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Description

The invention relates to a telecommunication terminal with a voltage
controller which controller forms at least part of an integrated circuit and comprises |
- a differential amplifier having a first input for receiving a reference voltage,
- means for applying a load current to a load that is provided with at least one
phase shifting component in dependence on an output voltage of the differential

amplifier, and

- a feedback path for feeding back a voltage drop at the load to the second of the

two inputs of the differential amplifier.

Such a telecommunication terminal is particularly a mobile radio set. The
invention may, however, also be used for other telecommunication terminals, for example,
for corded and cordless telephones.

From EP 0 531 945 A2 is known a low-value voltage controller

comprising a differential amplifier arranged as an operational amplifier whose non-inverting

input is supplied with a reference voltage. The output of the operational amplifier controls a

~ power transistor which is coupled to the output of the voltage controller and supplies a

current to a connected load through the output. The power transistor is linked to a voltage
source connected to the input of the voltage controller. A capacitor is connected in parallel
between the power transistor and the output of the voltage controller.

The output voltage of the operational amplifier is fed back in this circuit
to the inverting input of the operational amplifier by means of a feedback path which
comprises a series combination of a capacitor and a resistor. In addition, the voltage
available on the output of the voltage controller is applied to the inverting input of the
operational amplifier via a resistor.

The internal frequency compensation by the operational amplifier feedback |
path which comprises a capacitor and a resistor causes a deterioration of the differential gajn
already in small frequency ranges. In the case of high-frequency changes of the output load
or of the supply voltage this leads to a longer transient period of the voltage controller. This

problem especially occurs when such a voltage controller is used in an integrated cifcuit.
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10 The phase shifting component is used for stabilizing the voltage

controller. The phase shifting component is particularly a capacitor arrangement, but it is
likewise possible to realize same via an arrangement of one or more inductance components.
The phase shifting component provides the pole necessary for stabilizing the controller.
When realized by means of a capacitor arrangement, this pole can also be produced for small
15 capacitances of the capacitor arrangement due to the wide band of the differential amplifier.
~ Since the phase shifting component together with the load is connected to the integrated
circuit from the outside, one has more variations in the realization when compared with the
realization on the integrated circuit chip. ' |
However, with the phase éhifting component connected from the outside,
20 the problem occurs that for high frequenciés and when only a single pin is used, this
component is decoupled from the control loop of the voltage controller as a result of parasitic
inductances, and thus loses its effect. The parasitic inductances particularly originate from
line inductances of the connecting wires by which the pins of the integrated circuit are
connected to its chip by bonds, from line inductances of the lines from the pins to the phase
25 shifting component or to the load respectively, and from the inductance of the housing of the
integrated circuit. By using two separate pins which are both connected to the circuit section
comprising the phase shifting component and the load, a decoupling of the phase shifting
component from the control loop is avoided for high-frequencies, which decoupling is
determined by parasitic inductances. Either pin is used as a sensor input through which the _
30 voltage available on the circuit section that comprises the phase shifting component and the
load affects the control circuit also for high frequencies, so that the phase shifting component
does not lose its effect for high frequencies either.
In :';m embodiment of the invention, the load current supply means

comprise a transistor arrangement and a cascode combination for coupling the output of the
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vol tage ceittiieforetheidiffereadal amplifirindghetedods tontbination. In the case of fluctuations

or disturbances of the supply voltage suﬁplied by an external voltage source (for example, a

battery), when only a single ground lead is used in the integrated circuit and thus also only a

10 single pin for connecting an external ground potential, there is the problem that the parasitic
inductances assigned to this pin lead to fluctuations of the internal ground potential
(occurring inside the integrated circuit). Compared with the differential amplifier a large
current then flows through the cascode combination, which current leads to a shift of the
internal ground potential' in dependence on the magnitude of the current, which fact in its

15 turn has an undesired effect on the differential amplifier. When the ground leads for the
cascode combination and the differential amplifier in the integrated circuit are decoupled in
the manner described, the ground potential for the differential amplifier is not affected by the
current flowing through the cascode combination and thus continues to be substantially
constant. There is avoided that the function of the differential amplifier is affected by

20 fluctuations of the ground potential. '

Provided that a voltage divider is used for coupling the load to the
feedback path, the controlled voltage produced on the output of the voltage controller can be
set in a simple manner. The associated voltage divider ratio can be simply set and adjusted in
particular by a programmable voltage divider known per se.

25 . A further embodiment is characterized in that a constant voltage source
coupled to an external voltage source via a pin of the integrated circuit produces the
reference voltage. In this manner, a potentially strongly fluctuating supply voltage of the
external voltage source can be simply reduced to a reference voltage and be used as such.
The reference voltage thus produced is subjected to considerably smaller fluctuations than the

30 supply voltage, so that also the controlled voltage produced by the voltage controller on its |
output can be maintained constant. For generaﬁng the reference voltage, it is also possible to
combine a plurality of constant voltage sources to a single constant voltage source.

Inserting a low-pass filter between the constant voltage source and the

wideband differential amplifier creates a further advantageous embodiment of the invention.
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The invention likewise relates -to an integrated circuit comprising a voltage

controller which includes
. a differential ampliﬁ'er having a first input for receiving a reference voltage,

10 - means for applying load current to a load in dependence on an output voltage of
the differential amplifier, while the load being arranged inside or outside the
integrated circuit and, the load being connected to at least one phase shifting
component, and

- a feedback path for feeding back to the second of the two inputs of the

15 differential amplifier a voltage drop at the load,

a plurality of separate pins of the integrated circuit being provided for coupling the phase
shifting component to be arranged outside the integrated circuit to the output of the means
for producing a load current and to the feedback path.

An illustrative embodiment of the invention will be further explained

20 hereafter with reference to the drawing.

The drawing shows an integrated circuit comprising a voltage controller.

The integrated circuit |1 denoted by a dashed line is represented in the
drawing Figure in so far as this is necessary for the representation of the invention. For
clarity, the further parts of the integrated circuit are omitted. The integrated circuit 1 has

25 pins 2, 3, 4 and 5. The pins 2 and 3 are connected to an external voltage source 6, so that a

potential VB is available on the pin 2 and a ground potential GND on pin 3. The ground
potential GND is supplied to the integrated circuit 1 from the exterior via a further pin 7.
The voltage source 6 is, in essence, a battery that produces a supply voltage UB which
fluctuates between, for example, 3 and 7 volts.

30 The supply voltage UB is applied to a voltage controller 8 via the pins 2,

3 and 7. This controller is realized on the semiconductor chip.(not shown any further) of the
-integrated circuit 1. At the input of the voltage controller 8 is arranged a first constant
voltage source 9 to which are applied the supply voltage UB, the potential VB and the
ground potential GND'respectively, via the pins 2 and 3. The ground lead in the iptegrated
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The output of the differential amplifier 14 is coupled to the base terminal
of the input transistor iS of a cascode combination. The cascode combination 16 furthér
includes an output transistor 17, the base terminal of which is supplied with the potential V1.
The collector of the transistor 17 is coupled to the potential VB via a collector resistor 18.

15 The emitter of the input transistor 15 is coupled to the ground potential GND2 vié an emitter
resistor 19. The cascode combination 16 is used for transforming the impedance, so that for
the voltage controller the connected load 22 appears as a low impedance load. For increasing
the power of the cascode combination, further resistors and transistors can _be connected in
parallel with the resistors 18 and 19 and the transistors 15 and 17, respectively.

20 The collector of the output transistor 17 of the cascode combination 16 is
connected to the base terminal of a PNP power transistor 20 whose emitter is supplied with
the potential VB.

The collector of the power transistor 20 is coupled via the pin 4 to a
parallel combination 21 formed by a load 22 and a capacitor arrangement, in this case

25 formed by 6nly a single capacitor 23. The parallel combination 21 represents an external
wiring of the integrated circuit 1 or of the voltage controller 8, respectively. The terminal of
the parallel combination 21 connected to the pin 4 is also connected to the pin 5 which is
coupled to the ground potential GND1 via the voltage divider 26 formed by two resistors 24
and 25. The voltage available on the central tap of the voltage divider 26 is applied to the

30 inverting input of the wideband differential amplifier 14. Via the pin 5 and the voltage

divider 26 it is thus possible to feed back a voltage drop at the parallel circuit 21 and thus a

voltage drop at the load 22 to the inverting input of the differential amplifier 14. The voltage

divider 26 makes a simple setting possible of the voltage value of the controlled output

potential VA or of the controlled output voltage respectively, by setting a respective voltage
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the 5 or of the potential VB respectively, over a wide frequency range. Such disturbances are also

already suppressed by the constant voltage sources 9 and 10 which have low-pass
characteristics. In order to suppért the low-pass filtering by the constant voltage sources 9
and 10, a low-pass filter 11 may optionally be inserted between the constant voltage source
10 and the non-inverting input of the differential amplifier 14 to produce the reference

10 voltage Uref, as is shown in the drawing Figure. |

" The controlled output potential VA of the voltage controller 8 is available

on pin 4. The potential difference between the output potential VA and the external ground
potential GND is the controlled output voltage of the voltage controller 8. The voltage
controller may be used both for supplying a voltage to an external load 22 as in this

15  illustrative embodiment, and for supplying a voltage to an internal load i.e. arranged inside
the integrated circuit 1. The respective controlled load current is supplied by the power
transistor 20. _

- The externally connected capacitor 23 is used for stabilizing the voitage
controller 8. It produces the dominant pole necessary for stabilizing the circuit. The wider

20 the band of the differential amplifier 14 is, the smaller the capacitances of the capacitor 23
can be, withouf the voltage controller becoming unstable. A typical value for the capacitance
of the capacitor 23 is 100 nF. As against commercially available voltage controllers, the
necessary capacitance of the capacitor 23 is lowered. The result is a simplified dimensioning
of the external wiring of the integrated circuit 1.

25 Furtﬁermore, parasitic inductances 27, 28, 29, 30 and 31 are shown in the
drawing Figure. They are activated when high frequencies occur on the pins 2, 3, 4, S and 7
of the integrated circuit 1. In the event of high-frequency disturbances of the supply voltage
UB or of the potential VB respectively, the internal ground potential GND2 coupled to the
cascode combination 16 fluctuates because of the activity of a parasitic inductance 29 via

| 30 which the internal ground potential GND2 is coupled to the external ground potential GND.
In order to avoid a reaction to such fluctuations on the ground potential GND1 which is
applied to the differential amplifier. 14, internal ground potentials GND1 and GND2 in the
integrated circuit 8 are separated. They are separately coupled to the external ground

potential GND via the two pins 3 and 7. In this manner the ground potential GND1, applied
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(occur ri niespestivediighvérenensyrigad quiEents praduced binhe pewer transisier 20 flowingtq te
anplifier giabljlnarp%?ential GND in essence via the parallel combination 21. Only a very small part of
the high-frequency components of the load current flows through the parasitic inductance and

10 the pin 5. The voltage on pin 5 is thus, in essence, equal to the voltage drop at the parallel
combination 21 because of the high impedance of the parasitic inductance 31 for high

| frequencies, so that the pin 5 here serves as a sensing element for the voltage drop at the
parallel combination 21. The efficacy of the capacitor 23 necessary for the stability of the
voitage controller 8 continues to be ensured. This capacitor is not decoupled from the

15 feedback path of the voltage controller 8 and thus from the inverting input of the differential
amplifier 14. When only a single pin is used for connecting the parallel combination 21
formed by the load 22 and the capacitor 23, the connected capacitor is decoupled from the
feedback path because of the parasitic inductance of the pin, so that the voltage controller
arranged in this way becomes unstable. _

20 The described integrated circuit comprises a voltage controller which has
a very good decoupling of the controlled output voltage from the supply voltage UB.
Disturbances of the supply voltage UB can be compensated for over a wide range of voltage
fluctuations and a wide range of frequencies. In lieu of providing the load 22 with the
capacitor 23, the load 22 may, in principle, also be provided with an arrangement of various

25 capacitors or an arrangement of one or various inductances or an arrangement of one or
more capacitors and one or various inductances for the same purpose. The arrangement
shown forms part of a telecommunication terminal, for example, a mobile radio set and is
used for its voltage supply. The further parts of the telecommunication terminal are not

shown, because they are not necessary for a full comprehension of the invention.
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at least one phase shifting component (23) in dependence on an output voltage
of the differential amplifier (14), and

- a feedback path for feeding back a voltage drop at the load (22) to the second (-
) of the two inputs of the differential amplifier (14), characterized in that the
10 phase shifting component (23) is arranged outside the integrated circuit (1) and
in that a plurality of separate pins (4, 5) of the integrated circuit (1) are
provided for coupling the phase shifting component (23) to the output of the
load current supply means (16, 20) and to the feedback path.
2. The telecommunication terminal as claimed in Claim 1, characterized in
15 that the load cu.rrent supply means (16, 20) comprise a transistor combination (20) and in
that a cascode combination (16) is used for coupling the output of the differential amplifier
(14) to the control input of the transistor arrangement (20) supplying the load current.
3. | - The telecommunication terminal as claimed in Claim 2, chafacterized in
that two separate ground leads (GND1, GND2) which are coupled to an external ground lead
20 (GND) via two pins ('3, T) of the in'tegrated circuit (1) are used in the integrated circuit (1)
for the differential amplifier (14) and the cascode combination (16).
4, . The telecommunication terminal as claimed in one of the Claims 1 to 3,
characterized in that a voltage divider (24, 25) is used for coupling the load (22) to the
feedback path.
25 5. The telecommunication terminal as claimed in one of the Claims 1 to 4,
characterized in that a constant voltage source (9, 10) coupled to an external voltage source
(6) via a pin (2) of the integrated circuit (1) is used for producing the reference voltage
(UREF).

6. : The telecommunication terminal as claimed in Claim 5, characterized in
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4 characterized-in that the voltage controller (8) is arranged in the integrated circuit (1) and in

5 that both the load (22) and the phase shifting component (23) are arranged outside the
integrated circuit (1). | .
8. The telecommunication terminal as claimed in one of the Claims 1 to 7,
characterized in that a capacitor (23) connected in parallel with the load (22) is used as the
phase shifting component.
10 9. An integrated circuit (1) comprising a voltage controller (8) which
includes
- a differential amplifier (14) having a first input (+) for receiving a reference
voltage (UREF), -
- means (16, 20) for applying a load current to a load (22) that is provided with
15 _ at least one phase shifting component (23) in dependence on an output voltage
of the differential amplifier (14), and
- a feedback path for feeding back a voltage drop at the load (22) to the second (-
) of the two inputs of the differential amplifier (14), characterized in that the
phase shifting component (23) is arranged outside the integrated circuit (1) and
20 in that a plurality of separate pins (4, 5) of the integrated circuit (1) are
provided for coupling the phase shifting component (23) to the output of the
load current supply means (16, 20) and to the feedback path.
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The-invention likewi se relates to an-integrated circuit conprising a

vol t age controll er which includes adfferential amplifier
having a first input for receiving a reference voltage, 10

means for applying load current to a | oad in dependence on an out put
vol t age of ' the differential anmplifier, while the | oad
bei ng arranged insi de THe iavérmtiodereladies to a telecommunication terniindlegithtaceblage cui t
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i ntegrated circuitvokgge)@UREPY, ded for coupling the phase

5 - means (16, 20) for applying a load current to a load (22) that is provided with
at least one phase shifting component (23) in dependence on an output voltage
of the differential amplifier (14), and

- a feedback path for feeding back‘a voltage drop at the load (22) to the second
(-) of the two inputs of the differential amplifier.

10 To provide a maximum suppression of disturbances of the output voltage
over a wide frequency range and guarantee the stability of the voltage controller, there is
propbsed to arrange the phase shifting component (23) outside the integrated circuit (1) and
to provide a plurality of separate pins (4, 5) .of the integrated circuit (1) for coupling the
phase shifting component (23) to the output of the means (16, 20) for producing a load

15 current and to the feedback path. The invention likewise relates to a respective integrated

circuit.

. This Sheet Has Been Replaced -
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shifting component to be arranyed outside the integrated circuit to the ,
out put of the neans ~~ for producrng 4 1'0ad .current and to the feedback -
path. o e An illustrative embodiment of the invention
will be further explarned 20 hereafte th reference to the drawing.

The draw ng shows an integrated: crrcuri/ﬂtnprrsrng a voltage controller.

The integrated circuit 1 denoted by a dashed line is represented in the = .
dr awi ng Frgure in so far as this is necessary for the representation of the
‘invention. For clarity, the further parts of the integrated circuit
are onitted. The integrated circuit 1 has 25: pins 2,- 3, 4 and 5. The prns
2 and 3 are connected to an external ‘vol-t age source 6 so that-a .
 potential VB is available on the pin 2 and .a.ground potential G\D on pin 3..

. The ground - potential GND'is supplied to the integrated circui't 1 from
- the exterior via a further pin 7. . The voltage Source 6 is, in essence,

a battery t hat produces. a supply voltage UB which fluctuates bet ween,

for exanple, 3 and 7 volts. 30 . ®e supply vol.t age UB

i's applied to a voltage controller - 8 'RﬂBthe pins 2/ . .3-gnd 7. This . o
~controller .is realizpd on the senic t shomn any further) of.

duct or ~chip- (
~the ~integrated ciy +

_cdntroller 8 is
arranged a flrst constr._' .
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vol tage source 9 to which are applied the supply voltage UB, the pot"@ﬁf‘f”a’f’"

VB and the. ground potential CGND respectively, via the pins 2 and 3.
The ground lead in the integrated _ _ '

5 circuit, which lead is coupled to the external ground potential GND
via pin 3 is referenced . G\D1. The fifst constant vol t-ag source 9

produces fromthe supply vaol tage UB a pot gﬁt R
MES-al Vi1

_ ' V1.whi.ch. has,.. for
exanpl e, t Felecamaunigation termjgal (vith ve{tage go5 appl Hed' it o lats:

constant vol tage source 18—whi-ch—-s—al-se conneétgd-
G\D1. The second ' REPLACEMENT SHEET Y T
22JAN 997
Description -

The invention relates to a tellecommunication terminal with a voltage
controller which controller forms at least part of an integrated circuit and comprises
- a differential amplifier having a first input for receiving a reference voltage,
5 - means for applying a load current to a load that is provided with at least one
| phase shifting component in dependence on an-output voltage of the differential
amplifier, and ' _ ' _ |
- a feedback path for feeding back a voitage drop at the load to the second of the
two inputs of the differential amplifier. -

10 Such a telecommunication terminal is 'particularly'a mobile radio set. The
invention may, however, also be used for other telecommunication terminals, for example,
for corded and cordless telephones. _

From EP 0 531 945 A2 is known a low-value voltage controller
comprising a differential amplifier arranged as an operational ampliﬁer whose non-inverting

15 input is supplied with a reference voltage. The output of the operational amplifier controls a
powér transistor which is coupled to the output of the voltage controller and supplies a
current to a connected load through the output. The power transistor is linked to a voltagé
source connected to the ihput of the voltage controller. A capacitor is connected in parallel’
between the power transistor and the output of the voltage controller.

20 The output 'voltage of the operational amplifier is fed back in this circuit
to the inverting input of .the operational amplifier by means of a feedback path which
comprises a series combination of a capacitor and a resistor. In addition, the voltage
available on the output of the voltage controller is applied to the inverting input of the
opéra,_tional amplifier via a resistor.

25 ' The internal frequency compensation by the operational amplifier feedback
path which comprises a capacitor and a resistor causes a deterioration of the differential gain
already in small frequency ranges. In the case of high-frequency changes of the output load
or of the supply vbltagé this leads to a longer transient period of the voltage controller. This

problem especially occurs when such a voltage controller is used in an integrated circuit.
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5 constant voltage source 10 forns a potential V2 th\etj romWhTrrri-&H%ETfor

exanpl e, the val ue of 1.2 volts. The potenti al S92 gh e,& o fa
I'ow- pass filter 11 which conprises a resistor elle ntag Qn 9%1 .
capacitive el enent 13 and whose output is é:onnect ed tjo ‘the—Ren-inverting

i nput of a wideband differential anplifier®14 to applly a reference vol fage

UREF to this input. ~The voltage suppl.y of the diffe er
14 is effected by the pdt @rﬁ’i%‘ecwpglﬁd"‘(peﬁbgﬁg) %ﬁ%@ﬁ& tﬁlgf(én@l{'é{gwl
The out put @fth bR@Islel doRtremMéri al waikhériif teddisiarbanceslof thd supplyevdiageappliedrianal
of the input transistor 15 of a cascode conbination. Th .calscod .

conbi nat i onthg gokageogagrolier havg ﬂtﬂ’@dé’@edﬁqﬁﬂlc%df“&er%l%?‘é‘? fg'tﬁ,smﬁﬁé"%‘%fg%e on
term nal of yuhhahiied voitaiR! dofffoltéridbidub QolRik %B]Plifﬁ' to Yhe load. In addgioR 0 tHeadbaity Of
the transistor 1/ is coupled to the potential VB via a collector resistor
18. 15. Fheofedht vokage spntrdiler iduping suchadissirbanses is30ibs gu8@gIeed t o t he ground
potential GND2 via an enrhtt . | St qs@,&c% ' | 16
is used for transform ng? h%k?yﬁcfm'@seagg%ga astgz{tttﬁgf’h%gsm t hé’ﬁ%ﬁ ‘gﬁ&edgg@
control | er éhsdethanntegratd|ciracit 28 apthataa plusalitynof maﬂatcpmdanﬁélelitﬂsz{ateg(sircuit

. . of th _ | : : o |
trans, ot or <t S BE Bkl e reSE SRR cARBRIHFd AR oy LB LSRRG 10°
and the traduppytmesns dfd fothe ¥dedblickspaeict i vel y. 20 The

col l ectaor, of the output fransis 17 of the. : ' ' [
10 utp 'Ithe phase s ?trting cox%ponteme lscugesdc %gestagﬁlr{pnlgr}ﬁé Ivg]rt]ag%G 'S

controller. The phase shifting component is particularly a capacitor arrangement, but it is
likewise possible to realize same via an arrangement of one or more inductance components.
The phase shifting component provides the pole necessary for stabilizing the controller.
When realized by means of a capacitor arrangement, this pole can also be produced for small
15 capacitances of the capacitor arrangement due to the wide band of the differential amplifier.
Since the phase shifting component together wit.h the load is connected to the.integrated
circuit from the outside, one has more variations in the realization when compared with the
 realization on the integrated circuit chip. ' |
However, with the phase shifting component connected from the outside,
20 the problem occurs that for high frequencies and when only a single pin is used, this
component is decoupled from the control loop of the voltage controller as a result of parasitic
inductances, and thus loses its effect. The parasitic inductances particularly originate from
line inductances of the connecting wires by which the pins of the integrated circuit are
~connected to its chip by bonds, from line inductances of the lines from the pins to the phase
25 shifting component or to the load respectively, and from the inductance of the housing of the
integrated circuit. By using two separate pins which are both connected'to'the' circuit section
comprising the phase shifting component and the load, a decoupling of the phase shifting
component from the control loop is avoided for high-frequencies, which decoupling is
determined by parasitic inductances. Either pin is used as a sensor input through which the
30 voltage available on the circuit section that comprises the phase shifting component and the
load affects the cbntrol circuit also for high frequencies, so that the phase shifting component
does not lose its effect for high frequencies either.
In an embodiment of the invention, the load current supply means

comprise a transistor arrangement and a cascode combination for coupling the output of the
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par al | el

connected to the base terminal of a PNP power transistor 20
.S supplied with the potential VB.

col |l ector of the power transistor 20 is-coupled via the pin
conbi nation 21 formed by a | oad 22 and a capacitor

TMTTE

this case 25 formed by only a single capgcitor 23. The parallel

conbi nation 21 represents an external
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i nput of t hfrangetebatwdhppedrfasraciow-iaipedanse idader 14. Via the pin 5 and the

vol t age

divider 26,it is thu ssibl e 1o . LAt
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by settingqadisRfbsetd ¥eth¥ Qpph Qoltage supplied by an external voltage source (for example, a

out put
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20

25

30

battery), when only a single ground lead is used in the integrated circuit and thus also only a

single pin for connecting an external ground potential, there is the problem that the parasitic

inductances assigned to this pin lead to fluctuations of the internal ground potential

(occurring inside the integrated circuit). Compared with the differential amplifier a large
current then flows through the cascode combination, which current leads to a shift of the
internal ground potential in dependence on the magnitude of the current, which fact in its
turn has an undesired effect on the differential amplifier. When the ground leads for the
cascode combination and the differential amplifier in the integrated circuit are decoupled in
the manner described, the ground potential for the differential amplifier is not affected by the
current flowing through the cascode combination and thus.continues- to be substantially
constant. There is avoided that the function of the differential ampliﬁer is affected by
fluctuations of the ground potential. |

Provided that a voltage divider is used for coupling the load to the
feedback path, the controlled voltage produced on the output of the voltage controller can be
set in a simple manner. The associated voltage divider ratio can be simply set and adjusted in
particular by a programmable voltage divider known per se. |

A further embodiment is characterized in that a constant voltage source
coupled to an external voltage source via a pin of the integrated circuit produces the
reference voltage. In this manner, a potentially strongly fluctuating supply voltage of the
external voltage source can be simply reduced to a reference voltage and be used as such.
The reference voltage thus produced is subjeéted to considerably smaller fluctuations than the
supply voltage, so that also the controlled voltzige produced by the voltage controller on its
output can be maintained constant. For generating the reference voltage, it is also possible to
combine a plurality of constant voltage sources to a single constant voltage source. |

Inserting a low-pass filter between the constant voltage source and the

wideband differential amplifier creates a further advantageous embodiment of the invention.

r
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6 divider ratio. Typical values for the controll %EMQEWNII SE@IJ
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e
around about 3 volts. The différential anplifiprfl4d, <.
Has a bandw dth which is consi derabl y |arger thanithe 220MN W7 of fhe
whol e voltage control circuit. This is necessary, becayse¢ the

differential anplifier 14 is to suppress disturbances ¢r TTuctuations off -
the supply voltage UB 5 or of the potentidal VB respectively. over. a_wde

frequency range. Such disturbances are al so al ready suppressed by the
const ant valdnaget sodiape sairds asuhllythawk 2 dowipassecharaatepsties so that i fgrpiesest i sti cs.

L o7 er, 0 SHBRE by ATl SR S S 8 aieres

const ant vololtagiesoufudy & attenuated. For the case where the low-pass limit frequency of the

constant voltage source is not large enough and parts of the disturbances are not attenuated

5 sufficiently, the additional low-pass filter also provides an attenuation of these types of

disturbances.

' The invention likewise relates to an integrated circuit comprising a voltage

controller which includes _ .
- a differential amplifier having a first input for receiving a reference voltage,

10 - means for applying load current to a load in dependence on an output voltage of
the differential amp'li'ﬁer, while the load being arranged inside or outside the
integrated circuit and. the load being connected to at least one phase shifting
component, and

- a feedback path for feeding back to the second of the two inputs' of the

15 differential amplifier a voltage drop at the load,

a plurality of separate pins of the integrated circuit being provided for couplmg the phase
shifting component to be arranged outside the integrated circuit to the output of the means -
for producing a load current and to the feedback path. .

An illustrative embodiment of the invention will be further explained

20 hereafter with reference to the drawing.

The drawing shows an integrated circuit comprising a voltage controller.

The integrated circuit | denoted by a dashed line is represented in the
drawing Figure in so far as this is necessary for the representation of the invention. For
dlarity, the further parts of the integrated circuit are omitted. The integrated circuit | has

25 pins 2, 3, 4 and 5. The pins 2 and 3 are connected to an external voltage source 6, so that a
potential VB is available on the pin 2 and a ground potential GND on pin 3. The ground
potential GND is supplied to the integrated circuit 1 from the exterior via a further pin 7.
The voltage source 6 is, in essence, a b'attery that produces a supply voltage UB which
fluctuates between, for example, 3 and 7 volts.

30 The supply voltage UB is applied to a voltage controller 8 via the pins 2,
3 and 7. This controller is realized on the semiconductor chip (not shown any further) of the
integrated circuit 1. At the input of the voltage controller 8 is arranged a first constant
voltage source 9 to which are applied the supply voltage UB, the potential VB and the

ground potential GND respectively, via the pins 2 and 3. The ground lead in thé integrated
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10 and the non-inverting input of the differential anmplifi er T2 to prpdpce

the reference 10 voltage Uref, as is shown in the drawng &i AR
. The controlled output potential VA of the voltage con r )] I er ngq igggv I abl e
on pin 4. The potential difference between the output} p .t he

ext ernal ground . potential G\ND is the Yontrolled :)ut put voI tage of |t he
vol tage controller 8. The voltage controller l\ﬁ% r%
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I nsi de circurt 1. resgpctlve control l'ed | oad
current is $luppichdds bipr 'gmnmg.v\)gp V'lllle otﬂpﬁimj;sst bis pogential V1 is applied to a second

The external | }'t?r{(io\)an%%ts%ﬂrc%al%ag}h dis %E{) c%nu'lﬂagfég 16 Me é{)@lm lehd GNDH. hﬁ'ne\égéotnﬁge

control l er " ces the d necessary for stabilizing the
circuit.s Tfmnytardemlté’g} sotifte ligafoeinoh pbteenzlu\fz eueaﬁrtohawmmhs ffoe examplg,ghe value

smal | er the c acit ces of. 't [ t
vol t age corfifrl |vgl,ts OE PrfeAll Yszsaﬁ?ﬁged gg 3 W B3P f-\/tg'l' “}fp\ ‘@Iﬁc‘% alé:elggtaoﬁce
of the Capaé;éxﬁém 123nd & chPRitiVe. eléGendddiané Evh@ﬁbrmptﬂhﬁl:dnmeavmtd mblnen-\rmlettage

controllers, the necessary capacitance of t C tor I s l.owered.
The resul t inRutof & wigehand differentiah amplifisrgl4 to applyra ’Eqﬁeé' '&t"(—? Uébgf iR inARhe

i nt egrat ed -BieMolithge stpply of the differential amplifier 14 is effected by the potennal V1 and the

10 ground potential GNDI.
The output of the differential amplifier 14 is coupled to the base terminal

of the input transistor i5 of a cascode combination. The cascode combination 16 further
includes an output transistor 17, the base terminal of which is supplied with the potential V1.
The collector of the transistor 17 is coupled to the potential VB via a collector resistor 18.

15 The emitter of the input transistor 15 is coupled to the ground potential GND2 via an emitter
resistor 19. The cascode combination 16 is used for transforming the impedance, so that for
the voltage controller the connected load 22 appears as a low impedance load. For increasing
the power of the cascode combination, further resistors and transistors can be connected in
parallel with the resistors 18 and 19 and the transistors 15 and 17, respectively.

.20 The collector of the output transistor 17 of the cascode combination 16 is
connected to the base terminal of a PNP power transistor 20 whose emitter is supplied with
the potential VB. _

_ The collector of the power transistor 20 is coupled via the pin 4 to a

parallel combination 21 formed by a load 22 and a capacitor arrangement, in this case

25 formed by only é single capacitor 23. The parallel combination 21 represents an external
wiring of the integrated circuit 1 or of the voltage controller 8, respectively. The terminal of
the parallel combination 21 connected to the pin 4 is also connected to the pin 5 which is
coupled to the ground potential GND!- via the voltage divider 26 formed by two resistors 24
and 25. The voltage available on the central tap of the voltage divider 26 is applied to the

30 inverting input of the wideband differential amplifier 14. Via the pin 5 and the voltage
divider 26 it is thus possible to feed back a voltage drop at the parallel circuit 21 and thus a
voltage drop at the load 22 to the inverting input of the differential ampliﬁei’ 14. The voltage
divider 26 makes a simple setting possible of the voltage value of the controlled output

potential VA or of the controlled output voltage respectively, by setting a respective voltage



25 Furthernore, parasitic inductancf C@MENIQSH%T
nd 31 are shown in the drawi ng Figure. They are ac}ijyated when hi
frequenci es occur on the pins 2, 3, 4, 5 and 7 of theli @&2JgAnt 1997
circuit 1. In the event of high-frequency disturbances of [he supply

vol t age ~UB or of the potential VB resfectively, the|internal gr

otenti al D2, coupl to, the . cascode conbi.natiqon 1% es._
Eecause of hvédeéd%df)%?fy)?'%* VQ"?JP&H\%@B"?'?F&R%%‘I(Y%"‘S_ggci\ﬂ aﬁﬁ%ﬁwm _
internal ground potenti aTh&PRrdnSalCaniliRe 14 Gad E@atﬂ?ﬂi@t‘lﬂﬁhclﬂfs%ﬂﬂd&%l?'Hr%@rj
G\D. In order to avoid a reactjon to.such fluctuations on the ground
potential GWBD thiPpandwidth of the whole valiage soptrel circrit.cFlkimis BAcessay) beqause the,

internal grQifdeddal a0plifdr 3 4G sipprtsENKrbAncdsG ﬂucttnati&ﬂtmﬁé‘gl%g”pwlﬁgé v
are separated. They are separ at_elé coupl ed to the external ground _
pot ent i al5 GRDO{ thg notratial 8B sespectiyelyn @ver.a widetfriquenesirange. Sheh diswrhadeesarealso al

GND1 appl i giready suppressed by the constant voltage sources 9 and 10 which have low-pass

' characteristics. In order to support the low-pass filtering by the constant voltage sources 9
and 10, a low-pass filter 1 may optionally be inserted between the constant voltage source .
10 and the.non-inverting input of the differential amplifier 14 to produce the reference

10  voltage Uref, as is shown in the drawing Figure. '.

The controlled Othpl;t potential VA of the voltage controller 8 is available
on pin 4. The potential ditlference between the output potential VA and the external ground
potential GND is the controlled output voltage of the voltage controller 8. The voltage

~ controller may be used both for supplying a voltage to an external load 22 as in this
15 illustrative embodiment, and for supplying a voltage to an internal load i.e. arranged inside
the integrated circuit 1. The respective controlled load current is supplied by the power
fransistor 20. . | , _

The externally connected capacitor 23 is used for stabilizing the voltage
controller 8. It produces the dominant pole necessary for stabilizing the circuit. The wider

20 the band of the differential amplifier 14 i_s, the smaller the capacitances of the capacitor 23
can be, without the voltage controller becoming unstable. A typical value for the capacitance
of the capacitor 23 is 100 nF. As against commercially available voltage controllers, thé
necessary capacitance of the capacitor 23 is lowered. The result is a simplified dimensioning

- of the external wiring of the integrated circuit 1. | '

25 Furthermore, parasitic inductances 27, 28, 29, 30 and 31 are shown in the
drawing Figure. They are activated when high frequencies occur on the pins 2,3,4,5and 7 |
of the integrated circuit 1. In the event of high-frequency disturbances of the supply voltage
UB or of the potential VB respectively, the internal ground potential GND2 coupled to the
cascode combination 16 fluctuates because of the activity of a parasitic inductance 29 via

30 which the internal ground potential GND?2 is coupled to the external ground potential GND.
In order to avoid a reaction to such fluctuations on the ground potential GND! which is
applied to the differential amplifier 14, internal ground potentials GND! and GND2 in the
integrated circuit 8 are separated. They are separately coupled to the external ground _

potential GND via the two pins 3 and 7. In this manner the ground potential GNDI applied
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7 to the differential anplifier 14 can al so be nmintai ned
sgbstantially constant even in the case of di sturbances of the suppl y
voltage WV or of the potential VB, respectively. :
For hi gh-frequency disturbances of the supply voltage UB, which are _
noticed in high-frequency parts of the congrolled output potential VA on
pin 4, both the 5 parasitic. inductance 30 connected.to pin 4 and the
parasitic ipd Ciis€ i RN

Dot ances S sy aRARIECk ttshole ndnainca sBfadel) AL /B0 e cas
respective bf gllsmfb'lecps&fdve hupaty mjhg@hlt\‘smpwfoldmoemnw Vtme'ewsmel)t ran5| stor 20
flowing to the grou S C r I
conbination 21. Only a v}g " lpgﬁ ﬁ?{]dqu SEP{&\'HC{% osﬁﬁe Sﬁ}ggﬂ""?‘qg %ﬁ?h& are
conponent s adtideth én hrgad’requérrcgrﬁartfs loovb& dohtrolisgioutjue pp@nuda i A ompndm,cbcamm and
10 the pin 5. The volta |n5 sths I n esse equal to the . _
vol t age r opATasitg H‘@“ﬁé’?c&g" e‘f°““ cted @cﬂ% 4 ﬂé)enpaﬁs"tfe'@a\é@cﬁgﬁltcﬂgneﬁfea o pin 5

i rpedance OfretREvAIed. ol indubiasies BOAGE 3B thdnHavErhih impedance values. This leads to

respective high-frequency load currents produced by the power transistor 20 flowing to the

ground potential GND in essence via the parallel combination 21. Only a very small part of
the high-frequency components of the load current flows through tﬁe parasitic inductance and

10 the pin 5. The voltage on pin 5 is thus, in essence, equal to the voltage drop at the parallel

~ combination 21 because of the high impedance of the pairaﬁitic inductance 31 for high
frequencies, so that the pin 5 here serves as a sensing element for the voltage drop at the
parallel combination 21. The efficacy of the capacitor 23 necessary for the stability of the
voltage controller 8 continues to be ensured. This capacitor is not decoupled from the

15 feedback path of. the voltage controller 8 and thus from the inverting input of the differential

| amplifier 14. When only a single pin is used for connecting the parallel. combination 21
formed by the load 22 and the capacitor 23, the connected capacitor is decoupled from the
feedback path because of the parasitic inductance of the pin, so that the voltage controller
arranged in this way becomes unstable.

20 - The described integrated circuit comprlses a voltage controller which has
a very good decoupling of the controlled output voltage from the supply. voltage UB.
Disturbances of the supply voltage UB can_be compensated for over a wide range of voltage
fluctuations and a wide range of frequencies. In lieu of providing the load 22 with the
capacitor 23, the load 22 may, in principle, also be provided with an arrangement of various

25 capacitors or an arrangenient of one or various inductances or an arrangement of one or
more capacitors and one or various inductances for the same purpose. The arrangemént
shown forms part of a telecommunication terminal, for example, a mobile radio set and is
used for its voltage supply. The further parts of the telecommunication terminal are not

shown, because they aré not necessary for a full comprehension of the invention.
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frequencies, so that the pin 5 here serves as a sensing el enent for the

vol tage drop at the paral l el conbination 21. ° e
éapaC|tor 23 necessary for the stability of the controller K
continues to be ensured. This capamtor I s not dedou mg’m ”m

f eedback path of the en 8 &nd thué ¥0 g i nput
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i nduct ances for the ﬁm e. The arr angement shown fornms part of
er %’

-a tel econmuni cati on t for exanple, a mobile radio set and js
5 - means (16, 20) for applying a load current to a load (22) that is provided with

- at least one phase shifting component (23) in dependence on an output voltage
of the differential amplifier (14), and
- a feedback path for feeding back a voltage drop at the load (22) to the second (-
) of the two inputs of the differential amplifier (14), characterized in that the
10 phase shifting component (23) is arranged outside the integrated circuit (1) and
in that a plurality of separate pins (4, 5) of the integrated circuit (1) are
_ provided for coupling the phase shifting compbnent (23) to the output of the
- load current supply means (16, 20) and to the feedback path. '
2. The telecommunication terminal as claimed in Claim 1, characterized in
15 that the load current supply means (16, 20) comprise a transistor combination (20) and in
that a cascode combination (16) is used for coupling the output of the differential amplifier
(14) to the control input of the transistor arrangement (20) supplying the load current.
3. , The telecommunication terminal as claimed in Claim 2, characterized in
that two separate ground leads (GNDI, GND2) which are coupled to an external ground lead
20 (GND) via two pins (3, 7) of the integrated circuit (1) are used in the integrated circuit (1)
for the differential amplifier (14) and the cascode combination (16).
4. The telecommunicatidrt terminal as claimed in one of the Claims 1 to 3,
characterized in that a voltage divider (24, l25) is used for coupling the load (22) to the
feedback path. ' _ '
| 25 5. The telecommunication terminal as claimed- in one of the Claims 1 to 4,
characterized in that a constant voltage source (9, 10) coupled to an external voltage source
(6) via a pin (2) of the integrated circuit (1) is used for producing the reference voltage
(UREF). |

6. The telecommunication terminal as claimed in Claim §, characterized in
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that a low-pass filter (11) is inserted between the constant voltage source (9, 10) and the
differential ampliﬁer (14). _ _
7. The telecommunication terminal as claimed in one of the Clai.ms I to6,
- characterized in that the voltage controller (8) is arranged in the integrated circuit (1) and in
5 . that both the load (22) and the phase shifting component (23) are arranged outside the
integrated circuit (1). ' | '
8. The telecommunication terminal as claimed in one of the Claims 1 to 7,
characterized in that a capacitor (23) connected in parallel with the load (22) is used as the
phase shifting component. _
10 9. An integrated circuit (1) comprising a voltage controller (8) which
includes | .
- a differential amplifier (14) having a first input (+) for receiving a reference
voltage (UREF),
- means (16, 20) for applyiﬁg a load current to a load (22) that is provided with
15 _ at least one phase-shifting coinponent (23) in dependence on an output voltage
of the differential amplifier (14), and .
- a feedback pafh for feeding back a voltage drep at the load (22) to the second (-
) of the two inputs of the differential amplifier (14), characterized in that the
_ phase shifting component (23) is arranged outside the integrated circuit (1) and
20 in that a plurality of separate pins (4, 5) of the integrated circuit (1) are
provided for coupling the phase shifting component (23) to the output of the
load current supply means (16, 20) and to the feedback path. '
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part of an integrated circuit (1).and conprises ' a differenti al
anplifier (14) having a first input (+) for receiving a reference voltage
6UREF) : means (16, 20) for applylng a load current to a load (22) °
that is provided with at |east one phase shifting conponent (23) in
dependence on an output voltage of the differential ]
a feedback path for feeding back a voltagéodrop at t i : ¢
second (-) of the two inputs of the differential anpllvler ' ,
charact eri zZABSITRAQHat the | oad current supply nmeans {16, 20 ﬂpﬁ%#se a
transistor ?Q-Q‘Eﬂnﬂﬁﬁd:%oﬁ%mﬁd‘ il vdiBge céhpRScode cofrt “at'on

for coupling t output o e differential anplifidr Z ‘

i nput of the transistor arrangenent (20) supplying tthe
that two separate ground | eads (G\D1, GND2) which are coupl ed a
external ground lead (G\D) via two pins (3,7) of the integrated circuit (1)
are used in the integrated circuit (1) for the differential anplifier (14)

S e (G e o char bl vt e EbFAGETH Brag Py aSfhee’ 23,
for coupli nﬁ)rﬁ:ﬂbﬁeﬂ (Sald.'lﬁcﬂl%ontrﬁllérhbnﬁeﬁdbﬁc barpaf bn integrated circuit (1) and comprises -
- a differential amplifier ( 14) having a first input (+) for receiving a reference
* voltage (UREF), _
5 - means (16, 20) for applying a load current to a load (22) that is provided with

at least one phase shifting component (23) in dependence on an output voltage
of the differential amplifier (14), and _ '
- a feedback path for feeding back a voltage drop at the load (22) to the second
| (<) of the two inputs of the differential amplifier. |
10 To provide a maximum suppression of disturbances of the output voltage
over a wide frequency rahge and guarantee the stability of the voltége controller, there is
proposed to arrange the phase shifting component (23) outside the integrated circuit (1) and
to provide a plurﬁlitj of separate pins (4, 5) of the integrated cir_cu'it (1) for coupling the
phase shifting component (23) to the output of the means (16, 20) for producing a load
15 current and to the feedback path. The invention likewise relates to a respective integrated

circuit.

Figure 1



3. The tel ecommunication termnal as clained in daim1l or 2,
characterized in that a constant voltage source (9,10) coupled to an
“external voltage source (6) via a pin (2) of the integrated circuit (1) is
used for producing the reference voltage (UREF). 4. The

tel econmuni cation termnal as clainmed in Caim3, characterized in that a

| ow-pass filter (11) is inserted between the constant voltage source (9, 10)
-and the differential anmplifier (14). 5. The tel ecomruni cati on term nal
as clainmed in one of the Clains 1 to 4, ggharacterized in that the voltage
controller (8) is arranged in the int ted circuit (1) and in .that both
the load (22) -and the phase shifting conponent (23) are arranged outside
the integrated circuit (1). 6. The tel econmuni cation term nal as
claimed in one of the Clainms 1 to 5, characterized in that a capacitor (23)
connected in parallel with the load (22) is used as the phase shifting
conponent . :

Figure 1
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-9 - What is claimed is:
1. A telecommunication terminal with a voltage controller (8) which controller forms at least

part of an integrated circuit (1) and comprises
a differential amplifier (14) having a first input (+) for receiving a reference voltage
(UREF), '

means (16,20) for applymg a load current to a load (22) that is provided with at least one
phase shifting component (23) in dependence on an output voltage of the differential amplifier (14),
and .

a feedback path for feeding back a voltage drop at the load (22) to the second (-) of the two
inputs of the differential amplifier (14), characterized in that the load current supply means (16,20)
comprise a transistor combination (20) and in that a cascode combination (16) is used for coupling
the output of the differential amplifier (14) to the control input of the transistor arrangement (20)
supplying the load current, and in that two separate ground leads (GND1, GND2) which are
coupled to an external ground lead (GND) via two pins (3,7) of the integrated circuit (1) are used
in the integrated circuit (1) for the differential amplifier (14) and the cascode combination (16).

2. The telecommunication terminal as claimed in Claim 1, characterized in that a voltage
divider (24,25) is used for coupling the load (22) to the feedback path.

3. The telecommunication terminal as claimed in Claim 1 or 2, characterized in that a constant
voltage source (9,10) coupled to an external voltage source (6) via a pin (2) of the integrated circuit
(1) is used for producing the reference voltage (UREF).

4. The telecommunication terminal as claimed in Claim 3, characterized in that a low-pass
filter (11) is inserted between the constant voltage source (9,10) and the differential amplifier (14).

5. The telecommunication terminal as claimed in one of the Claims 1 to 4, characterized in
that the voltage controller (8) is arranged in the integrated circuit (1) and in that both the load (22)
-and the phase shifting component (23) are arranged outside the integrated circuit (1).

6. The telecommunication terminal as claimed in one of the Claims 1 to 5, characterized in
that a capacitor (23) connected in parallel with the load (22) is used as the phase shifting
component.

7. - An integrated circuit (1) comprising a voltage controller (8) which includes

a differential amplifier (14) having a first input (+) for receiving a reference voltage
(UREF), _

means (16,20) for applying a load current to a load (22) that is provided with at least one
phase shifting component (23) in dependence on an output voltage of the differential amplifier (14),
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and ~» «a feedback path for feeding back a voltage drop at the |oad (22)

A0 the second (-) of the two inputs of 'the differential arrpllfler (‘14), '

characterized in that the load current supply nmeans (1b 20) conprise a

transi stor eonbination (20) and in that a cascod i's used

for couplifhg the output of the differentPal anpl ﬂm m’,m&@ control

i nput of the transistor arrangenent (20) supplying the and in

that two se ar at e ground | eads (GND 1, GND2) which are coupled to an .

ext er nal nd lead (G\ND) via two pins (3,7) of the integrated circuit

are used |n t hea ffertleagk path dorcfepding bac 3)V0¥téﬂe ‘dropeat dhe Joad @A rosthe s9R0Rd £ A r-t‘e_L4)

and the cagfPsifuts ofrieiffdretial dfplifier (14), characterized in that the load current supply means

(16,20) comprise a transistor combination (20) and in that a cascéde combination (16) is used for

coupling the output of the differential amplifier (14) to the control input of the transistor
arrangement (20) supplying the load current, and in that two separate ground leads (GND1, GND2)
which are coupled to an external ground lead (GND) via two pins (3,7) of the integrated circuit
(1) are used in the integrated circuit (1) for the differential amplifier (14) and the cascode
combination (16).
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