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FIELD OF | NYAERSteR The present indention relates to arra’ﬁ%ﬂrﬂémgs for
nodul ati on and power anplification of low 5 frequency or internediate
frequency information signals to a radi o frequency signal, wherein
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applications 15 for i'nstance, whereas a class A-type anplifier is

rel ati vel Been rgeaerayt theadnventiorfelatise he yarrangements  foh ehe uppdujatione and dpower
same anplifier. for the sinulianeous anplification. af several .
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Modul at i og?gc?%r nastvgrlllgse‘? t here ins1 g ééareqw red” a power anplifier whose
linearity is extrenely high, since it is essential in such cases 20 t hat
al | tthe plThsenwntiomalst relatcktopasthedsahat apf appligd iwith suclyamdngementsnent s ar e

mai ntai ned in the anplification process. Gtherw se, internodul ation
can occur between the signal conmponents and/ or the spectrum of the

anplified I.Lﬂbﬁi(ﬁ‘“?hEcﬁR ?Wﬁnffﬁfo as to manifest the
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a plurality of narrow band channels, and power 25 anplifiers that _are
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placegl.  for instance, whereas a class A-type amplifier is relatively linear but has low efficiency. _

When using one and the same amplifier for the simultaneous amplification of several
information signals modulated on different carrier waves, or when using linear modulation
formats, such as QAM (QAM = Quadrature Amplitude Modulation) for instance, there is
required a power amplifier whose linearity is extremely high, since it is essential in such cases
20 that all the phase and amplitude positions of ingoing signal components are maintained in the
amplification process. Otherwise, intermodulation can occur between the signal components
and/or the spectrum of the amplified summation signal can be broadened so as to manifest the
risk of interference with signals transmitted via other channels. Amplifiers that are adapted for
simultaneous power amplification of a' plurality of narrow band channels, and power
25 amplifiers that are intended to amplify a carrier wave on which several CDMA channels
CDMA = (Code Division Multiple Access) are superimposed are examples of equipment on

which the aforesaid high linearity requirement is placed.
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modulators.

It is known from Patent Specification US-A 5,401,953 to utilise sigma-delta modulators in
20 single and exponential radio frequency modulation, i.e. radio frequency modulation of
' quadrature-divided signal components. European Patent EP-B1 426 560 also discloses a

solution in which sigma-delta modulators are used to modulate an input signal exponentially.

In the article "Complex-Signal Sigma-Delta Modulators for Quadrature Bandpass A/D
Conversion", Microelectronics Journal, Vol. 27, No. 6, 1996, pp. 505-524, V. da Fonte Dias
25 gives an account of the advantageous noise filtering that can be achieved with the use of
complex sigma-delta modulators. These modulators make possible noise transmission
functions that are not symmetrical with respect to d.c. voltages. As a result, the design
methodology can be made very simple with respect to lower and higher order cascade

topologies for this type of modulator.
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silicon switches, LASS (LASS = Light Activated Silicon Switch).

5 Two dTlie astielat"Pragress ds USY B (rameratiion gvithekipedri Sjlicdnr Sejtrhes’y Optically Activated

Govi ce-and SR IbATIE Yle 13 135, ape228-24 b3 Wil Sl orls methods of
Lo Sheedenthaily BRI Al AOUEY R BeBid 6 HAPAURRARUS DRl ALY

El ectro- Optic Appr oach", 95 | I'nt er nposI um on
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frequency bagé Liteime “Siliegn PhotgpendugtiveySsmienndustar Srwitches” A/Qpticatly eActivted
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synt hesi se a requency irectly in accordance with
this nmethod.

SUMMARY OF THE INVENTION
The present invention presents arrangements and methods for pulse-shaping and power
amplification of a general information signal, which may be analogue or digital, simple or

quadrature-divided into two signal components. The solution proposed provides high linearity

20 and also high efficiency over a wide frequency band.

Solutions for D/A-conversion and A/D-conversion can be obtained with sigma-delta
modulation over a large dynamic range, because the oversampling and noise filtration used
therewith reduces both the requirement of linearity of the analogue circuits included and the
matching requirement therebetween. Furthermore, the anti-aliasing ﬁiter used in the solutions
. 25 can be made relatively simple, wherewith the solutions are well-suited for integrated circuits.
Unfortunately, there are at present no circuits that are fast enough to synthesise a radio

frequency signa! directly in accordance with this method.
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in the power amplifier is obtained beneficially by sigma-delta modulation. A sigma-delta

modulator can generate numerous signal values from arbitrary analogue or digital information

signals.

A first arrangement proposed in accordance with the invention sigma-delta modulates an
20 incoming information signal and generates a digital signal that can assume M-number of
different discrete signal values. The digital signal is then converted in a mixing and
amplifying unit to a voltage switched information-carrying signal from which a desired part of
the spectrum of the signal is extracted by filtration. A voltage switched signal is obtained from
the digital signal by controlling M switches in accordance with the information content of the
25 digital signal. Each switch is connected to a switch-unique supply voltage and to an output
that is common to all switches. When a given switch is closed, the supply voltage of said
switch becomes available on the output. The switches are controlled so that only one switch is

closed at a time. The voltage switched information-carrying signal is comprised of the voltage
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smntched scgngbs are produced fron1the dlgltal S|gnals by using M
switches in the same way as that described with regard to the first

proposed arrangenent. The arrangenent is thus characterised by the features
set forth A third arrapgemens preposesith gcaordangs Jvith the inventionrgenerates fnoogragrature-

relates to t h f

oS, PR g LSRR BoBRLGh B Vb8 B of e
signal is meaﬁlamtnfe&ﬁgnal signals ch take M Giutritler 6f giffetent Bigérefenignati esludd diot@get e
si gnal values, by signma-delta nmodul ation. The n-bjt wor ds, where n=

[err] | ogM mfchpﬁsmfaﬁaenonr@gwe@eﬁgn% corespanding 4p the gigitel ag@almet generated by a
d rd
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exanpl e ofd&v&&%ﬁh@hﬁmﬁ@.@amﬁdo&eﬁmmmmgm AMdésired part of the spectrum is
20 separated from the summ-atibn signal by filtration. Voltage switched signals are produced

from the digital signals, by using M switches in the same way as that described with regard to

the first proposed arrangement. The arrangement is thus characterised by the features set forth

in the following Claim 3.

The invention also relates to a method for pulse-shaping and power amplification of an
25 incoming information signal. According to the method, the information signal is restructured
to a digital signal that includes M-discrete signal values, by sigma-delta modulation. The n-bit
words, where n="logM for instance, representing the digital signal are multiplied by a given
symbol sequence, which 'may be a so-called Hadamard sequence, for instance. A binary local
oscillator signal 0, 1] is a simple-example of a possible Hadamard sequence. However, any

30 other symbol sequence that is repeated periodically will do equally as well. Those symbols
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di fferent discrete val ues. The signal resulting fromthe

mul tiplication process is decoded and controlled, or steered, to a
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set forth in the followmng Carm12 A second inventive
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pul ses of lonising radiation are then conbined to M pul se-trains

such that the pulse trains together will 20 represent a product signal
of the di gi tsedondi ipventivanuicidiod foe pulsersbaping expdepaseer &wiﬁq@uom@ﬁ amiincoming

I oni Si radi ati.on.irradiate n nduct I-ve el enen electrical
Conduct | viitighition sighal coititen reipRidok o FREMARBHERE FaRtved TatrLaE
that inpi 'EQ%?grﬁz{-dél?d hddElBtidn) SvHRIRRARH. dlm ignal may taldeW'—d?ﬁE‘t@ntU&’i@&eQYSmnal
i oni sing radi ati on, each conductive el efent w |l deliver to an output t hat
is 15 valuesiihe digitz isignalds deesided ené contenilted, i asoppance wath tkgevammoohcemed
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manner sulh?®ERED pgﬂ%;egﬁgmgrvgwg,ﬁelwrpﬁ 95 Ic"x (’:f‘t‘e 68 ‘ﬁ The pulse 2t cﬁﬂYF"&ld\}%n
homent 1 n 15ﬂ1¥l'§% ra-El*f'altﬁm'IEH Hﬁﬁjdéd%pQHl%rcﬁﬁE@ﬁﬂ &%?bom!ntﬁ r]3?1(:1‘(1 EcthpdiRat i3 %EntftHfo‘iJEh LN

t he lowng Caim1l hird inventive nmethod for
pul se- shapepugate ridlayoceienent,ngl délyy n@mantsognmgttmgfdaﬁ'&mmsugnal delays. The pulses of
ionising radiation are then combined to M pulse-trains such that the pulse trains together will
20 represent a product signal of the digital signal and a given symbol sequence. Each pulse train
of ionising radiation irradiates a given conductive element, the electrical ‘conductivity of
which depends on the amount of ionised radiation that impinges or falls on the element. When
impinged upon by ionising radiation, each conductive element will deliver to an output that is
common to all conductive elements a supply voltage which is unique to said element. The
25 conductive elements are irradiated in a manner such that only one element will be conductive

at any given moment in time. This method is characterised by the features set forth in the

following Claim 14.

A third inventive method for pulse-shaping and power-amplifying incoming information
signals involves sigma-delta modulating two quadrature-divided information signal

30 components into two M-near digital signals, i.e. signals that can each take M-different discrete
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digital signals are m xed and anplified separately, although the sane
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i nf or mati og ppb@bek suﬁm@tibméigﬁﬂ,ﬁ%h&e:aﬁergm@agshéd dbwertkeghal RiobtdiNgd BARFa&bLH 0E
conponents by si gma- del ta denodul ati on, wherein the conponents are
m xed, anphe Siumtationsignale dhisrmdethod is chafictarised dy dheafeatyrasseyforthtih thdéollomeng
described gethqd. This fourth nethod is characterised by the

features s "‘F’gf’th in the followng Caim16. 15 The proposed
arrangenents and net hods thus solve both the problens encountered with

presgpt - day NCRABOlindnR0S @afod NRF eptﬂE@@h@ﬁBg‘é‘Md‘ POt fnplifyidy e idQniiRgWN

| i near nodul ati on systens are encunbered with regardto efficiency
and | i nearinformavibn Istangal, tthe tformation signal isndimidedris® tvai nuadnathieev@opatentshby

cost of the |ast-nmentiqned or vice yersa. The oversampli ng,. and, noij, se
i1 trati onsEBptelt derofnEoyh grieraid; the' FBRATSRInYS PoE s SHifieh Somiingg and
hi gh 20 mkére&aﬁdl&geuglwshﬁm@%pa@scﬁbmalah\s@.l Ti8s fRHh ehAT BhdrhiEriscBM3hE NY
non-1|inear power anplifiers based on swtch technol ogy to be used.

Pul se- shapfeatyresrsat focthen therfpllowing &laionl@f i nfornati on signals with the aid
of sigma-delta ' nodul ati on and swi tch-based anplification avoids

conbi pi ng hi gh powey signals. This engbl es . radio signals to be |

GeneiSt eq Hhe REROSLPRTESRER PAVBEedRERHGTave ol e HOPlts, sucputegd wit

not nePGSSﬁE%nE-QaWGPAF BSutiRS Sad thREPHroblAR Rith! WERh Mt ﬁit&fiﬁ'] KROWRORfdd: S

wherewi th circuit inplenmentation for an rncom ng anal ogue

i nf or mat i omodulgne systemsairationgiberesli with eegafhto efficiency arli lineatity; withsut thetfirst
,ded even

simplified by.the . fact that, m crowav onstruct.ion can be av .
when gener BERVRNCRRInG 2chisNer &l (R CPHCOLIHE MSERABLIPRIGE Vice versa. The oversampling
' and noise filtration applied in the sigma-delta modulating process makes possible high
20 linearity of the output signal while, at the same time, enabling non-linear power amplifiers

based on switch technology to be used.

Pulse-shaping and power amplification of information signals with the aid of sigma-delta
modulation and switch-based amplification avoids combining high power signals. This
enables radio signals to be generated without using bulky power combiners. Furthermore, it is
25 not necessary to match the phase or amplitude of ingoing signal components, wherewith
circuit implementation for an incoming analogue information signal is relatively simple. The
circuitry is further simplified by the fact that microwave construction can be avoided even

when generating radio signals in the microwave range.

Pulse-shaping and power amplification with the aid of sigma-delta modulators in accordance

30 with the invention obviates the need of trimming the ingoing components. In addition, the



Pul se-shapi ng and power anplification with the aid of sigma-delta

nodul ators i n accordance 30 with the i nvention obviates the need of
trimm ng the ingoing conponents. In addition, the WO 98/ 11683
8 WO 98/11683 PCT/ SE97/ 01409 const r uBCTBEITEMOD e

scaled to very high voltages and powers. The anplifier may include w de
bandw dt hs, despite having a high power output. Because of the w de

bandwi dt hcedstrutiion can be scalédidl very figh voRbgdsi 28| poweAVTHE BRPESerah s, RkRAe Rlidced
on transmtter filters. The optical sw tches of the switch unit

al so gi vebpuwidids, despitodering sohighi pewernelitpitniBeoansg iof tthe .wide handwidBolofitthens
W th whi chmgﬂﬂdrat (e di ed i,nfornmati nal s .are_si -del t

nodul at ed?® cr, rel V)?Q’dio\g“}n "%%SF 2 %?P ﬁ@géifé‘?éfﬁeﬁmlﬁ?f W@? et‘?Pt‘Fg]eSWitChes

si gma- del bAthEBAsERUAI a6 BIVE Bbdct backward BeRtibA kN Ridlnthged di gi tal signals,
are very easily inplenented. However, it is necessary to accurately

mat ch phase and anplitude between the ingoing signal conponents, i.e.
bet wden  Solutiong méth whichn aeddratueg-dividedirintormatiadsignal T laec istpwerddlannadalated,

enabl es a_conproni se {. e _made, bet ween oversanpljn ctor-and circuit
conpl exi t 9‘,"‘%{/0 “8? nsmflﬁadb mIPFRER ¢ O ‘tjﬂ“é%ﬁﬁ‘t ﬁlenﬁam%e@?sn\mw% Eeneratey el
type POWeRuadrature-didi¥ed digil Sgnals, TaRiPS gng ;enLangerment
al so enabIElléa éatﬁﬁeu rlal ity %f WA caﬁ%r‘ll ?1 Iéshgltlg u@@&ﬁﬁﬂteﬁlé‘ﬁ%&?ﬁﬁﬁ%g‘éﬁ S%ﬁyng?le
and the sagnurately maich pbase and amplitsle rhetweenabe stgoirgignal ¥omgorseavei el bdtveen
OFDM

narrow band.carrier ves Within a given frequency band.
signal s tﬂ’itl'ﬁﬁw ﬁ?‘gﬁ’ ltactors PF, i.e. high quotients between maximum

peak power P[err] and nmean effect capped P may be anplified

ef f ot | velrye 'i;rﬂeﬁwi&pél.Q@Jslrfaﬁlewiachmfphj_-}‘nis;eF fo be 715& t wEch J%Isﬁﬁgm?éﬁ%@étag& 3{}?@22"

af fords very high dynam cs. e propose

smal |, i nespplesityebyrdmbiniy enudti-bitusigmsa-delsd invoduldtars 2ith multiM&aRA type power
appl i cations.. BRI EF DESCRI PTI ON OF THE DRAW NGS ~ Figure 1 is
a bl ock sPBHfESEC of a known sigma-delta modul ator for a digital input

si gnal ; Figure 2 is a block schematic of an earlier known

si gma- del The Pasposed Methodl artaddtigeRHE als Ritkble a plurality of CDMA channels to be

superimposed on one and the same carricr wave, or of simultaneously amplifying several

15 narrow band carrier waves within a given frequency band.

OFDM signals that have high peak factors PF, i.e. high quotients between maximum peak
power P, and mean effect capped P may be amplified effectively in accordance with the

proposed method since the method affords very high dynamics.

Finally, the proposed method provides small, inexpensive and simple circuit solutions for
20 MCPA applications.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure | is a block schematic of a known sigma-delta modulator for a digital input signal;
Figure 2 is a block schematic of an earlier known sigma-delta modulator for an analogue input
signal;

25 Figure 3 illustrates an example of an output signal from a four-level sigma-delta modulator

supplied with a sine signal;




signal; 25 Figure 3 illustrates an exanple of an output signal froma

four-|evel signa-delta nodul ator supplied with a sine signal;
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PCT/ SE97/ 0 Y/ ¥H/11683 Figure 4 is a block schematic illusPFEPERLIAR
arrangenment for pul se-shaping and power - anplifying a general

I nformation signal in accordance with a first enbodi nent of the

proposed nEighed4 is a block sehematie Blustating an cuangetneny rtampinlsesbaping iand povferr st
variant of the m xing and, lifying unit 420, 5 . in_Figure 4; .
oo 6.1 amplyings by Seogiah aRmTHOn, SRpdl b g cprdais it 4 B eTatodingnt, of thy
and anplifyj D dthod: 420 in Figure 4, Figures 7a-7c

Il ustrat eyﬂgpgsgeyamm‘% 'cal |y an exanpl e of how the signal anplitude for the
t hr ee Figurendista cinquitrdizgndm shlystratisg a firsti wyrisstsofShamikifg amhamplifying driit 420re;
10 _ Figure 8 is acircuit diagramillustrating a third variant of the

m xi ng andt! 14§'i ng unit 420 in Figure 4; Fi gures 9a-9c

e
(e " EAAE TR ACIGRARTES o4 oL R AR I i

Figure 10 i3 ia FKpurewtt diagram of a fourth variant of the mxing and
anplifying unit 420 in 15  Figure 4, Figure 11 is a bl ock
schemat i ¢ Figures 7adciilustrate diagramngatieally anexamplesd howahe signab amplivide for the three

anplifying aftqener al, inf 110n .S n_accprdance with a second

nf or. i | i [
enmbodi ment Pgft ippartant sighaf? N %Beggaanﬁ&a%gdr;ary Wit time! Figure 12 is a circuit

di agpgm of righe gisd ag:gam@hg?dmhmsﬁhm% 4¥Hifd vekidROof the FriiiHg 8nd dmpBSing unit 420

Fi glu'r'[esdlsiia%sfrhél | ust'r at et ﬁl agrarm? i call %/ a{l exanp: e of EQW thelgl gnal
anmpl i tude ig ; ree nmost inportant signals in Figure can
vary with finme; . . Figure 14 .is a bl ock schematic illustrating, a

o AngeneniEnts Sadedlustnte S nmAs A exaple o Ao fhs #£5A ARPLRS (Ui three

i nf or mat i oRostifRehadtitina R3S FRARNR Sin¢ dithinge:quadr at ur e si gnal

conmponent s&ioﬁna cor daﬁégg W t%ﬁa thinr dﬂgrrt,)oci ment of the proposed nethod; 25
Fi gure 15 Figuee H} tsck chahedingram of 4 faurthavariagt afi ther mixmgeaenamplifyingi wnit #2Q im
general iné_ormadbi on - signal into quadrature signal conponents that
are ﬂ | se-S¥4fet and power anplified in accordance with a fourth
enbodi ment t he :pr,o chE?Iaﬂqu trati x‘r'&lg’é Bs k : |,C
i1l ust ralt iIF\ i“l?;r;:%l?aanggﬁg& or.agt}t‘s’sléailgﬁaaﬁllar;g '£§;%€&J§iu§‘ihﬁfi%§as'o%ﬁ ng
a general am 2 @engh riahion sigral e excatdan th at sec nensi

30 conponent s igl&a\ccordance with a fifth enbodi mrent of the proposed

net hod: anproposed method;

Figure 12 is a circuit diagram of the mixing and amplifying unit 11420 in Figure 11;

20 Figures 13a-13d illustrate diagrammatically an example of how the signal amplitude for the
* three most important signals in Figure 12 can vary with time;
Figure 14 is a block schematic illustrating an arrangement for pulse-shaping and power-
amplifying a general information signal that has been divided into quadrature signal
components in accordance with a third embodiment of the proposed method;

25 Figure 15 is a block schematic illustrating an arrangement for dividing a general information
signal into quadrature signal components that are pulse-shaped and power amplified in
accordance with a fourth embodiment of the proposed method;

Figure 16 is a block schematic illustrating an arrangement for pulse-shaping and power-
amplifying a general information signal that has been divided into quadrature signal

30 components in accordance with a fifth embodiment of the proposed method; and
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PCT/ SE97/ 01409 Figure 17 is a block schematic illustrating an

arrangenent for dividing a general information signal into

quadr at ur ¥QPYHEB3 conponent s which are pgl se-shaped and powWBFT/ERINM%d | n
accordance with a sixth enbodi mrent of the proposed nethod. The -
i nvention wll now be described in nore detail wth reference to preferred

exenpl i f yFigered7 is a odkadhemaicsillvitentingfananrhngthent bt divideipes eaesl infothifion
acconpanyi, ng dramﬁn3$. ] DETAI LED, DESCRI PTI ON OF PREFERRED

EVBODI VENT8Bal into quagtagie signal sompeyiesiscwhichetrs taulsetshaged andupawest amsplifind n

I ncom ng di.difal. s | S: ted typically in a signma-delta
nodul at ordq{:(gjd%%rc rrv?l ?ﬁ%ggtlhié %bogwn%gt% Ifgllednﬁ‘é?“?‘.i n'1efh°|}§s assunmed for the

sake of sinplicity that the digital output signal Y is binary, i.e. is able

to take tThe idiértienenill iy be descabed invmbieodetaibuith referedbeiolpréftetedeRdtipRytg 1-

However, the output si gnal Y may conveni ently include several "bits
i n p? act iSERbodiraenty therepband flswith refareqcs @ the acpompanying diawings. t wo .
di fferent signal values. A summator 110 fornms a difference signal e between

t he i ncom ng signal XD and the output signal Y. the difference

si gnal e jerhi ' AW AR ' the transm ssion
function WT#E%F&?FEC%?’E&&%?&’ @#“EW@%@&W&“ This signal h(e) is
15  corfigured igiatblock schémattnhet flleviedtes Hova af okl GitsliigHal X%ﬁﬂnoh%gted' f
the filtered signal h(e exceeds the reference level, the

quant i si Z¥picalboinge sigmardelta modulatorgiogform|a digijplaoutpytsigneh¥t Kris @ssumed for theone

1, wh ' he fi ' i $ th th f | ., th
Guant o S2k bebjipicle) W B0k SEARBueSlenal YRR, (45 fofe B GRE Fwpdiferente”
-1. 10he rspdrl enabees] Sl at onea$ and' whiffus Ak 110 Hd\Gever, the owdputt RBRAI @{aln\l{ﬁﬁan

val ue of the two nearest possible signal values of the output Signal Y.
Thus, 20 convenyentlyr iarkude several dits|iw pracice endiicarctherdvath hensaidtot gssume ingpra lthan

i ncl udes an habet of M pqQssi bl si,gpal val ues.. The reference
ovel 1 5 PRATESR S kit R D b0 forps 8 utfengh St bebtiephe incomins
signal Y signabXpany thshtpitGlgadPy. tHeliFarehed sigrlal 8 3¢ifiltered in a digital filter 120 with |
Correspondingly, Figure 2 is a block schematic illustrating how an incom ng

anal ogue B¢ gragsmission functighddy thefesvith dbthining) a tfilfsiredh signal ihfe)a Thisysigralelh(eh is

dyk at d f igital t ' Y, .25 ' | | i
T in s ot TR ade et Bosift B osked R, apbnefon b SEme: it staba b hn
anal ogue &REERIAS AIBRER 1¥fel! thel dinfisdr B0 Qufvets ﬁ}sgaghaﬂsi' 1,%&%&2«.&5%% by
a summat or 210 The difrerence signal e 1s filtered 1n an anal ogue

filter haanienk whescasrif thenfikered sighalnk(e) imbedeath the referenbrelesel the quahtikizer &30
signal h(e)..is forned, .The filtered.signal e) .S co ed wth the

Vo tage IEUSFR 2GBEOTR Sigital ieale Bk MRS iisAr HHTETSH6S VEL ot 47l eia the
si gnal h(fithR¥GREdeat Y8ue of the two nearest possible signal values of the output signal Y. Thus,

20 M-1 reference levels are required when the output signal Y includes an alphabet of M possible
signal values. The reference level is thus set to zero in the special case of when the output

signal Y is binary and includes the symbols 1 and -1.

Correspondingly, Figure 2 is a block schematic illustrating how an incoming analogue signal
X, is modulated typically in a sigma-delta modulator and forms a digital output signal Y,
25, which is also binary in this case. A difference signal e between the incoming signal X, and an
analogue correspondence Y, to the digital outp{xi signal Y is determined by a summator 210.
The difference signal e is filtered in an analogue filter having the transmission function H,
wherewith a filtered signal h(e) is formed. The‘ﬁltered signal h(e) is compared with the
voltage level zero volt in a clock CK comparator 230. If the filtered signal h(e) exceeds the

30 zero level, the comparator 230 delivers a first digital signal, e.g. a one 1, whereas if the



30 zero level, the conparator 230 delivers a first digital signal, e.g.

a one 1, whereas if the WD 98/ 11683

1/ WO 98/11683 PCT/ SE97/ 01409 filtermci/seagnadosh(e)

i s beneath the zero |evel, the conparatoll 230 delivers a second digital

signal, e.g. a n1nus one -1, However, the output signal Y will preferably

|nclude nore than si ngl e b|t I n the anal ogue since a, given
delets

resol ut i orfiltergs %!&)ilacl H(edelg epeath él'lq &rerleelnthie; gomparator 9250 F15ecd; digital

ol ookea Gt B byt Bo 1y BEVERET I Mo d0Y SR Ba B e by tan

order to eppid Bit Hiy HeMEn@ldesatdsesince a givehetsonaidntthere Wit réquives btlowe2donplit
the conparator 230, these two units 230, 240 are controlled by the

sane cl ochatsi Gamoutp signal Y is converied tormenstasperiding analague signaleYx jn aelogked CK

del dul
Char oo or TiAveHbaE o1 HERTae apate pliraict A SUBRT e cgmar svoftORRRuam e
by 10 b%YW&iSthE'ﬂ)iﬁ?rcbﬂ'\gzrt'épQ49%n@uihe5écﬂﬂﬁdrato}"9‘3’€vﬁ{cse itWo LliBs MBI (T 340 a ﬁJ

radi o applications the transm ssion function Hof the digital filter

120 wi | | poefrellaityythb sanse dackdipgsd CKype functi on. since the
quanti si zing noi se e=X-Y having the transm ssion function [err] can
therewith be noved eff ect ively outside the useful frequency

spectrum Olfhett%sﬁ%i%tfmﬁt@ﬂax YH of the mgxﬁhaun@m%da%wme M{P&rex?fha%rh
out put signal from a signa-del taHmodul at or haV| ng four p055|

t put | | 3u nd -3
el ogue. IPet Uit g e 4, B5ited SontBin e S o0 swaéil Hoisohiifined dw 20
and peri oqolhi® fiter fﬂéeodtfaﬁtuﬁgﬂrﬁt ¢fbwever, in ﬁ‘l)éa@iﬁ ofity tol?era&% tdtions the

frequency of "the sig l'at or has been osen to be tinmes.
hi gher t hamnsmsstbnefqmemn)ﬂ of thehdigigil filer 42 mall prefeblyrig 4 hatdpaisetype function,
oversanpling factor is equal to 24. Consequently, 48 sanples of the

out put si oyl He.2B .
signal X( % mgég%&%%ngﬁlﬁlsg ?lg‘a%e Ey},( ?E‘gﬁg‘g? %%?ﬁkgspgﬁsﬁad%ngtgoﬁm| | LRHS ? ado??ﬁ“%hake

the val ue 1 b f f
| ovel "0 bube eyl et Lo e et Eedleney ety GE AN ABRLY whon t he

i nput signal X(t exceeds the reference |evel 2u, the output signal

Y(1) will mEken bl ddexaid'8f %,ou?diﬁ s%‘?lapﬂ'om-rﬁ'ﬁlgﬁ{étd&'ﬂa fibdilabr ¥a¥ihgifBur

question i s dependent on the 1 nput signal X(t and the val ue of
t he h®ar eqtosgblecatiut gigoalt \pdnes Sug ina.l N(amd 1)\1 whighnarg Supplied rétieam khaloguehginus

QUL P 1 Gl L B I RO Bt e A
roughly eqyampleOtheQhmplitd Peqehddof the s1gma-delta modulator has been chosen to be 48 times
higher than the frequency of the sinus signal, meaning that the oversampling factor is equal to

24. Consequently, 48 samples of the output signal Y(t) are used to represent one period of the
20 input signal X(t. Seen statistically, the output signal Y(t) will most often take the value lu
when the input signal X(t lies above a first refe;ence level 0 but beneath a second reference

level 2u, whereas when the input signal X(t exceeds the reference level 2u, the output signal

Y(t) will often take the value 3u, and so on. The output signal Y(t) in question is dependent on
both the input signal X(t and the value of the nearest preceding output signal Y(t-1). Seen

25 generally, the output signal Y(t) will therefore alternate randomly between two adjacent signal
values from sample to sample. When the input signal X(t) is roughly équal to zero, the output

" signal Y(t) will switch randomly between the values Iu and -lu. The output signal Y(t) will

correspondingly vary randomly between Iu and 3u when the input signal X(t) is



signal Y(t) wll switch randomy between the values 1 u and -1 u. The

out put signal Y(t) wll correspondingly vary randomy between |u
and 3u when the input signal X(t) is WO 98/ 11683

12 WO 98/11683 PCT/ SE97/ 01499 appPEX/SREVUAY cqual
to 2u, and between -lu and -3u when the input signal X(t is about -2u.
However, even greater randomvariations occur as will be evident from

Fi gure 3. approximately equaFtcJ, @néd betivétnhll @@kd STNGMBS tife NPt ol kgsits Bb&S-28
first enmbodi nent of an inventive arrangenent. The arrangenent

pul se shabewevasdevsogeqates sgndpmi wsiations eecunasrwilli befeyrdent fram Figurss. si gnal
XIF, by first processing the information signal Xferr] in a sigm-delta

nodul at or . 4The A -.delta nodul at.or 410 r be.a so-called
bandpass-f@é% r?pésulaatb%?rc k %‘r’é‘%’ﬁ?‘hﬁ%gﬁ ’?W%tm s a ikt C'Mé'én?i a0 {N3eRUYSQ
and 220 r gedeikne The havvBocmdnt pURBShapds! drid preer CRAIATEE Sh-in fyﬁsjﬁ@?@%ﬁp

| owpass-type nodul ator, nmeaning that its conponent” filters
respéct i vaignal faw dydirst processing tHeowfoemstion signaliXjgirch sigmatdelta mbtelatir@o- Ted t a

dul . ' di gital, d | bed ith ref
Figur o 1 SEBYER madiiar D Sa e oAl bridoarape moduisigomansng hat s
Fi gur _ Vit 6 PRGYPS PHigE o
i noar i Syt SRS LACRREERY (oSRcR LAY Rave's Burdbalt @lerfl im0l 5 gafieh

M di f f er elotwpdssstype trodulatanemeariing that ity eomgomsnt filkersOI20RuE 200 réspectiiegBadel ta
nodul at or, 410. f:ﬁhe' di gi t al stjhgnal Y.represents a version of the information

si gnal X fevPassfiltering character. The sizmandeltamaedulater 4ldsmppeither bodigitalT hedesicgbedl

signgl Y | ' by X1 Isfryd [ 5 . 420 i ch

nelOdes SRARIRERCH Pl | Bobleidr AfloRiE iR Haure S epsnal on YBathekryc
di'gital the informatior gjgmdl Nz iiss digitahbx eshloguel @ Wi-wdapdigial bupdlsiphdihyt he Ai d
of a given s%'(nbol sequence. B to . forma radio frequency signal RF.
The synbo$8h4! fhay san take M-defferent disopere ypluss ds delivere omsthetoutpanof the sigma-deltn be

equal to ' of: : . ] frequency fJlerr i.e. .f[er =n
Florr). Aot 6. Theliahd Ay opseot CENERGY, g i oo sietel "op st Fum
of the rasinpléd £ qinssper siconh ThBRigive sighlley N fedkivkd ff @ﬁﬁb@fg ¥ndPdmplifthg unit

al i asi ng %@sto_rg!,on are aliased precisely over correspon !“r:\% signal “spectra
beniit h t#e) Whighingludes a mixing umtr‘g’duéﬁéﬁgpdgﬂﬁjumb@%mdthIM 423gFhedigtal t he
useful si N 3 : : : i.Q.f Si | RFis controlled to a
gi ven i np%i LY {5,up-mixed in tﬁ%lﬁ%&ﬁgé& i {%q%ﬁgwe aid0r given §ymbol sRaueage Bt g
uni t 422. fofiner mdicsfrepentyadigrhl RF. The spubslomisgif, of 83 Fmbe] sddtce's _ts%%geon R

information-carrying signal P which is filtered in afiltering unit 430.
desired flodgiranehto amudtiple n of shesampliag drequensy £ i.orfy Sief, \Ad 2 mgdt afthisadheite,

signal P j i h Lltering unit .430 wi.ll _ preferably
conpri se gﬁgtgtikﬁgﬁ d B? ?ﬁetgtenrﬁv\ﬁ o@‘g r%@ﬂtﬁ%_“?'?%’qﬂ%%@ﬁ pysr the Nyqujsy fr vIceeY 8h
t he 20ut puiliasing distorsion a8 allds&i ﬁ@ﬁgﬂz_‘iﬁeﬂ( dorfeSpdndthg didral §dira VHRRhWhe Wyagis{ 0
obtain a signal spectrum around a higher “multti pT e, e.g. nrwnere
nmen, of tfieduspeshend doonas therewitl] degenerats thendefill signglience B, there is instead
The radio frequency signal RF is controlled to a gi\}en input of the switch unit 423 with the
aid of the decoding unit 422. There is generated in the switch unit 423 a voltage switched
information-carrying signal P which is filtered in a filtering unit 430. A desired frequency
25 band is extracted from the voltage switched signal P in the unit 430. The filtering unit 430
will preferably comprise a bandpass filter whose centre frequency f; is delivered on the output
of the bandpass filtering unit 423. When wishing to obtain a signal spectrum around a higher
multiple, e.g. m where m>n, of the symbol rate fy of the symbol sequence B, there is instead
chosen a centre frequency f, comresponding to this multiple, i.e. f=mf,. When the voltage

30 switched signal P contains only low frequencies, such as in the case of audio applications for




chosen a centre frequency f[err] corresponding to this mul tiple, i.e:
flerr]=nf[err]. \Wen the voltage 30 switched signal P contains only
| ow frequeybgguéych as in the case of audl o applications fety/sEo701409
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PCT/ SE97/ 01409 I nst ance | t may be appl icable for the filteri ng
unit 430 to have the form of isfllter S|table bar}qvmdth
i nst ead.  instance, nppgnpeea@lﬁcgbla fer e ditering agvamq hayerths form\of g lgwpassitilien of
m xi ng and 20 shown in Figure 4. A binary digital

I nput  si gn%t‘ﬁgg1 |%Xéri‘ggie}|y@§§ (ﬁy a mxing unit 421, where the signal Y 5

is multiplied by a bit sequence Bin a nultiplier 5100. This can be

ef fected, Fipure istzacinmit disgram of a first vaBiXil dfShe/mixiky et ampiiPiingAnital@0chown in
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20 When the radio frequency signal RF has the signal value 1, there is activated in the switch unit
423 a first unit for generating ionising radiation 5310, whereas when the radio frequency
signal RF has the signal value 0 the inverter 5200 delivers a signal that activates a second unit
for generating ionising radiation 5320. In this variant of the mixing and amplifying unit 420,
the ionising radiation comprises electromagnetic energy in the light wavelength region, and

25 hence the units 5310 and 5320 respectively are laser units or other light-emitting units, such as
light-emitting diodes, for instance. Each respective light-generating unit 5310 and 5320
generates a respective optical signal o, and 0, when activated, this signal being transmitted to
respective conducting elements 5330 and 5340 via an optical transmission medium. The
primary transmission medium used in this regard are optical fibres, although air, prisms or

30 glass rods are also suitable media for transmitting the respective optical signals 0y, 03. The
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instance, may be used for X-ray transmission, whereas a vacuum is a more suitable
transmission medium for electron rays. Conductive elements whose active parts consist of a
material having a relatively large bandgap can be chosen in respect of electron rays and
ionising radiation of X-ray wavelength. Diamond and silicon carbide SiC are examples of
25 such material. A larger bandgap of the conductive elements results in a lower dark current,
which in tum results in a lower noise level of the voltage-switched information-carrying
signal P. However, the larger the bandgap of the conductive element, the more energy
required per delivered photon. Naturally, conventional photoconductive elements may also be

controlled by X-ray radiation and electronic rays. Conductive elements that utilise so-called

30 photoquenching are also applicable for all types of ionising radiation. Photoquenching induces
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high. Consequently, when pulse-shaping and switching at high data speeds, the switch unit

423 will also preferably include optical amplifiers that amplify the optical signals o,, 0, prior

to said signals being passed to respective photoconductive switches 6310 and 6320.

 Figure 7a is a diagrammatical illustration of an example of how the signal amplitude Y(nT,)

25 of the binary digital input signal Y in Figures 4-6 can vary with time t. The underlying
information signal is assumed to be sampled 1/T, times per second, meaning that the interval
between two consecutive samples is T, seconds. Shown along the horizontal axis of the
diagram is a parameter n that denotes sampling intervals instead of time t. The diagram
represents the binary signal Y(nT,) as a function of n'T;. The signal Y(nT,) may assume the

30 values 1 or 0 in the case of this example.



represents the binary signal Y(nT[err]) as a function of nT[err]. The

signal Y(nT[err]) may assune the 30 values 1 or 0 in the case of this
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t hat ctlvate f faqur.out puts e err] e[err] of a decodi ng uni t
422. Phen 4 HeW ﬁ@o&ﬁé‘ﬂSl@L inpyt signaly sﬁsgwarerm,alesqjheswrzrdr iy 2hle yopssumeefoyr

f f I

when t ]hé AR dforce Sl e THE iRl BEndlYy R oebe s A Rithndiel 2 i o6 ™

e.g. rf[ethd sighadris ]maﬂﬁphd h.y grtai seqﬁeml Bvaerde@l:nemea aﬁﬁﬁﬁﬂﬁ'e RN nﬁ8nﬁ£tﬂm25
V\,hentheinfqrrratioQR% I.ng signal RF assunes a third value, e.
rf[err]rfF&FYpegEnabRE; Mr'i‘rphcetmn is effect%wtbetbealdohf & multipligr édrﬂ@m 1088 oneind

ahen e AGHBLORARTEWOR AT, SBRPUTERR SURE B ol

The 20 gnaladbitofrorh e lﬁuienuénceB%%]e pRIdRet, In 6ther werdy eiel iRfbrimiidaryflg SHRN RE,
oferr]-oferr] inlig enerating units
is represented m the orm of two bmary bits rf), rf; that activate one of four outputs e;-e, of a

decoding unit 422. When the information-carrying signal RF assumes a first value, e.g.
rfy1f;=00, a signal is delivered on a first output e), whereas when the information-carrying
signal RF assumes a second value, e.g. rfyrf;=01, a signal is delivered on a second input e, and
.25 when the information-carrying signal RF assumes a third value, e.g. rfyrf,=10, a signal is
delivered on a third output e;, and when the information-carrying signal RF assumes a fourth

value, e.g. rfyrf,;=11, a signal is delivered on a fourth output e,.

The signals on the output e,-¢, are converted to optical energy o,-o, in light generating units
8310-8340 in a switch unit 423. Each optical signal o,-0, irradiates a given photoconductive |

30 switch 8310-8340 whose conductivity depends on the amount of light that meets the switch.
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20 - Figure 9a is a diagrammatic illustration of an example of the signal amplitude Y(nT,) for the
quaternary digital input signal Y in Figure 8 as a function of the sampling interval n. The
underlying information signal is assumed to be sampled 1/T; times per second also in this

case. The signal Y(nT,) can assume four different signal values: y,y, = 00, 01, 10 or 11.

Figure 9b illustrates the bit sequence B from the code sequence generator 8110 in Figure 8.
25 The bit rate of the bit sequence B is much higher than the bit rate of the digital input' signal Y,
and its amplitude alternates between the values 1 and 0. The diagram shows the amplitude

B(t) along the vertical axis. The time t is shown along the horizontal axis.

Figure 9¢ illustrates diagrammatically how the voltage switched information-carrying signal P

in Figure 8 varies with time t. The amplitude of the voltage switched signal P(t) varies



Figure 9c illustrates diagrammtically how the voltage sw tched

I nformation-carrying signal P in Figure 8 varies with tinme t. The
anplitude of the voltage switched signal P(t) varies e

08/ 11683 WO 98/11683 1 18 PCT/SE97/01409

PCT/ SE97/ 01409 bet ween t he abscz)ﬁ ute values U and 3U of respective
supply voltages +U, -U, 3U, -3U, and its phase position is

controll egﬁ%ﬁ fife dpSblate Jameg)fu et aicl o9 &ésgém%%ﬁﬂny Yoltd \(gbgemut he, A gstabnsirgnal
Y as positive polarity, 1.e S a va 'east significant
bit is a pkase poSition islEyntiotied bhdmpolanty of thedigithli signab¥. When vl dizitel signdlched

signal P(t) coincides. wth the positiq e.bit 5 eque ce
B( t) Meh@%eosamrm?%ymeg e vgh“s rvgwse( Siail Sésrrlf 5anhgg %5%{9.‘\9@&3) he p

a va C t h
voI t age S\?AH% %Wg?gll]%r‘\/g{ta%( t )&%gé 53% opég &”ﬁm 3 wm th hie %SR{O{I 1%1’”11{%6“
bit Sequesamede B(t), Whereas Wherlihgidigital sifggﬂar(nTonﬁé ﬂd‘grair)'e ;Istﬂmtyhe: dahlne Kbser
01, the vol tage switched signal P(t) assunes a first anplitude U,
wher eas wiast %lmzﬁenng ibitds ajopp @i or 11, the valtage switshed sjzaak B() hasanrapsositg phese 0

3U. The. 1 seno &7 e bi-GlRs B Y b oIt ST TR elye PG B

Y(nT[err] »oltasget fWitched signal P@a RERHRE L Erdt hoiplRudtoU! AlereBsinheh 2Rk aieﬁlﬁ{ihnﬂ?ﬁt )
by a conbination of two different anplitude | evel s U and 3U and two

di ff er ent signals¥(1plak has &rﬂsva(heferlﬂ]orahld thso'p&ﬁgq switched Slgnal P(tbasselm 3 secgnd

ot g U, gt Ehar udet Do 16 (RS eI i e gt

M near, i r&redeffeliUleBe Vbitkgk fswneﬁed é‘iénal P(t)CByS'E e&mnmﬁn@ﬂ tw‘éadxl?f&%nt Iﬂshﬁidenal

Ylsrecelvedlnamxmgunl 421, which it is nultiplied

bi t sequerlmmlsBJamdBUanéMOéﬁfmmadampbsmqusa&‘b@ndlr8f)‘brmat|on carrying si gnal
RF:rf[err] rflerr], ., rf[err]. Multiplication is effected with
t he aid of

t. | 0100 f.act IS, . ' .
e a1 ol bt Bl 0400 4 B SRURE' Fpk i and erERTRR S5 425"
signal Y, pdife Wh%@re the d1g1tal E{?ﬁlgﬁaﬁoﬂ i%rasbé;m@d Qi Be MCRAL, i RCinRIvdes R ERG 6t B.

The product; 1 n other words e i nformation- carrying signal RF is
r epr Esent aliscrete signalfwalues. d!fherslgnahé(rly régietved i pemrqng unit[43i.rip which it iy frjulsiplied

whi ch act i vat f M out d
422 ihen it bit ARG B aAd ESRSTYER & rRHy dnusRey o Bifion-iryine STl KRSy e,
for instancegr flbl%[ti’}:]hcau&nf {se&rrdcted with: the o Qﬁ‘ai muftiphe! 1YRI0CHhOR énd 'f':{ci&r is

output e[err] eas the inf pgrmation- carrying signal
assunes an:ompnlsed/oﬂ anen- bft(yvord wstang en;rwiese n¥ longffqnethe]dlgltai 51gpa1aYsarglrMhose

docodi ng. G TS isuh i dross Bhe bif staiebie B T woh i aiiet S0, De dRTRAFtns
ST gtna S r]on t ml ré gﬁlt{grg%ggreﬁd% mé#‘(ra& é]gl#\lgé}?tbgért rfz’o'pf ﬁga‘{v h‘%hnae?“g‘{?‘e. %’;ge
| i ght - genesffadi Iom_.putsm,teg, of a decoding umt 422. When the information-carrying signal RF assumes
a first value, for instance rf;...rf;=0...0, a signal is delivered on a first output e,;, whereas when
the information-carrying signal RF assumes an n:th value, for instance rfj...rfa=1...1, a signal
is delivered on an M:th output ey;. All other M-2 outputs of the decoding unit 422 can be
25 activated by intermediate M-2 combinations of the n bits in the information-carrying signal

RF.

The signals on the outputs e;-e, are convertea to optical energy in light-generating units
10310-10315 in a switch unit 423. Each optical signal irradiates a given photoconductive
switch 10320-10325, the conduétivity of which depends on the amount of light that falls on
30 the switch and the physical dimensions of said switch. All photoconductive switches 10320-

10325 are connected to an output common to all switches. Furthermore, each switch is



10310-10315 in a switch unit 423. Each optical signal irradiates a given
phot oconducti ve switch 10320- 10325, the conductivity of which
depends on_t he nt of light that falls on 30 the switc

physi cal dm%ﬁ of said switch. Al pfotoconductive sw tgﬁiel}sﬂ%’té@%
10325 are connected to an output conmmon to all switches. Furthernore, each
switch is WD 98/ 11683 ) _ 19

PCT/ SE97/ Gbd@ted to a switch giguresipply veltages hhus hefirsh switgu pi2P is spnregted tphas,

he fi itch.10320, i d . i AN ly..
ol tage +iPh REEC TR RPERR i eoubhuieh £36) h SpppERl o Y Reakave
supply volshag6 vOMa%@ng 804 89 oHPug @ tHeeMM shviei foahda Wi iswiingibetk 16 @RMAPS ed

to an M2 ositive supply voltage +(M 1)U and the Mth switch 10325
whi ch i s gositiee tsepply ovoltageM@M-8)U andebeaiM vte switgipll (3250whiglyés cérivedtedl o aviel/2

|1 ght _pul ses |npinge on th onductive sw tches 10320- 10325,
the vdl t adEaHGHB weﬂagwfwﬁgﬁ- ?*?he.nﬂlg%( R85 Jmnigqon the B'é?tP%'?iuﬁb‘(ﬁe%W‘E e he
common out i ' ' tjatiyopgyjof : L@ Vor S I
RPort Lor 1110y g 0729, T hitage SOEAGHURLUPRSUZ.., M08 DBE AN IT AR D18 the

i nf or mat i Qan@ee ditpet maimagéthshe vakeidns of el raBiovfiamendyndignal ®F=efy;...rf,. This
content corresponds to the information content of the digital input signal
Y on the desybigin 8t delivery of g infopmagignarryingvpltage switched sigaald] whessdnfosmation

M di fferent signal val f. the digi ' [ | Y..is tdus represented
' Sop@aCEftrestEh D B altpishftent OP e T R kel B SRS BRRF B
anmpl jpude thewwiteh shit 83. 5SU, ..., M1)U and two different phase
positions 0 and 180[err]. The anplitude | evels may, for I nstance,
relate to each other_as the nunbers in the series 2i-1)U, where i=1, 2,
..., M 2. Theraphabst of Mydigferenhsignaliluss of il digiinl mpuesignal & is thyserepresented in
possi bl e, .ho er, ' . . .St ks | Qu t he
put st artdr VoY sifEhafbadl 2 69 otbirklin of M2 gl sRlfudB i PUipy b
embodi ment_ ahME0)U A&l 4o SdifferehO skase UosRiods 2T #dO180°. The amblitle GéIS nay, for
generates a synchroni s;r;g signal CL to a code sequence géner at or 10110 ‘and
t he instanpenrelrs¢ taaeash othenppthesumberhia the sertes @int Biinvhess imlal, Gl MfAsQthes

t hat .fhe sj. - del t 0 ulator 410 and the code seguence era
101165 oper BB o g upg TRee IR ack s Borsitle. ERIRaR S ko iEdes, P dhe
repl aced widtidtit @BaVidid of BdiiRdut 93naXl fdrhisstdeiceds earlier di scussed,

I.e. X-rays and electron rays. In these instances, the photoconductive

- switches . 10320-10325 can be replaced with conductive el ements whose

bandgaps aFte mixing emitt 42inof the illustrated ismbgadiment gisot ineludesos sdeskdpse generator

el ements. 1330 wiidH b ik b AR08 iR EERS hohd LRG3 G110AASHE ™
sigma-delta modulator 410. The synchronising signal CL ensures that the sigma-delta

20 modulator 410 and the code sequence generator 10110 operate synchronously.

The optical signals may, of course, be replaced with ionising radiation of the kinds earlier
discussed, i.e. X-rays and electron rays. In these instances, the photoconductive switches
10320-10325 can be replaced with conductive elements whose bandgaps arc greater than the

bandgaps of the photoconductive elements.

25 Figure 11 is a block schematic illustrating an arrangement according to a second embodiment
of the invention. The arrangement radio fréquency modulates and power amplifies an
incoming information signal X by first processing the information signal X; in a sigma-
delta modulator 11410. The sigma-delta modulator 11410 may be a so-called bandpass type or
lowpass type. The sigma-delta modulator 11410 may either be digital, as described with

30 reference to Figure 1, or analogue, as illustrated in Figure 2, depending on whether the



of the invention. The arrangenment radi o frequency nodul ates and power
anplifies an i ncomng information signal X err] by first processing
the information signal X err] in a sigma- delta nmodul ator 11410. The
si gma- del tOAYEISBHt or 11410 may be a songal | ed bandpass typBCHSES7/01409

| owpass type. The sigma-delta nodul ator 11410 nmay either be digital, as

described with 30 reference to Figure 1, or analogue, as illustrated in
Fi gure 2, inferpsiioh signanXyphetiganl édalogue. An M-near digitABuRil 43883y is deli
20 hetigasl dtdalogue, An gitallauftit fibhal 13 delivered,

XIF is diefthe owputnithegigma-dakia madskatordiThe digitabsigpaltY sépyesahts ¥ vessidrlof \tes ed
on the output of the si -delta lator. The djgital, signal Y. represents
a version™ qm{aﬁgn signa WF%F%FOW?%@E WPeHBET %F?—“dlt %ﬁf“%@gsf‘&arﬂnﬁﬂlf?{"érﬂl]“
tines per|s@0aWich Andiidel BGe: iy i unj 4 | 3

c 5 Adicadtin@ iRt 112909 d’iﬂdtn‘igltix}lxtz :lLl%er% danli]a g\ﬁtégﬂﬁxgigil t142_L.a:L 423 -

i ncludes a decoding unit 11422, a m xing uni a swWt
5 5 recwreives thadigitabsignal Ysi gnal V. ' The decoding unit 11422
controls the digital signal Y to one of Mm xing devices in the

m xi ng unj 1421, d ing on the.value i uestiop of the digital

si gnal Y%‘I‘e Secoding Wg?g‘%i ‘E°§1"°Ei ‘%‘ﬁ&‘gl‘f“ i%‘%\g- moxeRe PhM Fxing xdemiges i tthe

11421 to aptiagheit § 1£0UeRRNdihe bR HERahRNF i i gnal RF, Dby

signal di vil SI?%I’], del aygéeilﬁd 1c%rrbi nat ilg{llfl q%%sémgglfg%qg Ityfkg&gﬁ%iy?iat ion 10

gives a result corresponding to the result obtained in the first enbodi ment

of the i nVemdigital signal Y is uptreixediin thephixingunih 1491 gotaatadisi fsymbncy Myorthagionen

bit sequence.B. . The.radi.o f uency sjgnal RE is anplified with

the aid croryingsigns] REyby S80asiyigon, dalgk sfgcgmmtmatlon- e tdelayand combination

I nf gpmat | @Ped fréNitNDrsRdNa | ' ' ' Lhier| unit 11430.

A band- © oo teJﬂ pomgr%\sﬂi%gﬁégwkéfgﬁe?%ggeeﬁb 4 gg{bééﬁfep t)%gtﬂheemvemmn

i nf or mat i whercmnhtiplying thegirgital fighat Yy a given bit sBquence B.1430. Figure 12

illustrates an exanple of circuitry for the m xing and anplifying unit

11420 in . «Figure .11 .iJ.1the of bipary digital] signal Y, i.e. a

si gnal t hat® e E{E%‘%H%V f%“d{]‘? fse"f’%lﬁf}'seﬁ with the ¢ oL papisch PB%&I“‘%&M%’P‘%C

decodi ng gitdhed IRZmaALdafty et SignalliPOivhih iS ; idd e

emtter 121 10 in a mxi r?g&ur%i tgnf1421h§/hé§1,f?ﬁgéddll}qg% ?g?m{s% gﬁgll?@qsia% bg.n?-l rst

val ue, f olimited pawee sigbal Pgp i, extracted drom shee infompition@arying tstinall P10 saillehit he

di gi gal sng‘irgﬁl Y has a second val ue, for instance 0. In this binary
ec y

case; d can be effected with the aid of an inverter 12200
whi ch delivers the inversion of the digital signal Y to the second pul se

emtter 1Rgdik 0f illidGates an examPleXdf@rcdithy foblfte nixing and amplifying unit 11420 in
Figure 11 in the case of a binary digital signal Y, i.e. a signal that can assume two different

discrete signal values. A decoding unit 11422 controls the digital signal Y to a first pulse

emitter 12110 in a mixing unit 11421 when the digital signal Y has a first value, for instance

20 1, and to a second pulse emitter 12120 when the digital signal Y has a second value, for
instance 0. In this binary case, decoding can be effected with the aid of an inverter 12200

which delivers the inversion of the digital signal Y to the second pulse emitter 12120 of the

mixing unit 11421.

When the pulse emitters 12110, 12120 in the mixing unit 11421 receive the input signal 1,
25 they generate a positive pulse of given length. The pulse emitters are then inactive until again
receiving the input signal 1. In order for a pulse to be emitted, the time between two incoming
Is ones must exceed the symbol time T; of the digital signal Y. Each pulse emitter 12110,
12120 delivers an output signal to a separate light generating unit 12130 and 12140

respectively, which converts the pulse into an optical pulse o,, 0, of equal length. The optical



When the pulse emtters 12110, 12120 in the mxing unit 11421 receive the

i nput signal 1, 25 they generate a positive pulse of given length. The
pul se em t% gl 683 then inactive until again recei Vi porkheo1aut
signal 1. I'm order for a pulse to be emtdled, the tine between two incom ng

1s ones mnust exceed the synbol ti me T[err] of the digital signal Y. Each
pul se emtter 12110, 0 delivyers an out put, si rate

|i ght genePwsssry: anpte divided ‘%fﬁd‘ é?‘lql’éy of componenissipetplifieis| n?s%]i:’égoc s

the pul s |0 0o APirsfitted! Sntthiloh] unifl 115, £5196UHBligh BROBaiu'6r BBLS

PCT/ SE97/ Ofk4dhission media, syzhlasesptioflefitirks 12]70-1717arfer distahekg avhieret theaopliponentst y
of conponents in splltters 12150, 12160, and said conponent s
transmtt e@retrest@@ﬁﬂprmqr@bm%pmtyah@gad c\13ntlow respesiiply- tInongrEvamary obsaidal

t fib 1 t wh

he conpontical ibdes 12178 1FTLR fifes bayel Rl AdieBt el ond BRISAG aethY Sy
clerr] r esg@f&i F&iké’to diffeRAEeMntE fWHér{ Yo dﬂicaxsausb isFransmite@ 6 ah afrhp Bﬁﬁﬁncal
12170, 12173, all fibres have nutual fferent | engths and therew

del ay an fibres 1213Q{2¢2 sipultareouslyd llfef pules exitsx fromt 5 firstWitbre 421 Woati  firstpims e
is transm tt.ed nto an @rehgg 1?i7f5t i cal . . fi b({les é 710 12173

si mul taneoB%‘F‘& qmé et ansecopd time pigt and, atja$fighily Jater fime, froma
point, fr Om@rﬁﬁs 99§74 atbdrtﬁ.réaaa tilflatér tHRE ?&gt tah&r?m r@izﬁsﬁt a0 bt

later tinme hird fibre 12 at at |rd and sti ater
ti me y0oi nt anrﬁﬂﬂllbreomﬁwurth fibre 12173 at a fourth 10 and still
| at er tlne poi nt . Figure 13a illustrates an exanple of a binary

di gi | Y(n decodi 1422 |. )
i our o 12 Pl 5 Tosehegs aeihls o6 Poaty figtelinpd et Y60 By eeodine peitye
STanel 1 11422 i bl 32 SYAGPA Sro BRI 0 RS Whichs RgRed bR plligt highdt i

received, the fi1rst pulse emtter rates a p

| I | ustr at echis exdrhpley havifd ai speaﬁﬁlsrystbobmma:ai 1qondcsleed)[thc ifirstofulepemitfer 12110
| ength t[err] that 15 ated, in the first |aser_unit 12130
fromthe pEfissateet P\)]isﬁd“f‘?‘@Fﬁdt‘Hg) M1E b dirgoptical pulse o7 9 gpecifgnlen i ts that

pul Seisolersls bedn W%L: e A 15.4&5 u&‘xaksc; k6 ti&@g,é@e ?&ngg&ﬁ&?%& %%er

pul s are transmtted via four optlca of

mut uaI |y dil2fi) ahe dpticglt pudse @) is dmded 1ﬁIthsﬁmcphmemlSﬁ)fmtbﬁ'eupldeaﬁcairpu'lsaes
at the first conbi natlpn uni %@.}1‘2180 omthe first fib 2170 at a

first ti newbéﬂlh%’e traps@itied tOPligR b‘&S 121 13-15403 °foff‘“%ialll¥1 differeny Hfﬁ‘i*ﬁﬁb%l

opti cal [ S :
ovi ton 12355 °°ﬁ*ggﬁ%*t°§ﬁﬁ%h‘hf%§ of (il EomBinbddrpbnil PRORAA 68 X8 o -
swi tch 1231917¢ hea fitétitifle psint | TiHedomponent tfiinisda Figppayt ofal thaglecorhbined optical

becones avajl able on the output of said switch unit. This voltage +U forns

a firdt pasignac,which imadiates a\ibﬁft @lgéowwwwwmhd?-m ingrsvdtehrupitnld 433 gWaren
P(t) shown kienhgﬂt%%s%slég’e the sthch W? Slle s@ﬁt[c{'n {oaecf) ROD g gjpp )hsol?zp '.Eﬁ |

pul se o[err 1Nl secon cohpone
becomes available on the output of said switch unit. This voltage +U forms a first part of the

voltage switched information-carrying signal P(t) shown in Figure 13d.

When the first component of the optical pulse o, is finished, a second component of the

25 optical pulse arrives at the second combination unit 12190 via the second optical fibre 12171.
This second component forms a first part of a second combined optical signal ¢, which
 irradiates a second photoconductive switch 12320 in the switch unit 11423. When the switch
12320 is met by the light pulse, the switch 12320 is closed and a second supply voltage -U
becomes available on the output of the switch unit 11423, This voltage -U forms a second part

30 of the voltage switched information-carrying signal P(t).



25 optical pulse arrives at the second conbination unit 12190 via the
second optical fibre 12171. Thi s second conponent fornms a first
part of a second conbined optical signal c[err] which irradi ates a
second ph@HHESLt i ve switch 12320 in bhe switch unit 1142BCTREMIIRe

swi tch 12320 i s net by the Iight pulse, the switch 12320 is cl osed
and a second supply voltage - becones avail abl e on the output of
the sw t cihelfirhaindet28F thEhvatagelstmﬂed %ifoﬁhﬂ%@ca?%@ngiqﬂﬁrl?(tﬁ% buxlt—%iﬁhﬁ
vol tage swi tched information-carryi n% gnal P(t).

08/ 11683 corresponding manner with the aid of the thxrd 12172 and the fourth 12173 optical fibre
PCT/ SE97/ 01409 nd ecva ta e

i nf or mat i m@a‘thFWQ’ng\ggPFﬁo%#(fe tgg sgmgaat P JBS ‘?\%na&yoﬂ"BE?}o?ld? e
manner W §biidiREnd| ¢oaf) the third 12172 and the fourth 12173 optical fibre
during the remal ni ng perlod of the synmbol time T[err] for the second binary"
synbol 0 in the digital signal SnT[err]) 5 The second pul se
em t ber 1PHoGcomhpulat emittar p2120egenetatasa pu @ewm @enaWbiemmbﬂLOWHhxch inn
this exanple is represented %ﬁlaﬂhzﬁ ro,l havi ng t esarres tinme

Tlerr] asthishgxamplefs represented; el B 1 S S PL BT o O Bk |
t he secon rs:u A e

| engt h t[% ‘16§ﬁslsl g%ﬁdga tgﬂtsﬁesslegéyg}gtﬁdé t![u?'l 3%2?%8#?2 %?§seseo lg‘:?r]
and whi choptical pulsed & weliusevength tfisgdergichl @che Engthogfithe st qi;nicaleputieecr,rahdlmlch
divided into four jdentlc_ﬂ*g ulses n the, sgecond 10 splitter, 12160,
these i delishewp ihhieues! 3e RticahRHFE 8 Siidedt i fogpidentigal pylsgsdn the second
1217%4- 121 | nt
arri0es AR 12160, those SRl bltedl el @bordiREE Tou bl T A HATPEBE
12174 at mutuallgtdifferent lengths. A first pulse coipeneht afives aneNREdndf @niBindidransit of
t he second conbi ned. opti cal gnal cl[err], which irradiates t he
second phb@‘(?@d’h%lﬁ’@tﬁ’%‘@%%\}@(?ﬁa 2 vyl im@RAING he switch 12320 is net by the

i ght pulse, 15 the switch 12310 is closed and the second supply voltage
-U becone I ] |t - t he
end of th‘(i;,l-u?:ﬁ;i%stt&)Wl rngrﬁef%{}ﬁs ?%’ﬁgtféhqi f‘%:gfld cG{nEféﬁg ﬁ‘éﬁl g{@nm& wﬂtéﬁl%%adlﬁtes

conponent thafsedidﬁd ;ﬁhmtdcoﬁducnud: switelt llmﬂs Vétient the shittls 12320rib mwby e lighttpulse] 80
Vi a the secon ical fibre 12175. This second conponent forms a

par t13of t He swmbtuéb%.%ad &t theapcandgupply voltage -U bfcemef ayaiiable qn the enipat s
the first ﬁ{%‘éts%%ﬂ 41483 S h& ?aﬁglﬂ% fitd Ednp mséﬁ* &%ﬁé&;& %5 ”aeEec%Q

by the Ilg pul'se he SWi I's agal n C ose

vol t age +tbrhpmeAesf the optical pyled kables adnhd fiest woindiatiof uhhelﬁ&l)t\@ah thmsécond
11423. The repni nder _of the voltage swtched I nformati on-carrying
si gnal P( ¢ptiqakfipig 1317aThip secopd comppRAng fomnsmpat pf thptfﬁsttqqebmeé apticaldgnahi r d

12176 andt l‘ﬁt[cmti?ﬁa hated e/ P bhdiBtorldullie it éhnﬂzztlbe%@mr‘év&]&hpﬁbﬁo% et ®

synbol ti e har
20 by the light pulse, the switch 12310 is again closed and the first supply voltage +U becomes

available on the output of the switch unit 11423. The remainder of the voltage switched
information-carrying signal P(t) is built-up in a corresponding manner with the aid of the third
12176 and the fourth 12177 optical fibre during the remaining part of the symbol time T, for
the second binary symbol 0.

25 Thus, the second binary symbol 0 in the alphabet of the digital signal Y is represented in the
voltage switched information-carrier signal P(t) as a phase inverted copy of the representation

of the first binary symbol 1 in the alphabet of said digital signal Y.

As an alternative delaying element to optical fibres, the optical signals 0,, 0, may be caused to
pass 'through any other suitable transmission medium through paths of mutually different

30 lengths, for instance through one or more prisms.



25 Thus, the second bi hary synbol O in the al phabet of the digital

signal Y is represent ed in the vol tage switched information-carrier
signal. P(ty, g%aghase inverted copy of the representation pcr/sE9700409t he
first bi nary Sy 1 in the al phabet of2kaid digital si gnal Y. As

an alternative delaying elenent to optical fibres, the optical signals

oferr], o[err] may be caused to p through any .other suita
transm ssil bﬁ\lﬁﬁ‘ﬂpﬁﬂﬁqeﬂr%d@fnﬁ%&"ﬁ& the "r‘r‘Hib(‘}‘éPflﬂr lHTgF‘P"é?‘é[rgt‘Y%ﬁ SP?mF@n&?rﬁgm“Ygor

| nstance tAgQugh nﬂﬂ&l@ﬁnﬁ@&ﬁde&&#@%& 5, jdeptical to the m%g/ ! ipﬁ&'?’ole e signal values

23 ment of
t he i nventdfake digitel sigmab &t Tabs,|wightthe digitahisighal iptiabst, inslptést Mediffereno spinbolsg
units and nutually_independent switches is identical to the nupher of
possi bl e s\dgwarbewﬂ light- generating ugfts.tenuambyr of splitegs M-nymbenpf compung ppiss and

di
0 Oht S oncyak BREBGh PRLABEn A LE BT bR M BT 190 ¢
and 5 M @wms c@h bé'kked Avheh the anersaemtaw it ShRiEh ahdof B dhiteling Mk §s §ran

M swi tches, for instance 2M swi t ches can be used, when the sw tched
vol t ages ilighsas Winghesaital¢ dicmatios $9¢ ot thiersyitchesgniosdes to have time 9 gl the smaitches

tate _al.t ti f~1h tch d t hav t |
he owi t crugieienty! I o RRR0DS IR°inYEREETL % BiF i Blehtsnis FoaeR R, Pareid
of swi t cheghbagiEeHly ofé betle bWitdiRs ‘lrcﬁra;ge connecun@"ltﬂé%%cPGf MdeRAdett sw&hes

switches is vo %tage connecting. The nunber of Tndependent swi'tches 10 S
thusi®til lisMusstit M.  The nunber of |ight-generating units can be reduced
to one, by using one optical signal selector. This I [ ght generati ng

unit ist cont rol i n a manner anal ogoys with t

oscr i bed e R chteFe S TR Bts6CoR, e SELGRIAP QB b HoPRETFaPRHisab signAk
digital sigpai, \Tﬁr?llght-genera%%hﬁxf ?srtﬁgﬁ céﬂk'dlfeHQHi manher analogbi§ wih! th€ Fhanner
signal s nay, ][ courSe, al so be replaced by ionising rad |agt|on of the kind
earlier  describeddvithc refgentedo dingure 6t hri sccapfance svithahe wilue bE tliendigitali signal The
lonising r Ffb?f[ron may, for instance, consi st of X-rays or electron
rays. The@ 6¢8 Sve switches 12310, 12320 can then be

repl aced with conductive elenents that are responsive primarily to

el ect 5 OMBONR! bifkicBNEEAYs by, of course, 4188 bé&épﬂce&’%‘ﬁbﬁi@ﬁ% r}acﬁiﬁkgﬁoﬁih@ Kifd Eé:‘ﬁ@r
el ectrons respectively, the Ii ght-generatr ng unit replaced with

X-ray tubedisamnstdeiven in this applisatioasyfabe iimention.dFe iphisingehdigtien mapnfos insmiceced
I el eTent DAL L AIE B SrSEL SRl 00 TR U oL S £ BSRRECLAEy,
third embodbEai with caftubiedlbmifis Bk SR REGIISIE primarily to electromagnetic energy in
the X-ray wavelength range and to free electrons respectively, the light-generating units
20 replaced with X-ray tubes and electron guns respectively, and the delay elements replaced

with elements that include a transmission medium adapted for respective types of radiation.

| Figure 14 is a block schematic illustrating a third embodiment of an inventive pulse-shaping

and power-amplifying arrangement. A first signal X;, which represents a first quadrature-
divided information signal component, for instance in an I-channel, of an underlying

25 information signal is received by a first sigma-delta modulator 14010, and a second signal X
which represents a second quadrature-divided information signal component, for instance a Q-
channel, of the same underlying information signal is received by a second sigma-delta
modulator 14020. The first sigma-delta modulator 14010 modulates the first incoming signal

X;, wherewith a first digital signal Y, is obtained, and the second sigma-delta modulator

30 14020 modulates the second incoming signal X,, wherein a second digital signal Yq is



and power-anplifying arrangenent. A first signal X err], which represents a
first quadrature- di vided information signal conponent, for

i nstance in an 1-channel, of an underlying 25 information signal is
recei ved DYO#8MIG83t sigma-delta nodul at oy 14010, and a secoRGTSEJHAHOKQ

whi ch represents a second quadrature-divided information signal conponent,
for instance a Q channel , of the sane underlying information

si gnal i Sobigiged. Ve Sgital S@adM, Yi,oiredeiéveréd interleaved, i OthkRivords k4O e&ond N,
first sigma-delta nodul ator 14618 modul ates the first incomng signal
X[-err], whigitahdignal &s set te ereiwfienghe Srsydigitalyfignal]Y)ihgs alsiearinedie, andl vicgevessacond

O e e T e Ngrar-dgta AR Get RAOPLE 14035 RSF G A dglhried Bl

24 f to Figure 1, or analdpué! SF3dscHBAPVith reference to Fhudd DEdepehif
digital sireg?\rg[llceY[oerlr . Y[err] are delivered interl élavedfw% n ot heeI?e vvorgdgnt he -

secoid Y[ whether the input siinglst %y X5 ayaaligitad o enaleguez Fho sighmandetth enddulasdrs ddgi @ al
signal Y[er S a Si | val ue, and vyicg versa. . The, respective
o1 o ol 83 MRS mes e 34 T Smati-1y RO o ridpatsah i gopsading.n HBGkris BEY SHiEd

reference L Okl B b i Qluediddl Ogue, as described with reference to Figure
2, dependlfér{ghé;%fq)? &O]m\]/}h%e%%er the input signals Xerr], Xerr] are digital

or anal ogue. The sigma-delta nodul ators 14010 and 14020 nmay be of
t he | owpaThe digitel signalsa¥i (] p A5 ard proesssetbmeespectgveanixingi ant aiplifyérss ursitsi 14680 and
for the application jn questjo The digital signals Y[err], .
Yerr] ar éﬁ’%ﬂo{f’eg@eﬂiww Wé‘gﬁbt’:{h’%°rnﬁeﬁ?'ﬁ’ge‘§gﬂd'5}?ﬁ‘l of %eriag“iPHP’c‘ Slesorthed Wity
140 in ] L ogli o | s
desclh bed e pei] Hiptte ol Tt 1 besple SR/, POWRVRP i WEGRh Hochigand BBREYRE
However, ufie 1404®desthet ing issnowarsyinhby setmence for up-mixing thé @ditall eigman Y, buse
Its own synbol sequence for up-m xing the digital signal Y. but,

i nst ead u¥Btead usEHmHBIMEAL seAusaee B ?%mg’wm thenfirshmixipg and amplifyige apit 14030 angi ng
.unit 1403 : o : i [annd i h -shifti

uni t 14048nAPAuifed 907 BB VL2 EARichitek, i PAdab, [ Bffon, LyBeROMS g Ml LB

fromthe trafishitted Xrotg thedirsinplixihyiangd amplifying08sit t1d0301¢o SieC svdndii neixivgg and 15
anplifying uniit 14040 and to the signma-delta nodul ators 14010, 14020, to
ensukde’ t hamplifyang unit 1404Q pad igrthe demadslta madulatnis 14910, 14020, to ensurp dhat; thet

m Xi ng angy{tﬁ{é%%&%@?nc%ntou%ﬁow delivers a first voltage-sw tched signal

Plerr] an second”m xi ng and anplifying unit 14040 delivers a
second voltage switched signal Plerr] to a sumation unit 14060 in
whi ch t he Thélfirstgrixing dndhreitifrtigpahit 1RD20 déliversth Rfsevsliageswiteltd aihrahB, 4ol the a
20 summatiQn signal, Plerr]. . The summation signal Plerr]_is
filtered serordmpixing 3ndpmplifyingapiiol 40AR delivire  sscapdsioftage Syiised bignal Potoa
Spect [ um | SmfmlibA Gk 408 nAwieh thd ddlldpb SwhbiaRgrRls®, aha g HERRRALAE oS
centre fréquency errj o

20 summation signal Pjo.

The summation signal Pyq is filtered in a filtering unit 14070, wherewith a desired signal
spectrum is extracted and a band limited signal Pyq.pp is generated. The centre frequency f; of
the bandpass filter 14070 is preferably equal to half the symbol rate fz, of the symbol
sequenée B, so that a signal spectrum around this centre frequency f; is delivered to the output
25 of the bandpass filtering unit 14070. When wishing to obtain a signal spectrum around a
higher multiple, for instance m where m>n, of the symbol rate fz of the symbol sequence B,

there is instead chosen a centre frequency f; corresponding to this multiple, i.e. f, = m'fg.

Figure 15 is a block schematic illustrating a fourth embodiment of an inventive arrangement
for pulse-shaping and power-amplifying an incoming information signal X. A sigma-delta

30 modulator 15010 modulates the information signal X to provide a first Y; and a second Yy



t he bandpass filter 14070 is-preferably equal to half the synbol rate
fl[err] of the synbol sequence B, so that a signal spectrum around

this centrﬁ(i;es?ﬁg&ncy flerr] is delivered to the output 25 P /gﬁ,‘,t,&)ﬁog

bandpass f I'ng unit 14070. When wi shi2fg to obtain a signal spectrum
around a hi gher nmultiple, for instance mwhere nepn, of the synbol
rate fB of the synbol sequence B, there is instead chosen a centre

frequency quadratyre-dividess gigital signeb compenentl tThsl digital signplseYy) Yo arer [delivgred

Figure 15.s a bl.ock schemati.c jJlustratiyg.a fourth | pent. of . gn
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modul ates the information signal X'to provide a first Y[err] and a second
Y[err] depending on whathep gitel id@@nation signal X is digital or analogue, and thepggma-delta
PCT/ SE97/ 014 ugdrat ur e- di vi de i gital signal conponent. The
di gi tal si@ﬂ&ﬁ?‘“{f %Orer]n,lathi%eo?%loyp%ssE}gch et gﬁ%pgss-type. interl eaved, i.e. the
second signal conmponent YQis set to zero when the first signal Y[err] has
a ' 4R Y 2R a¥d SRcelSEd iy thl MEix e HFR Ak 02 308y
be digital f%egmgig\g?égégug, l ‘S’ga lgr‘i")fz:leg%endi ngrﬁgﬁﬁi\ﬁ%gtaﬁgﬁ; 1t)ﬁgfﬁﬁ?#0f§mPia§§Q§?ad;‘rgl
X i s digitmbpestivelpin acposdancenelith tiee Sisyomthd sbdond embodimpmitibfitheinvenfan destyibbe
of a | owpass-type or, a bandpass-f{ype. . The digital, signals Y[err]
Y[err] ar ereﬂ?ea?ﬁ@x S relpREce o F r%"%ﬁdmwrgwlﬁg &, 1 5epoRf nirdag; 6nd
respectivel y k#:ac AL dNst kbit g itd I |

I nvention %Jéglg l|r%e1§9{q (}(Mgslgbéc‘%igvlggl 9%& t;rctla:‘% g%‘gggﬁ?gniélﬁgggégaam{ of

Fi gune 11. seldosweed that has seen calenrfrothniye firdd mixing andeamiiplifyiyip mpitWs020 hhd phastoes
not use its own synbol sequence but .instead uses a symbol 10 sequence B
that has bhdficd draught305 BnHe arphase-shiftingpit hiP48nghe synchipniping signm L inalso
phase-

- Shi r 90 Blerr] hi.a phasezsiN {1 | e dne
synchr oni stlr?lngfms"?égd];lgr?gb@% g&gpg%ﬂxg Lﬁ’& a]"Eprlg%lg 'lﬁ}ﬁégswot@ #lﬁ'gs##gqétl%%?%oﬁag
and anpl i f dhplefyingi dnid 590 dnd tohle SGAB el HotGlafRd 5010 in orddi b ichitire ghdtnhé
15030 and to the signma-delta nodul ator 15010 in order to ensure that the
syst em opefystcasORyMehYHAFaRIYlY. 15 The first mxing and anplifying unit
15020 delivers a first voltage switched signal Plerr], and the

. . . . . . . . . . d
S ondP 1o SREANRTRnd Y i3l e 8 disoREEORCHE LBAR rr ik he
si gnal s P[ sfcbhd afigingdahdcaniplifyiagmmit 15030 delfwefSTatsetohdSvalagt sWHahéd sighsl to a

sumat i on si gnal P[e,rrgwi s then filtered in a filtering_unit 15060,
wher ewi t h sinyeationegnisi bRaP impwhich thei woltage rtchad signals Barate |added da forgna

Plerr] is e | t. | be s e
to Figure aétg%}legggaq 15050. Fl—hf:'? 8@%@8%&??{9%@?@% ?{dh@ "g\f/%ﬁy*%rg% {ijlﬁlt '? é(%lqcﬁ
the m xi ngwhedwathinl debivédggdan spettrdm0id @xtrd€tBahd a band limited signal Pjq.pp is generated

20 in the same way as that described with reference to Figure 14 above.

It can be mentioned that the switch units in the mixing and amplifying units 15020, 15030
need not be duplicated, since the digital signals Y|, Yq are interleaved and are therefore
defined in alternating moments in time. The switch units 15020 and 15030 will thus operate
alternately. Consequently, one and the same switch unit can be used to generate alternately
25 voltage pulses that represent the first P; and the second Py voltage switched signal
respectively. Naturally, the same applies to the solution described above with reference to

Figure 14.

Figure 16 is a fifth embodiment of an inventive bulse-shaping and power-amplifying
arrangement. This solution presumes that two incoming signals X), X, are interleaved. The

30 first signal X, is assumed to represent a first quadrature-divided information-signal



need not be duplicated, since the digital signals Y[err], Yerr] are
interl eaved and are therefore defined in alternating nonents in
time. The switch units 15020 and 15030 will thus operate

al t er nat WP 9%HE¥equent |y, one and the sg@me switch unit caf TERIZELR
generate alternately 25 vol tage pul ses that represent the first P[ err]
and the second P[err] voltage sw tched signal respectively.

Nat ur al | yc,o;xtphﬁexﬁafm iafmice s Itchahiid, obhwihderlydes inforition Bivnal, \whi the eésndnce
to ure 14. gure 16 is a fifth enbodi ment of an
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unde? | yi rfgcnnﬁfscgmﬂﬂtm‘n@i\éﬁaﬂﬁoaﬂd t he second si gnal X[err] is
assunmed to represent a second quadrature-divided information- si gnal
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-second si gma-del ta nodul at or 16020. first” sigm-d 't & odul at or
16010 gendelixered tcaafmmmg and gmphifying gmalléoa[Oente}lemd inreecardanca dvrsh @lmﬁrst zmd

o1 gnal 5 VR4 embpden 6 Seopggnion” & ey itind gievel G inis HgTed. BR My i ng
-uni 10 1603Q;xi gl &id &eﬁmm Iuauqs@w@aﬁeegmatdana%dmaro%; 16018, 16020, to GRER! Qﬂ?rom

_enmbodi ment of the invention. A synchronising signal CL is transferre
the 10 thesexnodplatons openpteisypihmonamsiyt witlothe nikingtane amphfyinghetit E6030dul at or s
16010, 16020, to ensure that t hese nodul at ors operate synchronously

ith th d it .16030. The i xi. d
ool v e iiiod Be SRt igg: TR0, FRGES swp dutevenved yoltae PifiHed Sepnis By
- Plerr],  po, which Bififtdred \rﬁrhqhte%g ddif t@md Fm}a@onf bt mersrgrﬂrs%gdnslﬁpél%and-

Frltratron 'of the signals results in a band- limted signal P[err]
that i nclliniised sigugl Pon, Sitinclhdespegivensignal spectrumii gure 17 is a bl ock
schematic illustrating a sixth enbodi rent of an inventive pul se-shaping

d
o gARe ol TR 17 ' Vlo S RERRI N st B bRl of e B p B S Ehapig™
Ylerr] quadr péwerameplifyiag hndh dgslns@k AhGB@dmmF signal 3 HTRRAEREed ANE sibinti-8éia

signals Ylerr], Y[err]| are ivered interleaved to a m xing and anplifying
unit 1702@ofwater dﬂﬁ&&nc efovmtzh firsteYf iand ta @ccomde\’s epedrdtueerdiyitiededigitall sighel
i nvention. A 20

nodul at or SOPPRPASNY Fg}ﬁ] %iig?,gx agcngelwered 1nteﬁgarl;[ed ttr()) atxrrrli?nng &%aamghftymg

unit 17020 in accordance with the first or the second embodiment of the invention. A
20 synchronising signal CL is sent to the sigma-delta modulator 17010 from the mixing and

amplifying unit 17020, to ensure that the entire system operates synchronously.

The mixing and amplifying unit 17020 delivers to interleaved voltage-switched signals P;, Py,
which are filtered in a ﬁltering unit 17030. Filtering of these signals results in a band-limited

signal Piq.pp which includes a given signal spiectrur_n.



anplifying unit 17020, to ensure that the entire system operates

synchronously. The mixing and anplifying unit 17020 delivers to

i nterl eavedyyod/i@dge- sW tched signals Plerr], Plerr], reRisRS/A4G
filtered in a filtering unit 17030. Fllté?lng of these signals results in a
band-1imted signal P[err] which includes a given signal spectrum
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1. AN If:; angﬁﬁﬂﬁnéeﬁen?iﬂriﬁls@@ﬂ%xﬂ@ aﬁ@go%f"%gﬁfgmé zfny'hﬁﬁmaﬁod %Eﬁ 'rlé)f)n

signal (Xl elta no
(410, 1141&)np‘ri3inggenerat| ng a d| gital si gnal (Y) fromthe

i nformation signal (X err] m Xi ng arrpll uni t
(420, 11420) fd# msma e#g raocipéattvegkmswlwaeéor generatiig 3 %smlrﬁagq% gafmith@
signal (P). si gnal and - afiltering unit
(430, 114§B§ '?‘glr‘&g% g%(l 2g a band- I | m ted signal (P[err]) fromthe

vol tage sw tchesl mix@mglandPhmptibangciust | @20, in4pdatiorl Jorming a voltageisGtched
digital signal (Y) is Mnear. i.e. includes Mdiscrete signal values; and

in that information-carrying signalXPhjommbe éngpahsignath),mmd (420, 11420) i ncl udes

a switch unit (4 udes st, M .mut ual Iy d

swit ches (5330,2 ?@'Z&ﬁ“%ﬁ@q&é%“ﬂ@z@f genera?ng g (,jﬂ“\%hl %{PI@ES iﬁ% E%d
to gener atg){ape siildter "ﬁg?hlo@) CaFace&Gscdl i Bt (P) .

arrangenment for pul se- and power-anplifying two quadrature di vi ded

15 10i nf or mat |tcbn dzgxtghsagnad 6\?)axsri\émesr (x[xaclnqlesd‘v(euxscmc signal eslves; tand érl that
conpri si ng:

St Si eI tor (14010 .

generating a f |‘|h§tm’d‘l"'§ gag ag}pb Ape (“?ﬁn&rzﬁ ﬁg‘? es a switch 1"‘?‘; {435) which

I nf or mat i -de
nodul at oroifl i@g%)adltf%rgﬁgﬁgﬁgttulg?\%qgﬂls%egg%n& (sijtclzk%egl (333g’naF$(?\;Fleﬁr ???m 19336
fromthe s:espmdve’lyl)‘whmhhreo:se& t@mhraw«hpmfeﬁﬂat(o)@arryﬂx@ signal (P). a first .
m xi ng and_ anpl i f uni t 1400 for formng a fifst voltage-sw tche
Tt of st | oh cor A FEREERRN fof PO fPmE AR ROeF Aepliing fap Siegrline divided
Y[ erk]); S&Rﬂg( W unit (14040) for
$o£m1:5119 a lggocrf)nn ons1 %lé:(e)ﬁlgvm d%&%&e@d@ﬁu doﬁbgﬁiﬁ arryi ng si gnal
(P[err]) fsrom tmﬁrsse:gmaetieﬁa giodalatori(§4G10) (fof genekating a first digital signal (&) from the

phase-shifting unit, (14050) for %eneratl ng froma first synbol sequence (B)
25  genfdrshindermation sigpalicompeneat &Xny and anplifying unit (14030); a second

bi't sequence (E’L&roﬁll )s1gma-delta modulator (14020) for generating a second digital signal (Yg)

from the second information signal component (Xg);

20 - a first mixing and amplifying unit (14030) for forming a first voltage-switched
information-carrying signal (P)) from the first digital signal (Y,);
- a second mixing and amplifying unit (14040) for forming a second voltage-switched
information-carrying signal (Py) from the second digital signal (Y); _
- a phase-shifting unit (14050) for generating from a first symboi sequence (B)

25 generated in said first mixing and amplifying unit (14030); a second bit sequence (B,p)
phase-shifted in relation to the first symbol sequence (B) to said second mixing and
amplifying unit (14040);
- a summation unit (14060) for forming a summation signal (P;g) from said first (P;) and
said second (Pg) voltage-switched signals; and

30 - a filtering unit (14070) for generating a band limited signal (Pyq) from the summation

signal (Pjq.pp), characterised in that

D Y



phase-shifted in relation to the first synbol sequence (B) to said second

m xi ng and anplifying unit (14040); - a sunmation unit
(14060) for form ng a summation signal (P[err]) fromsaid fj] rst?%m[lerr])

and WO 88{11§8%econd (P[err]) vol tagggswi tched signals; 409

a filtering unit (14070) for generating a band limted si gnal (P[err]) from
the summati on signal (P[err]), characterised in that

WO 98/ 11683  said respective dlgttal signals (Y; and Yq) ar28-near, i.e. include M-discrete sxanal

PCT/ SE97/ 01409 sai d respect ive digital signals (Y err] and
Y[err]) avalues gnsdpthat o i ncl ude M discrete si gnal val ues; and |n

t hat

14040) edch i iALEE B A Mo ISP 1070, 40 30

| east M siit @hes1 2By thadineludesat 1kt BeBRItetcs viich sreaRerid geaeﬁte the r&gﬂet@&e
switched signals (P[err] and Plerr] resFectlveI y).
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E:1>e<)ner ating a f g{ratlg'!-’[néqn} f9r Bylse- %{’agglgoef@ E‘Weér‘t"} ffyiflg a1 information s‘g“%‘l O?)

quadr at ur&m%ﬂzsbgled digital signal conponent fromthe information signal
(x); 10 a first mxing and anplifying unit (15020) to form a
first voltage-=wsigm#hdeta modulator|(dﬁ@}(})aforrogmcannglmg'xrstl gVinlan@ Pi esecdnd (¥gn

e B AR SR LI b e g 0 S

f t it di I ;
Ic 2 ngg 22 nlt 9 ? YE: :5 r ?ﬂsﬂ Inixirg"@hd ( a?ﬁﬁ{fs'in)g fugﬁ reT'( I Ssblﬁ T’ OR)STI!]II %19 {E%O\A/%ta%?%&mched

del i veri ngxfmrmattbnscmpnglsigmlﬂ’lmgomtdteﬁmldlgtgal stgnalmompﬂﬁcnt (Y$;15030) a second

symbol sequence (B .Lam a f| uence B ener at ed
i% b sai ﬂséq(’LS ﬁlaﬂ a Eifydﬂ%l“f“h& fﬂ}oi f%(“j‘t e°°'Lda}(’Q} @gé%‘& hed

synbol se tfe first
Yol seiRBoREuifing NRA Py from the SAd Bl ighil ApBReVRED | TS
‘sunmat i on- si gnaph4se{skifting udit drfmma)i fdr ﬁélntehngﬁtb &rers]e}coramhxmg and amplifiythgs@iond

~PQ voltage sw tched si ? and filter unit 15060 for
qondiat i ng SABHF PRI S (Brprkep fivm arfieerbehieauriss () generateding

(Pl[err]), e .
Conponeht SEF PR HRIE B niofitile unit (15020), said sdcBRA SFbYsedllck eir BAke
si gnal vakhifted inrelitiomtd thefirst symbol sequence (B)espect ive m xing and anplifying

units (15020 and 15030) eagh InC|€'ﬁfdeS a switch unit 25 (423 11423) that
i ncl udes at | eASEMpREYH pnit{d 0Mifenionning asummatiogsignakbPig) dromneaiq Ssb €20 pde

voltage s | err]). 4. An arrangenent
accor di ng%‘%g%%gdﬁ' g"%@e g\ﬁg&%%’g?%gt%l sed in that said Mswtches
20 - a filter unit (15060 for generating a band-limited signal (Pq) from the summation

signal (Piq.pp), characterised in that
- respective digital signal components (Y, and Yq) are M-near, i.e. include M-discrete
signal values; and in that
- respective mixing and amplifying units (15020 and 15030) each includes a switch unit
25 (423, 11423) that includes at least M switches which are used in generating the respective
voltage switched signals (P; and Pg).
4.  An arrangement according to Claim 1, 2 or 3, characterised in that said M switches
(5330, 5340) are conductive elements (5330, 5340) whose electrical conductivity is contingent
on the amount of ionising radiation that fa.lls on said elements.
30 5. An arrangement according to Claim 4, characterised in that said conductivé elements

(5330, 5340) are photoconductive elements.
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(5330, 5340) are conductive elenents (5330, 5340) whose el ectrical

conductivity is contingent on the anount of ionising radiation that
falls on sa‘jvgs,g)l nts. 30 5. An arrangenent accordi NnpdrserRidn 4,
characterised I n that said conductive el &¥ents (5330, 5340) are

phot oconducti ve el ements. WD 98/ 11683
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5 X .
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~doped silicon. 10 10. An_arrangenent according to C aim4,
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primarily gensitive to X-ra b. e e eLlectrical. condycti Vit f said.
lenonts’ O Aol ErdelePricTorglnet o, Clfiton SaaraFRER L thef it dyeliyoifiive
energy of XehRyitsW8Y50, 8840)are made of copper dopédisifité@ngenment according to Caim
4, characterised in that the electrical conductivity . of said
condulft i ve 18] endmaTahgSB6Nt agRading tallabm 4, chiavasterisgd by that said consfucdvr tlefments

oot 0 s, e QR B e b B
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controlled with The aid of electron beans.
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i ot rmat | 0 SR PO SIeEnts (T30 533408 0 B at e, B Vit of ac fsp lectsop.
N 19n X @ﬂliﬁég&)saiﬁ REndlicfid aLméﬁtggsl?dso( ﬁ40¥&%ﬂer§ml§%£g§@ aé%ﬁ?i?ﬁ@@&a@@ carriers

therewth to generate a radio frequency s
decodi ng ( 4223id tchaductite eletneriy (8301 84Q)dle. (HeFdondeqivedklengentsn(SB3A6, 346 aiah ibeg

25 I nformation cqontenf, of the digital signal (Y);
swi t chi-ng G%‘QHCBWE%P&EP’(S‘c&FEﬁﬁ%giﬁ%ﬁgnal "(RF), therewith formng a

vol t age- swijhche i g t QN cAar Ly | ); i :
filtering %’30) (A[ hrget\l}% toafgg‘E lggwg?%t{%d agfag%%ﬁ,&( B;i,l%ﬁgréﬁfnggﬁ%rl% isr11ggna<l;1 gé'??d
limted si gombprising the stepsBferr]), characterised in that

20 - sigma-delta modulating (410) the information signal (X;f), thereby to form a digital
~ signal (Y);
- mixing (421) the digital signal (Y) with a symbol sequence (B), therewith to generate
a radio frequency signal (RF);
- decoding (422) the radio frequency signal (RF) depending on the prevailing
25 information content of the digitai signal (Y); '
- switching (423) the radio frequency signal (RF), therewith forming a voltage-switched
information-carrying signal (P); and _
- filtering (430) the voltage switched signal (P), thereby generating a band limited signal
(Pgp), characterised in that

30 - the digital signal (Y) is M-near, i.e. includes M-discrete signal values; and in that

* c L M S *

according to Claimb5, characterised in



30 - the digital signal (Y) is Mnear, i.e. includes Mdiscrete
signal values; and in that WO 98/ 11683

30 PCT/ SE97/ 01409 t he vol t age
swi tched WQP8(11683) is formed fromthe rydi o frequency si gnBFT/ARIZO1)5; 1
the aid of at | east Msw tches (5330, 5340), each of which controls an

el ectric magni tude (U and -U respectively). 13. A net hod
accordi ng-to Ghaivolthge switdied Gighal @8dsiprmied from-the radic fByi@hty Bignilh@®IMadite
frequency signal (RF) to ionisi n8 radiation (o[err], o[err]); and in that
- sai thesd pfatdeash Meswidnhas 633050 rranh of Wb@iamontsém} elgpiois anagnitude (dJ
conducti vi t%/lj tivel contingent on the ionising radiation incident on
said ele respect eY)l A method of pul se-shaping and

power - anph3.f yi Admeédhod Héc@fdifx?éﬂocﬂllaﬁxh ¥ adhatadte¥isedd by conprising the
steps of: 10 si gnma- del ta nodul ati ng (11410) the information:
signdl (Xferr] yonwenmgebyraﬂ@rfmqmgnw signal (RF) t@iigmising rasliagioni(o¢ ¥); and in that -

i or mati on - sid sNachtuk bopRle atnidnat QA 33965 osk ercetic Bpiming s

11421) t t ng a radi o frequenc
gl gnal) E&tmég?te@rtfléi&mg&&uoa lHRid4t 6ms£&gﬁﬁ@‘§t§h?ng (11423) tﬂe raél o]

frequency14i gndl nfethed rof, pufeeshaping tihér powdrhaniplifying gona infoirhatip@- signal (X¢)
swi tched infornation-carrying signal (P); and - filtering
(11430) tﬁ‘é‘n%"ﬂ’t’%ﬂ@%"\mf’ hed signal (P), thereby generating a band-linted
SI g (PLerr] e I a
V)5 M near | B IR EHIaGE tt‘ﬁﬁ‘?’ét%@&fmnm a1l G400, S R,
that up- rrﬂigxtagsxgriatt(m: digital signal |ncI udes the steps of gener at| ng a
pul se (12110, 12120% convertln said pulse to |on|5|ng radi ation
(o[err], o[errF?GOdmg/(ldﬂ??d q digilgl sigpaig(y) in dependen@amuthpm\@m@ infermatiran
into at | its which are transmitted via at |east two
del ay el egg‘%'m %ﬁpgg&? 7) having nmutually different signal delays and-
conbi nati en 25 up-mtx(rigZ],BQl)ﬂlﬁlﬁgl)al eignala(Yy), therspathgehrating praliefréquandiSsignal

(c[err] c[err]) in that said pulse trains (c[err], cl[err])
irrakdiate ‘hn@z):gl ven conductive el ement (12310 12320) of M possi bI e
el ements, wher saj, t

contingent on ;2 h@d}‘lgg (F ﬁ% Eﬂfdfag ﬂ'é&,%éF g["er’S‘] ?,9{}%}(1:&?, eﬁrﬁmgn g“#

el ement s, sﬁ&dhddﬂnfdiﬂ;hu@mc#}yﬂfgﬁgxfal (P); and magnl tude (+U, - S cont rolled
with the aid of said conductive elenents (12310, 12320). 30 A

met hod of -pul sdiltsAapi(hift3ahthepwritage-switchad, signalt(R) theraby aenerating; & |ba@f&hmned
I nfor mat i %%HI(PPE? fhasragt@?'L LRRgnent s (X[err] and X[ err] respectively)
e f .

conprising OW Nng 2§ eps.
20 - the digital signal (Y) is M-near, i.e. includes M-discrete signal values;

- in that up-mixing of the digital signal (Y) includes the steps of generating a pulse
(12110, 12120), converting said pulse to ionising radiation (0,, 0,); dividing (12150, 12160)
said ionising radiation into at least two components which are transmitted via at least two
delay elements (12170-12177) having mutually different signal delays and combination
25 (12180, 12190) of said components to pulse trains (c,, ¢,);
- in that said pulse trains (c,, ¢,) irradiate one given conductive element (12310, 12320)
of M possible elements, wherein the electric conductivity of said conductive elements is
contingent on the ionising radiation (c,, ¢,) incident on said elements, and in that an electric
magnitude (+U, -U) is controlled with the aid of said conductive elements (12310, 12320).
30 15. A method of pulse-shaping and power-amplifying two quadrature-divided information

signal components (X; and X, respectively) comprising the following steps.

.__-————————’_—-‘——'-_’-——_

M,
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PCT/ SE97/ 01409 si gma- deI ta nodul ating (14010) the first
i nformati o conponent (X[ err]), thereby f or m per/"Edidiado
di gi tal gﬁwg% si gnma3tlel ta nodul ating (14020) the
second |nformat|on Si gnal corrponent (X[err]), thereby formng a
second digital signal separately m xing and sw tchi ng

(14030, 14040) %tavea-#ﬁliasmo(h\*ff@?&qlﬁ%mhp rfgsts@&m@upwfrep?l] 9°mp°nent (anhlb@?fﬁ%)i
signals, t 15?3‘4.&%&%&% S@galg rvoI t age-sw tched i nformation-carrying

signal s ( respectively); - conbi ni ng
(14060) the volsiggedelv hfdaaﬁnﬁggmad)zm( H{eeE;écbnd Rh€dribtion shpabE R¥m E@ﬂéﬁtng(
summation signal (Plerr]); filtering (14070) the summation
si gnal ( P[tkereBy) fomh@'aaicyogbﬁgﬂdtmgmgl éYdjand linmted si gnal (P[ err]),

characterlsed in

are M near, éepi}rﬂ@fyuﬁlgﬂﬂﬁ and EY"&F]@ngl 'ﬁg:icp\)é‘ﬁ‘ﬁ sth Y(' b € seb |(‘k
that said cﬁgﬂaﬁ F@‘g@g {03 Qe sind RAD v IR icHEd K])forhﬁmelfx E@@fxﬁ«d siﬁh&l@ (rphsma' d

of at _ Msvmtches each of "which controls an €l ect
nmagni t ude Ry'rebpeetiffelyt5 A rret hod of pul se-shapi ng and

C g el ta. TodonIERAg @fgg@g)%‘q eRgt shiiscorsigmindF (£, ePeoprriEn g

a first a second (Y[err]) digital signal;
separ at el yS“’r%“%‘."r?N 3f@\)'lﬂ)$ﬁﬂl ng (15020, 15030) the respective first

(Y[ eqgp]) and semtvmhgi(mmm (h\é[sarxrrﬂz)uodis@gﬁaatPﬁ ), Uivadtsy, geheratighy bawd Hindted B{gnkalvo
vol t age-swi tched i nformation-carrying signals (P[err] Plerr]);
- c orfBigniph ghanastesised t"h@aﬁlol tage-switched signals (Plerr], Plerr]),

thereby formn .00 )

filtering (15038§d%ta1 signals] [t o) )SI glﬁ/gbg{}g[ gﬁ{hﬁer{d dxsc?eggmaréarl]galgg $and,
band-1im t.ed sijgnhat saii switdhitige(14D30 agt 440 eedpaertvely) i§ Bffected with the -ald of at
said digital signals (Y[err], Y[err]) are Mnear, i.e. include Mdiscrete

val ues; ariaastM mmhes each of whlch contmi$wslwn§maggxtve®5(®@o-léhd 15030
resp t|v t he ald of at e
whi cﬁg each C:ont of"§ ["ﬁ) Fe% ha?r‘é‘bn?? d%ov(eilj‘mp ﬁymg an mformi@on gmﬁnsf%l)d

accor di ng doghpeisiign 15 or 16, characterised in that said switches are 30
conducti ve elenents 35330 5340) whose electric conductivity is contingent
on the iom si ngsigma-delta ma@l@ttngowph@l derinfoomagen sigadldihtheyeby forming a first

(Y)) and a second (Y) digital signal;

- separately mixing and switching (15020, 15030) the respective first (Y;) and second
20 (Yq) digital signals, thereby generating two voltage-switched infonnétion-can');ing signals (P,,

Po);

- combining (15050) the voltage-switched signals (P,, Pg), thereby forming a

summation signal (Pyq); and

- ﬁlfering (15060) the summation signal (Pyq), thereby generating a band-limited signal
25 (Peq.pp), characterised in that

- said digital signals (Y), Yq) are M-near, i.c. include M-discrete values; and in that

- said switching (15020 and 15030 respectively) is effected with the aid of at least M

switches of which each controls an electric inagnitude +U, -U).

17. A method according to Claim 15 or 16, characterised in that said switches are
30 conductive elements (5330, 5340) whose electric conductivity is contingent on the ionising

radiation incident on said elements.
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PCT/ SE97/ 01409 18. A nethod according to Caim 13, 14 or 17,
characterised in that said ionising radiation is el ec etic
energy of WP§Rt1683vel ength; and in that said conductive el eﬁéﬁ@%“@
(5330, 5340, 12310, 12320) is photoconducti ve. 19. A et hod
according to Claim13, 14 or 17, characterised in that ionising radiation
is 5 el&ct ranmethed iaccadingay Gfainé- t Ry 14vav el e rubabacterised in2that said ivBisiad

according tg Claim_ 13, 14 or 17, characterised in that said ionising
radi at i on 7adiafigny elegtpreaensticeeneggyoek Lightovavelength; and in that said conductive element

(5330, 5340, 12310, 12320) is photoconductive.

19. A method according to Claim 13, 14 or 17, characterised in that ionising radiation is

T wn

electromagnetic cnergy of X-ray wavelength.

200 A method_according to Claim 13, 14 or 17, characterised in that said ionising

radiation is comprised of free electrons.
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