFsONPp 13 @k Shd £hBricatdl)

Chns.

10

15

20

on the same chip as the bias and stabilized transistors, there may
be gome additional flexibility prov;ded by externally tuning the
bias stabilization «circuit to further improve the circuit
performance. This external tuning may be performed if in a given
fabrication process, the Vpoff of the bias and stabilized
transistors are found to be correlated, but are not exactly the
same, as assumed in the simple analysis discussed above. In that
case, the effect of the constant Vpoff offset between the two
transistors may be compensated by a suitablé change in the
selection of the resistors 12, 13. In general, this external
tuning may only need be performed as a one time correction for a
given fabrication process. Thereafter, no external tuning should
be necessary for the lot to lot variations.

As mentioned earlier, the resistor 16 may not be necessary or
critical when the bias circuit is used to stabilize the dc¢ current
Ise ©f only one stabilized transistor 11. However, in an
embodiment where the resistor 16 is included in the circuit, it may
also be fabricated on the same chip as the bias and stabilized
transistors to reduce the pin-count. Otherwise, it is not a

critical component for bias-stabilization.



Par anet er

Paraneter Variation |Iferr Variatiorr’@ Y/ 2Yq § 3% SR
-(2.2to 2.9 V -6.2/+17.2 VG[G (:]-VDD Bi as)?xz.‘. LME%"KWQHEH

3.9) V
30

5.3/ +16. 6% R (I nternal) -+ 20%

0.13/-0.04% R (External) +/-1% vi BANBY- 1898%
VWhile the invention has been described with rleference to tl

preferred enbodinents, it will be appa.Léﬁl.to t hose skill r—t-tre
art that numerous variations can be nade w thout departing fromthe

10

15

20

I1v. Enhancement Mode Circuit

FIG. 6 shows an alternate embodiment of the inventive bias
stabilization circuit of the present invention that may be used
with enhancement mode FETs. Typically, an enhancement mode FET
operates with a positive gate potential. Therefore, in an
embodiment of the present invention, the gate and the source of the
bias transistor 11 may not be shorted together. In the embodiment
shown in FIG. 6, the gate {(G) of the bias transistor 10 is
connected to first sides of resistors 18, 19. A seécond side of the
resistor 19 is shown connected to the second siée of the resistor
15 and the negative power supply VGG. In this embodiment, the
second side of the resistor 18 may, for instance, be connected to
a ground or a positive potential through a node 40.

The circuit modification shown in Fig. 6 realizes a positive
gate to source voltage for the bias transistor 10. In this
embodiment of the present invention, the power supply VGG may not
have a negative potential. In one embodiment of the present
invention, the power supply VGG may simply be at a ground
potential.

In the above illustrative embodiments of the present
invention, analog decoupling capacitors may be connected to various

nodes. These decoupling capacitors are not shown or described
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spirit or scope of the invention which is def B ¢t SHEE!
appended clainms. For instance, although the above e
exanpl e utilized the bias stabilization circuit of yhe prese
i nvrerﬁt ion to stabilize a PA, the bias stabilization}ci r&ugtﬂ&ﬂ%ﬁe
utilized in 5 many different applications. The bias stalilization
circuit of the present invention¥hn be used in applii cations for
setting up the gui escent point in devices such as ajcascods.-

anplifier, nmultiple

10

15

20

herein. Similarly, small resistors {(e.g., a few ohms) are
sometimes incorporated in the gate region to suppress the tendency
of the circuit to oscillate at high frequencies. These circuit
stabilization resistors are also not shown. The decoupling
capacitors and the circuit stabilizing resistors generally do not

influence the DC bias control aspects of the present invention.

V. Computer Simulation Results

Tables 1 and 2 which follow show the computer simulated
performance of a preferred embodiment of the inveﬁtive circuit with
respect to the variations in the above noted system and process
dependent parameters. Since in a preferred embodiment of the
present invention, VGG = (-VDD_Bias) = (-VDD_PA), the variations of
VGG and VDD_Bias are shown in Tables 1 and 2 as just one variation
parameter, VGG. Table 1 shows the simulation results for the case
when the bias stabilization circuit drains a current Iy of about
2.6 mA, Table 2 shows the simulation results for the case when the
bias stabilization circuit drains a current Iy, of about 2.0 waA.
For simplicity, the Tables are generated assuming that the Vpoff of
the bias transistor 10 and the stabilized transistor 11 are

perfectly correlated and equal.



gate applications such as a mxer, a nultistage power anplif CAIT -r
any ot her application where a quiescent point is required to $££L§EQWENT SHE&T

stabilized to conpensate for ot to |ot fabrication variatiohs

Additional ly, although the above illustrative exanple of the 2 6 NoYs 1998
| aventi on showed stabilizing the bias current in a GaAs ower
anplifier using MESFET transistors, the3@esent invention cap be
utilized in many ot her technol ogies. For instance, the bias ‘ard-15
stabilized transistors nay be: Metal Insulator Sem conductor Field

Effect Transistors ("M SFETs"); Metal Oxide Sem conductor Field

Effect Transistors ("MOSFETs"); Junction Field Effect Transistors
("JFETs"); Hi ghrél geigiteMulbiel ithylds Anshes tosmminalHEM[S =) 155banl R4s 0birst

obtained for the "typical" values of all the parameter. Typical

values lie at the "centexr" of the range. For example, the typical

Voots = -~ 2.55 V and the typical VGG = -3.6 V. Thereafter, each of

5 the parameters was varied over its full range and maximum deviation

was noted at each extreme of the parameter range. This deviation

is entered as a 1% of the nominal I, in the last column of the
Tables.

As shown by both Tables 1 and 2, the bias stabilization

10 circuit of the present invention achieves aﬁ excellent bias

stabilization with respect to the four system and process variables

discussed above. As shown by the simulation data presented in

Tables I and II, the maximum variation of the saturation current of

the stabilized transistor considering all the noted parameters is

15 within about -6% to + 17%. In a case where only V.. is considered

as varying (e.g., as in the '235 Patent), then a much smaller

variation of the saturation current of the stabilized transistor is

obtainable.

20




Doped Field Effect Transistors ("MODFETs"); Two-D nmensional 20

Gas Field Effect Transi stor
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the DC bias current of the
only the Vpoff variations
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ZABLE 1

(" TEGFETs"),
VI . CONCLUSI ON
circuit disclosed in the present

etc.

The novel

Nominal Iap = 155 mA, Iy =~ 2.6 mA,
Width of the stabilized transistor 11
Width of the bias transistor 10 = 15.5 um,

resistor 15 =

257 ohms, resistor 14 =

resistor 12 = 1800 OChms, resistor 13

El ectron

bias-st&&ﬁhﬁaﬁﬁ%ﬁﬁhi-ﬁﬁ
i nvention all ows stadillzafTBﬁ“bf“i
stabilgged circuit withr j

eYPeE hgyn@s-

= 5700 pm,

602 Ohms,
1800 Ohms.

Parameter Parameter Variation | I, Variation + %
Vpoff -(2.2 to 2.9} V -6.0/+17.1%
VGG (= -VDD_Bias) -{3.3tco3.9) V 5.2/+16.7%

R (Internal) +/-20% -1.03/+0.88%
R (External) +/-1% 4.8/-4.6%
IABLE 2
Nominal Ig, = 155 mA, Ig = ~ 2.0 ma,
Width of the stabilized transistor 11 = 5700 um,

Width of the bias transistor 10 = 11.5 um,

resistor 15 =

347.3 ohms, resistor 14 = 827.5 QOhms,

resistor 12 = 2400 Ohms, resistor 13 = 2400 Ohms.
Parameter Parameter Variation | I4, Variation
Vpoff -{2.2 to 2.9) V -6.2/+17.2%
VGG (= -VDD_Bias) -{(3.3 to 3.9) V 5.3/+16.6%
R {Internal) +/-20% 0.13/-0.04%
R (External) +/-1% 4.8/-4.6%

While the invention has been described with reference to the

preferred embodiments, it will be apparent to those skilled in the

art that numerous variations can be made without departing from the



5 but also with respect to variations in the power suppl REEE&EQﬁgﬁTSSHEVT

resistors of the bias stabilization circuit. The
stabilization circuit of the present .invention nay be used ijhn

applications when it is desirable to stabilize the qui escdnt pgﬁﬂﬁﬁv 1398
a.transistor for fabrication process variations that may dcdur.. 10 fro

- o

chi p-to-chip, wafer-to-wafer, and lot-td4 ot. The circuit of THe

present invention conpensates for these variations in many -eASES
wi t hout requiring additional tuning of the bias stabilization
circuit. In a case where external tuning is desired to conpensate
a given fabrication process, the tuning nay be perforned in the 15
initial setuprpf dhedoplr beahON eSS  whidieigabibeined N8 RndSappended
claims. For instance, although the above illustrative example
utilized the bias stabilization circuit of the present invention to
stabilize a PA, the bias stabilization circuit can be utilized in
5 many different applications. The bias stabilizaﬁion circuit of the
present invention can be used in applications for setting up the
quiescent point in devices such as a cascode amplifier, multiple
gate applications such as a mixer, a multistage power amplifier, or
any other application where a quiescent point is required to be
10 stabilized to compensate for lot to lot fabricaéion variations.
Additionally, although the above illustrative example of the
present invention showed stabilizing the bias current in a Gaas
power amplifier using MESFET transistors, the present invention can
be utilized in many other techmologies. For instance, the bias and
15 stabilized transistors may be: Metal Insulator Semiconductor Field
Effect Transistors ("MISFETs"); Metal Oxide Semiconductor Field
Effect Transistors {("MOSFETs"); Junction Field Effect Transistors
(*"JFETs") ; High Electron Mobility Transistors ("HEMTs"); Modulation

Doped Field Effect Transistors ("MODFETs"); Two-Dimensional

20 Electron Gas Field Effect Transistor {("TEGFETs"), etc.

for

|



stabilization circuit of the present invention nmay adequately
conpensate for the ot to lot variations. ) '

present invention operates to counteract the lo ,E@Eﬁ@%@gﬁggﬁg@ﬁ
t he pinch-off voltage (Vpoff) which 20 may occur dde jto the fag | chat
process. The bias stabilization circuit of the ipriesk t NOW §$ipn
conpensates for resistance vari aBifans in the bids jresistors a
variations in the power supplies of the bias stabilization circu

VI. CONCLUSION

The novel bias-stabilization circuit disclosed in the present
invention allows stabilization of the DC bias current of the
stabilized circuit with respect to not only the Vpoff variations
5 but also with respect to variations in the power supplies and bias
resistors of the bias stabilization circuit. The Dbias
stabilization circuit of the present invention may be used in many
applications when it is desirable to stabilize the gquiescent point
of a transistor for fabrication process variations that may occur
10 from chip-to-chip, wafer-to-wafer, and lot-to-lot. The circuit of
the present invention compensates for these variations in many
cases without requiring additional tuning of the bias stabilization
circuit. 1In a case where external tuning is desired to compensate
for a given fabrication process, the tuning may be performed in the
15 initial setup of the fabrication précess. Thereafter, the bias
stabilization circuit of the present invention may adequately

compensate for the lot to lot variations.
The circuit of the present invention operates to counteract
the lot to lot variations of the pinch-off voltage (Vpoff) which
20 may occur due to the fabrication process. The bias stabilization
circuit of the present invention compensates for registance
variations in the bias resistors and wvariations in the power

supplies of the bias stabilization circuit.



36 Additionally, the present bias circuit has a relatively
snal | output resistance. Therefore, the circuit of A ourcT
i nvention does not have problens with thermal run i, Aﬁﬁﬁg@f”ﬁEb}H
bias circuit of the present invention works well with |o 5 current
Therefore, in cases where the bias circuit uses a egapi by ¢iHomar
supply that has limted current sinkingd&apability, the circuit of
the present invention is still suitable. The bias t abttTzarton
circuit of the present invention neets the aggressive demands_of
application such as a power anplifier, as well as other

Additionally, the present bias circuit has a relatively small

output resistance. Therefore, the circuit of the present invention

does not have problems with thermal runaway.
The bias circuit of the present invention works well with low
5 currents. Therefore, in cases where the bias circuit uses a
negative power supply that has limited current sinking capability,
the circuit of the present invention is still suitable. The bias
stabilization circuit of the present invention meets the aggressive
demands of application such as a power amplifier, as well as othexr
10 less demanding applications, such as a cascode LNA, a mixer, etc.
The basic requirements to make the stabilized transistors current
relatively immune to process variations, such as variations in the
Vpoff and bias resistors, and system variations, such as power
supply variations, generally exists in any application. The
15 inventive bias stabilization circuit meets all the above discussed

general and special reqﬁirements.

In the illustrative embodiments, the present invention is
shown biasing a power amplifier implemented in a depletion mode
GaAs technology. The circuit of the present invention can be
20 applied to achieve similar results in other circuits and for other

technologies as well.
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The basic

demandi ng applications, such as a cascode LNA, a

requirenments to make the stabilized transistors Cu_fﬁ%ﬁ?@%ﬁ? SHEET

relatively inmune to process variations, such as variationg ifn the

i

Vpof f and bias resistors, and system.variations, such as pgwer 2 & ROV 48881 y
variations, generally exists in any application. The 185 I nventive
bias stabilization circuit neets all 7 above di scussed generar an
speci al requirenents. In the illustrative enbodi'nents, the
present invention 1S shown biasing a power anplifier inplenented in a

depl etion

can be 20

ot her
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t echndl odi es as wel | .

1. A bias stabilization circuit for compensating operating
characteristics of a first transistor, said bias stabilization
circuit comprising:

a second transistor having a gate, a source and a drain,
wherein said source is configured to be connected to a first supply
potential, said gate is configured to be connected to a second
supply potential, and said first and second transistors are
fabricated together on a chip;

a first resistoxr; and

a resistive load connected to the drain of said second
transistor through said first resistor, wherein said resistive load
is configured to be connected between a third supply potential and

a reference potential.

2. The c¢ircuit of Cléim 1, wherein said resistive load is
comprised of:

a second resistor; and

a third resistor, wherein said second and third resistors are
connected together in series, and wherein said first resistor is
connected to said resistive load at a junction between said second

and third resistors.

“'"E“I'mﬁmfchnol ogy. The circuit of the present invention
¢ uuv-' eve sim|lapaxMssults in other circuits and for




37 1. A bias stabilization circuit for comaa.mggﬁ@];%ﬂ
operating characteristics of a first transistor, said}btas
stabilization 5 circuit conprising: 2 6 NOV 1998

10

is

20
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3. The circuit of Claim 1, further comprising a second resistor,
wherein said second resistor is connected between said source of
said second transistor and a node configured to be connected to

said first supply potential.

4, The circuit of claim 3, wherein said first and second

resistors are fabricated on said chip.

5. The circuit of Claim 3, wherein said second supply potential
is derived from said first supply potential by connecting said gate
of said second transistor to said node configured to be connected

to said first supply potential.

O B

6. The circuit of Claim 5, further comprising:
a third resistor; and
a fourth resistor, wherein said gate of said second transistor
is connected to said second resistor through said third resistor,
and said third resistor is configured to receive a fourth supply

potential through said fourth resistor.

7. The circuit of Claim 1, wherein said first supply potential is

derived from said third supply potential.



a second transistor having a gate, a source and a drain,

wher ein..sa

source is configured to be connected to a first supply
said gate is configured to be connected to a second

and s

BRI

d transistors are 10 f abri cat efl et her
e%l V(ﬁ%ﬁ

chi p;. resistor; and aresis
connect I“l“'lml "drml)f sai d second_39 transi stor thtodigh said fir
resi stor# GHEIm sa

between a third supply potential and 15 a reference potential
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resistive | oad is configuredito be connected

8. The circuit of Claim 1, wherein said third supply potential is

derived from a supply potential for said first transistor.

9. The circuit of Claim 2, further comprising a fourth resistor,
wherein said fourth resistor is connected between said source of
said second transistor and a node configured to be connected to
said first supply potential, and wherein said first and second

supply potentials are derived from said third supply potential.

10. The circuit of Claim 9, wherein said first supply potential is

derived from a supply potential for said first transistor.

11. A bias stabilization circuit £for compensating operating
characteristics of a first transistor, said bias stabilization
circuit comprising:

a second transistor having a gate, a source and a drain;

a first resistor;

a resistive load connected to said drain of said second
transistor through said first resistor, wherein said resistive load
is configured to be connected between a first supply potential and

a reference potential;



2.
of :

Sa
wh

The circuit of Caiml1, wherein said resistive load is BEEL&GBQ [

a second resistor; and 20 athirdr

i d second and thi resistors are connected together jin series
ern said first istor is connected to said resistl\zeﬁl%&‘ﬂﬁ%a
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‘ﬁﬁsecond and igird resi stors.

a second resistor connected between gaid source of said second
transistor and a.node configured to be connected to a second supply
potential, wherein said gate of said second transistor is connected
to said node, and wherein said first and second transistors and

said first and second resistors are fabricated together on a chip.

12. The circuit of Claim 11, wherein said resistive load is
comprigsed of third and fourth reéistors connected together in
series, and wherein said first resistor is connected to said
resistive load at a Jjunction between said third and fourth

resistors.

13. The circuit of Claim 12, wherein said first and second supply
potentials are derived from a supply potential for said first

transistor.

14. The circuit of Claim 1, wherein said first and second

transistors are metal field effect transistors.

15, The c¢ircuit of Claim 1, wherein said first and second
transistors are metal insulator semiconductor field effect

transistors.



3. The circuit of daim1l, further conprising a second resistor,

wherein said second resistor is connected between said sol
second transistor and a node configured to be connected td
supply—potent+at—5 4. The «circuit of claim3, wh

and secaigieny AN Sk’ s are fabricatgd on said chip.
ci rcui t [{{ENEICRI: :Wmei n said seco pply potenti al
from. sai ¢rst supply=potential by connecting said gate

er
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is derived

16. The circuit of Claim 1, wherein said first and second

transistors are metal oxide semiconductor field effect transistors.

17. The circuit of Claim 1, wherein said first and second

5 transistors are junction field effect transistors.

18. The circuit of Claim 1, wherein said first and second

transistors are high electron mobility transistors.

1.0 19. The circuit of Claim 1, wherein said first and second

transistors are modulation doped field effect transistors.

20, The c¢ircuit of Claim 1, wherein said first and second

transistors are two-dimensional electron gas

15 transistors.

field effect

21. A method for fabricating a bias stabilization circuit for

compensating operating characteristics of a first transistor, said

method comprising the steps of:

20 fabricating said first transistor and a second transistor

concurrently on a chip;

configuring a source of said second transistor to be connected

to a first supply potential;
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of said second transistor to said node configured to be conf

said first supply potential. 6. The circuit of C urther
conpri si ng: EE athird resistor; and a f rtﬁ&&ﬂ?fsf%ﬁ
wherei n—said gate of said second transistor is connected to said
second resistor. through said third resistor, and said third resistor
is confli . ﬂﬂ "g " a fourth suppla42 potential through_said
fourth!r dERER SR ol ﬂ” The circuit of aim1, wherein said first

supply potenti al i derl ved fromsaid third supply potential.
configuring a gate of said second transistor to be connected
to a second supply potential;
providing a resistive load connected to said drain of said
second transistor through a first resistor, wherein said resistive

5 load is configured to be connected between a third supply potential

and a reference potential.

22. The method of Claim 21, wherein said first and second
resistors are fabricated on said chip.

10
23. The method of Claim 21, wherein said third supply potential is

derived from said first supply potential.



8. The circuit of daim1l, wherein said third supply potengﬂq
derived froma supply potential for said first transistor.
circuit of daim?2, further conprising a fourth resistor, % { wherein sarq
fourth resistor is connected between said source of 28 Nov 1398
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A BTAS STABILIZATION CIRCUIT ‘e |

ABSTRACT

A bias stabilization circuit for biasing the DC gate bias of
a stabilized transistor is disclosed. The bias stabilization
circuit may be comprised of a bias transistor that is fabricated
concurrent with, and on the same chip as, the stabilized
transistor. Preferably, the bias transistor and the.stabilized
transistor are fabricated physically close to each other and during
the same process so that the electrical characteristics of the
transistors are closely related. In a preferrea embodiment, a
drain of the bias transistor is connected to a load comprising a
first resistor, a second resistor, and a third resistor. The drain
of the bias transistor is connected through the third resistor to
a junction between the first and second resistors. The first and
second resistors are connected in series between a first supply
potential and a reference potential. The gate and source of the
bias transistor are connected together through a fourth resistor.
The gate is also connected to a second supply potential that is
dexrived from the first supply potential. The third and fourth
resistors are fabricated together with the bias and stabilized
transistors. By this configuration, if the operating
characteristics of the stabilized transistor varies from chip to

chip during fabrication due to process variations, or the supply

THIS SHEET HAS BEEN
REPLACED




said second transistor and a node configured to be connect getm (oo
first supply potential, and wherein said first and second | Eﬁﬁg&&%ﬁm’\lgt‘ﬁﬁ

potentials are derived fromsaid third supply potential. 07 10." T"Thé
circuit of Cdaim9, wherein said first supply potential is %\gdﬂﬂ'vv«[gga
froma supply potential for said first transistor. 113 bi"as
stabilization circuit for conpensating _dderating charactett+st+es—ot—a
first transistor, said bias stabilization 15 circuit cdnprising:

a second transistor having a gate, a source and a drain; ) a 1irst
resistor;

potentials vary, the bias transistor will compensate to maintain a

substantially constant operating point of the stabilized

transistor.

Fig. 3
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a resistive |oad connected to said drain of said second Qﬁiﬁg&QﬁéﬁﬁnqiﬁE

through said first resistor, wherein said resistive load 2 S
configured to be connected between a first supply potential ja d?@ ﬁﬂﬁ?ﬁﬁ

reference potenti al ; a second resi st ri?onnected
bet ween said source of said second —
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FIG. 1 (Prior Art)



transi stor and a node configured to be connected to a second supply
potential, wherein said gate of said second transistor |s connected

to said node, and wherein said first and second transi st} T GakRT
wﬂﬁfﬁ% St

first and second resistors are fabricated together on a

Fp—

The circuit of Caim1l1ll, wherein said resistive load is na

third and fourth resistors connected togEt her in sgrije? ba v ej n
said first resistor is connected to sai d4-10 resistiveglqad at _a junct
between said third and fourth resistors. 18. The circuit of

Claim12, wherein said first and second supply
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potentials are derived froma supply potenti al

transi stor.
second

are netal insulator seni conductor field effect

and second

for said first 15
14. The circuit of daim1l, wherein sai i
transistors are netal field effect transistor%wggy
The circuit of Cdaiml, wherein said first t
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16. The circuit of daim1l, wherein said first and second transi stors

are netal oxide sem conductor field effect transistors.

circuit of daim1l1l, wherein said first and second 5

oy

SRS oy AR W o T UES—
t r ans) RERIACHARNT SHEET

junction field effect transistors. 18. The circuit CHairm 1,1
wherein said first and second transistors are high elettfo i
transistors. 4 ?mvl ll§9§
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FIG. 4



10 19. The circuit of Caim 1, wherein said first second
transistors are nodul ation doped field effect transistors. REPLACE&@ENWI%EET
circuit of Claim1l, wherein said first and second tran |1 ~are’

t wo- di nensi onal electron gas field effect 15 transi stors. 8 ﬁﬁ?\fﬂ%
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concurrently on a chip; configuring a source of 9
transi stor to be connected to a first supply potenti a
configuring a gate of said second transistor to be connected | 26 KOY 1498

second supply potential;
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providing a resistive | oad connected to said drain of said

transistor through a first resistor, wherein said resistive 5

configured to be connected between a third supply potenti al
reference potential . 22. The nethod of C aim 21, wherd

first and second resistors are fabricated on said chip.
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23. The nethod of Caim2l, wherein sai d7th| rd supply potentiall i'$ —
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