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ARRANGEMENT AND MlmlOD IN A TSLECOMMUNICA110N SYSTEM FOR OPl1CAL VOLT· 
AGE MULTIPUCA'nONING IN AN INTEGRATED CIRCUlf 

1ECHNICAL SOOPE. 

The pm;ent: invention relates to an amu;igement for perfonning voltage conversion 
in an integrated cllwit co1np1ising a plurali1y of different cireuit components, ODe 

or more of \\hidl requires a voltage which differs fi'om the supply voltage of the 

s integrated circuit. 

The invmtion also relates to a pocess for perfouning voltage amversion in an 
integrated circuit according to the aforemmlicmed. 

10 PRIORART 

15 

More or less comprehemive integrated circuits are an important constituent element 

in the ~ of telecmmmmications. In the~ of radio communications, in 
particular, it is desirable, wherever pouible, to use low supply voltages for this type 

of circuit in order thereby to reduce the power consumption in the circuit. 

Certain types of Application Specific Integrated CimJits (ASIC's) amain 
components requiring seoond voltages, in some cmes higher than 1he circuit supply 
voltage. The problem arises, inter alia, in I.SI cin:uits which handle low-level radio 
signals. In the cme of vo1tage-controlled oscillat<Xs (VCO's), for exaq>le, a higher 

20 voltage is usually required for varactms incmporated in 1he circuit than that used in 
other parts of the circuit. In order that the supply voltage to the cimlit does not 
have to be haem;ed unnecessari)y, a system is :ftequmtly used by means of whidi 

voltage convmion fiom a IO\\'a' to a hip vOltage is perfoimed in the circuit by 
means of a voltage multiplier. 

25 

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

circui1ly with capacitors integrated in the circuit or outside it. The said system is 

known, inta' alia, :&om 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 cin:Uitty results in 1nmsients which are 

30 transmitted to other circuit elements and give rise to pobleim of interfaenc.e in the 
latter. 
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DFSCRIP110N OF 1HE INVEN'llON 

The presmt invention is intended to solve the problem c)f ~eving high voltages for 
selected components in integrated circui~ such as ~ field-effect transistors 
and HF switching diodes. The invmticm is peferably usecl'm LSI and VISI circuits 

S and meaqs that high voltages can be achieved without the' Deed to hxmlse the 
cin:uit's supply voltage. 

This is achieved in that an arrangement for performing opti~ voltage conversion is 

integrated into the integrated citaUt. The arrangement cOriJprises a first cin:uit, 

10 whiclt converts the voltage to be mmsfmned into an opti~ signal. The said optical 
signal is detected by a munber of photosensitive element!I -in a second ciR:uit in the 

arranganent, wJaeupon the detected optical signal is converted to a voltage at the 
ou1pUt of the second citaUt. The VC)ltage which is obtainecf 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 cireuit. The light ttinsDiission between the first 
and second circuit of the arrangement is well screened so that the power losses in the 
cirwit remain small. The ratio between input and output Voltage ftom the cim1it is 
influenced by the number of photosensitive elements in the second circuit. 

20 The present invention also relates to a process for pafonning voltage conversion in 
an integrated circuit In the pocess 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 dllfers ftom that Of the incident feed 
voltage and varies as a function of the detected lisht intcmity. 

25 

An advantage of the solution according to the invention compared to the known 
system is that the voltage convmion can be perfonncd for -certain componrnts in 
the integrated circuit without interfering with !he rest of the·(iwit. 

30 DF.SCRIPIION OF FIOURF.S 

Figure 1 shows a voltage multiplier fir integration on a substrate in am>rdance with 

the invention. 

Figure 2 shows a radio circuit in which the multiplier according to the invention can 
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PREFERRED EMBCDIMENT 

The invmtion will be expJained below with n:fcrence to Figure 1, which shows a 

S prefared.embodimmt of an optical voltage multiplier for integration in an LSI or 

VISI circuit · 

The voltage multiplier 1 comprises a primary side with a first circuit and a secondary 

side with a second circui~ which are dectrically isolated ftom one another. The 

10 nwltiplier is piefenbly arranged closely connected to a component in the integrated 

circuit which requires a di&a4 voltage fi'om the other <mJpODel'ltS, that is a voltage 

which differs fi'om the supply voltage; the required voltage may, for example, be 

higher than the supply voltage. 

15 A first input voltage lit.., whidt does not exceed the supply voltage of the integrated 

circuit, is fed to the input of the first circuit m the primary side of the ammganmt. 

In this circuit the said input voltage Uin is cmvated into an optical signal, the light 

illt'emity of which corresponds to 1he currat through the resistor Rm· In the 

embodiment shown this cmvcrsion occurs in a light-emitting diode (LED) 2. The 

20 filst and secmd ciralit are jointly· saemed so that the optical signal ftom the first 

circuit cannot be di1bed outside the said saee11ing but can only be emitted to the 

seaDI ciraJit. 

The secoo.d circuit comprises a photovoltaic converter, which converts a received 

2S optical signal into a voltage. Jn the embodiment shown in the figure, the said 

photovoltaic anverter is fcrmed by a~ of photodiodes 3a, 3b, 3c, which 

function by photovoltaic eifect. 'Ihe output voltage Um obtained at the output from 

the second circuit vmies as a fimction both of the total number of photodiodes and 

of the incident light and hmce of the iiJput voltage u... at the input of 1he first circuit. 

30 

The ratio between the input and output voltages u. u... is con1rolled by the resistors 

R... Ra. shown in the figure, cmmected to both primary and secondary side of the 

ammgemCnt. The cunmt flowing in the said resistors is divided between the resistor 
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~ connected to the first circuit and the resistor R. connected to the second cirwit. 

Since the output voltage u_ at the output from the second. circuit is higher that the 

input voltage Um at the· input to the fiist. circuit, the cmmt intensity in the resistor Ru. 
connected to the first ~ is higher than the current intCmity in the resistor Rm. 

5 connected to the second ciiwit, seeing that no additionll ·power is supplied during 

transformation.· On the COllthll)', 1ransformatim naturally results in certain power 

losses, although where necesay these can be kept ~ low. Voltage nwltiplication 

to a higher voltage level is therefore only pcmible in~ circuits in which only 

vezy small currenrs are required. 

10 

By installing an arrangement for optical voltage multiplication in accordance with the 

invmtion, that is, for example, an optical coupler in an· application-specific integrated 

circuit (ASIC), any additional voltage sources can be dispensed with. 

15 Figure 2 shows a part of an application-specific integrated circuit fol•• use in a radio 

.circuit. The arrangement according to the invm1i<n is pefcrably used in inteped 

circuits with resonant cimlits, as shown in the figures, since the integrated multiplier 

1 according to the invmtion results in an advantageous -DBJ)tiplicaticn of a certain 

voltage without tramiems ocrmring in the multiplication, thereby anmng noise. 

20 Figure 2 shows an optical voltage multiplier incorporated in an applicalion-specif 

integmted cimJit, in accordance with the invemim. • voltage multiplier 1 may, 

for example, be incmporated in a phase locked loop (PIL citwit) 4 and med to 

ttmsbm the voltage to a hip level for supplying componem around an oscillator 

part 10 of die cilwit. A varactor 7, which is lncnpmated in a ftequmcy-

25 ddamining ciraJit 6, which is amnected to the said oscillatm part 10, constitutes 

one of the said components. The said iequency-detau1ining ckcuit 6, or n:sonant 

cirwit, also mmprises a capacitor 8 and a coil 9. The vamctor 7 requires a higher 

supply voltage dal the otha" parts of the integhltal circuit :4 and the voltage must 

thaefore be transformed in· order to be able to control the varact<r 7. On the so-
30 railed primary side of the voltage multiplier 1, an input voltage tJia, vmying as a 

fiJoction of1he +sv supply voltage, is amverted to an optical signal in a light­

emitting diode 2. 1he said optical signal is tramnitted to the sec:ondmy side, it 

being possi"ble to obtain a higher voltage by converting the optical signal to an 
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e1edrical signal n{::ile or more photodiodes 3a, 3b, ·3c. Where necessmy, the 

polarity of this voltage can also be revezsed by connecting photodiodes 3a, 3b, 3c 

with n=vased polarify. 

5 The invention naturally also relates to an integrated circuit with a plmality of optical 

voltage multipliers, each of these being connected to any component requiring a 

higher voltage than the supply voltage, or a difft"Jmt polarity, but conversely only 

requiring a low current. 
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CLAIMS 

1. Arrangement (1} in an integrated ciIWit for prrliIJning voltage nmltiplication 

in the integmted circuit, which comprises a plurality of ~e.ceut circuit components, 

one or piore of which requires a voltage which exceeds ~supply voltage for the 

integrat.ed circuit, but the currmt amsumption ·of which iS low, elMactedsed in that 

S a first circuit is designed to convert a first voltage (Um) into an optical signal, 

which is emitted fi'Oln at lemt one element (2) in the circuit, 

a second circuit comprises one or more photosenSitive elements (3a, 3b, 3c }, 

which are designed to receive the optical signal and convert this to a second voltage 

(u.J, which can be electrically isolated fiom the first voltage (Um) and diffm 

10 ~ 

the said photosensitive element (3a, 3b, 3c) is designed to influmce the 

voltage mtio, and 

- the first and second circuit constitute a part of the integrated circuit and are 

• arranged connected to a circuit component which requires a voltage othec than the 

15 supply voltage of the integrated circuit 

2. Ammgemmt aauding to claim 1, cbanalised in dllt the. second circuit is 

functionally coonected to at lemt one vamctor (7). 

20 3. Arrangement aauding to claim 1, dmmdsed in dlllt the second circuit is 

functionally connected to at team. one PIN diode switdL 

4. Ammgemmt aauding to claim 1, ebameJised in tlmt the second ciicuit is 

functionally mmected to at least one field-effect 1ransist.or. 

2S 

S. Ammgement aauding to any of the preceding clailm, clmnmlised in tbal it 

is incoiporated in an integrated circuit of LSI type. 

6. Ammgemmt according to any of the preceding claims, daaDlised in bl it 

30 is inmporated in an integrated circuit of VLSI type. 

11111111 illlll lllll lllll ll llll 
* C L M S * 



WOff/27211 PCTJS~242 

7 
~-r·.:~~-\~. , 

7. AITangetifnt according to any of the prea;diftg c}aim,, chamcterised in dmt 

the first circuit comprises at least one light-emitting diode (2), that the second circuit 

comprises at least me photodiode (3) of photovoltaic effect and that the said diodes 

are saecned so that essentially all light from the light-emitting diode is incident upon 

5 the photodiode (3). 

8. Proctss for pe.rfmming voltage nmltiplication in an integrated circuit, which 

comprises a plurality of diffelalt circuit components, one or more of which RqUires 

a voltage which differs in magnitude from a supply voltage for the integrated circuit 

10 or n:quircs a different polarity to the latter, but the current consumption of which is 

low, daacterised in ... 

a first wltage for a first signal with a first cmrent intensity is converted into 

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. 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ ,,I\ 
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