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HFl ER The present invention relates to a power anplifier and to
Bnsmtter and to a transceiver including such a power tpos
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DESCRIPTION

POWER AMPLIFIER AND A TRANSMITTER INCLUDING THE POWER AMPLIFIER

The present invention relates to a power amplifier and to a
transmitter and to a transceiver including such a power
amplifier. The power amplifier is suitable for use in
transmitters or transceivers operating in accordance with the

ETSI interim standard for DCS 1800 (Personal Communications

0 Network).
Time division duplex and time division multiple access .
protocols are frequently used in digital mobile and cordless
communication systems in order to provide duplex channels on a
5 single radio frequency carrier and in order to use a single rf

carrier to provide many voice channels. One problem with such
protocols is that as the radio frequency signal is switched on or
off, the frequency spectrum of the signal momentarily widens
which causes interference on adjacent radio frequency carriers.

20 The momentary widening of the frequency spectrum is frequently
known as '"'splatter"”.

In order to overcome or reduce this problem, the amplitude
profile of the radio frequency carrier must be carefully shaped
as the transmi;ter is switched on. This shaping is normally done

2% in the power amplifier by coupling out a portion of the output
signal, which after detection is compared with a reference signal
and the difference is low pass filtered to form an "error" signal
which is used to control the gain of the power amplifier. The
reference signal which provides the shaping may be derived from a

20 series of digital values which are read out from a ROM and which
are applied to a digital to analogue converter. Such an
arrangement is disclosed in Figure 5 of UK Patent Specification

GB—A-2 220 808. Whilst such known arrangements function

satisfactorily they are relatively costly and consume power which

35 is a disadvantage with battery powered equipment.
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lifier. The power anplifier is suitable for use in transmtters or

nscei vers operating in accordance with the ETSI interimstandard for DCS

0 (Personal Conmuni cati ons Network). Ti me divi sion duplex and
division multiple access protocols are frequently used in digital

carrier to provide mapy.,voice channels. One probl Wi fh such protocols
is fhat as the 'gna #’Be‘i‘tr 8gute“ﬁc§’f°§r*ahd1“"?%“§w iscﬁgds‘t’}’i‘f?g}ry 5#’?, the frequency
spegt r um ofanphétgiegpedf idbme of arliel yadiiod énsjuehey leacaieseso iavbdd f er ence on

adj hcent r gnggﬁqgfe{l&én&q{fr et ir%@%%g%gggm wi deni ng of the frequency

spebtrumis frequén 'y known as s " In order to overcome or
redlice this probteofdingnsoAnsl fanegs ¢f 6he |Rrepent paverddpn thepgdsncy carrier

be cargfovhided sheReEceiver comprising transmitting means, receiving
° means and control means for controlling the operation of the
transmitting and receiving means, the transmitting means
comprising power amplifying means having an input for a signal to
be amplified and an output for an output power signal and a
10 control loop having means for sampling the output power signal,
means for detecting the sampled output power signal, a reference
t control signal source, and means for comparing the detected
sampled output power with the reference control signal,
characterised in that the control loop further comprises means

for integrating an output of the comparing means and low pass

filtering means and in that there is provided multiplying means
having first and second signal inputs and an output coupled to
the input of the power amplifying means, a signal to be amplified
being applied, in use, to the first signal input and the control
loop being connected to the second input. '
According to a second aspect of the present invention there
is provided a transmitter comprising power amplifying means
having an input for a signal to be amplified and an output for an
output power signal and a control loop having means for sampling
the output power signal, means for detecting the sampled output
power signal, a reference control signal source, and means for
comparing the detected sampled output power with the reference
control signal, characterised in that the control loop further
comprises means for integrating an output of the comparing means
and low pass filtering means and in that there is provided
multiplying means having first and second signal inputs and an
output coupled to the input of the power amplifying means, a
signal to be amplified being applied, in use, to the first signal
input and the control loop being connected to the second input.

According to a third aspect of the present invention there
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as the transnmitter is switched on. This shaping is normally done in the
powey’ anplifier by coupling out a portion of the out put signal, which after
deteption is conmpared with a reference signal and the difference is |ow
passf{filtered to forman "error" signal which is used to control the gain
of the power anplifier. The reference siygnal which provi demstbeisehapi ng
may | be derived froma series of digital val u?as whi ch are readsou';] froma
ROM pnd whi i 4 PLof! converter . Such an
rrapoerent s g aos pEo p et opb o208 3L ABNShE sl . A2 220
808. | Wi | st "SYEPE RROHRPUAr FAndetiened tuhe tinahi Lisd ardaee nitbyt tfkeyerar e
relajively easphty paner @agsdlTend QVBéntMBL ClbopShaidy SRANENHR0Samph ki Dat tery

povef ed eqL“ﬂ%gegﬁﬁput power signal, means for detecting the sampled output

power signal, a reference control signal source, and means for

; comparing the detected sampled output power with the reference
control signal, characterised in that the control loop further
comprises means for integrating an output of the comparing means
and low pass filtering means and in that there is provided

0 multiplying means having first and second signal inputs and an

output coupled to the input of the power amplifying means, a
signal to be amplified being applied, in use, to the first signal

input and the control loop being connected to the second input.

By having a power control loop including a low pass filter,
an integrator and a multiplier, the need for complex pulse
shaping circuitry to shape the reference waveform is avoided.

The control loop used in conjunction with the power amplifying
means is able to make use of a step-like reference waveform of a
predetermined value. Shaping of the amplified waveform is partly
done in the integrating means which slows the output from the
comparing means. The output from the integrating means is
multiplied by the radio frequency input signal on the first input
of the multiplying means which causes its output to rise slowly.
The power ampiifying means has sufficient linearity to assure
that the slowly rising waveform appears on its output.

The low pass filteripg means may be coupled between an
output of the integrating means and the second input to the
multiplying means or between an output of the comparing means and
the input to the integrating means. An advantage of locating the
low pass filtering means in either one of these positions is that
it slows the integrated waveform so that the leading edge of the

signal applied to the multiplying means rises gradually.

The present invention will now be described, by way of

example, with reference to the accompanying drawings, wherein:
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An object of the present invention is to sinplify the anplitude
ing of the radio frequency carrier to avoid nonentary w deni ng of the
2ncy spectrum According to one aspect of the present invention
is provided a transceiver conprising transmtting neans, receiving

nearf@® and control neans for controlli ngl}he operation of the transmtting
and ’bcel ving means, the transnitting means conprising powel ahAEf yi ng

: having an input for a signal to be anplified and an output for an

si gn f t g t 9
ref egence ?O?F%nggc%gf)pl?gg i x.glé"'ge‘%means or goar?%tgf@%\g%t%e hdgl?%act ed
first aspect of the present invention, and

Figure 2 shows waveforms occurring at different points in
the circuit shown in Figure 1.

The transceiver shown in Figure 1 cpmprises a modulator
10 whose output is connected to a power amplifier circuit 12. An
output of the power amplifier circuit 12 is connected to a
10 duplexer 14 which is connected to an anfenna 16 for transmitting
the amplified signal.
A signal received at the antenna is coupled by way of the
duplexer 14 to an r.f. section 18 of a receiver in which the

signal is frequency down converted and applied to a demodulator
5 . 20

The power amplifier circuit 12 comprises a linear power
amplifier 22 having an input 24 and an output 26 céupled to the
duplexer 1l4. A multiplier circuit 28 is provided having first
and second inputs 30,32 and an output 34. The first input 30 is

20 connected to the modulator 10 and the output 34 is coupled to the
amplifier input 24.

The amplifier circuit also includes a feedback control loop
comprising a directional coupler 36 for coupling out a portion of
the output from the power amplifier 22. A detector 38 is coupled

25 to the directional coupler 36 for detecting the envelope of the
output signal. A low pass filter 40 is connected to an output of
the detector 38 and serves to remove wideband noise in the
coupled out signal. The low pass filtered signal is applied to
a non~inverting input of a comparator or differencing amplifier

30 circuit 42. A reference or control signal source 44 is coupled
to an inverting input of the differencing amplifier circuit 42.
The control signal comprises a step function having a desired
amplitude. An integrator 46 is coupled to an output of the
amplifier circuit 42 for integrating the signal output of the

35 amplifier circuit 42. An output of the integrator 46 is filtered
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| ed out put power with the reference control signal, characterised in
“the control loop further conprises neans for integrating an output of
onparing nmeans and | ow pass filtering neans and in that there is

prog ded nul tiplying nmeans having first and second signal inputs and an

out qut coupled to the input of the power.anplifying rreans,m?“é'%?%@ to be
anplg fied being applied, in use, to the ?i rst signal input an e control
| oo§ bei ng connected to the second i nput. According to a second aspect

of thhe pres&ht® LoW @A6F oilteer8@ fnd pprhiiedctr she ragnand tippwt @8nye si ng power
anpli fyi ng meargii@avesng an input for a signal to be anplified and an out put

for Jan out put power signal _and a cqontraql | oop havi ng.neans for sanpling the
out ut power si gnE"tr SS[?(}IS El'éqvéaf“g%@rt??é‘eﬁ%ﬂﬁﬁF%%hSU?pﬁﬁft%\/\B signal, a

ence coind nobnsiegnad spotharethandamsmdnser ond cebphverngedtiendatrect ed
ol £C oL BRI IS ELRISEE S RETEe) o DBl BUBLANET e 0
vicorrpari heeyreamstuand tYoothe yeguiredt Enegnenayedhchenel ara tyeapr trissee i s
| ded channel frequencies available. The controller 50 is also
responsible for setting dynamically the output power of the
transmitter. Several methods are known per se. For example a
10 base station may send output power control messages to a
portable/mobile unit and/or the transceiver may include means for
obtaining a radio signal strength indication (RSSI) from a
received signal and for adjusting its own output power in
response. The reference or control signal source 44 may comprise
15 a store 52 for storing digitally a number of predetermined power ‘
levels and a digital to analogue converter 54 for converting the
digital value read—out from the store 52 in response to a
suitable signal from the controller 50 into a step—like control
voltage. The control voltage supplied to the comparator 42 does
20 not have its leading and trailing edges shaped to conform to a
predetermined envelope profile. )
Referring to Figure 2, the waveform A comprises the power
amplifier circuit output. 7Tt will be noted that the leading edge

of the envelope rises gently somewhat like a raised cosine

25 waveform. Waveform B is the envelope of the coupled out sigz.xal
after detection. Waveform C is the step—like control signal
produced by the source 44. It should be noted that the duration
of the control signal is less than that of the detected signal.
Waveform D coﬁprises the output of the difference amplifier

20 circuit 42. Finally waveform E comprises the output of the
integrator 46. The step—like rising edge of the waveform D is
slowed down by the integrator 46 and the low pass filter 48
thereby giving the desired profile to the leading edge of the
waveform E without requiring special pulse shaping circuitry.

35 If desired the low pass filter 48 may be coupled between the
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| yi ng means having first and second signal inputs and an out put

d to the input of the power anplifying neans, a signal to be

i ed being applied, in use, to the first signal input and the control

ei ng connected to the second input. According to a third aspect
present invention there 6 PHB338 L 8EP

provi ded a power anplifier conprising power anplifying means havi ng
ut forout:pust:I gPathet glg%eren 1|nigfaim% &Qeg glrcgl{ltt_ p%t arf\é) Lhe 1nput to
the integrator 46, as shown in broken lines.
The multiplier 28 may comprise a fouf guadrant multiplier of
a type described in the IEEE Journal of Solid State Circuits,
Vol. SC-3, No. 4, December 1968, pages 365 to 372, "A Precise

Four—Quadrant Multiplier with Subnanosecond Response' by
Barrie Gilbert.
In the case of the power amplifier having to conform to the
DCS 1800 specification, then in order for the control loop to
10 mee; section 05.05 of that specification, an integrator gain
giving a loop time constant of 3.2us could be used. Additionally
the low pass filter 48 may comprise a second order Butterworth
low pass filter with a cut off frequency of 200 kHz. Finally the
multiplier 28 would require a 30 dB dynamic range.

15 From reading the present disclosure, other modifications
will be apparent to persons skilled in the art. Such
modifications may involve other features which are already known
in the design, manufacture and use of transmitters, power
amplifiers and component parts thereof and which may be used

20 instead of or in addition to features already described herein.
Although claims have been formulated in this application to
particular combinations of features, it should be understood that
the scope of the disclosure of the present application also
includes any novel feature or any novel combination of features

25 disclosed herein either expliciﬁly or implicitly or any
generalisation thereof, whether or not it relates to the same
invention as presently claimed in any.claim and whether or not it

mitigates any or all of the same technical problems as does the

present invention. The applicants hereby give notice that new
30 claims may be formulated to such features and/or combinations of
such features during the prosecution of the present application

or of any further application derived therefrom.

35
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power signal and a control |oop having nmeans for sanpling the outp(;
ignal, neans for detecting the sanpled output power signal, a

ce control signal source, and neans for conparing the det ect ed

d out put power with the reference-control signal, characterised in

e control loop further conprises neans for integrating-an output of
nmparing nmeans and | ow pass filtering neans and in thabHE3ABHEER; s

provifed nul tiplying nmeans having first and second signal inputs and an
outp coupl exchive the input of the power anplifying neans, a signal to be
anpl i@ ed beingil plied, in use, to,the first nal 1input apd the control
| oop Bei ng connelt ed ETASREIEECEOMPTLAHIG tra“smlt%ggl‘f?ﬁf‘ﬁg TESpEE control

ncl udi mgana hxﬂi/vcpﬂrszblfmdatnerforaaomtrrbegﬁfgt Olie a,pslra’namldﬂ phé er, the need
for QIp! o PUSR: SR 00 ELLSULLL Yeb: SDRPS TG Leler R0GR vanclornm
avoi d The "SR B1F TR feedVite & EBF SRAUTES S He "B e aPr%Fluf%/l ng

means abl power amiddfyie véars bawipgl arkenpvm‘ éperacelmle_t@rbm oipldfied
pr ede P Nelnd 3hUScptl ARG Auchl1 o8I bLied YW SF AUBrb P 188F Habelpne 11

the i tegratlng means whi ch Re ouf put fro
means for sampling the output power smgnal means for detecting the

sampled output power signal, a reference control signal source, and
means for comparing the detected sampled output power with the

10 reference control signal, characterised in that the control loop
further comprises means for integrating an output of the comparing
means and low pass filtering means and in that there is provided

multiplying means having first and second signal inputs and an

output coupled to the input of the power amplifying means, a signal
15 to be amplified being applied, in use, to the first signal input
and the control loop being connected to the second input.

2. A tranéceiver as claimed in clgim 1, characterised in that
the low pass filtering means is coupled between an output of the
integrating means and the second signal input of the multiplying

20 means. '

3. A transceiver as claimed in claim 1, characterised in that
the low pass filtering means is coupled between an output of the
comparing means and an input to the integrating means.

4, A transceivér as claimed in any one of claims 1 to 3,

25 characterised in that the reference control signal source comprises

means for producing a step function of a predetermined amplitude.

S. A transceiver as claimed in any one of claims 1 to 4,
characterised in that the multiplying means comprises a
four—quadrant multiplier.

30 6. A transmitter comprising power amplifying means having an
input for a signal to be amplified and an output for an output
power signal and a control loop having means for sampling the
output power signal, means for detecting the sampled output power
signal, a reference control signal source, and means for comparing

35 the detected sampled output power with the reference control
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ring nmeans. The output fromthe integrating neans is nultiplied by the
frequency input signal on the first input of the multiplying neans
causes its output to rise slowy. The power anplifying nmeans has
cient linearity to assure that the slowy rising waveform appears on
ut put . The low pass filtering geans may be coupl ggs gl ween an

out gut of the integrating neans and the second input to the multiplying

neafls or between an out put, of the conparin ans and the input to the
i nt dgr at i ng *¥eans. © aégﬁ/"&ﬁf g& bhag gg%lt‘i% “iqﬁém?"o%}‘b‘é‘% $MPELET§5g neans in

tha the |eading fPaRaab 4hesdane!oalRliseikdlald s, MU ML BLY g, qreans rises
graqual | y. he presenf ivention W rionow be  ddsdrihd ) sby way of
exafpl e, wi having éirgicend secoml aégmaipangrtagamt aniqugsyt weepkEdnto the

5 input of the power amplifying means, a signal to be amplified being
applied, in use, to the first signal input and the control loop
being connected to the second input.

7. A transmitter as claimed in claim 6, characterised in that
the low pass filtering means is coupled between an butput of the

10 integrating means and the second signal input of the multiplying
means.

8. A transmitter as claimed in claim 6 or 7, characterised in
that the reference control signal source comprises means for
producing a step function of a predetermined amplitude.

15 9. A power amplifier comprising power amplifying means having
an input for a signal to be amplified and an output for an output
power signal and a control loop having means for sampling the
output power signal, means for detecting the sampled output power
signal, a reference control signal source, and means for comparing

20 the detected sampled output power with the reference control
signal, characterised in that the control loop further comprises
means for integrating an output of the comparing means and low pass
filtering means and in that there is provided multiplying means

having first and second signal inputs and an output coupled to the

25 input’ of the power amplifying means, a signal to be amplified being
applied, in uSé, to the first signal input and the control loop
i being connected to the second input.
10. A power amplifier as claimed in claim 9, characterised in
that the reference control signal source comprises means for

30 producing a step function of a predetermined amplitude.
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1 6 DEC 1996 4 Figure 1is a  _.
sinptified block schematic diagramof a transceiver conprising the power !
ahplifier in accordance with the first aspect of the present invention, and
Figure 2 shows waveforns occurring at different points in the circuit shomn

int Figure 1. The transceiver shown in Figure 1 congrises a nodul at or
9 HB33818EP

ABSTRACT

POWER AMPLIFIER AND A TRANSMITTER INCLUDING THE POWER AMPLIFIER

S Y T S S

5 A power amplifier suitable for use in a communication
transmitter/transceiver which transmits bursts of signals in
accordance with a TDD or TDMA protocol.

Shaping the leading and trailing edges of the transmitted
bursts is done using a feedback control loop around a substantially

10 linear power amplifier (22). A modulated signal to be amplified is
multiplied by an output of the control loop using a multiplier (28)
and the product is applied to the power amplifier (22). A portion
of the amplified signal is applied to a detector (38), the output
of which is applied to one input of a difference amplifier (42), a

15 second input of which receives a step—like reference signal of a
predetermined amplitude. The difference signal produced is
integrated (46) and low pass filtered (48) or vice versa, which
slows down the difference signal to provide an output signal of the
control loop which has the desired leading edge shape. No special

20 waveform shaping circuitry is required to be connected to the

‘second input of the difference amplifier (42).

25

e a e

(Figure 1)
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10 whose OUtput is connected to a power anplifier circuit 12. An out put of \T
t he -power anplifier circuit 12 is connected to a duplexer 14 which is
connected to an antenna 16 for transmitting the anplified signal. A
signal received at the antenna is coupled by way of the duplexer 14 to an
r.f. section 18 of a receiver inJvmlch the signal is frequency down

I*a

converted and applied to a denod or The power anplifier circuit
12 conprises a linear power amplifier 22 having an input. fg an out put .
26 coupl the_duplexer 14 _A nultiplier_circuit 28 is pryyided having
first arld sedond li gpput s 380, 322% an opg put 34 ThE'fl hpdt 30 is
connectgd to fthel noiyator 10 1 TNRE rutput ¥ [0 |the anplifier
i nput 24.M0D TR Her—e - ? -edb?: co?t{ﬁl | oop
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out put si.gnal. A low pass filter 40 is connected to an out put d%étﬁéé‘f Fe

detector 38 and serves to renove w deband noise in the coupled out signal.

The | ow pass filtered signal is applied to a non-inver N o
conparator or differencing amplifier circuit 42. A ref R‘%LACEEQQQ£SHEJI
signal source 44 is coupled to an inverting input of the|differencing
anplifier circuit 42. The control signal conprises a step fubdEGPIWav|np a
desired anplitude. An integrator 46 is coupled to an oyt put of the
anplifier circuit 42 for integrating the signal outputjof The anplifrer
circuit 42. PEICRIRYIGY of the integrator 46 is filtered

POWER AMPLIFIER AND A TRANSMITTER INCLUDING THE POWER AMPLIFIER

The present invention relates to a power amplifier and to a
transmitter and to a transceiver including such a power
amplifier. The power amplifier is suitable for use in
transmitters or transceivers operating in accordance with the

ETSI interim standard for DCS 1800 (Personal Communications -
Network).

Time division duplex and time division multiple access
protocols are frequently used in digital mobile and cordless
communication systems in order to provide duplex channels on a
single radio frequency carrier and in order to use a single rf
carrier to provide many voice channels. One problem with such
protocols is that as the radio frequency signal is switched on or
off, the frequency spectrum of the signal momentarily widens
which causes interference on adjacent radio frequency carriers.
The momentary widening of the frequency spectrum is frequently
known as "splatter".

In order to overcome or reduce this problem, the amplitude
profile of the radio frequency carrier must be carefully shaped
as the transmi;ter is éwitched on. This shaping is normally done
in the power amplifier by coupling out a portion of the output
signal, which after detection is compared with a reference signal
and the difference is low pass filtered to form an "error'" signal
which is used to control the gain of the power amplifier. The
reference signal which provides the shaping may be derived from a
series of digital values which are read out from a ROM and which
are applied to a digital to analogue converter. Such an
arrangement is disclosed in Figure 5 of UK Patent Specification
GB-A-2 220 808. Whilst such known arrangements function
satisfactorily they are relatively costly and consume power which

is. a disadvantage with battery powered equipment.



5 in alowpass filter 48 and applied to the second ianRFﬁj ey
mul tiplier 28. A controller 50 is provided for cont}oH e
operation of the transceiver so that the transmtter and{r
are energi sed during the appropriate tinme slots of a TDVA
are tuned to the required frequency if there are two or pofe channel
frequenci es available. The controller 50 §s al so responsible for setting
dynam cally the output power of the transmtter. Several Lnethods are—khrowd
per se. For exanple a base station may send oyt put power_coptrol nessages
to a portabl e/ nBBi P eGhi ¢f éﬁﬂ/%rresﬁﬁé IVERETE \}ért‘?ﬁ;’rmPMYuﬂge neans for

obt ai ni ng aatipditads i g¥odilSigr engiHe radiL Fre@iencRSSgrikf ot aveedei ved si gnal
and for adjusti its .0 ower in response. The reference or

t
control si g‘ﬂ%ﬁe“ggﬁjf c"e‘dﬁ'{]‘rﬁg§tfg§}rp?r gquency spectrum.

According to one aspect of the present invention there is

provided a transceiver comprising transmitting means, receiving
means and control means for controlling the operation of the
transmitting and receiving means, the transmitting means
comprising power amplifying means having an input for a signal to
be amplified and an output for an output power signal and a

~ control loop having means for sampling the output power signal,
means for detecting the sampled output power signal, a reference
control signal source, and means for comparing the detected
sampled output power with the reference control signal,
characterised in that the control loop further comprises means
for integrating an output of the comparing means and low pass
filtering means and in that there is provided multiplying means
having first and second signal inputs and an output coupled to
the input of the power amplifying means, a signal to be amplified
being applied, in use, to the first signal input and the control
loop being connected to the second input. '

According to a second aspect of the present invention there

is provided a transmitter comprising power amplifying means
having an input for a signal to be amplified and an output for an
output power signal and a control loop having means for sampling
the output power signal, means for detecting the sampled output
power signal, a reference control signal source, and means for
comparing the detected sampled output power with the reference
control signal, characterised in that the control loop further
comprises means for integrating an output of the comparing means
and low pass filtering means and in that there is provided
multiplying means having first and second signallinputs and an
output coupled to the input of the power amplifying means, a
signal to be amplified being applied, in use, to the first signal
input and the control loop being connected to the second input.

According to a third aspect of the present invention there



a store 52 for storing digitally a number of predeterni netREBbA@F\JWJ’Ie[SHEﬂ

a digital to anal ogue converter 54 for converting the dig
read-out fromthe store 52 in response to a suitable signpal e
controller 50 into a step-like control voltage. The contyol vo &gggﬁmé
supplied to the conparator 42 does not have its |eading ané-txailing edge
shaped to conformto a predeterni ned envel dpe profile. Referring to
Figure 2, the waveform A conprises the power anplifier crreurt—ott-pot—r—_-1

wi |l be notedst hadviibe 4 %@déxﬂg\ g\agﬁ&f cbipt 1S DYE IpBRer rdmpe s £ EiRit m¥yarfsOMewhat
li ke a rai sed cosi ne wavef orm veformB is the enve] ope of th? coupl ed

out signal afP¥ing@PetRRWniong, 18Rk €0 ke ARRlifieg- ?‘Pq<énc‘6‘t‘1ttpr"‘(5l % j‘ﬁal

produced by tiepsOpoer 4ignhi #Q04| hnREoNQlosy KdidhgthandUft isamp Dingt he
contr ol S|gnal Is less than that of the detected S|gggl. Vg;Fforn1D

conpri ses thé Su?‘tﬁﬁ’f‘to?°"te|‘|'es’cﬁ’\aﬂer'e"rfé‘é forp drE PR NE] SAMRRY PRRRHY v

wavef orm E cooper Sﬂ&nhh,e a0 b Pattenaé ddmerbntsagﬁsl Gioufbe, Bhe mdamys- Eoke ri sing

edge of the vavelorm 15 eLower down Y, LNE J0S0LEL0T 40, i he | ow pass

control signal, characterised in that the control loop further

D
)

comprises means for integrating an output of the comparing means
and low pass filtering means and in that there is provided
multiplying means having first and second signal inputs and an
output coupled to the input of the power amplifying means, a
signal to be amplified being applied, in use, to the first signal
input and the control loop being connected to the second input.

By having a power control loop including a low pass filter,
an integrator and a multiplier, the need for complex pulse
shaping circuitry to shape the reference waveform is avoided.

The control loop used in conjunction with the power amplifying
means is able to make use of a step—~like reference waveform of a
predetermined value. shapxng of the amplified waveform is partly
done in the integrating means which slows the output from the
comparing means. The output from the integrating means is
multiplied by the radio frequency input signal on the first input
of the multiplying means which causes its output to rise slowly.
The power amplifying means has sufficient linearity to assure
that the slowly rising waveform appears on its output.

The low pass filtering means may be coupled between an
output of the integrating means and the second input to the
multiplying means or between an output of the comparing means and
the input to the integrating means. An advantage of locating the
low pass filtering means in either one of these positions is that
it slows the integrated waveform so that the leading edge of the

~ signal applied to the multiplying means rises gradually.

The present invention will now be described, by way of

example, with reference to the accompanying drawings, wherein:



thereby giving the desired profile to the |eading edgejfgip - fgl p’r
W t hout requiring special pulse shaping circuitry. “low
-pass filter 48 may be coupl ed between the
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differencing amplifier circuit 42 and the input to the iintegrator 46, [as
shown i n broken [|ines. The nultipli%r 28 may conprise a four quadrdnt
mul tiplier of

Figure 1 is a simplified block schematic diagram of a
transceiver comprising the power amplifier in accordance with the
first aspect of the present invention, and

Figure 2 shows waveforms occurring at different points in

the circuit shown in Figure 1.

The transceiver shown in Figure 1 comprises a modulator
10 whose output is connected to a power amplifier circuit 12. An
output of the power amplifier circuit 12 is connected to a
duplexer 14 which is connected to an anﬁenna 16 for transmitting
the amplified signal.

A signal received at the antenna is coupled by way of the
duplexer 14 to an r.f. section 18 of a receiver in which the
signal is frequency down converted and applied to a demodulator
20.

The power amplifier circuit 12 comprises a linear power
amplifier 22 having'an input 24 and an output 26 édupled to the
duplexer l4. A multiplier circuit 28 is provided having first
and second inputs 30,32 and an output 34, The first input 30 is
connected to the modulator 10 and the output 34 is coupled to the
amplifier input 24.

The amplifier circuit also includes a feedback control loop
comprising a directional coupler 36 for coupling out a portion of
the output from the power amplifier 22. A detector 38 is coupled
to the directional coupler 36 for detecting the envelope of the
output signal. A low pass filter 40 is connected to an output of
the detector 38 and serves to remove wideband noise in the
coupled out signal. The low pass filtered signal is applied to
a non—-inverting input of a comparator or differencing amplifier
circuit 42. A reference or control signal source 44 is coupled
to an inverting input of the differencing amplifier circuit 42.
The control signal comprises a step function having a desired
amplitude. An integrator 46 is coupled to an output of the
amplifier circuit 42 for integrating the signal output of the
amplifier circuit 42. An output of the integrator 46 is filtered



a type described in the | EEE Journal of Solid State Ci {REPtAS;
No. 4, Decenber 1968, pages 365 to 372, "A Precise Fouf- fradt
wi t h Subnanosecond Response" by Barrie Gl bert. Ip {he casekgf th
power anplifier having to conformto the DCS 1800 spec|f cdﬁr0ﬁ~‘t &n f n|
order for the control |loop to neet section 05.05 of thatlspecification, Jan
integrator gain giving a loop tinme constanf of 3.2[err|s could be used.
Additionally the | ow pass filter 48 may conprise a secong—erder—Butterwdrth
| ow pass filter with a cut off frequency of 200 kHz. Finally the mul tiplier
28 woul d reqémrée laverseBitlhranté andngeelied to mhgnseaoadi Agputhef pihesent

di scl osure, gihah1iReidfgi,cations will be apparent to persons skilled in the
art. Such nDdlflcatlons may involve other features which are al ready known
in the design, nménGPREH-EL 00 ifRFoyided FAEFEPLLiNgoRBE APRFRFIIPE and
conmponent pagks drii@sefveansb WhkE heHEBY rsmis €6k ianat Lk i0br WectDomsldirki on to

features al read ,deiq&ibed erein. Althou h cl.ai ns have_been for ated in
this appli cafp uring the appropriate t me slots of a TDMA frame an

they are tuned to the required frequency if there are two or more

er

channel frequencies available. The controller S0 is also
responsible for sétting dynamically the output power of the
transmitter. Several methods are known per se. For example a
base station may send output power control messages to a
portable/mobile unit and/or the transceiver may include means for
obtaining a radio signal strength indication (RSSI) from a
received signal and for adjusting its own output power in
response. The reference or control signal source 44 may comprise
a store 52 for storing digitally a number of predetermined power
levels and a digital to analogue converter 54 for converting the
digital value read-out from the store 52 in response to a
suitable signal from the controller 50 into a step—like control
voltage. The control voltage supplied to the comparator 42 does
not have its leading and trailing edges shaped to conform to a
predetermined envelope profile.

Referring to Figure 2, the waveform A comprises the power
amplifier circuit output. It will be noted that the leading edge
of the envelope rises gently somewhat like a raised cosine
waveform. Waveform B is the envelope of the coupled out signal
after detection. Waveform C is the stép-like control signall
produced by the source 44, It should be noted that the duration
of the control signal is less than that of the detected signal.
Waveform D coﬁprises the output of the difference amplifier
circuit 42. Finally waveform E comprises the output of the
integrator 46. The step-like rising edge of the waveform D is
slowed down by the integrator 46 and the low pass filter 48
thereby giving the desired profile to the leading edge of the
waveform E without requiring special pulse shaping circuitry.

If desired the low pass filter 48 may be coupled between the



;particular conbi nati ons of features, it should be un e $cope
of the disclosure of the present application also incgyngeghE@ﬁ;SbF i
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-feature or any novel conbination of features disclosdgdjherein either| !

or

pr esent

explicitly or inplicitly or any generalisation theredf,j whétDeE 1836 not |it
relates to the sanme invention as presently clainmed in gny clai mand whet her
not

It mtigates any or all of the sane technical {problens as does the

i nvention. The applicants hereby Bive notice lfhat new clai ns may be
fornmul ated to such features and/ or conbi nations of such features during the
pr osecut i onowfputhef prheséif fexppt ingatmpli faer ofiranyt far khérchepphpuxatbon

derived theEﬁg'fRQLgrator 46, as shown in broken lines.

The multiplier 28 may comprise a fouf gquadrant multiplier of
a type described in the IEEE Journal of Solid State Circuits,
Vol. SC-3, No. 4, December 1968, pages 365 to 372, "A Precise
Four—Quadrant Multiplier with Subnanosecond Response" by
Barrie Gilbert.

In the case of the power amplifier having to conform to the
DCS 1800 specification, then in order for the control loop to
meet section 05.05 of that specification, an integrator gain
giving a loop time constant of 3.2us could be used. Additionally
the low pass filter 48 may comprise a second order Butterworth
low pass filter with a cut off frequency of 200 kHz. Finally the
multiplier 28 would require a 30 dB dynamic range.

From reading the present disclosure, other modifications
will be apparent to persons skilled in the art. Such
modifications may involve other features which are already known
in the design, manufacture and use of transmitters, power
amplifiers and component parts thereof and which may be used
instead of or in addition to features already described herein.
Although claims have been formulated in this application to
particular combinations of features, it should be understood that
the scope of the disclosure of the present application also
includes any novel feature or any novel combination of features
disclosed herein either expliciﬁly or implicitly or any
generalisation thereof, whether or not it relates to the same
invention as presently claimed in any.claim and whether or not it
mitigates any or all of the same technical problems as does the
present invention. The applicants hereby give notice that new
claims may be formulated to such features and/or combinations of
such features during the prosecution of the present application

or of any further application derived therefrom.
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transmtted frequenc spect.rum at he begi nni ng and ena
transmi ssion time, |conpr Psig ‘4Panpmi tting neans, recei
control neans for ng_a reference control signal
the transm ssion tifne for controllin the7operat|on of
means, the referen e—-ee%r—el—-—s»—goa&—E’ onprising a step f i
predet er mi nedapdsp! i tude, the transnitting means conpri srmg power anplifying
means having an jinput for a signal to,be anplified and an output for an '
out put power sidgnal®d &“éc‘é’d’ﬁfr‘b‘?mqrbﬁb“%éﬁ TR "‘IEBPSS(fﬁﬁF?W@gt he out put
power si gnalnearmaaaa dantréBtnR@hk Nfprt BenSRINELE thdt Ppsrapoverofscanal , and

means for comparing, the defected sampled output pouer wih the reference

e

power amplifying means having an input for a signal to be amplified
and an output for an output power signal and a control loop having
means for sampling the output power signal, means for detecting the
sampled output power signal, a reference control signal source, and
means for comparing the detected sampled output power with the
reference control signal, characterised in that the control loop
further comprises means for integrating an output of the comparing
means and.low pass filtering means and in that there is provided
multiplying means having first and second signal inputs and an
output coupled to thé input of the power amplifying means, a signal
to be amplified being applied, in use, to the first signal input
and the control loop being connected to the second input.

2., A transceiéer as claimed in claim 1, characterised in that
the low pass filtering means is coupled between an output of the
integrating means and the second signal input of the multiplying
means.

3. A transceiver as claimed in claim 1, characterised in that
the low pass filtering means is coupled between an output of the
comparing means and an input to the integrating means.

4, A transceivér as claimed in any one of claims 1 to 3,
characterised in that the reference control signal source comprises
means for producing a step function of a predetermined amplitude.

5. A transceiver as claimed in any one of claims ! to 4,
characterised in that the multiplying means comprises a
four—quadrant multiplier.

6. A transmitter comprising power amplifying means having an
input for a signal to be amplified and an output for an output
power signal and a control loop having means for sampling the
output power signal, means for detecting the sampled output power
signal, a reference control signal source, and means for comparing

the detected sampled output power with the reference control

i




signal, characterised in that the control |oop further g
I ntegrating an output of the conparing neans and | ow pag
.and in that there is provided multiplying neans having fji st anda—secont
signal inputs and an output coupled to the input of the|pawer qﬁgt
5|gn H%y

neans, a si
t he control

transceiver as clained in claiml, charag;erlsed in tha the Iom/pass
filtering neans - is coupled between an output of the integratrtng Teans—afd

t he second
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gnal to be anplified being applied to the finst
| oop being connected to the second input.

signal input of the nultiplying nmeans. 3. A

t ranscei versigdak| sihasactierisediim fhatciihe sganarpy dgop nfutther termpai$es plyi ng
Means CoNPrie3as fod QHEsHUREEA NN g&'ﬂ,ﬁdtphfq e conllpar:.ng ffeans 4hd L8Rk VeEr as
ow

clained in

claim1l1, characterised .
filtering means and in that there is provxded multiplying means

having first and second signal inputs and an output coupled to the
input of the power amplifying means, a signal to be amplified being
applied, in use, to the first signal input and the countrol loop
being connected to the second input.

7. A transmitter as claimed in claim 6, characterised in that
the low pass filtering means is coupled between an 6utput of the
integrating means and the second signal input of the multiplying
means.

8. A transmitter as claimed in claim 6 or 7, characterised in
that the reference control signal source comprises means for
producing a step function of a predetermined amplitude.

9. A power amplifier comprising power amplifying means having
an input for a signal to be amplified and an output for an output
power signal and a control loop having means for sampling the
output power signal, means for detecting the sampled output power
signal, a reference control signal source, and means for comparing
the detected sampled output power with the reference control
signal, characterised in that the control loop further comprises
means for integrating an output of the comparing means and low pass
filtering means and in that there is provided multiplying means
having first and second signal inputs and an output coupled to the
input of the power amplifying means, a signal to be amplified being
applied, in use, to the first signal input and the control loop
being connected to the second input.

10. A power amplifier as claimed in e¢laim 9, characterised in
that the reference control signal source comprises means for

producing a step function of a predetermined amplitude.
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pass filtering nmeans is coupled bet ween an out put of the conparing neans..

and an input to the integrating neans. |y i
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8 5. A transceiver as clainmed in claim4, charadterized in thatlthe
mul ti plying neans conprises a four quadrant nultiplier. T 16 DBC 1996A
transceiver as clainmed in claiml1l, characterised in that qhe mul tiplyin
means conprises a four-quadrant multiplier. ‘
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ABSTRACT
POWER AMPLIFIER AND A TRANSMITTER INCLUDING THE POWER AMPLIFIER

A power amplifier suitable for use in a communication
transmitter/transceiver which transmits bursts of signals in
accordance with a TDD or TDMA protocol. '

Shaping the leading and trailing edges of the transmitted
bursts is done using a feedback control loop around a substantially
linear power amplifier (22). A modulated signal to be amplified is
multiplied by an output of the control loop using a multiplier (28)
and the product is applied to the power amplifier (22). A portion
of the amplified signal is applied to a detector (38), the output
of which is applied to one input of a difference amplifier (42), a
second input of which receives a step~like reference signal of a
predetermined amplifude. The difference signal produced is
integrated (46) and low pass filtered (48) or vice versa, which
slows down the difference signal to provide an output signal of the
control loop which has the desired leading edge shape. No special
waveform shaping circuitry is required to be connected to the

second input of the difference amplifier (42).
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and,the second signal input of the nultiplying nmeans.

-
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A-transmtter as clained in cIa|m7 characterised in that t?he Tow 7
pasé filtering means i s coupl ed between an output of the integrating neans

povver transnitter for transnmitting a signal burst at a r@@@h%@ﬂ#%démm

.nonentary wi dening of the transmtted fréquency spectru
and ending of the transmission tinme, conprising power a
having an input for a signal to be anpLAfMsd and an out put “for—amoutput

carrier frequency only during a transmssion tinme wthout [significant
I

t phee JDe01994i ng

i fyi ng neans

1. A transceiver for transmitting a signal burst at a predetermined
carrier frequency only during a transmission time without significant
momentary widening of the transmitted frequency spectrum at the beginning
and ending of the transmission time, comprising transmitting means, receiving
means and control means for generating a reference control signal
corresponding to the transmission time for controlling the operation of the
transmitting means, the reference control signal comprising a step function of a
predetermined amplitude, the transmitting means comprising power amplifying
means having an input for a signal to be ampilified and an output.for an output
power signal and a control loop having means for sampling the output power
signal, means for detecting the sampled output power signal, and means for
comparing the detected sampled output power with the reference control
signal, characterised in that the control loop further comprises means for
integrating an ouiput of the comparing means and low pass filtering means
and in that there is provided multiplying means having first and second signal

‘inputs and an output coupled to the input of the power amplifying means, a

signal to be amplified being applied to the first signal input and the control ioop
being connected to the second input.

2. A transceiver as claimed in claim 1, characterised in that the low
pass filtering means is coupled between an output of the integrating means
and the second signal input of the multiplying means. B

3. A transceiver as claimed in claim 2, characterized in that the
multiplying means comprises a four-quadrant multiplier.

4. A transceiver as claimed in claim 1, characterised in that the low
pass filtering means is coupled between an output of the comparing means
and an input to the integrating means.
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9 power signal and a control. | oop having nmeans for sanpliingcbper MMIUSHEET
power signal, neans for detecting the sanple output power |si g - :
reference control signal source for producing a reference si gnal
corresponding to the transnission time, the reference contfrol &2i&ydRN 1999
conprising a step function of a predeterm ned anplitude and [reans for
.conparing the. detected sanpl ed output p@wer with the referlence control
signal, characterised in that the control |oop further comprises..peans—for—!
i ntegrating an ow put of ri I i$d ' ans
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si gnal i nputrsultiplyirgmeans comprisps afounquadranbmuitipier.t he power anplifying
nmeans, a signal to be anplified being applied to the first signal input and
the control | oop being connected to the second i nput. 10. A power

anplifier for a rgadi o A iffHeeBrer AsBRalthéd 8h dAimV, Whafacterised in that the
multiplying means comprises a four-quadrant multiplier.
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7. A transmitter for transmitting a signal burst at a predetermined
cammier frequency only during a transmission time without significant
momentary widening of the transmitted frequency spectrum at the beginning
and ending of the transmission time, comprising power amplifying means.
having an input for a signal to be amplified and an output for an.output power
signal and a control joop having means for sampling the output power signal,
means for detecting the sampled output power signal, a reference control
signal source for producing a reference control signal corresponding to the
transmission time, the reference control signal comprising a step function of a
predetermined amplitude, and means for comparing the detected sampled
output power with the reference control signal, characterised in that the control
loop further comprises means for integrating an output of the comparing
means and low pass filtering means and in that there is provided multiplying
means having first and second signal inputs and an output coupled to the input
of the power amplifying means, -a signal to be amplified being applied to the
first signal input and the control loop being connected to the second input.

8. A transmitter as claimed in claim 7, characterised in that the low
pass filtering means is coupled between an output of the integrating means
and the second signal input of the multiplying means.

9. A power transmitter for transmitting a signal burst at a
predetermined carrier frequency only during a transmission time without
significant momentary widening of the transmitted frequency spectrum at the
beginning and ending of the transmission time, comprising power amplifying
means having an input for a signal to be amplified and an output for an output

)RR O



signal is transmtted wth a radio frequency carrier durd
time and nonentary wi dening of the transmtted frequency
begi nning and end of the transmission tine is to be avoildgd,—conpristmgla
power anplifier stage having an input for a signal to bg gnp '6fi{q% @gg

out put for an output power signal; a sarrpber for sanplingith o'd “Pu ower

1-ng..a-1r-ansm-sseh
RPPCACEMBNAL SHEES

Jm

.signal to produce a sanpl ed output power Signal; a referlence.-contr.ol..signe
source for supplying a reference control signal having a step function

correspondi

he reference

control si gsignalameanseforadetecting thewsampleu oulputs power signaho@s referanse:
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to be transihéttemshiisdibr tim the refdréifced SatFol Aignal fdofprisimg . step function 11.
A power anplifier for a radio frequency transmtter in which a signal

transmi tt ed ofid Predetermined agtplitude,and meass faueempadng thmdatestsdramplag and
momentary Wl Woide Wil te ARSRhEL BnirbPEYRAC tnaeterisbl i thdttfie control

loop further comprises means for integrating an output of the comparing
means and low pass filtering means and in that there is provided muitiplying
means having first and second signal inputs and an output coupled to the input
of the power amplifying means, a signal to be amplified being applied to the
first signal input and the control loop being connected to the second input.

10. A power amplifier for a radio frequency transmitter in which a
signal is transmitted with a radio frequency carrier during a transmission time
and momentary widening of the transmitted frequency spectrum at the
beginning and end of the transmission time is to be avoided, comprising a
power ampiifier stage having an input for a signal to be amplified and an
output for an output power signal; a sampler for sampling the output power
signal to produce a sampled output power signal; a reference control signal
source for supplying a reference control signal having a step function
corresponding to the transmission time; a comparator for producing a
difference between the sampled output power signal and the reference control
signal; an integrator and low frequency filter responsive to the difference
produced by the comparator to produce a shaped control signal; and a
multiplier for multiplying the shaped control signal and the signal to be
transmitted as the input to the power amplifier stage.

11. A power amplifier for a radio frequency transmitter in which a
signal is transmitted with a radio frequency carrier during a transmission time
and momentary widening of the transmitted frequency spectrum at the
beginning and end of the transmission time is to be avoided, comprising a
power amplifier stage having an input for a signal to be amplified and an
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power anplifier stage having an input for a signal to bejanplified and
REPLACEMENT SHEET 28 JoNtp3g
an out put power signal; a sanpler for sanpling the out put power S|gnal
produce a sanpl ed out put power signal; a reference contr otr—srgmat—sour
for supplying a reference control signall®aving a step|function
corresponding to the transnission tine a conparator for produ0|ng a

di f ference
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filter for

signal to produce a sampled output power signal; a reference control signal
source for supplying a reference control signal having a step function
corresponding to the transmission time; a comparator for producing a
difference between the sampled output power signal and the reference control
signal; circuit means comprising an integrator and low frequency filter for
slowing changes in the difference produced by the comparator to produce a
shaped control signal; and means responsive to the shaped control signal for
controlling the effective gain of the power amplifier stage.

12. A power amplifier as defined in claim 11, wherein said means for
controlling the effective gain of the power amplifier stage comprises a multiplier
in the power amplifier stage for receiving and multiplying the input to the power
amplifier stage by the shaped control signal.
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sl owi ng changes in the difference produced by the conparator to produce a
shaped control signal: and neans responsive to the shaped control signal
for controlling the effective gain of }he_pomermﬁnplifler_stage. :

12: A power anplifier as defined in claim 11, er egn | SRS
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ABSTRACT

POWER AMPLIFIER AND A TRANSMITTER INCLUDING THE POWER AMPLIFIER

A power amplifier suitable for use in a communication
transmitter/transceiver which transmits bursts of signals in
accordance with a TDD or TDMA protocol.

Shaping the leading and trailing edges of the transmitted
bursts is done using a feedback control loop around a substantially
linear power amplifier (22). A modulated signal to be amplified is
multiplied by an output of the control loop using a multipller (28)
and the product is applied to the power amplifier (22). A portion
of the amplified signal is applied to a detector (38), the output
of which is applied to one input of a difference amplifier (42), a
second input of which receives a step-like reference signal of a
predetermined amplitude. The difference signal produced is
integrated (46) and low pass filtered (48) or vice versa, which
slows down the difference signal to provide an output signal of the
control loop'which has the desired leading edge shape. No special
waveform shaping circuitry is required to be connected to the
second input of the difference amplifier (42).

(Figure 1)



