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BURST TYPE TRANSHISSION UUTPUT POWER CONTBOL APPARATUS'
' ' CAPABLE OF REDUCING PHASE 'EBRORS

BACKGROUND OF THE INVENTION
Fleld .0f the Invention
The present 1nvent10n relates to -a burst type
transmission pover control apparatus of & radio transmtter
and nore part1cularly, to.a burst-type transmission power
control apparatus that ‘can suitebly be used for -2 radio
transnutter of’ atinme. dwislon multxple access (TDMA) system

: requu-ed 10 sts.bly and accurately .control-the transmission
pover over a wide dynamjc. range.

Descrlptxon of tha Related Art
Technologxcal developments.in the fleld of mobile
communication terminals in recent years have been

-remarkable, particularly in terms of cellular: telephone
mobile communication systems which may typically be group

spec1a1 mobile (GSM) systems desxgned for moving

-_subscr1bers toutllize telephones. The transmissmn systems

used.by such mobile.communication systems are shifting or
have shxfted from analog radlo transmssmn systems to
dxgxtal radio transmssmn systems in order to meet the

_requlrements of being compatible with networks based on
‘digital exchange technolugms, improving the sound quality,

maintaining the confidentiality of coded signals and

:.ralsing the comnunlcatmn capacity.

‘In addition to terrestrial.mobile communication
systems such as- GSM systems. low-and medium-altitude orbit
mobile satellxte comnunication systems. have become
commerclally feasfble in recent years as global digital
mobile communication systems whichk can be connected to each
other in a seamless fashion along with. portable terminal
technologies. As a consequénce, the demand for such systems
and such terminals is rapidly increasing.

In such mobile communication systems, the TDMA
radio system.is used for portable terminals for the purpose
of simple communication in order to reduce the load of the
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..hardware on the portable terlunals.

“Additionally, hlgh speed automatic power control

'-.'_.-'(APC) systems adapted to control the pover output including
"a ramping.waveform added thereto before and after a

steady-state burst ‘for the purpose of elaborately
controlling the transmission burst -output level and

_preventing. diffusion into adjacent channels-of the

o transmssion spectrur on a frequency base .at the time of
: turnmg on/off the burst, has been used in order.to maintain
'._-the quallty of trans:ussmn/receptlon lines which can
:'handle a certain'levél of traffic intensity and allow high
. density nultlple access.vithin the same. connunjcation cell.

" A first prior art burst type power control

' ‘apparafus is of 'a closed loop type which detects a part of

transmssmn power by a detector and feeds it back to the

-gate of a high pover amplifler fqrmed by a GaAs field effect

transistor (FET) or a Si bipolar transistor (see: Fig. 9 of

"~ JP~A-5-152977). This will -be explained in detail later.

In the above-described first prior art burst-type

'-.transmssmn power control apraratus, hovever, since the

dynamc range of the detector is narrow, it is difficult both

.to increase the -spped of the rising and falling.

characteristics of & transmission burst signal, and to
increage the pover level of a transmission burst signal.
A second prior art burst-type transmission

R control apparatus further includes-a variable attenuator in
. the.closeéd loop of the first prior art burst-type
transmxssmn .cantrol apparatus (see: Pig. 10 of JP-A-5-
‘152977). The attenuatlon degree of the variable attenuator
" is controlled so as to.cause the waximum input level of the

detector to be constant, thus broadening the dynamic range
of the closed loop, so that the. operation of the detector
is stabilized on a reproducible basis. This also will be
expla1ned in detail later.

In the above-described second prior art burst-
type transmission'cantrol apparatus, however, the control

. sensitivity of the high power amplifier is not improved,
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.thus exh1b1tmg a.high dampmg coefflclent and giving rise
_:to an overshoot: or undershoot .during the rising burst
‘period. - . :

A third pr1 or art burst-type transmission control
a.pparatus further includes a variable power driver
amplifier at'a prestage of .the- high power amplifier of the

) second prior art burst-type transmission control apparatus,

so as £o suppress fluctuation of the control sensitivity of

" the high pover amplifier‘depending on. the output power level
S (see -Fig. 1 of- JP-A-S 152977 & JP-A-IO 172380) This also

uxll be explmned in detail later.
: In the above- described third prior art burst-type

transmssxon eontrol apparatus, however, phase

fluctuastions .occur in the high power amplifier because -

abrupt fluctuations in.the amplitude envelope vwhich occur
- inside the high pover amplifier at-and near the burst rising

and falllng tine periods intersects the above phase
fluctuation region. '

- SUMMARY OF THE INVENTION
It is an object of the present invention to. -
provide & burst-type transmission control apparatus capable

.of reducmg phase fluctuetmns, i.e., phase errors.

Aocording to the present 1nventxon, a. burst-type

- transmission output ¢ontrol apparatus, includes an open

loop formed: by a variable power driver for. amplifying a

.modulated wave signal, a saturation type high pover
- amplifier,. and a direction.coupler. A closed loop is .

constructed by a varisble attenuator connected to the
directional coupler, & detector.and a relative error
amplifier connected to the saturation type power amplifier.
A voltage converter supplies a power supply voltage to the

.gaturation type high power amplifier so that a saturation

of the saturation type high power anphfler is raised only
for a short perlod before and after 'a steady~-state burst

-waveform, including rising and falling time periods.
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RS nnlxr nnscnxrrxon OF THE DBAWINGS

') The present invention will be more clearly
understood from the deserlptmn set forth below, as compared
ulth the prior art. thh reference to the accompanying
-.'drawings, whereln : :
' Fig.1 is a circuit.diagram 1llustrat1ng a first prior
_ ';art burst type transmission. output control. apparatus;
- -Figs. 24, 2B and 2C,: ‘aretining diagraams for explammg .
.._'fthe operation: of ‘the ‘apparatus of Fig. 1; =
. . Rig.! 3 ise c1rcu1t diagram 111ustra.t1ng a second prior
) ,.art burst- type transmission output control epparatus;-.
Pig. 4 is a. graph show:ng the relationship betveen the
. error voltage and the trahsmission burst signal of Fig. 3;
"~ Fig. 5. ig:a circuit diagrea. 111ustrat1ng a third prior
'-"-art burst-type transmssmn output control -apparatus;
' . Fig, 6 is a clrcuit diagram illustrating a first
: embodment of “the’ burst~type transmission output contrcl
apparatus accordmg to .the present lnventlon.

Flgs. T7A thraugh 7E are tining d1a.grams for explaining
i-the operation of ‘the apparatus of Fig. 6;
- TFig. 8-is & circuit diagram illustrating a second
. enbiodiment: of the burst- -type- transmission output control
‘apparatus according to the preseat invention; and

Fig, .9 is a circuit diagram of a modification of the
.vnltage crmverter uf Flgs 6 and 8.

DESCRIPTION OF THE PREPERRED EHBOD IMENTS

" Before the description of the preferred-

a embodments, prior art burst-type transmission output
control apparatuses will be explamed vith reference to Figs.
.1, 2A, 2B, 2C€ 3, 4 and 6.

. In Fig. 1, vhich illustrates a first prior art
burst-type transmission control apparatus (see: Fig. 9 of
JP-A-5-152977), & modulated signal §,, generated from a
modulated wave generator 1 which is, in this.case, a voltage

-.controlled ascillator (VCO) is transmitted to 2 high pover
- gmplifier 2. As a'resulf, the high 'power amplifier 2 is
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driven by the modulated signal §,, to generated a
_ transmission burst signal S,,,via.a directional coupler 3.
. "The transmission: hurst signal S." is radiated from an
ﬂ_antenna 4
~ ‘The directional.coipler 3 takes out a part of the
'-transmssmn burst signal §,,,, and a detector 5 formed by
a diode detects the output signal of the directional couper
3.-A relative error amplifier 6 compares a reference.voltage -
: V,., as shown in Fig. 2A vith the detection voltage V,,, of
“the detector. 5 as-shown [n Fig. 2B to gemerate anerror
. voltage'V,,,,; in accordance with the difference between the
',_:refarence voltage V.. 20d. the detection voltage V, .
The high power amp11f1er 2 is constructed by a
Gads. field effect transistor (FET) having a gate for
‘receiving the error voltage V.., 2 grounded source and a
drain for receiving & power supply voltage v, from a power
'supply battery 7.
‘ Thus, t the transmission burst. s1gnal Sout is fed
" ‘back by a closed loop of the detector 5 and the relative error
_amplifier 6 to the high pover. amp11f1er 2, so that ‘the
“transmission’ burst signal-§,,, as shown in Pig. 2C is brought
close to the reference voltage V.; as shown in Fig. 2A. In
‘other words, when V>V, vhere the level of the
transmission burst signal Seucis higher thana desired level,
the relative .error amplu‘ler 6 decreases the error voltage
"“Vyerer, thus decreasmg the level of the transmissmn burst
* signal §,,,. On the other hand, when Ve <V.,uhere the level
of the transmission hurst ‘signal See is lover than the
desired level, the relative error amplifier 6 increases the
. error voltage V,,.. thus increasing the level of the
_transmission burst signal S,..
- The reference voltage V,., is generated from a -
control unit 8 which receives a control signal S, from a
base station on the lxke The control unit 8 convolutes a
rectangular envelope waveform at. a steady-state time permd
defined by time t2 and -time t3, a rising ramnping envelope
- waveform.at a rising time period dehw“
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t2, and a falling ramping envelope vavefornata fallingtime
period defined. by time t3: and time t4 on a ‘time basis: The
‘rising and’ fallxng ramping. envelope waveforas are helpful
in removing the spurious specttun of the transmission burst
._slgnal S,y due to the- sthchmg of the Gais. FRT of the high
3‘:-pouer amplezer 2. .
- . Note that waveforns of the reference voltage V.,
. dependmg on-the control’ signal. §... are -stored:in a-
: read—only nemory (ROK). or & random-access memory (RAM) of
- the control uhit 8 in-advance.
' In the case of fixed envelape modulatzon such as
'f'-'Gaussxnn flltered pinimun- shift keying (GMSK). modulation
".which is a ‘angular modulation intrinsically free from .
‘- amplitude fluctuatians unlike: 7:/4 shift quadrature phase
shift keying (QPSK) modulation ‘for personal digital
cellular (PDC), there is no need for relative error control
'to select a relatively large time constant for the loop
" amplifier including the relatwe error auplifier 6 for
 smoothing .the detection voltage Vg, including the anplitude
fluctuations after detecting the.envelope of the ,
transmission burst signal §,,., taking the averaged power
.into conszderatwn. ‘In other words,- it is possible to select
2 relatwely small time constant in advance and specify only
.design parameters for the purpose of perfarming feedback
control-of the saturation power level and hence high speed
' 'operatlon of ‘the ‘automatic power contrel (APC):loop.-
' In the burst-type transmissmn pover control
'apparatus of Fig. 1 hovever, since the-dynamic range of the
. detector § is narrow, it is difficult both to increase the
. speed of the rising and falling characteristics of the
transmssxnn burst. signal Seut» and it is difficult to
increase- the power level of the tramnsmission burst signal
sut' :
Also,_ when a low transmission power level is
selected for the high -power amplifier 2, the detection
sensitivity fluctyates depending on its temperature.
" . Further, when 8 low transmission pawer level is
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'fselected for the ‘high powar amplifier. 2 the output gate
control sensztiv1ty of the high power amplifier. 2 becomes
. high and fluctuates, vith the result that low-power APC
control cannot be carried out stably on a reproduc1ble

: basxs :

' In'Fig. 3, which illustrates a secand prior art
.-burst-type transmission control apparatus (see: Fig. 10 of

- JP-A-5- -152977), a variable attanua.tor 9 is inserted between

*.the directional coupler 3-and-the detector ‘5 of Fig. 1. The
*var:ahle attenuator 9is controlled by a control voltage ¥,
' .fron the control. umt 8, soas tomake the ma.zmum input level
* of the detector B: constant. Therefore, if the control
.. sensitivity of the detector 5 is held to a- aubstantlally
g_constant level by arranging the varisble attemuator 9
upstream relative to the detector 5, it is then possible to
provide accurate transmission power control over a wide
--dynamic range from a low-pover output to.a high power output
simply by means of a closed loop formed by the high power
amplifier 2, the directional couple 3, the variable
attenuator 9, the detector 5 and the ‘relative error
anplifier. 6. Thus, the dynamic range of the closed loop is
‘broadened so that' the operation-of the detector 5 is
istab111zed on & reproducxbla basis.
' In the burst-type transmission control apparatus
of Fig,"3, however, since the control sensitivity of the high
power ampl1fxer 2 is not- 1mproved.1n particular, since the
control gensitivity of the high pover amplifier 2 is high
when a low transmission pawer level is selected for the high
power amplifier 2, & higher open-loop gain and a broader loop
band are obtained , thus egxhibiting a high demping
coefficient and giving rise to an overshoot or undershoot
during the rising burst period.

In nore detail, generally, as for the
relationship between the error voltage V..., and the
tr;nsnission burst signal §,,, or the output voltage of the
high power amplifier 2, the control sensitivity defined by
the ‘pover increment per the srror voltage increment of the
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‘high power amplifier: 2 is in the form of é curve which is
hlgh vhen: the latter is producing-a low power output and

_ .falls to a saturatmn level ata point mear the uazimum power
__'output.

: . .Thus,- the control sens1t1v1tv of the high pover
amplifier 2 changes to a- large extent, dependmg on the
" transmsszon pover level. :
. . In partleular. the control sens1t1v1ty riges to
. ‘méke . rapldly. ‘causing closed 1oop ta oscillate. spuriously’
. 1a*the. nanner descnbad ahove when the output power Jevel
1s low. - e
o - Note that the ahove-mentmned nsczllatmn of the
closed loop, vhlch occurs when a low. output paver level is
.. selected can ’be eliminated by appropriately selecting .
“certain other constants to narraw the loop band and adopting
"a large time base for the closed-loop, in order to-delay its
. besponse. However, using this technique for correcting the
contral 'sen51t1v1ty, 'the response of the closed loop is
constantly delayed In particular, since the control
‘sensitivity of the high.power amplifier 2 falls when the
.. maximum power output is selected, the response of the closed
loop is greatly delayed at that time to make it impdssible
" to control theé burst output including the ramping vaveforms
before and after the'steady-state burst in a desired manner.
As a result, it is-no longer possible to expect the effect
" of ‘APC. on varmus\environnental changes including
‘fluctuations in the supply voltege, the input level and/or
. the pover gain of the high power amplifier 2.

Thus, in the burst-type transmission control
apparatus of Fig.- 3, if there is a
'reslstaneelinductance/capacxtance (RLC) constant in the
closed loop, which can cause the phase to undergo an extreme
turn within the loop band, no safe margin can be secured for
the phase nor for the amplitude, and-a spurious oscillation
‘may occur becauge df the positive feedback generated at and

- mear the frequency where a higher-order curve of the open
loop transfer ‘characteristics intersects the 0 gain.
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In Fig. 5, whxgh 111ustrates a third prior art
' burst-type transmissxon output control apparatus (see: Fig.
1 of JP-~ A-s ~1562977 & JP-A-10-172380), a variable power
“driver amphf:.er 10-capable of .regulating its. gain .is

. tonnected between the modulated wave gemerator 1 and the
: .h;gh Power amphher % sp as to suppress fluctuation of the
. control sensxtxnty of the high pover ampllfler 2, depending
~ on the output power. level.
__ :In Fig. 5, in addition to the feedback control for
: .:controllmg the .output of'the high pover amphher Z by means
. of the.error voltage V,m, from the relative error amplifier
' 6, feed forvard:control of controlling the .qutput level of
“the variable poweridriver amplifier 10 is-carried out in such
-2 way that the’ hlgh pover amplifier 2 may show a
. substantially constant contral sengitivity.level relative
to.the desired transmission power level. In other words, in
a '-addxtxon to the tlosed loop feedback control adapted to
" maintain the detection sensxthty of the .closed loop
constant relative to fluctuations in the transmission power
output, open control, i.e., feed forward comntrol, is
provided on the output level of the varlable power driver
. amphher 10 in response to tha transmission pover level so
as to causé thé controi sens itivity of the hlgh voltage POVET
- amplifier 2 to be at a constant level. Therefore, it is now
" possible to contral the pover output stably and accurately
.‘ during the steady-state burst time period, including the
r:smg -and- falllng ranping time periods, over a wide dynamc.
_ power output range, - -

R For exanple, when the power output should be
'_'stabilized by means of APC feedback by reducing the
. transmission burst.signal.§,,, from the high power amplifier
2 ty 10dB from the selected maximum output level, the input
- level of the high power amplifier 2 is reduced by 12dB to
cause the control sensitivity to shift from the curve C1 to
the curve C2 in Fig. 4. As a result, the feedback operation
. can be carried out without modifying the error voltage V..,
. .and the control sansxtwity ohtamed when the maxinum power
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".output is selected, S0 that the. effect of AEC remains stable
~-.and. accurate regardless of whether a low pover output or the
'}naxxnum pover. output is. selected. .
: - §imilarly, vhen the power output should be
stabilxzed by. means of- APC feedback -by’ reducing the .
’1trensmrss1qn burst ‘signal S; from the high output pover
=amplltler'2 by z4dB frou the selected maximum output level,
- the input level of’ the high power anpllfxer 2 is reduced by
3048 to cause the: cpntrel gensitivity to sh1ft fron the curve
Ct to ‘the’ curve €3.in Rig. 4.. -
‘ Thus, the feedback nperatron can be carried out
uvrthout mod1fy1ng the control sensitivity, with the result
" that the- effect of. APC remains stable and accurate
.regardless of whether a low pover outpnt or the maxinum power
'output is selected.- -
The optimum control voltage V.ls selected in

_advance’ for each output pover level of the high power
. amplifier 2 and stored :in the ROM or RAM in the control unit
‘8,50 that it can be retrieved from the BOM-or BAK by mesns
" of an output power. setting comnand when the corresponding
; output paver level is selected in order to ensure a
substantlallyoptrmundr1ve1nput Thesubsequentoperetxon
of controlling-the .qutput stably and accurately is carried
. out by means of the. closed loop feedback system.

o However, when-the transn1551en pover control

'.-'appara.tus of Fig. §:is applied ‘to a terrestrisal mobile

communication terminal for global system for mobile

. .communication (GSM), persanel. connunications netvork (PCXN)
or personal’ communxcatlons system (PCS) using a GMSK =

- modulation:or-‘a medium altitude orbit mohile satellite

~communication terminal ‘wtiliging a Gaussian filtered

‘minimum sluft keying (GMSK) modulation system, there

. remains-a problem of phase error of the transaission burst

due- to phase fluctuations of the phase of the high powver

amplifier 2, which can oceur. in the burst-rising and-falling

tinme periods.

Terrestrla.l mobile comnumcatmn ternmals and
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-nedzun-alutude orhltlng mobile satellite communication
termnals enploy a fixed, envelope modulation system which
.ensures. s high offlclency operation in the saturation regmn
of the high pover anpleler 2 whan 2 high output power level
*+is selected. Therefore, the steady-state operation point of
the high pover aaplifier 2 is normally set in the saturation

_region. Under this condition, generally, a phase modulation
- (PM)-region exists- ‘at and mear the output saturation point
.~of the hlgh powver amplifier 2:

e " As. descr1bed above, phase fluctuations occur in
..the hlgh poxer anpllfxer 2 because abrupt fluctuations-in

_‘the anplxtude envelope vlnch gceur 1nslde the high output

.control amplifier-2 at and near.the burst rising and falling
Ctime permds intérsects the above phase. fluctuation.region.
In Fig. 6, which 111ustrates a first enbodiment
-of the burst type transmission control apparatus according
to the present 1nventlon, a transmission converter .1' is
-provxded mstead of the modulated wvave generator 1 of Fig.
5. The transmission converter 1': -includes a modulator and
- -a.locel oscillator to modulate two digital baseband signals
I and Q or an. input base :1gna1 by.means of GMSK modulation
" and outputs a modulated sxgnal Sia-

- Also, 'a voltage oonverter 11 formed by a DC/DG

) .”converter or a series.draopper is connected between the pover
".supply: battery (4 and the hxgh pover amplifier 2 of Fig. 6.

' The voltage: converter ‘{1 -normally supplies a stabilized
' supplv voltage Vv, to the dram voltage terminal of the high
~ power aupl;her .2 and operates to.raise the supply voltage
"V;7 only for.a short period of time before and after the.
steady-state burst time period including the burst-rising
. and- fallmg ra.mpmg tige permds under the control of the
control unit-8. :

) The voltage converter 11 is constructed by an
in-phase voltage amplifier 111 for amplifying a contrel
-voltage V., a valtage follower 112 having an operational
amplifier for recéiving the output voltage of the in-phase
. voltageamplifier 111, a large pover NPN-type transistor 113
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having a base connected -to the output of-the volta_ge f-qllower
(113, & collectar.connected to the power supply battery 7 and
‘an emitter comnected drain voltage terminal of the high
_power amphfler 2,: and a.resistor 114 connected between the
. base and the collector of the, transistor 113.

The control voltage V. from the control unit 8 is
amplified. by the 1n-phase voltage ampllfler 111 and is
_supplied to- the base ofthe transxstor 113 by way of the

==v01tage follower 112. At this time, ‘the in-phase voltage
';amplxtxer 111 operates so as to make the voltage level of
the ampllfled voltage lover than'the voltage V, of the pover
supply- battery 7.
: Thus, the. voltage V .which is lower than the
" voltage V, of the pover supply battery 7 and bas dropped from
the base voltage of the transistor 113 by the voltage between
the emitter and.base (about 0.6 to 0.7V) thereof is applied

to the drain’ volta.ge ternunal of the high power amphfler
2.

The control unit 8 generates the voltage V, for
the variable attenuator. 9, the control voltage V, for the
-'varmble power driver ampllfler 10, the control voltage Y,

- for the voltage converter 11 and the reference voltage V,,

. for the relative error amplifier 6, in accordance with the
‘eontrol axgnal Seue including a.burst timing command and an
output ‘pover setting command from the base station. The

. burst timing command designates ‘the timing of the next

: transmlsslon burst, -and the cutput power setting. conmand

. de31gnatestheoutputlevelofthetrmnsm1ss1onburst51gna1
Seis Also, “in the same way as in the apparatus of Fig. 5,
the degree af attenuatlon to be achieved by the variable
‘attenuator 9 s controlled so as to cause the imput to the
detector § to.be at a copstant level without depending on
the. transmission burst signal S,... As a result, a broad
dynamic range can be realized for the detection system and
the detection sensitivity of the detection system can be
:held to a constant level regardless of the transmission

" pover. Further, in the same vay as in Fig. 5, the output level
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. " of the variable pover driver amplifier 10 is.controlled to
. optimize the input-level of the high power amplifier 2 in
.o'rdei' to hold the’ control semsitivity of the high power

amplifier 2 relatne fo the transmission output pover level.

L ‘The operatlon ‘of the burst-type transmission
control apparatus of Pig. 6 is explamed next with reference

'-'.\.'to Figs. TA, 7B, 7C, ‘7D and 7E.

- The relatlve error amphfler 6 compares ths

-reference voltage vrof as:shown.in Fig, TA with the‘detected

. ,'i'voltage Vi s shown in Fig. TB;.to generate the error-

o .'voltage Vecror- and"tradsmit it to the gate terminal of the

" W high power amplifier 2. Thus, the transmission burst signal
. 8,15 controlled by the feedback of the error voltage Vi ors
“"g0.that the detected voltage Vi is brought close to the

'reference voltage V... Asaresult, as “ghown in Fig. 7C, the
.. 'waveform of ‘the transmssxon burst 51gnal Seue 18 hrought

: '-'close to that of the roference voltage V.- :

: " A considarably large valna can be selected for the

closed loop band . of the loop ‘provided that fixed envelope
~'modula.txon such as BHSK is in place as in the embodiment.

_ The loop ‘is d,951gned so that the. Toop. response (loop time

constaiit)-is faster than the burst tiie and slower than the

. symbol rate, and the loop constant is selected so as-to make

the éircuit follow a high speed burst 1nc1ud1ng ranpmg

"stably at high speed . '

N .In more detail, the referénce. voltage Vier has a

- .waveform obtained by convolutmg the rauping output.
“~envelope waveform.at the rising and falling ‘time periods of
the burst and the rectangular autput envelope waveform at

the steady-state burst period on.a time base. The ROM or RAM

~-in ‘the control unit 8 stores a lookup table showing the
correspondence between the reference voltage V., and the

.transnissxon pover level shown in Fig. TA.

' During the steady-stete burst period, the

refere.nce voltage ¥, is'held to a level vhich corresponds

to the level of the detected voltage V,,, in the steady-state
period for each transmission power level, provided that the
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""fdetected voltage V,.t is ldeal and therefore the transmss ion
burst signsl s.u is af a'level which corresponds to the
‘transiission power level specified by the. transmission
pover Tevel setting conmand in the steady-state burst period.
Then, the control unit.8 retmeves the ref erence voltage V..,
correqundmg to the transmssmn pover level: specified by
' the transmssxon POWEr settxng command frum the loakup table
:'and nutputs lt to the relatnre e;‘ror ampllfler 6 at the
Qtiming speclfled 'by ‘the burst timing: .
3 " The relatxve srror amplifier € operates to
_."decrease the error voltage V,.,. to be applied to'the high
POWeT . amplif:er 2 when the detected voltage Vi §s higher
than the reference voltage V,.r.and hence the transmission
, bnrst signal s,,t 1s higher than the desired level in order
. to decreaae the transmssmn output power level of the hxgh
'-powar amplifier 3. On the other hand, the relative error
' -amplexer T uperates to. increase the error voltage V,,, to
"be applied to the high outpt power amplifier 2 when the
‘detected voltage Vi, 18 lower than the referenca voltage V..,
" and ‘hence. the transmission burst signal Seee is lower than
the desirsd level in order to inerease the ‘transmission
- outpu‘c pover level of: the high pover amplifier 2. . '
‘The, gate voltage terminal of the high power
_ amphher 2 is connected to the gate. of the tramsistor
typically locatéd at the last stage inside the high power
.. .amplifier 2. Therefore, the output Tevel of the-high power
'-‘-:amphf:.er '2 changes: 1n accordance with the error voltage
v .

u-:-cf ’ ’ ’

"~ Thus, the transmission burst signal §,,, is
‘automatically controlled to became equal to the desired
.-transmission output level Includmg the ramping waveforms

. before and after the steady- state burst as shown in Fig. 74,

. in response to the error voltage Verrar:

Thus, in the same .way as in the apparatus of Fig.
5, -since the dynamic range of the detection system is
broadened by-controlling the varmble attenustor 9 as

o 'descnbed above, the apparatus oparates stably on a
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reproduoﬂ)le bas:ls regardless of the transmssxon output
pouer level B
foos Y I addItxon to the ahove-descnbed feedback-
'._control for controllxng -the output of the high power
.auplifier 2 by ‘means .of the:error voltage V.. from the
_-relative erroramplifier 6, the control unit 8.generates the
- Eontrol voltage V, to provide feed~forward control for
.'oontrollmg the output level of" the variable power driver
anplifzer 10 in such &.way that ‘the high power amwplifier 2
“has & substantially constant control sen:ntxnty level
.-'relative to the desxred transmsslon power level.
' Thus, in the -ame vay: as in the apparatus of Fig.
-5y with the arrangement -for controlhng the detection
sensitivity of the detection system,ind the control
"sen51t1v1ty of the high pover. auplifier 2 by way of the open
loop depending on each selected transmission output power
level, using the control voltage'v and V, supplied from the
-contral unit 8, within the.closed loop feedback control
system.including the detection system and the high power
'_amphfier %, it is now possible to control the power output
stably:and accurately during the steady-stats ‘burst
; inoludmg the rising and. falling time perlods of the
.transmissmn burst, over & wide dynanuc range of power
output. :

. Under the a.bove-mentwned condxtion, generally,
A phase- nodulatlon (PM) fluctuation region exists at and
_ near the output saturation'point of the highpover amplifier
2. In. order to.avoid the PM fluctuation reglon while.

: exploitlng the high-accuracy APC, the voltage converter 11
is provided.

As shown -in Fls. 7D,. the control voltage V., has
two potential levels mcludmg a constant potential level
whlch corresponds -to_the power supply voltage vV, in the
steady-state burst period fron.time t2 to time t3 and a high
,potentlal level for increasing the power supply voltage v,

- for a. short period of time before and after the steady- state
__-.burst period including the r1smg ‘and falling ramping time
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_ ;per:ods from tme 1 to time t2 and from tune t3 to time t4.
o .. The control voltage V is amplified by the in-
~ _phese voltege amplifier 111 of the voltage converter 11 and
" is epplxed ‘to the -base of tramsistor 113 after passing
“through the: voltage follower 112, At this time, the in-phase
"voltage empl1f1er 111 operates so as to cause the voltage
level of the amplified voltage to be lover than the output
voltage level d; V, of the ‘power supply battery 7.
i Thus;, the voltage ¥V, which is .lower' than the-
outpit voltage V, of the power .supply battery.7 dnd has
dropped from the base voltage of the transistor 113 by the
._voItage between the emtter and ‘the base of the transistor
113 is applied to the drain voltage terminal of the high
. ';pover ‘amplifier 2. .
As the voltage converter 11 1is. controlled by the
- -control umnit 8 so as to inéregse the power supply voltage
-V, for a short period of time befors and after the
steady state burst period including the rising and falling
. ranping time periods, the saturation power output of the
. 'lugh power amplifier 2 is raised only for that short penod
' Thus, the.operating point of the high pover
~ gamplifier 2-in the course of movement of the transmission
*. burst signal Sout from the rising ramping time period to the
steady-state burst period or from the steady-state burst
- periqd to the fa.llmg ramping. time period is temporarily set
~ pot in the saturation region but in the linear region vhere
the output back-off- is ensured. Therefore, the saturation
point of the high.pover amplifier 2 can be controlled in such
a way that abrupt fluctuations in the amplitude envelope
vhich occur inside. the high power amplifier 2 at and near
the burst-rising and~falling time periods do not intersect
the phase fluctuation region. As a result, eny possible
. .degradation of signal reception due to phase fluctuations
(phase error) of the high pover amplifier 2.can be suppressed
- and the average phase error (or the maximum phase error) of

the transmission burst can be confined within an allowable
range. .



Bfhis Sheet Has Been R,

o 1

"Since-a phase error on the part of the
_transmssmn burst degrade the signal receptiondt the other
.'end of the comnumca.tion line. the present invention can'
,‘successfully remedies .such -degradation.

' Note that the contral voltage'v is set toa louer _
;—;limt in order to ensure a deslrad transmission output power
'Vlevel in the steady-state burst peried after the rising
Lrampxng time period so-as to. cause ‘the operatxns Poxnt of
_‘the high power amplifier 2 to move. from the lipear region

" to -the saturatlon region. As a result, the high pover-
_amplifier 2 can operate-reliably and highly efficiently in
. the. steady-state burst period which constitutes almast all.

‘of the’ transm1ssion ‘burst signal s"‘so that. a mobile

“terminal incorporating the transmission power control

. apparatus of Fig. 6 can effectively prevent any unnecessary
.'rise in the average power consumption.

Additionally, the change.in the power. supply

‘voltage V,’ in the course of movement from the rising ramping
C tims period”to the steady-state burst period or from the
steady-state burst permd to the falling ramping time period
:13 controlled by the control unit 8 in such a way thit the
_xtransmlssion burst envelope -is stably controlled by

feedback control to drav.a continuous and.moderate envelope
- logus, " so that the Lransmlsslon burst.envelope does not give

_rqse 1o any 1nf1ect10n po:nt as a result of a change in the
' Pover supply voltage v, ' : S :
. As shown-in F1g 70, such control can be reallzed
. by cau51ng the reference voltage Vin to become inclined in
. the coufse of movement from the rising ramping time period
.to the steady-state burst period or from the steady-state
burst period to .the falling ramping time period.

- Note that if the power output of the high power
amplifier 2 fluctuates due to a change in the supply voltage
V,', such fluctuatipns in.the power output are sufficiently
compressed by high=~ apeed ARC feedback contral and do not
‘glve rise to any problen.

As described above, in the first embodiment, it
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1s a prerequ:.sxte ina radio transmtter mcluding the hxgh
power amplifier 2 particularly adaptéd to amplify and

-.'burst-transmit a modulated wave (such as GMSK) which does
not invalve any amplxtude fluctuations with the TDMA radio

" communication system that hxghly sta.ble. accurate and high

speed APC be used to maintain the level of the output
. coptaining effective bit data for the transmission burst
vave in the steady-state.burst period to a constant level
over.a selected:wide’ output range and that the driver
"_‘j‘ampllfler 10 and- the detector.9. be contralled by feed-
_fornrd control.in ‘response to the transmssion output level
Ain order to ma1nta1n the detectxon sensitivity of the
detector 5 and the control sensitivity of the amplifier 2
- /at a constant: level over a 'wide dynamic range as the loop
‘constant existing in the feedback laop.
: ' Also, in the first _embodinent, it is a
: prereqmsite that thé output envelope ramping be controlled
-smoothly on ‘the: basis of the high speed ramping waveforas
. that are- observed in.the rising and falling time periods so
as to.meet the requ1rement of producxng -a wide range for the
transmission output power levél and preventing diffusion of
the transient frequency spectrum at the transient response
. time, while satisfying the time-to-transient response mask.
o Further, in order not to prevent the transmission
: burst from producing any phase error, the voltage converter
11 is prov1ded so that the SUpply voltage V. of the high
: power amplifier 2 risés only in a short period of time before.
-and after the steady-state burst period including the rising
‘-'and falling ramping time periods. Thus, the saturation point
‘of .the:high power amplifier 2 can be controlled in such z
w_ay_that abrupt fluctuations in the amplitude envelope which
occur inside the high power amplifier 2 at and near the
burst-rising and~falling time periods do not intersect the
phase fluctuation region.
The phase error of the transmission burst, which

_ is praduced as a result of phase fluctuations of the high
-power amplifier 2, is a problem unresolved by the prior art,
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’-and thus the present 1nventxon proposes 8 novel technxque
for oontrolllng the, snpply voltage .V, of .the high power
'=-amp11f1er 2 in order -to. solve the. problem.
. Accord!ngly, in first embodiment, the
degradat1on 1n the eff1o1ency of- .the: ‘high power, amplifier’
2 .due- to “the neans for pravent1ng phase fluctuations is
“limited ‘to- the short parxod of time befors and ‘after the..
_steady-state burst‘per1od 1nc1ud1ng the rising and¢ fa111nz
- ranping time. ‘periods so that -the above problen is overcome
“without increasing the average’ power consumptxon of the
-antxre mobile.. terninsl :
: In Fig. 8,.which 1llustrates 8 second embodiment
“-of the burst=type transuission control apparatus according
. to. the present 1nvent1on. while the optlmum input level of
.the high power amplifior 2 is selected by neans of the gain
- control of the variable power driver anpllfler 10 in an
analog fashmn in Fig. 6, it.is selected by’ means of a digital
Inp;soband level converter 12 ina d{gital fashion in Fig. 8.
‘~Also, a.fixed gsin_drtvor_anplifier.10’is provided instead
* of the variable power driver amplifier 10 of Fig. 6
: . More spscifically, the digital baseband level
converter.12 variably controls the level by .changing the
fnumerlcal values: of the - tuo digital modulated waves I and
:Q of the. baseband in accordance with a digital level
;converslon.51gnal Sy from’ the.control unit 8. Tha ROM or RAM
“ip. the control’umjt 3 stores -a.lopkup table showing the
-.correspondence between the digitdl baseband signal I and Q
~.adapted to realize: the optmum input level of the high. power
:’onp11f1er 2 gnd" tho selected transmission-output power
level.” -
o The control unit 8 outputs the digltal level
- canversion signal §, to the digital baseband level converter
1210 such a way that the optimum input level corresponding
to the transmission output pover level specified by the
.transmission power settxng conmand may be obtaxned for the
hxgh pover amp11fier 2..
L ' The’ operatxon. of the control unit 8 of Fig. 8 is
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E the aa.me as the control unit 8 of Fig. 6, except that it

' 'ggnerates the d1g1ta1 level conversion signal S4 and does

_not generate ‘any control voltage V,,

. The burst-type transmission powver control
"'japparatus ‘of Fig, 8 including the. digital baseband lever
"',-"converter 12 and the tra.nsmLsslon converter 1’ can be _
'+ integrated ina smple. manner.to control the mobile terminal

‘in-a. reproducible fa.shlon at, low.-cost by carrying out the
".'..'j-’;operatmn of optmlzmg the mput level of theé high power
-.".:'_'_:Ta‘mpllfler 3 not by using a ‘high frequency analog techmque

"'but by - using a dxgxtal technique. .
", In Figs. 6 and 8, the. voltage: converter Il is
= -formed by. 2 series dropper,’ thus prov1d1ng an advantage that
~ the'manifacturing cost:can berelatively low. However, since
‘thie use of the NDX- type transistor 113 deslgned for a-large
. electric. current entails a large powar loss between the

.collector snd emitter thereof, the power supply efficiency
' is somewhat low. Also, a voltage higher than the output
" “wqltage ¥, of the power supply battery.7? is not.available.
, . In Fig. 9, which is a circuit diagram of a
.modification of the voltage converter-11 of Figs. 6 and 8,
' the voltage converter 11 s constructed by a switching
- regulator 91 and an gscillator 92 for supplying & clock
._-sxgnal to the sntchlng regulator 81, thus improving the
;- power supply efficiency and the overall efficiency. Also,
"-the-supply voltage V,’ of the high pover amplifier 2 can be
raised above the output voltage V of tha powver supply
battery 7.

. o As explunad herelnabove, accarding to the

.present mvontlon, in order not 'to prevent .the phase error
- of a’transmission ‘burstfrom.being generated, the voltage
: converter is provided to raise the power supply voltage only
‘for a short time period beforo and after a steady~state burst
mcludmg rising and falling ramping time periods.
Therefore, the saturation point:of the high power amplifier
can be controlled so that rapid fluctuations of amplitude
.envelopes-within the high pover amplifier occurring near the
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nslng and fallmg ranpmg txme permds do not 1ntersect the
phase fluetuatmn ‘zone.,
As 2 result, any pogsible degradat:on of signal
. ;receptl on due- ta the phase: fluctuatmns (phase error) of the
. high pover amphfier can be. suppressed -and the average phase
-arror or the maxmum phase error of. the transmsslon burst
'-can be confined with-an allowable range.
_ C Also, a:fixed gam drlver emphfxer and a d1g1ta1
; haseband lével eonverter are pronded in'place of a variahle
,-'jpower ‘driver-amplifier. As-a.result, the. aptimization of
' mput level’ of the satura.tlon type high power amplifier can.
" be reehzed in 2 dxgital fashion instead of an enelog fashion
80 that- the transn1ssxon power control apparatus can be
"integrated in a° smple fashmn to control the transmission
- povwer on a highly reproduelble ‘basis at low cost.
o Further, when-the supply voltase of the
e saturation type high “pONer amphf:er is set to the lower

- - 2limit value in order to ensure the desired transmssmn

output pcwer level in the steady-state burst period, the
. high pover amp11f1er tan.be operated highly eff1c1ently in
the steady~state burst period which constitutes almost all
the trnnsmsswn burst perlod so that any unnecessary -
' 1ncrease in the average power- eonsunptxon by the radio
tra.nsmtter including. tha transmission output povwer control
apparatus aceording to the invention can be prevented
% ¢ Mditionally,’ since-the valtage converter is
'.forned by a series dropper, the voltaga converter can be
'prepared ina smple manner at low cost..Still further, since
the voltage converter is formed by a switching regulator,
the supply voltage .can be raised above the output voltege
. of ‘the power supply battery of the radio transmitter.
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, 1, & burst-—type transmssmn output pover control
--_'apparatus, oomprismg. : '
. . ‘an varubla power dr1ver (10) for amplif:n.ng
8 nodulated vave s1gna.1 (8,.); o
_ a satyration type high power. amphf;ler (2),
.,:.oonnected to saxd variable pover: dr1ver, for amphfymg an
output sxgnal of said varmble power driver; - '
o ' 8 dzraotlonal coupler (3), cornected to said_
'."saturatmn type h:gh pover anplifier, for taking out a part
. of an output signal -of said high pover amplifier;
' . avariable attenuatar (9), connected to said
'directmnal coupler, for receiving. the part of the output
signal of said high-pover amplifier;
. . detector (5) connected to-said variable
attenuato'r, a degree of attenuation of said variable
‘attenuator being re'gu'lated to.cause an input level of sald
jdetector to be constant; :
AT arelative error amplifler (6), connected to
sud detector, for comparing an output. slgnal of said
. deféctor with a reference voltage (Veur). having a steady-
. state burst waveforn including rising and fallmg ranping
:-waveforms before and after said steady-state vaveforms to
. gemerate an’ error voltage (V,m,) and transiit said error
' voltage ta an input of .said saturation type high power
" amplifier, thus controlling the output signal of said
saturation type high pover amplifier so that the output.
'signal of said detector is- brought close to said reference
woltage. and i :
. a volt_a_ge_.con_yerter (11), connected to said
-saturation type high powér amplifier, for supplying a power
.-supply voltage (V,') to said saturation type high power
amplifier S0 that a saturation output of said saturatlon
. type. high power amplifier is raised only for a short period
| before -and after said steady-stato burst wvaveform including
: sa1d rising and falling time permds,
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sa1d varxable paver, drwer being controlled
'to cause a control Sensitivity of said saturation type high

power anp11f1er to be constant relative to a transmission
level.

20 g Tha apparatus as’ set forth in-eleainm 1, further.

-comprising a transm ssion’ converter (1’) for modulating two
-d1g1tu1 basehand sxgnals (I Q) to generate said uodulated
-'gignal,
0 18 The apparatus as set forth in claiu 1; wherein
,‘.f-saxd pover supply valtage supplled by, said-voltage-canverter
- to'said’ saturatlon tyre h1gh pover amplifier during a period

“of. said steady-state burst waveforn is a lover limit-value,

" thus: ensurmg 8 desu'ed transmission power leval of said
-saturatlon type bigh power amplifier.

. " 4. The apparatus.as.set forth in clain 1, ¥hérein
said voltage converter comprises a series drapper.

5. The.apparatus as set forth in elaim.1, vherein
'said voltage converter comprises a swi'tching regulator. -
- '6.. A burst-type transmxssmn output pover control
' apparatus, comprising:

- adigital base band level converter (12) for

regulating dlgxtal baseband signals (I, Q);

' ‘a. transpission converter {1, connected to
' sa1d dxgztal base band level converter, for modulating said
“two regulated digital-baseband signals to genera.te a
,modulated vave signal (S,.), :

: . a fixed power driver (10 ), connected to

- said transmission converter, for amphfymg said modulated
“wave. signal;
' 2 saturation type high pover amplifier (2),
.connected to.said variable pover driver, for amplifying an
output signal of 'said variable power driver;

: g directional coupler (3), connected to said
saturation type high power auphfler, for taking out a part
of an output signal of said high power amplifier;

_ a variable attenuator (9), connected to said
-directional coupler, for receiving the part of the output

10
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'signal ‘of said high power ,_a,mpl'ifierf; .
R & detector (5) comnected -to said variable
attenuator, a degree of attenustjon of said variable
-attenuator being regulated to cause an input level of seid
. detector ‘to be-constant; I

" apelative error anplifier (6), connected.to
said detector, for: comparing an’ output signal of -said
. détpctﬁr;with-'a,ﬁ referénce voltage. (V) having a -steady-
_state burst wavefora including rising and falling ramping

‘waveforms. before and after said steady-state wvaveforns to
' gener'a:;:'e.-an._. errar. voltage (V,rrer) ond transmit said error
" -_vo_l',tég‘e‘.to an input of said :_sitpi*atiqn type high pover
‘agplifier, thus coptralling. the output signal of said
“i§aturation. type high pover amplifier so- that the output

'-.signil_.'bf’s'a'id:detector is ,brough't. close.to said reference
" yoltdge; and L _ |
S ' a valtage converter (11); connected to-said

s'a.t'u'ri.t_:'ilon type high pdier'amplifi'er-, for subp_l.ying a pover.

'. supply, woltage (V') to, said saturation type high pover

. amplifier so that a.saturation output of sald saturation
type high pover amplifier is raised only for a short period
' ‘before and after said steady-state burst waveforn including

‘ -sald rising and falling time.periods,

. .
- -

. said digital base band level converter being
‘controlled to.cause a control sensitivity of said saturation
. type high power amplifier to be constant relative to a -

“transnission level. ' : | .
' . 7. The apparatus is set forth in claim 6, wherein

.said power"su-pply v'olltag_e supplie'd by said voltage converter:

-to.said saturation type high power"ampli-fier during a period
of said steady-state burst vaveforn is a lover limit value,
- thus ensuring a _desire‘d-'transnission pover level of said

saturation type high power amplifier. |

8. The apparatus as set forth in claim 6, wherein

‘said voltage converter comprises a series dropper.

- 9. The apparatus as .set forth in claim 6, wherein
- said voltage converter comprises a swvitching regulator.
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