-1 - 2213002 RF -PONER CONTROL CIRCUI T 5 Background of the
I nvention The present invention relates to an RF power con g%aégqgg%fvof a
“radi o corfmuni cati on device and, nore particularlyr to an R & ol
C|rCU|t\qapabIe of controlling its transm ssion pailer in an unvoice
interval' 10- of a transmission voice input. Recently, as radio devices have
been. made conpact and handy, devices driven by a battery have been

i ncreasingly manufactured. One of i mportant factors of a portable radio

device is a service life of ‘a- baﬁfepdwgﬁh@bﬂ§go§eeykgg1flfe | ar gel y depends
on power consunption during trafiSmssron. I orader to reguce power
consunption to effectively use a battery sone control circuits contro
such-that transmission is perforned in onIy a voice 20 interval of a
transm ssi on voice and transm ssion power is reduced or stopped in an

unvoi ce |nygryaback§%b@§u DS Inveddwii  consunption. I n a nobile

t el ephone systemused 1n € r nertca or England, a control circuit is

used to control 25 such ik present dmanttiom yelstesi td camSRPr power

- transmi ssion power by a command sent froma base station. - 2-

: control circuit of a ‘radio communication device and, more -
particularly, to an RF power control circuit capable of
6ontrollin§;its transmission pbwer in an unvoice interval

10 of a transmission voice input.

Recently, as radio devices have been made compact
and handy, devices driven by a battery have been
increasingly;manﬁféctured. One of impértant factors of a
portable radio device is a service life of a battery. The

15 service life largely depends-On:pOWer_consumptidﬁ during

- transmission. ' |
In order to reduce power consumption to
-effectively use a battery, some control circuits control
such that transmission is performed in only a voice

'~ 20 interval of a traﬁsmiséion voidé and transmission power is
reduced or stopped in an unvoice interval, thereby
suppressing power consumption. |

In a mobile telephone system used in the North
America or England, -a. control circuit is used to control

25 such that a'mobile'devicepalways'maintains proper

transmission power by a command sent from a base;statioh.



Fig. 1 shows a typical conventional control circuit of the latter. In Fig.

1, in accordance with an n-bit selection signal SEL supplied froma

conputer 3, -a'switching circuit 1 selects one of 2" DC voltages obtained 5 ¢

by dividing a DC voltage applied to a te¢,n2nal 5 by resistors 9 and)ubtputs
a reference voltage REF for power control froman output termnal 6% In

order to easily realize the above tmn types of control circuits, a control.

aer |
and'a transm 861 on powsr Tod FHCE r eéc"%'?vv%%t%sﬁéi‘”%%#%%b@Qe.V%?e,
froma base éiﬁEHQE 6?‘21:%09."&%%1- by s@ffﬂ#e &‘ £08BYaghed &v?thean |

converted into the selection S|gnal chlng crrecurt

. controlled by.pbhe seheerion $ighall Krr s%l?;&pipe@bf 0 é“%gﬂm'gﬁ%ﬁ“ﬁ }40' tage

REF at the output term nal 6. The above conventiona r conff

circuits, hoy«ﬁieemhgvel&&eiftolﬂ Qa1 HY GHEBE i’haécWolEQQeSOBBEthéﬂgna'
Cs1 depends on only the presence/ absence of a transm sSion voice and

i s conpl gt el yyi adlepafdgna. DT wod Hage Wpplsied: g9V@rteamingl 5ippal Ccs2 from
t he base station. For this reason, since the two independent signals CS1
and CS2 nustresistorssSedndaopmputsmau;efunenceﬁvelmagofnmarﬁobfpbher
conputer 3 is 25 I ncreased. In addition, the conmputer 3 shown in Flg 1
perfornms useconhrelfﬁcempancegtpng,henminadhdhks whet her a.- 2-
In order to easily realize the above two types of
control circuits, a control sxgnal Csl representlng the il).
10 presence/absence of a transmission voice and a transmission
power cont:olisignelﬁCSZ'received'by e“radiOfreceiver'7.
from a;base=stat£on-are proceesed-bY*sqftware'of'a computer
-3 to be converted-ihto the selection signal SEL.  The
switching c1rcu1t -1 ‘is controlled by the selectlon SLgnal
15 SEL to obtain the reference voltage REF at the output
terminal 6.
' The above conventional RF power control circuits,
however, have the followiﬁg problems; W
| | that-is; the control signal Csl depends-on only.'
20 the presence/absence of a transmission voice and is
completely independent of the transmission power control
signal CS2 from the base station. For this reason, since
the two independent signals CS1 and CS2 must be processed,
a processing amount of the software of the computer 3 is
25 increased.

In addition, the computer 3 shown in Fig. 1

performs user interface processing, i.e., checks whether a



“3- volune key, a nute key or a conversation end key is depressed and
performs.certain processing if any key is depressed. Then, the conputer 3
erf or ne~ connecti on sequence processing for transn1tt|ng/rece|V|ng signal s
with respect to the base station, checks whether a cormand for starting a
test node*is input, and if the connand is inputT perforns a test sequéence
for starting the test node. Thereafter, the conputer 3 returns to the user
interface processing. This tycle is repeatedly perfarnmed, and each 10
cycle requires several 10 msec. - In addition, these processing programs °

have priority owludid&esp/ Qgrmi@eawyr@rlateéﬁveksaalsaneha Kegeis
Therefore, the control signal CS1 .from.a voice/unvoice identifier 4 can be

processed only dfdpredde pml)rperforms coeletainr ppoéasgihgeifr agyakeyarie 15.
started). = For this reason, in the worst case, the n-bit selection signa
SEL cannot be o@g@ﬁed&ﬁﬂywaEhnnyeﬁthcmmpntpas3 peXfomms bommeetioman
recogni-ze:a voice interruption of 1 meec. - That is, if the sel ection signal
SEL is del ayed pp@wengae; praressing afweat-:lr@nsrambice/rsce@vmgus;gsaﬁnawyth
of the Invention The present invention has been nade in consideration of
the above sbBtuafiesPestd tsthes hase pakiono %hwkﬁewhﬁtmrpév\epm@énﬂr &pr

"~ circuit which can -reduce a
starting a test mode is input, and if the command is input,

“performs a teet sequence for starting-the test mode.
Thereafter, the computer 3 returns to the user interface
processzng. This cycle is repeatedly pe:formed, and each
:iq cycle requires”sevefal 10 msec. In addition,{fhese
“ _pfoeessing prograﬁs have éxioxity'over other progfams and
no interruption can be made. Therefore, the control signal
CSl from a voice/unvoice identifier.4 can be processed only
affe: the programs are ended (or before the ptegrams'are
15 started). for this reason, in the_worst case,'the n-bit
- lselection signal SEﬁ cannot be output Before.éeveral 10
. ' msec pass. A man, however, can recoénize'a voice
\fj o interrﬁption ef ;.msec. That is, if the'selectiqn signal
SEL is delayed by sevefal 10 msee, a heed of a voice is

20 cut.

Sumﬁary of the Invention
| The'ptesent invention has been madeiin
eoﬁeideratien of the above situation and,hae.as'its object
to provide.en RF power control circuit which can reduce a
'25l processing amoﬁnt.of softwe:e and ean.therefo:e reduce a

processing time so that a head of a voice is not cut.



25 processing amount of software and can therefore reduce a processing
time so that a héad of a voice is not cut. -4- In order to achieve_the
above object of the present invention, there is provided an RF power
control circuit for dividing a DC voltage by a plurality of resistorSps
sel ecting one of the partial voltages, %iLwlng 5 the selected volitage
as a reference vol tage, thereby obtalnlng a nultilevel' RF output,
conprising first and second switching circuits, controlled by an i denti cal
sel ection signal, each Inroseeectbngchievel thee apdvd @b jdt e sSeRet ai ned
by the resistors and outputting the -10- selected vol.tade, .and sel ecting
means for selpasent cnverdtionputbeteodst peoiﬂmea 2l RFe Qovers e ot &'D
circuits in accordance. with a.control .signal-. Brief Description of the

Dr awi ngs Fi gcirquity ﬁnmcﬁ(iviié\@nanasﬁﬁwngtageobwem ipdnedallity dfchni que;
Fig. 2 is a block diagram show ng an enbodi ment .of the present invention;
and Fig., 3 F?%iﬁﬂQiﬁ<(ﬁ?&ﬁ%ﬁﬁ%ﬁo?Fﬁg°§n§bﬁePa€¢59@ vorltages hamt axsing
i nventi op ng Det.ai | ed, Desc tion of the Preferred Enbodi ments
Enbodi ment s %lﬁ?ﬁﬁQEﬁﬁn ?% i 3f ﬂnFFf3§e§§§cﬂpﬁédgﬁm(iMQMQtheﬁerence,

to the accon%%@g g%ng a multilevel RF output, comprising first and
second sw1tching c1rcu1ts, controlled by an identical
_selection szgnal, each for selecting one of the partial
.voltages obtained by the reSistors and outputting the : Lh)
10 selected voltage, and selecting means for selecting one of

outputs from the first and second sw1tching circuits in

'accordance with a control signal

Brief Description of the Drawingg
| Fig. l'is'a block diagram showingna conventional
15 technique, o o | | | |
.Fig. 2 is a block diagram show1ng an embodiment
of the present 1nvention, and |
'Pig% 3 is a block diagram snowing another w,
embodiment of the present invention. | |

20 Detailed Description of the Preferred Embodiments

Embodiments of the present invention will be
described below withlreference to the acconpanying
drawings. | | |

| ‘Fig. 2 is a block diagram showing an'artangement
25 of an'embodimentfof'an RF power control circuit according'

to the present invention.



drawings. Fig. -2 is a block diagram'showi ng an arrangenent 25 of an
enbodi nent of an RF power control circuit according to the present
knvention. -4 In Fig. 2, each of switching gircuits 11 and 12 is, for
exanple\Ja uPD4051BC (tradenane) avai l abl e from NEC CORP. Identical 3-bit
sel ection.-signals SEL are supplied froma conputer (not shown) to termnals
A, B and C of the 5 switching circuit 11 (12) through an input termnal

- 13. The switching circuit IIn. (BiYy. '&s eactitof ngwitékingneigcyits Xlaadd 12
- selects and connects one of the input terminals [err] to [err] to an output
terminal QUT in asood@ana&ampleiraauBDAQSIBCthErSGGmameblavammabiegﬁabm NEC
SEL. . When a signal of 10 low | evel is supplied to.a termnal INHBIT, the
swi t chi ng ci r cui CORP .( 1 Xdesddiqale 3~hitkerselection sighals Sﬁhearessgppéhﬁéd
thereto, the smntchlng circuit 11 (12) stops a selection operation and the
output terminal &BPW & SoERMern (nak rhownlynke texminaksph) | Bjandofh af1the

voi ce/ unvoi ce i dent,if (nqt sha he term.nal | NH Bl T of

swi t chi ng ci Pcui &% i‘f‘#‘ﬁﬁ% ré’r’l’ﬁ%v\()l)elr &r"}’l?tm%ﬁ‘ 211916 Fﬁ’é’!‘}-B‘Flt hé-

switching circui 2 8 ardl.ess t.he Io |c

control signal Cglié gﬁ'%ﬁ@.igﬁ SArs 4% tlx (ﬁ" l&ﬁt% %’P‘&E {:e’ﬂ"ﬁ?lizx

I's 20 gpopped to X7 and selects and connects one of the input terminals
x0 to X7'to an output terminal OUT.in'accordénce with the

value of the 3-bit selection siQnal SEL. .When a signal of

— .10 + low level. is supplied to a terminal INHIBIT, the switching
circuit 11 (12) operates; when a signal of high level is
supplied thereto, the switching circuit 11-(12).stops-a ’
selection operation and the output terminéi OUf is opened.

A control signal CSl1l is supplied from a
15 ‘voice/unvoice identifier (not shown) to the terminal
INHIBIT of the switching.éircuit 11 through an inverter 17
and directly to that of the switching circuit 12. That is,
regardless of the logic levellof.the control-sighal Cs1l, an
\Qf o _ 'cperation of either the SWitchinq circuit 11 or 12 is

20 stopped. |
| A DC voltage applied.tp a términél.ls is divided
into partiél voltages V, to Vg by volt&ge-dividing
_ fesistors'19. The partial 901tages'Vl; V2"" Va.are
‘applied to the input terminals X4, Xgeoeo X Of the
'2512 switching circuit 11, respectlvely. The voltages V3, V4,
Ve, Vé and V., are applied to the input'terminAIS'x7, Xe o

Ko X, and Xy of the switching circuit 12; respectively.



A DC voltage applied to a terminal 15 is divided into partial voltages
[err] to [err] by voltage-dividing resistors 19. The partial voltages.[err]
are applied to the input termnals X7, X6,... X0 of the 25 switching ’
circuit 11, respectively. The voltages [err] [err] and [err] are appli-&d to
the input termnals [err] [err] and [err]l. g¢f 1he switching circuit 12, :
respectively. -6- The voltage [err] is applied to the input termnals
[err] and [err] of the switching - circuit 12. The output term nals OUT of

t he smﬁtchim%égrcuits 11 and 12 are connected to a conmon output 5

terninal 16. rerrage vy ol 8 agBPRERdf tomthise iopututtarmirialks xg;ixlfand
applied as a _control, signal to an autonatic |evel control (ALC) circuit 10.
The ALC circ&a:9&)?HSL%&i%FQf?EU?%FﬁHFEh1?3 conventional 1y used.
Conerally. e | evel, olul ShehlledRs nadkOhB b the SRAELAL, 70,
volt 200, 2 | RIBRAN 5P R 44 EEG S SBBES Eol e P o 22
(or ot egl! Dbl O 40 URLL 48 ko Rpe baChne L L0, o
- to a differeplghilid{iPlid ifé_ fpLI1dF 46T 8" EBHELYT Eigga%%osgneguq:%m%q:dic |
level control (ALC) circuit 10. - -
The ALC circuit 10 may be a circuit wﬁich is S
conventionally used. Generally, the level of an RF input \&j-
10 signal RF 4 supplied to an amplifier 21 varié§’in
- accordance with fluctuations in a powér sourééfvbitage,:a
temperature or a difference between individual devices.
Therefore, the level of an output voltage RFOUT détected by
a detector 22 for deﬁecting an outpﬁt from ﬁhé.&mplifier 21
15 varies;n In 6rder'to.prevent'this variation, ‘the output
detected by the detector 22 is supplied to a differential
amplifier 23. The reference voltage REF selected and
output from the switching circuit 11 or 12 is“éﬁpplied as a 1“/
reference voltage to the differential amplifier 23. ‘An
20 output from the'differential'amplifie:'23 is supéiied to a
controller 24. The controller 24 controls an'input voltage
Vcc from a terminal 25 in accordance with thé:outﬁut
voltage from the differential amplifier 23, théréby _
controlling the géin-of the amplifier 22. As described

25 above, the ALC circuit 10 constitutes a loop circuit fof

maintaining the output level of the amplifier 21.



dutput fromthe switching circuit 11-or 12 is supplied as a reference
voltage to the differential anplifier 23. An.20 out put fromthe.
dlfferentlal anplifier 23 is supplied to a controller 24. The controller 24
- controls~an input voltage [err] froma termpaj 25 in accordance with the

- output voltage fromthe differential anmplifier 23, thereby controlling the
gain of the anplifier 22.. As described 25 above, the ALC circuit 10

. constitutes a loop-circuit for maintaining the output |evel of the
Canplifier 21. -7- An ophnenperatdonhefctheucirehmhnshowﬁlgn Figi.| 2 wdll
descri bed bel ow. Assunme that the 3-bit- selection signal SEL is (1,0,1) and
the switching cibec described dealowel ect the 5 input terminals X5.
Therefore, the switching circuits 11 and 12 connect the vol tages [err] and
[err] to their output ter m@ecﬂﬁtr%%e%rbw yelﬁﬁtaem signalaS8ELnd st hat

s oS80 58 0 Ao A S5 o
clrouit 12 goe° i 'eve'%épwrﬁﬁa“é b esﬁsmg_sap%%gumh
vol Soge V8 1 <" 12 i nd "R EGeR 03 SHbE 0K k&é“ﬁ%efﬁeoilspnrnéf‘e
16. terminals OUT, respectively. | o
In addition, assume that the control signal Csl1
\J) o goesﬂto high level if a transm1551on”v01ce_1s ‘present. In
10 tnis.case, since the terminal INHIBIT of the.switching
circuit 12 goes to nign level, an impedance_at the terminal
-Oﬁf is increased; Meanwhile, since the terminal INHIBIT of
the switching circnit 11 goes to low level, the output from
tne switching_circuit_ll,_i.e., tne voltage V3.is;obtained
| _;5' as.tne.reference voltage REF at tne terminal l6.
o ”: ~ When a transmission voice becomes.absent, the
logic of the control sxgnal cs1 is inverted, and therefore
_:an impedance at the terminal OUT of the sw1tching circuit
) 11 is increased. As a result, the voltage V5 of the
20 switching circuit 12 is obtained as the reference voltage
o REF.. Transmission power of the ALC circuit 10 of the radio
communication dev1ce is controlled by this reference
iwvoltage REF. _ . _ _
| | | In the above embodiment, the analog
25. .snitches uPD4051 (tradename) each for selecting one of
| ‘eight voltages in accordance with the 3-bit selection |

signal are used as the switching circuits 11 and 12. The



Wien a transm ssion voice becomes absent, the logic of the control signal

'CS1 is inverted,” and therefore an-inpedance at the termnal OUT of the
switching circuit 11 is increased. As a result, the voltage [err] of the ks
20 switching circuit 12 is obtained as the reference vol t age REF. fJ _
~Transmi ssion power of the ALC circuit 1€ ®f-the radi o conmuni cation devi ce

is controlled by this reference voltage REF. In the above enbodi nent, the
anal og 25 switches [err] PD4051 (tradenanme) each for selecting one of

o2 o Mt R FRvR0tEn L) Wifevel! oY JUiE W Und e oo

the sw tchi CIrCUI resent invention is,

however, notg e:&t%#ﬂfxgér’rrnﬂ: bi€ 3R ngﬁifeﬁgh Q:'irct&‘itt féét:ﬂ%ﬁﬂ&%f f9r

sel ecti ng on |nput V | t ages n-brt se ectlon S|

used. I thigh Caftue (V51 CaGET by TBR hebirtf aaqe@aw al my BEO!dSEP,

[err] is applied™o each inpu erm nal of the smntchl g clrcudit

correspondi N tghid aisde SStRE @LYeRiteRayabed adkahged’ @uch ithdy agent and a
voltage [err] [err] is applied to each input termnal of the switching

Ci r cui t 5 Cor nesiRah rwq%t 01tg amsgi 98) onspapplisd togeaemtie@um%mm ceis
present. Fig. 3 is a™dlock diagram show ng anot her. N
of the switching circuit correspondlng to transmisszon

power generated when a voice is present and a voltage V -k

{1<m-ks 2" is applied to each input terminal of the. B
switching circuit corresponding to transm1531on power - '\*)_
10 generated when no voice is present - |
Flg. '3 is a block diagram showxng another
embodlment of the present lnventlon. | |
In Fig. 3, switching circuits 31 and'32Tare.not
- inhibited but alwaYS operated by'a selection signai SEL.-
15 A control slgnal Ccs1 representlng VOICE/UNVOICE
is supplied to a term1nal A of a swltchlng c1rcu1t 37.
‘The sw;tchzng clrcult 37 connects an lnput
 terminal X, or X, with an output terminal OUT in accordance Nﬁ/
w;th a signal supplied to the terminal A.
20 o As has been descrlbed above, accordlng to the
present lnventlon, a power control proce551ng amount of
software can be reduced and accordzngly a proce331ng trme
~ can be reduced, thereby realizing high-speed RF'power
control. |

25



enbodi ment of the present invention. In Fig. 3, swtching circuits 31 and
32 are not inhibited but always oper at ed by a sel ection signal SEL 15

K controt- signal CS1 representing VO CE/ U\WOITE i's supplie A
of a sm?fchlng circuit.37. The switching circuit . N I nput
terminal fTerr] or [err] with an output term nal H,ﬂ@; @gﬁﬁ with a
signal supplied_to_the termnal A 20 |bed

" above, accor di n§LAEMBhe present invention, a power. control proce53|ng
anount of software can be reduced and accordingly a processing tinme can be
reduced, thereby,realizi ngnhrghpewesd c%'ﬁﬁ@:@’!erci%ﬁz.r@'fo Bivid :

An RF power control circuit for dividing a DC 2 voltage by a p 1ty of
resistors, el eedlbggenbyoh pharalipg' oifflresdldtaias, SN Y & xﬁ@ &£l @gd ed
voltage as a 4 reference voltage, ‘thereby obtaining a nultilevel RF 5

out put, conpri spagtisl voltages, ahdr wsimgd tike G¥lettdd alLdge Cal (5,
controlled 7 by an identical selection signal, each for. selecting one of 8
the partial 4ol refesenbeaivattage,sthdéreby obtaiming @ mulitilkévely pine .
sel ected vol tage; and 10. sel ecting neans for selecting one of
outputs from output, compriSIHQ’ '

6 first and second switching circuits, controlled
7 by an identical selection signal, each'for-selécting one of

8 the partial voltages obtained by said resistors and

g
9 6utputting the selected voltage; and
10 selecting means for selecting'oﬁe of outputs from
11  said first and second switching circuits in accordance with
12 a control signal. | |
2. | A circuit according to claim 1, wherein said
"é. selecting means includes ihhibiting means for inhibiting
3 operation of sai§ first or second switching circuit in
. 4 accordance with logical value of'the control signal.

3. A circuit according to claim 1, wherein said
Eelecting means includes a third switching circuit for
'éélecting one of the outputs from said first and second

switching circuits in accordance with lbgicél value of the

u & W N

control signal.



. M
11 said first, and second switching circuits in accordance with 12 a control :I,
signal . 2. *Acircuit according to claiml, vherein said 2 selecting g
means i ncl udes inhibiting means for inhibiting 3 operation of said figrst or
second smntchl cordance with | ogical value of the cantrol .
signal . 3. qﬂlﬂmﬂg"m,wlmﬁ;r ding to & didn<d, wherein said 2 sel écting
nmeans |ncludes athsir ching circuit for 3 selecting one of 't he outputs
fromsaid first and second 4 swit'ching circuits in accordance with | ogical
value of the 5 control signal. -9- 10 - 4. An RF power contr ol
circuit substantially as herein described with réference to and as

illustrated by Fig. 2 or Fig. 3 of the accaonpanying draw ngs
4, An RF power control circui .substantlally as

herein described with reference to and as illustrated by

Fig. 2 or Fig. 3 of the acpompanying_drawings.




