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10  PRIOR ART
More or less comprehensive integrated circuits are an important constituent element
in the sphere of telecomnunications. In the sphere of radio commumications, in
particular, it is desirable, wherever possible, to use low supply voltages for this type
of circuit in order thereby to reduce the power consumption in the circuit.

15
Certain types of Application Specific Integrated Circuits (ASIC's) contain
components requiring second voltages, in some cases higher than the circuit supply
voltage. The problem arises, inter alia, in LSI circuits which handle low-level radio
signals. In the case of voltage-controlled oscillators (VOO's), for example, a higher

20 voltage is usually required for varactors incorporated in the circuit than that used in
other parts of the circuit. In order that the supply voltage to the circuit does not
have to be increased unnecessarily, a system is frequently used by means of which
voltage conversion from a lower to a higher voltage is performed in the circuit by
means of a voltage multiplier.

25 - :

A common system for bringing about the said voltage mmltiplication is to use

circuitry with capacitors integrated in the circuit or outside it. The said system is

known, inter alia, from US-A-4 796 174, US-A-4 922 403 and US-A-4 982 317. A

disadvantage to this known system is that the circuitry results in transients which are

30  transmitted to other circuit elements and give rise to problems of interference in the
latter.
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DESCRI PTI ON. Ok, THE ‘5EE The present invention is intended to
sol ve the MF% Y ¥ ing high voltages for sel ect ed conmponents
in |ntegrated circuits, such as varactors, field-effect transistors

and HF switchi phg di odes._ The |nvent|on is preferably used in LSI and VLS
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arrangement, whereupon the detected optical signal is converted to a voltage at the
output of the second circuit. The voltage which is obtained at the output of the
second circuit may have a higher level than the voltage entering the first circuit and
15 the supply voltage to the integrated circuit. The light transmission between the first
and second circuit of the arangement is well screened so that the power losses in the
circuit remain small. The ratio between input and output voltage from the circuit is
influenced by the number of photosensitive elements in the second circuit. -

20 Iheprmkwmﬁmalsorelatwwapmcssfmpafouﬁﬁgvoltagemnvasimin
an integrated circuit. In the process according to the invention a first voltage is
converted into an optical signal. The latter may be incident to a second circuit and
converted to a voltage, the level of which differs from that of the incident feed
voltage and varies as a function of the detected light intensity.

An advantage of the solution according to the invention compared to the known
system is that the voltage conversion can be performed for certain components in
the integrated circuit without interfering with the rest of the circuit.

30  DESCRIPTION OF FIGURES :
Figure 1 shows a voltage multiplier for integration on a substrate in accordance with
the invention.
Figure 2 shows a radio circuit in which the multiplier aoobrding to the invention can
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15 A first input voltage u,, which does not exceed the supply voltage of the integrated
circuit, is fed to the input of the first circuit on the primary side of the arrangement.
In this circuit the said input voltage u,, is converted into an optical signal, the light
intensity of which corresponds to the current through the resistor R;, In the
embodiment shown this conversion occurs in a light-emitting diode (LED) 2. The

20 first and second circuit are jointly screened so that the optical signal from the first
mumwmbedﬁnedmdemesmdmgbmwmﬂybeammdtoﬂw
second circuit.

The second circuit comprises a photovoltaic converter, which converts a received
25  optical signal into a voltage. In the embodiment shown in the figure, the said
photovoltaic converter is formed by a plurality of photodiodes 3a, 3b, 3¢, which
function by photovoitaic effect. The output voltage u,,, obtained at the output from
the second circuit varies as a fimction both of the total number of photodiodes and
of the incident light and hence of the input voltage u,, at the input of the first circuit.

The ratio between the input and output voltages u,, u,, is controlled by the resistors
Rin R, shown in the figure, connected to both primary and secondary side of the
arrangement. The current flowing in the said resistors is divided between the resistor
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circuit (ASIC), any additional voltage sources can be dispensed with.

Figure 2 shows a part of an application-specific integrated circuit for use in a radio

«circuit. The arrangement according to the invention is preferably used in integrated

circuits with resonant circuits, as shown in the figures, since the integrated multiplier
1 according to the invention results in an advantageous multiplication of a certain
voltage without transients occurring in the multiplication, thereby causing noise.
Figure 2 shows an optical voltage multiplier incorporated in an application-specific
integrated circuit, in accordance with the invention. The voltage multiplier 1 may,
for example, be incorparated in a phase locked loop (PLL circuit) 4 and used to
transform the voltage to a higher level for supplying components around an oscillator
part 10 of the circuit. A varactor 7, which is incorporated in a frequency-
determining circuit 6, which is connected to the said oscillator part 10, constitutes
one of the said components. The said frequency-determining circuit 6, or resonant
circuit, also comprises a capacitor 8 and a coil 9. The varactor 7 requires a higher
supply voltage than the other parts of the integrated circuit 4 and the voltage must
therefore be transformed in order to be able to control the varactor 7. On the so-
called primary side of the voltage multiplier 1, an input voltage u,, varying as a
fimction of the +5V supply voltage, is converted to an optical signal in a light-
emitting diode 2. The said optical signal is transmitted to the secondary side, it
being possible to obtain a higher voltage by converting the optical signal to an

voltage nultiplier forptnmggmnbhon in an.
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supply voltage of the integrated circuit.

2. Arrangement according to claim 1, characterised in that the second circuit is
finctionally connected to at least one varactor (7). |

3. Aunmgmnanaumnﬁnguadhknl,dhnumuﬁndinﬂht&wseumdckuﬁtB
functionally connected to at least one PIN diode switch.

4, Arrangement according to claim 1, characterised in that the second circuit is
functionally connected to at least one field-effect transistor.

5. Arrangement according to any of the preceding claims, characterised in that it
is incorporated in an integrated circuit of LSI type.

6. Arrangement according to any of the preceding claims, characterised in that it
is incorporated in an integrated circuit of VLSI type.
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circuit, also conprises a capacitor. 8 and a.coil 9. The varactor 7 requires
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circuit 4 and the voltage nust therefore be transforned in order to

be able to control the varactor 7. On the so- 30 called primary side of
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function of the +5V supply voltage, is converffed to an optical signal in a
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naturally al s§ reﬂ,atwstoﬂimdam),ntegrated circuit with a plurality of optical
voltage nultipliers, each of these being connected to any conponent
requiring a hi gher voltage than the supply voltage, or a different

pol arity, but congers%glﬂ-mgwm@,%oﬁ%@ﬁ%mmg which
comprises a plurality of different circuit components, one or more of which requires
a voltage which differs in magnitude from a supply voltage for the integrated circuit
10  or requires a different polarity to the latter, but the current consumption of which is
low, characterised in that
- aﬁmtvoltageforaﬁxstsgmlthhaﬁrstcmentnﬂensﬁynsconvatednﬁo
an optical signal,
- the optical signal is fed to a photovoltaic converter, which converts the light
15  received into a second voltage, which is electrically isolated from the first voltage.
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integrated circuit, but the current consunption of which is.|ow,
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are designed to receive the optical signal ~and convert this to a second
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vol tage rati o, and - the first and second circuit constitute a part
of the integrated circuit and are arranged connected to a circuit

conponent which requires a voltage other than the 15 suppl y vol tage of
the integrated circuit.
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2. Arrangenent according to claim1l1, characterised in that the second

circurtTs f unctromatrty connected—toat—teast—one varactor—{7)- 20 —
3. Arrangenment according to claim1, characterised in that the second
circuit is functionally connected to at | east one PIN di ode sw tch.
4. « Arrangen®@96gz21er ding to claim 11, characterised in that pdgs
cirguit is functionally connected to at |east on field-effect
transistor. 25 5. Arrangenent according to any of the preceding
clainms, characterised in that it " isapmcorporated in an integrated
circuit of LSI type. 6. Arrangenent according to any of the
preceding clainms, characterised in that it 30 IS incorporated in an
integrated circuit of VLSI type. . WD 96/ 27211
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(57) Abstract

‘The present invention re-
lates to an arrangement (1) for
gufonpingopﬁ_calvolpge mul- 1
tiplication, which is integrated +‘
into an integrated circuit. The
amangement (1) comprises a first
circuit which converts the volt-
age (uy) to be transformed into
an optical signal, which is emit- Rin . —
ted from at least one element (2) +
in the circuit. The said optical Ny 2 i
signal is detected in a second cir- Uiﬂ Ay
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cuit in the arrangement, which

comprises one or more photo-
sensitive elements (3a, 3b, 3c¢),
which are designed to receive :
and convert the optical signal to M
a voltage (Uow), at the output of
- | the second circuit. The voltage * 3c
(U0} Which is obtained at the “o
output of the second circuit may -
have a different level and polar- o
* ity to that of the voltage (Um) en-
: tering the first circuit or the sup-
ply voltage to the integrated cir-
cuit. The light transmission be-
tween the first and second cir-
.| cuit of the arrangement is well
screened so that power losses in the circuit remain small. The ratio between input and output voltage from the circuit is influenced by the
number of photosensitive elements (3a, 3b, 3c). The present invention also relates to a process for performing voltage multiplication in an
- | integrated circuit of the above-mentioned type.




