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D FOR PRODUCING THE CIRCUIT

(57) Abstract: Bandgap reference circuit, com-
prising a voltage generator (VG) designed to
produce a voltage or a current proportional to
absolute temperature, a supply circuit (SC), de-
signed to produce a supply for operating the
voltage generator (VQG), comprising a bias ele-

ment (BS) and a control element (CS), and a
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bias circuit (BC), designed to produce a bias for
operating the voltage generator (VG), compris-
ing a bias element (BB) and a control element
(CB). At least one of the control element (CS) of
the supply circuit (SC) and the control element
(CB) of the bias circuit (BC) comprises a pseu-
domorphic high-electron-mobility transistor or a
hetero-junction bipolar transistor and/or at least
one of the bias element (BS) of the supply cir-
cuit (SC) and the bias element (BB) of the bias
circuit (BC) comprises a long-gate pseudomor-
phic high-electron-mobility transistor or a resis-
tor. Method for producing the circuit wherein

VRG

Gni D the pseudomorphic high-electron-mobility tran-

sistors and the hetero-junction bipolar transistors

are produced using a GaAs BiFET technology
process.
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Description

Bandgap reference circuit and method for producing the cir-

cuit

The invention concerns a bandgap reference circuit for pro-
viding a voltage or a current in which first order effects of
temperature dependency are cancelled. Bandgap reference cir-
cuits can be used in high-frequency applications such as
power amplifiers of mobile phones, which are usually manufac-

tured using gallium arsenide (GaAs).

It is an object of the invention to provide a bandgap refer-
ence circuit that is implemented in GalZs technology, has a
low minimum required supply voltage, occupies a small chip
area, has a low current consumption and is robust against

supply voltage variations.

The invention solves the objective by providing a bandgap
reference circuit comprising a voltage generator designed to
produce a voltage or a current proportional to absolute tem-
perature, a supply circuit designed to produce a supply for
operating the voltage generator, comprising a bias element
and a control element, and a bias circuit designed to produce
a bias for operating the voltage generator, comprising a bias
element and a control element. At least one of the control
element of the supply circuit and the control element of the
bias circuit comprises a pseudomorphic high-electron-mcocbility
transistor (pHEMT) or a hetero-junction bipolar transistor
(HBT) and/or at least one of the bias element of the supply
circuit and the bias element of the bias circuit comprises a
long-gate pseudomorphic high-electron-mobility transistor or

a resistor. In high-electron-mobility transistors (HEMT),
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high-mobility electrons are generated using a hetero-
junction. A hetero-junction is a junction between two materi-
als with different bandgaps. The different materials may have
different lattice constants. In pseudomorphic high-electron-
mobility transistors (pHEMT), the layers of the different ma-
terials are so thin that the lattices are matched. A hetero-
junction bipolar transistor (HBT) is a bipclar transistor
where emitter region, collector region and base region con-
tain different materials, thus creating a hetero-junction.
Using pHEMT transistors for the control element of the supply
circuit and/or the control element of the bias circuit re-
duces the minimum required supply voltage. The use of long-
gate pHEMT transistors for the bias element of the supply
circuit and/or the bias element of the bias circuit allows
large resistances to be realized with reduced chip areas. The
large resistances lead to a reduction of current consumption
and to a larger voltage gain which reduces the sensitivity to

supply voltage variations.

In an embodiment, the pseudomorphic high-electron-mobility
transistor of the control element of the supply circuit
and/or the pseudomorphic high-electron-mobility transistor of
the control element of the bias circuit is a depletion-mode
transistor. Depletion-mode transistors are normally on and
operate with a negative threshold voltage which reduces the

minimum required supply voltage.

In an embodiment, the pseudomorphic high-electron-mobility
transistor of the control element of the supply circuit
and/or the pseudomorphic high-electron-mcobility transistor of
the control element of the bias circuit is an enhancement-

mode transistor. Using enhancement-mode transistors also re-
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duces the minimum required supply voltage compared tc a het-

ero-junction bipolar transistor.

In an embodiment, the long-gate pseudomorphic high-electron-
mobility transistor is a depletion-mode transistor and com-
prises an active region of width W and length L, wherein the
ratio of the width W to the length L lies between 0.01 and

0.1. Such transistors have high equivalent AC-resistances.

In an embodiment, the gate and a source of the long-gate
pseudomorphic high-electron-mobility transistor are electri-
cally shorted or are coupled to each other by at least one
electrical component so that the voltage between the gate and
the source Vgs lies between the negative threshold voltage
Vth and 0 V, that is Vth < Vgs < 0 V. The long-gate pseudo-
morphic high-electron-mobility transistor then functions as a

current source.

In an embodiment, a first connection point of the bias ele-
ment of the supply circuit and a first connection point of
the control element of the supply circuit are each connected
to a first supply potential, and a second connection point of
the bias element of the supply circuit is connected to a con-

trol input of the control element of the supply circuit.

In an embodiment, the second connection point of the bias
element of the supply circuit is connected to a first connec-
tion point of another control element of the supply circuit,
wherein a second connection point of the other control ele-
ment of the supply circuit is connected to a second supply
potential.

In an embodiment, a first connection point of the bias ele-

ment of the bias circuit and a first connection point of the
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control element of the bias circuit are each connected to a
first supply potential, and a second connection point of the
bias element of the bias circuit is connected to a controcl

input of the control element of the bias circuit.

In an embodiment, the second connection point of the bias
element of the bias circuit is connected to a first connec-
tion point of another control element of the bias circuit,
and a second connection point of the other control element of

the bias circuit is connected to the second supply potential.

In an embodiment, the second connection point of the control
element of the bias circuit is connected to a first connec-
tion point of a resistor of the bias circuit, a second con-
nection of the resistor of the bias circuit is connected to a
first connection point of still another control element of
the bias circuit, the first connection point of the still an-
other control element is connected to a control input of the
still another control element, and a second connection point
of the still another control element of the bias circuit is

connected to the second supply potential.

In an embodiment, the voltage generator comprises a first
control element and a second control element, each having a
first connection point, a second connection point and a con-
trol input, wherein the first control element and the second
control element have emitter areas that differ from one an-
other, the control input of the first control element and the
control input of the second control element are connected to
the control input of the still another control element of the
bias circuit, the first connection point of the first control
element is connected to the control input of the further con-

trol element of the supply circuit, the second connection
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point of the first control element is connected to the second
supply potential, and the first connection point of the sec-
ond control element is connected to the control input cof the

other control element of the bias circuit.

In an embodiment, the voltage generator further comprises a
first resistor, a second resistor and a third resistor,
wherein a first connection point of the first resistor is
connected to the second connection point of the control ele-
ment of the supply circuit and a second connection point of
the first resistor is connected to the first connection point
of the first control element, a first connecticn point of the
second resistor is connected to the second connection point
of the control element of the supply circuit and a second
connection point of the second resistor is connected to the
first connection point of the second control element, and a
first connection of the third resistor is connected to the
second connection point of the second control element and a
second connection point of the third resistor is connected to

the second supply potential.

In an embodiment, the first control element and the second
control element of the voltage generator, the other control
element of the supply circuit, the other control element and
the still other control element of the bias circuit, and any
of the control elements of the supply circuit and the control
element of the bias circuit and the bias element of the sup-
ply circuit and the bias element of the bias circuit, which
are not pseudomorphic high-electron-mobility transistors, are

hetero-junction bipolar transistors.

The invention further provides a method for producing the

circuit where the pseudomorphic high-electron-mobility tran-
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sistors and the hetero-junction bipolar transistors are pro-

duced using a GaAs BiFET technology process.

Embodiments of the present invention will now be described,
by way of example, with reference to the accompanying draw-

ings. The drawings show:

FIG. 1 a first embodiment of a bandgap reference circuit,
FIG. 2 a second embodiment of a bandgap reference circuit,
FIG. 3 a third embodiment of a bandgap reference circuit,
FIG. 4 collector currents of the first and third embodi-

ments over supply voltage,

FIG. 5 load resistances of the first embodiment and third

embodiments over supply voltage,

FIG. 6 a fourth embodiment of a bandgap reference circuit,

FIG. 7 reference voltages of the first and fourth embodi-
ments over temperature with supply voltage as a pa-

rameter,

FIG. 8 reference voltages of the first and fourth embodi-
ments over supply voltage with temperature as a pa-

rameter,

FIG. 9 collector currents of the first, third and fourth
embodiments over supply voltage, and
FIG. 10 load resistances of the first, third and fourth em-

bodiment over supply voltage.
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FIG. 1 shows a first embodiment El1 of a bandgap reference
circuit comprising a voltage generator VG, a supply circuit
SC and a bias circuit BC. The supply circuit SC and the bias
circuit BC are connected to a first supply potential VCC and
to a second supply potential GND. The voltage generator VG is
connected to the supply circuit SC, the bias circuit BC, and
the second supply potential GND. The supply voltage is the
difference between the first supply potential VCC and the
second supply potential GND and is equal to VCC if the second
supply potential GND is chosen to be 0 V.

The voltage generator VG comprises a first, a second and a
third resistor R1, R2 and R3 which each have a first connec-
tion point 1 and a second connection pcoint 2. The first, sec-
ond and third resistors R1, R2 and R3 can be thin film resis-
tors. The first and second resistor R1 and R2 may have eqgual
resistances. It further comprises a first and a second con-
trol element HBT1 and HBT2 which each have a first connection
point 1, a second connection point 2 and a control input 3.
The circuit elements are connected as described above. The
first and second control elements HRT1 and HBT2 can be tran-
sistors. For example, they can be NPN hetero-junction bipolar
transistors (HBT), where the first connection points 1 corre-
spond to collectors, the second connection points 2 corre-
spond to emitters and the control inputs 3 corresponds to
bases. The emitter areas of the first and second control ele-
ment HBT1 and HBT2 are Al and A2 with A2 = M x Al. The cur-
rent flowing through the third resistor R3 is then propor-
tional to the thermal voltage VT = kT/g, that is it is pro-
portional to the absolute temperature T (PTAT). It is also
proportional to 1n(M).
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The supply circuit SC comprises a bias element BS, a control
element CS and another control element HBT3. The bias element
BS has a first and a second connection point 1 and 2, the
control element CS and the another control element HBT3 ecach
have a first and a second connection point 1 and 2 and a con-
trol input 3. The circuit elements are connected as described
above. The control element CS and the another control element
HBT3 can be NPN hetero-junction bipolar transistors, where
the first and second connection points 1 and 2 and the con-
trol input 3 are collectors, emitters and bases, respec-
tively. The control element CS is used to supply current to
the voltage generator VG. The bias element BS can be a resis-
tor, such as a thin film resistor and serves as a current
source to set the bias current through the other control ele-
ment HBT3 and determines the AC-loop gain. The control ele-
ment CS, the other control element HBT3 and the first resis-
tor R1 form a loop which determines the voltage at the second
connection point 2, that is at the emitter of the control

element CS.

The bias circuit BC comprises a bias element BB, a control
element CB, a fourth resistor R4, another control element
HRT4 and still another control element HBT5. The another con-
trol element HBT4 serves as a complementary to absclute tem-
perature (CTAT) voltage generator. The bias element BB and
the fourth resistor R4 each have first and second connection
points 1 and 2, while the control element CB, the another
control element HBT4 and the still another control element
HBT5 each have a first and a second connection point 1 and 2
and a control input 3 and can be NPN hetero-junction bipoclar
transistors in which case the first and second connection
points 1 and 2 and the control input 3 are a collector, an

emitter and a base, respectively. The circuit elements are
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connected as described above. The bandgap reference voltage
VBG can be tapped off at the first connection point 1 of the
fourth resistor R4 and the second connection point 2 of the
control element CB. In a similar manner to the supply circuit
SC, the bias element BB sets the bias current through the
other control element HBT4 and determines the AC-lcop gain.
The still other control element HBTS has its first connection
point 1 connected to its control input 3 and provides a volt-
age for the control inputs 3 of the first and second control
element HRT1 and HRBT2 of the voltage generator VG. The volt-
age at its control input 3 is determined by the loop formed
by the control element CB, the fourth resistor R4 and the
other control element HBT4. The bias circuit BS receives a
potential from the voltage generator VG at the control input

3 of the other control element HBTA4.

The combination of the proportional to absclute temperature
(PTAT) voltage with the complementary to absoclute temperature
(CTAT) voltage leads to the desired temperature behavior of
the bandgap voltage VBG.

The transistors in the first embodiments El can be GaAs het-
ero-junction bipolar transistors. Such transistors have a Vbe
of 1.15 to 1.2 V at 300 k. For proper operation, the voltage
across resistors BS, BB and R1, R2 should be about 500 mV.
With Vkbe = 1.15 V of the HBT CS and HBT3, this will reguire a
minimum required supply voltage of VCC = 2 x 500 mV + 2 x
1.15 vV = 3.3 V. At lower temperatures the minimum required
supply voltage will be somewhat higher. A minimum regquired
supply voltage of 3.3 V can ke a disadvantage in battery-
operated products, such as for example wireless communication
devices, since there is a trend towards lowering the supply

voltages from 3.2 V to 2.8 V and even lower down to 2 V.
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The second embodiment E2 shown in FIG. 2 helps to overcome
this problem. The numbering of the first and second connec-
tion points 1 and 2 and the control inputs 3 are only shown
in FIG. 1 and for clarity reasons are not shown in figures 2,
3 and 6. However, the second, third and fourth embodiments
are modifications of FIG. 1 and functicn similarly so that
the features described with FIG. 1 also apply to these em-

bodiments.

The hetero-junction bipolar transistor for the control ele-
ment CS for the supply circuit SC and for the control element
CB for the bias circuit BC in FIG. 1 are replaced with pseu-
domorphic high-electron-mobility transistors CS and CB in
FIG. 2. These transistors can be depletion-mode transistors
where, due to the typical Ids/Vgs characteristics with a
V_threshold of about -1 V, the voltage at the control input
3, that is the gate G of the transistor, is around 0.75 V.
The minimum required supply voltage VCC depends on the volt-
age Vds between the drain D and source S of the control ele-
ment CB of the bias circuit BC. This in turn depends on the
size of the transistor and the lcad current of the circuit.
With proper scaling of the transistor CB, the supply vocltage
VCC can be decreased to 1.8 V for a bandgap reference voltage

of 1.6 V with a Vds of about 0.2 V for CB.

The control element CB and CS of the bias circuit BC and the
supply circuit SC, respectively, can be replaced by enhance-
ment-mode pHEMT transistors. The minimal required supply
voltage VCC will be approximately 2.6 V, which is higher than
when depletion-mode transistors are used, but is still ade-

quately low for many applications.
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The HBT and the pHEMT transistors are available in merged or
stacked GaAs FET-HBT integration schemes. Such integration
schemes are often called BiFET or BiHEMT and contain both HBT

and FET/pHEMT devices on a single GaAs substrate.

In GaAs technology, only thin-film resistors are available
with a sheet resistance of 50 Q/sgquare so that a large resis-
tor of several tens of kQ occupies a very large chip area.
The resistances BS and BB shown in FIG. 1 and 2 need to be
large in value to achieve a low current consumption and a
high AC-loop gain. However, for a resistor, its DC voltage
and the AC-loop gain are tightly coupled and the use of large
resistors leads to problems with the DC voltage headroom
available. When the voltage across resistor BS and BB is de-
creased due to a lower supply voltage VCC, the collector cur-
rent in HBT3 and HBT4 is also decreased which results in a

lower loop gain.

To overcome these problems the first embodiment E1 shown in
FIG. 1 can be modified to become the third embodiment E3
shown in FIG. 3. In FIG. 3, the resistors BS and BB of FIG. 1
are replaced by depletion-mode long-gate pHEMT transistors BS
and BB, with the respective gates G short-circuited to the
respective source S. The drain D corresponds to the first
connection point 1 and the source S to the second connection
point 2 of the bias element BS and the bias element BB. The
length L of the active region of a long-gate pHEMT transistor
is chosen to be much larger than is normally the case for
pHEMT transistors: L may be 40 pm instead of 0.5 pm. The
width W of the active region may be chosen toc be 3 um, re-
sulting in W/L < 1. The ratioc of the width W and the length L
of the active region can be chosen to lie in the range

0.01 < W/L < 0.1.
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The chip area required for the resistive load of the first
embodiment E1 shown in FIG. 1 is about 5570 um? and has a
value of 30 kQ. The large chip area is a result of the mean-
dering of the layout that is necessary to achieve large re-
sistances when using low sheet resistances. For equal collec-
tor currents IC at the same supply voltage of VCC = 3.4 V the
chip area required for the long-gate depletion-mode pHEMT in

FIG. 3 is about 342 um?, which is much smaller.

FIG. 4 shows the collector current IC in HBT3 cover the supply
voltage VCC for the first embodiment E1 and the third embodi-
ment E3. It shows the linear relationship between current and
voltage of the resistors used for the bias element BS and the
bias element BB in the first embodiment El1 shown in FIG. 1.
For the third embodiment E3, the current has a derivative
that approaches zero for higher supply voltages VCC so that
the collector currents in HBRT3 and HBT4 are more constant

over supply voltage VCC variation.

FIG. 5 shows the inverse of the derivative of the curves
shown in FIG. 4. At a supply voltage of VCC = 3.4 V, the
first embodiment El1 has a load resistance of RL = 30 kQ and
from FIG. 4, the collector current is IC = 17 pA. The voltage
gain of HBT3 can be calculated to be Av = 20 x log(gm x RL)
with the transconductance gm = IC/VT = 17 pA/26 mV and the
load resistance RL = 30 kQ, leading to Av = 25 dB. For the
third embodiment E3, the load resistance increases intoc the
MQ-region for higher supply voltages VCC. At the same supply
voltage of 3.4 V and the same collector current IC = 17 ua,
the resistance is RL = 112 kQ, leading to a voltage gain of
Av = 37 dB. The voltage gain can be improved by 12 dB by re-
placing the thin-film resistors of the first embodiment E1

shown in FIG. 1 by the long-gate depletion-mode pHEMT tran-
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sistor of FIG. 3. Also, the DC voltage headroom is improved
as the DC voltage and the AC-loop gain of the long-gate de-
pletion-mode pHEMT transistor are (much) less tightly cou-

pled as for a resistor.

FIG. 6 shows a fourth embodiment in which FIG. 1 has been
modified by using depletion-mode pseudomorphic high-electron-
mobility transistors instead of hetero-junction bipolar tran-
sistors for the control element CS of the supply circuit SC
and the control element CB for the bias circuit BC. Further,
the resistors used for the bias element BS for the supply
circuit SC and for the bias element BB for the bias circuit
BC have been replaced by long-gate depletion-mode pseudomor-
phic high-electron-mobility transistors with their gates G
shorted to the respective sources 5, that is Vgs = 0 V. The
fourth embodiment E4 thus makes use of the advantages of the
second embodiment E2 and the third embodiment E3. Where ap-
propriate, the descriptions of the second embodiment E2 and
the third embodiment E3 therefore also apply to the fourth

embodiment E4.

As in FIG. 2, the minimum regquired supply voltage VCC can be
reduced to 1.8 V for a bandgap reference voltage of 1.6 V,

which i1is a substantial reduction in the supply voltage VCC.

Since the gate voltages of the control elements CS and CB are
now substantially lower, the voltage Vds between the drain D
and the source 3 of the bias element BS and BB of the supply
circuit CS and the bias circuit BC, respectively, will be
more than 1 V, so that the voltage headrcom is increased. The
long-gate pHEMT transistors are now biased in the saturation
region and act like ideal current sources which are insensi-

tive to supply voltage VCC variations.
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The fourth embodiment E4 also allows to increase the value of
the resistors R1 and R2 which will increase the loop gain.
FIG. 7 shows the behavior of the bandgap reference voltage
VBG of the first embodiment El1 and the fourth embodiment E4
when the circuit is not loaded. Shown are variations over the
temperature T with the supply voltage VCC as a parameter. The
supply voltage VCC is increased, starting at 3.0 V in steps
of 0.4V to 4.6 V. While the bandgap reference voltage VBG of
the first embodiment E1l shows some variation with the supply
voltage VCC, the bandgap reference voltage VBG of the fourth
embodiment E4 is nearly invariant with the supply voltage

VCC.

FIG. 8 shows the bandgap reference voltage VBG of the first
embodiment E1 and the fourth embodiment E4 over the supply
voltage VCC with the temperature as a parameter. The tempera-
tures are -30°C, +30°C and +90°C. Again, the bandgap reference
voltage VBG of the fourth embodiment E4 is largely invariant
over supply voltage VCC wvariations. FIG. 8 alsc shows that
the fourth embodiment E4 requires a much lower minimum supply
voltage of about VCC = 1.6 V while the first embodiment E1

reguires a minimum supply voltage of about VCC = 2.9 V.

FIG. 9 corresponds to FIG. 4, where additionally the collec-
tor current IC of the fourth embodiment E4 over the supply
voltage VCC is shown. The fourth embodiment produces a col-
lector current IC at a much reduced minimum supply voltage of
about VCC = 1.6 V. The collector current IC is close to that
of an ideal current source being constant over a large range

of the supply voltage VCC.

FIG. 10 corresponds to FIG. 5 and additionally shows the in-

verse of the derivative of the collector current IC over the
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supply voltage VCC for the fourth embodiment E4. At an oper-
ating voltage of VCC = 3.4 V, the resistance is 2.95 MQ,
which is much larger than that of the first embodiment E1 and
the third embodiment E3. In comparison with the third embodi-
ment E3, the high resistance can be reached much earlier at

about 2.4 V.

The voltage gain of the transistor HBT3 in the fourth embodi-
ment E4 is Av = 20 x log(gm x RL) with gm = IC/VT ~ 20 pA/26
mV and RL ~ 2.95 MO at 3.4 V. At Av = 67 dB it is 42 dB
higher than that of the first embodiment ELl.

The loop with the transistor HBT4 also has the same gain. The
outstanding performance of the fourth embodiment E4 with re-
spect to the supply voltage VCC variation can be attributed
to the large loop gain which eliminates among others wvaria-
tions of the supply voltage VCC and variations of the load

currents.

The invention thus provides a bandgap reference voltage cir-
cuit that can be operated with a much lower minimum regquired
supply voltage VCC, occupilies a smaller chip area, can have a
lower current consumption and is more robust over supply
voltage variations. A tradeoff has to be made between the
current consumption and the loop gain, where the larger cur-

rent yields a more stable bandgap reference voltage VBG.
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Reference Signs

=

Al
A2

BB
BC
BS

GND
HBT1
HBT?2
HBT3
HBT4
HBT5
R1
R2
R3
R4

sC
VBG
VG
VCC

first connection point

second connection point

control input

emitter area of HRTI1

emitter area of HRT2

base

bias element for bias circuit BC

bias circuit

bias element for supply circuit SC

collector

control element for bias circuit BC

control element for supply circuit SC

drain

emitter

gate

second supply potential

first control element of the voltage generator VG
second control element of the voltage generator VG
another control element of the supply circuit SC
another control element of the bias circuit BC
still another control element of the bias circuit BC
first resistor of voltage generator VG

second resistor of voltage generator VG

third resistor of voltage generator VG

resistor of the bias circuit BC

source

supply circuit

bandgap reference voltage

voltage generator

first supply potential
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Claims

1.

Bandgap reference circuit, comprising
- a voltage generator (VG), designed to produce a voltage
or a current proportional to absolute temperature,
- a supply circuit (SC), designed to produce a supply for
operating the voltage generator (VG), comprising a bias
element (BS) and a control element (CS), and
- a bias circuit (BC), designed to produce a bias for op-
erating the voltage generator (VG), comprising a bias
element (BB) and a control element (CB),
wherein
at least one of

the control element (CS) of the supply circuit (SC)

and

the control element (CB) of the bias circuit (BC)
comprises a pseudomorphic high-electron-mobility transis-
tor or a hetero-junction bipolar transistor
and/or
at least one of

the bias element (BS) of the supply circuit (SC)

and

the bias element (BB) of the bias circuit (BC)
comprises a long-gate pseudomorphic high-electron-

mobility transistor or a resistor.

The circuit according to claim 1,

characterized in that

the pseudomorphic high-electron-mobility transistor of
the control element (CS) of the supply circuit (SC)
and/or the pseudomorphic high-electron-mobility transis-
tor of the control element (CB) of the bias circult (BQC)

is a depletion-mode transistor.
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3. The circuit according to claim 1,
characterized in that
the pseudomorphic high-electron-mobility transistor of
the control element (CS) of the supply circuit (SC)
and/or the pseudomorphic high-electron-mobility transis-
tor of the control element (CB) of the bias circuit (BC)

is an enhancement-mode transistor.

4, The circuit according to one of the previous claims,
characterized in that
the long-gate pseudomorphic high-electron-mobility tran-
sistor (BS, BB) is a depletion-mode transistor and com-
prises an active region of width W and length L, wherein

0.01 < W/L < 0.1.

5. The circuit according to one of the previous claims,
characterized in that
a gate (G) and a source (3) of the long-gate pseudomor-
phic high-electron-mobility transistor (BS, BB) are
- electrically shorted or
- are coupled to each other by at least one electrical
component
so that the voltage (Vgs) between the gate (G) and the
source (S) lies between the negative threshold voltage

Vth and 0 V, that is Vth < Vgs < 0 V.

©. The circuit according to one of the previous claims,
characterized in that
- a first connection point (1) of the bias element (BS)
of the supply circuit (SC) and a first connection point
(1) of the control element (CS) of the supply circuit
(SC) are each connected to a first supply potential

(VCC), and
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- a second connection point (2) of the bias element (BS)
of the supply circuit (SC) is connected to a control in-
put (3) of the control element (C3) of the supply circuit
(sC).

7. The circuit according to claim 6,
characterized in that
the second connection point (2) of the bias element (BS)
of the supply circuit (SC) is connected to a first con-
nection point (1) of another control element (HBT3) of
the supply circuit (SC), wherein a second connection
point (2) of the other control element (HBT3) of the sup-
ply circuit (SC) is connected to a second supply poten-

tial (GND).

8. The circuit according to one of the previous claims,
characterized in that
- a first connection point (1) of the bias element (BB)
of the bias circuit (BC) and a first connection point (1)
of the control element (CB) of the bias circuit (BC) are
each connected to a first supply potential (VCC), and
- a second connection point (2) of the bias element (BRB)
of the bias circuit (BC) is connected to a control input

(3) of the control element (CB) of the bias circuit (BC).

9. The circuit according to claim 8,
characterized in that
the second connection point (2) of the bias element (BB)
of the bias circuit (BC) 1is connected to a first connec-
tion point (1) of another control element (HRT4) of the
bias circuit (BC), and a second connection point (2) of
the other control element (HBT4) of the bias circuit (BC)

is connected to the second supply potential (GND).
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10.

11.

The circuit according to claim 9,

characterized in that

- the second connection point (2) of the control element
(CB) of the bias circuit (BC) is connected to a first
connection point (1) of a resistor (R4) of the bias cir-
cuit (BC),

- a second connection point (2) of the resistor (R4) of
the bias circuit (BC) is connected to a first connection
point (1) of still another control element (HBT5) of the
bias circuit (BC),

- the first connection point (1) of the still another
control element (HBT5) is connected to a control input
(3) of the still another control element (HBTS5), and

- a second connection point (2) of the still another con-
trol element (HBT5) of the bias circuit (BC) is connected

to the second supply potential (GND).

The circuit according to one of the previous claims,
characterized in that

- the voltage generator (VG) comprises a first control
element (HBT1) and a second control element (HRBRTZ2), each
having a first connection point (1), a second connection
point (2) and a control input (3), wherein the first con-
trol element (HBT1) and the second control element (HBT2)
have emitter areas (Al, A2) that differ from one another,
- the control input (3) of the first control element
(HBT1) and the control input (3) of the second control
element (HBT2) are connected to the control input (3) of
the still another control element (HBT5) of the bias cir-
cuit (BC),

- the first connection point (1) of the first control

element (HBT1) is connected to the control input (3) of
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12.

the further control element (HBT3) of the supply circuit
(5C),

- the second connection point (2) of the first control
element (HRBRT1) is connected to the second supply poten-
tial (GND), and

- the first connection point (1) of the second control
element (HRBRT2) is connected to the control input (3) of
the other control element (HBT4) of the bias circuit

(BC) .

The circuit according to claim 11,

characterized in that

the voltage generator (VG) further comprises a first re-
sistor (R1l), a second resistor (R2) and a third resistor
(R3), wherein

- a first connection point (1) of the first resistor (R1)
is connected to the second connection point (2) of the
control element (CS) of the supply circuit (SC) and

a second connection point (2) of the first resistor (R1)
is connected to the first connection point (1) of the
first control element (HBT1),

- a first connection point (1) of the second resistor
(R2) is connected to the second connection point (2) of
the control element (CS) of the supply circuit (SC) and
a second connection point (2) of the second resistor (R2)
is connected to the first connection point (1) of the
second control element (HBT2),

- a first connection point (1) of the third resistor (R3)
is connected to the second connection point (2) of the
second control element (HBT2), and

a second connection point (2) of the third resistor (R3)

is connected to the second supply potential (GND).
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13.

14.

The circuit according to one of the previous claims,
characterized in that

- the first control element (HBT1) and the second control
element (HBTZ2) of the voltage generator (VG),

- the other control element (HBT3) of the supply circuit
(5C),

- the other control element (HBT4) and the still other
control element (HBT5) of the bias circuit (BC), and

- any of the control element (CS) of the supply circuit
(SC) and the control element (CB) of the bias circuit
(BC) and the bias element (BS) of the supply circuit (SC)
and the bias element (BB) of the bias circuit (BC), which
are not pseudomorphic high-electron-mobility transistors,

are hetero-junction bipolar transistors.

A method for producing the circuit according to one of
the previous claims,

wherein

the pseudomorphic high-electron-mobility transistors and
the hetero-junction bipolar transistors are produced us-

ing a GaAs BiFET technology process.
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