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5 A BIAS STABILIZATION CIRCUILT

‘EIELD OF THE INVENTION
Thie invention generally relates to eleétronic circuitis 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 oéerating 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 i.s 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 suc.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 tﬁical 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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¢ wvolts, -1 volt, and -2 volts, respectively. As can be secen by
all three curves, at first, the Ip; increases as the V,s increases,
This behavior continues up to a point 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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current of the FET for a given bias ;:ondition_ (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 stabili.zat.:ion circuit allegedly may
compensate for variations in a transistor's (e.g., a stabilized

3
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transistor) operating characteristice without requiring tuning.
However, a practical bias c¢ircuit in a production enviromment

should stabilize the current wiﬁh respect to all the possible

parameters affecting it. Depending upon the circuit
5 implemencation, these parameters could be:
(i) Vpoff variations,
{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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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

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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gtabilization ecircuit should preseﬁﬁ % 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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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 (@) of the stabilized transistor 111. A second end
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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To simplify the discussion it is assumed 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 fiii) RL = the resistance of resistor
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:

Vo=V, R ()
As mentioned above, if I tends'tofincrease'by AT4, due to 2
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
AVy, equal to:

AVy = - (ALy*(RL)) : S (3)
If

AV, = AVpOEf, (4)
the current I, stays constant as the effect of the Vpoff variation
of the stabilized ctransistor 111 is counteracted by the gate

voltage (Vy, = Vp) variation in the same direction and by supposedly

the same amount.
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Due to this stabilization, (V, - Vpoff) stays constant causing
the current I,, to remain unaffected by the Vpoff variations. In
practice, however, exact cancellation of the Vpoff variations are
not pogsible and Iy, tends to vary to some extent. The objective
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®
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 shortcomings of the device disclosed
in the '235 Patent. Since the porential connected to the second
gide 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)
which often times is determined from othexr considerations, such as

the requirad efficiency and linearity expected of a circuit such as

a PA.
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It can thus be difficult to select a value of RL which gives
the required nominal DC bias voltage V, (see equations 1 and 2) and
at thé same time achieves the near perfect cancellation of the
Vpoff variations (see equations 3 and' 4}, Still further, 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 adequately compensate for all

these variations.
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Therefore, it is an. object of the \pz.:esent .:i‘.nvention to provide

a bilas stabilization circuit that caﬁ a&equately compensate for

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

5 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,

SNMARY OF THE TINVENTION |

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 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
L5 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
0 ‘the stabilized traunsistor's operating point, the circuit in which
"the stabilized transistor operates will also be stabilized. Foxr
iqstance, if the stabillized transistor is configured as a powar

11
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amplifier ("PA"), then. the operating characteristics, such as the
power and the amplification of the PA, will also be relatively well
gtabllized.

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 océur from chip to chip and lot to 1lot duxing
fabrication due to unavoidable process changes.

12
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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 assgisted by deriving
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
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

transistor. A source of the bias transistor  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 circuir of the 'present invention
compensates for variations in the power supplies that are uged for

13
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the bias transistor. & preferred embodiment compensates for the
power supply variations by deriving the negative power supply of
the bias circuit f£rom the‘ﬁbéitivéfﬁiéétéower sﬁﬁﬁly.' In this way,

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. .-

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 as 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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Illustratively, the PA may " be fabricated using metal
semiconductor field effect transistors ("MESFETs") in a Gals
subst;ate. fhe circuit technique of the present invention may be -
applied to achieve similar results in.other eircuits and for other
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-
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
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
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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supply that has limited current sihkiﬁg éépabilitﬁ,'thé'ithﬁtive
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 applications. The bias stabilization cirecuit 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.

16
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FIG. 1 1s a graph showing typlcal current and voltage
characteristics for a depletion mode N-channel field effect
transistox;

FIG. 2 is a séhematic 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 applicatian of the bias
stabilization circuit of the present invention biasing multiple

10 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

.5 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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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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and system variations, such as variations in VDD and VGG of the
bias circuit.
As shown in FIG. 3, 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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ground potential. The source (s) 6f thé'bias transistor 10 is
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 Qate (é) of the bias transistor
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.

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
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
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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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 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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the stabilized transistor 11 may be fabr}cated on . the same chip and
ag close to each other as possible. .

As shown in FIG. 3, an embodiment of the present invention may
isclate the DC bias circuit (e.g., the bias stabilization circuit
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 stabilization eircuit.

FI1G. 4 shows an embodiment wherein the bias stabilization
circuit 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
circuiv 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

. circuit of the present invention in s multiple &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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circuit, the resistor 16 may not be p;rt;i;"id‘ec'tf.' 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, as described In (ii) below, this choice canrhelp achieve

23
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a better bias stabilization with 'ré;SPect to VGG and VDD Bias
variations. |

Additionally, the choice of ﬁs"irixc_;f ‘2 pesitive power supply

VDD _Bias {whether it is equal to .VDD_FA-_ oz,-'.'n.ot'). 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 power 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.g.,"l VbD_PA) . In a preferred

embodiment, VDD _Bias maﬁr be derived from ;nc'i' 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 about 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

24
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15

example, approximately an additionai Sbb nwv ié.p¥o§ided to keeﬁ the
bias transistor 10 in the saturation region. Consequently, the
preferred embodiment of the presenf invention improves the
stabilization of I, with respect to VGG, since VGG variations can

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
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
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
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

25 o . Che s Lt e
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to obtain a desired "gain-factor" RL (see equation 3 above). The
additional parameters that have bééﬁuéénerated help to obtain a

gain-factor that adequately canqelé " the Vpoff variations by

satisfying equations 3 and 4 (see aﬂB§é).“-At the same time, the

additional parameters help-ébtain'a'sﬁiEéble 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
well. .

{iv) Again at the circuit level, to achieve the stability of
the saturation current iém' w;th respect to the resistance
variations in the bias resi;tors; iﬁ.ié:aesirabie.that the voltage
V, {(see FIG. 3) be stabilized with'fespecé t§ Ehése variations.
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 curren:':;ga; In this way, if the
resistance of the overall load RL nﬁtthe bias transistor 10 tends
to increﬁse due to process variaiioné, the effect of the
corresponding resistor 15'in§re€se ﬁgnds‘tq cancel the variatien of
V,, thereby keeping the current Imm.dcﬁstanti However, since the

26
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resistor 15 and the overall load ii”%f“ﬁhe bias transistér 10
preferably satisfy other chstraiéég éé_ﬁéli, it'is not'always
possible to have a definite ratie betwéeh ﬁhem. Additionally, a
.bias stabilization circuit preferably is stabilized with respect to
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 rran51stors ‘are fabricated on. The
remaining part, comprising the resistors lz,;13 way be fabricated
off the chip. In this way, the-resistofsllé; 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
resistora 12, 13 are fabricated off'the chip, precision components
can easily be chosen for these reszstors to prov1de a required
effective load resistance (e g., ﬁL) | | |

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

27
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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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In an embodiment Qhére the resiétbt?’lz,“ia are not fabricated
on the same chip as the bias and st;biliiéd transistors, there may
be some additional flexibility provided by extersally tuning the
bias stabilization circuit +to Ffurther imérove 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 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
transistors way be compensated by "4 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.

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

critical component for bias-stabilization.
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1v. Ephancement Mode Cixcuit
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 second 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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herein. Similarly, small reszstors. (e g., a few ohms) are
gsometimes incorporated in the gaté:fééiéh to suppress the Eendency
of the circuit to osecillate at high'fréquencies. These circuit
stabilization resistors are also #ot”‘shbwﬁ. T£e decoupling
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
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
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
the bias transistor 10 and the stabilized transistor 11 are

perfectly correlated and equal.

\
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To generate the tables, the nominal I, = 155 mA was first
obtained for the "typical" values of .all the parameter. Typiéal
values lie at the "center" of the range. For example, the typical
Vigg = - 2.55 V and the typical VGG = ;3.6 V. Thereafter, each of
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
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
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

obtainable. ///

mced

i

ﬁ
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1397.098-23 14:04

IABLE 1

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

Width of the stabilized transistor 11 = 5700 um,
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.

L
ﬂ?arameter Parameter Variation | I, Varlation 1 %

#382 P.35/53

ﬂVpoff -(2.2 to 2.9) V -6.0/+17.1%
VGG (= -VDD_Bias) -{3.3 t03.9) Vv 5.2/+16.7%
1
R (Internal) - +/-20% -1.03/+0.88%

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

IABLE 2

Nominal I, = 155 mA, Iy = - 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 Chme,
resistor 12 = 2400 Ohms, resistor 13 = 2400 Ohms.

e —— et e

Parametaer Parameter Vaxiation | I,, Variation H

Vpoff -(2.2 to 2,8} Vv’ | -6.2/+17.2% "
h@s (= -VDD_Bias) -(3.3 t0 3.9) V 5.3/+16.6% Il
ﬂjg {Intexmnal) o 4/-20% " ) 1 0.13/-0.04%

H R (Externsal) +/-1% 4.8/-4.6%

While the invention bas been déescribed with reference to
preferred embodiments, it will be apﬁa%ent'to those skilled in
art that numerous variations can be made without departing from

——___——_——__—-‘——————_ 33;
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spirit or scope of the invention whiéhfis_defined by the appended
claims. For instance, althoﬁéhfgh;jgio;efiilustraéive example
utilized the bias stabilization ci#&ﬁiﬁipf the present invention te
stabilize a PA, the bias.stabiliZaEioﬁ éircuit can be utilized in
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 é nixer, a'multistage power amplifier, or
any other application whcre a qu*ESCent point iz required to be
stabilized to compensate for lot t¢- lot fabrlcatlon variations.
Additionally, although the abcvé illustrative example of the
present invention showeé'étabiliéingﬂﬁhe biés current in a Gals
power amplifier dsing'MESFBT transistors, th§'§¥esen£ invention can
be utilized in many other technologies. For instance, the bias and
stabilized transistors may be: Metal Insulator Semiconductor Field
Effect Transistors ("MISFETs!); MeFal Oxide Semiconductor Field
Bffect Transistors (FMOSFETS"); Jﬁ#&gidn'Field Effect Transistors
("JFETs") ; High Electron Mobility Transistors ("HEMTs"); Modulation
Doped Field Effect Transxstors (“MODFET *); Two-Dimensional

Electron Gas Field Effect Transistnr’(“TEGFETs"), etc.

This Sheet Has Been Re

i .

1397.08-29 14:04 #382 P,36/53



FROM :MLGWRS PATENT 518 747 5838

10

15

20

VI. CONCLUSION

The nsvel bias-stabilization circuit disclosed in'the present
invention allows stabilization of the DC bias current of the
gtabilized circuit with respect to hpt only the Vpoff wvariations
but also with respect to variations in'the power supﬁlies and bias
resistors of the bias stabilizétion circuit. The bias
atabzlizatlon circuit of the present anentlon may be used in many
applications when it is desirable to stabllee the quiescent point
of a transistor for fabrication process variations that may occur
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 additionalftﬁni;g of the bias gtabilization
circuit. In a case where external tuning is desired to compensate
for a given fabrication process, the tuning may be performed in the
initial setup of the fabrication process. Thereafter, the bias
stabilization circuit ;)f the pies'eﬁt; 'ifn:‘rént'ion may adequately
compensate for the lot to lot variationms.

Tﬁe circuit of the present invention operates to counteract
the lot to lot variations of the pinch-off voltage (vpoff) which
may occur due to the fabrication §r5¢§ss. The bias stabilization
circuit of the present invenﬁiop"e5mpénsates for resiétance
variations in the bias resistors and variations in the power

supplies of the bias stabilization circuit.

35
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Additionally, the present biaé’éiécuit has a relatively small
output resistance. Therefore, thefégréﬁif of the present invention
does not have préblems wiﬁh ther;éi‘éﬁnawéYJ

The blas circuit of the present iﬁ;entiSA 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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1. A bias stabilization circuit - for compensating operating
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 énd second transistors are
fabricated together on a chip;

a first resistor; and

a resistive load connected’ éé'_the drain of said second
transistor through said first resistbr,,Wherein said resistive load
is configured to be connected betweéﬁ-é“thitd’éupply potential and

a reference potential.

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

a second resigtor; 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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3. The circuit of Claim 1, furthei.comprising a second resistor,
whercin said second resistor is connected between 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
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:

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,

7. . The circuit of Claim 1, whersin gaid first supply potential is

derived from said third supply poténtial.

This Sheet Has Been Replaced -

T

THIS SHEET HAS BEEN
K H’I ATTE ")

516 747 5638 . 1997.08-29 14:05 #3282 P.40/53



FROM :MLGWAES PRTENT 516 747 5638 1997, 08-29 l4:05 H382 P.41/532

8. The circuit of Claim 1, wherein said third supply potential is
derived from a supply potential for said first transistor.

R O

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

l-‘t - .‘

5 wherein said fourth resistor is connected between said source of
sald second transistor and 2 node configured to be conﬁected to
said first supply potential, and wherein said first and Qecond
supply potentials are derived from said third supply potential.

10 10. The circuit of Claim 9, whereih;égid first supply potential is
derived from a supply po;gntial:fpr‘géid 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;_whereiﬁ sald resistive load
20 is configured to be connec¢ted betweehié"first'supply pct;ntial and

a reference potential;
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a second resistor connected betwgen said source of said second
transistor and a node configured to be connected to a second supply
potential, wherein said gate of said sécond 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
comprised of third and fourth resistors comnected together in

series, and wherein said first resistor is connected to said

_resistive load at a Jjunction betwsen said third and fourth

resistors, ”“I“ ;
LT
13. The circuit of Claim 12, wherein said first and second supply
potentials are derived from a supply potantial for said first

transistor.

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

transistors are wmetal field effect Ttansistors.

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

transistors are metal insulator memiconductor - field effect

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

transistors are metal oxide semiconductor f£ield effect transistors.

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

transistors a:T:e juncrjion field effect“_j:ransistors. | , ’!l,"c' mly "!!l ”I’sl " l!l’

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

transistors are high electron mobility transistoxrs.

18. The circuit of claim 1, wherein gaid 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

transistors.

21. A method for4fabricating aubias*stabiliZation circuit for
compensating operating characteristics~of a firsﬁ transistor, said
method comprising the steps of:

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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configuring a gate of gaid seéond transistor to be connected
to a second supply potential; |

providing a resistive load connectad to said drain of said
second transistor through a first resistor, wherein said resistive

load is configured to be connected between a third supply potential

R0

22. The method of Claim 21, whersin =maid first and second

and a reference potential.

resistors are fabricated on said chig. "

23. The method of Claim 21, wherein s2id third supply potential is

derived from said first supply potential.
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