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(57) Claim .
1. A radio transceiver comprising:

transmitting means for transmitting a first radio frequency
carrier modulated with an information signal;

receiving means for receiving a second radio trequency carrier
modulated with an information signal;

frequency synthesizer means including a phase locked loop for
supplying a local oscillating signal having frequencies related in a
predetermined manner to said first frequency and said second frequency,
the local oscillating signal being supplied to said transmitting means
and said receiving means;

alarm means responsive to and alarm control signal for providing
a device alarm;

frequency control means for controlling said transmitting means,
said receiving means and said synthesizer such that frequencies of said
first radio frequency carrier and said second radio frequency carrier
are switched; and

alarm control means for supplying said alarm control signal;

wherein said transmitting means and said receiving means comprise
means for ftransmitting and receiving said first radio frequency carrier
and said second radio frequency car ier respectively in the form of
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bursts by ON/OFF controlling of said first radio frequency carrier and
said second radio frequency carrier;
and wherein said frequence synthesizer further comprises:
frequency switching means responsive to a frequency control
signal from said frequency control means to switch a frequency of said
local oscillating signal;
unlock state generation means responsive to an unlock state of
said phase locked loop for supplying an unlock state signal to said
alarm control means; and
alarm prohibition means responsive to said frequency control
means for prohibiting said alarm control means from generating said
alarm control signal during a predetermined time immediately after a
frequency switching of said first radio frequency carrier and said

second radio frequency carrier.
5. A radio transceiver including a transmitting means for

transmitting a first radio frequency carrier modulated with an
information signal to be transmitted through an antenna, a receiving
means for receiving a second radio frequency carrier modulated with an
information signal to be received through said antenna, a frequency
synthesizer, including a phase locked loop for supplying local
oscillating signals having frequencies related in a predetermined
manner to said first frequency and said second frequency, the local
oscillating signals being supplied to said transmitting means and said
receiving means, alarm means responsive to an alarm control signal for
providing a device alarm, frequency control mean for controlling said
transmitting means, said receiving means and said synthesizer such that
frequencies of said first radio frequency carrier and said second radio
frequency carrier are switched and alarm control means for supplying .
said alarm control signal;

said transmitting means and said receiving means comprising
transceiver means for transmitting and receiving said first radio
frequency carrier and said second radio frequency carrier respectively
in the form of bursts by ON/OFF controlling of said first radio
frequency carrier and said second radio frequency carrier;

said frequency synthesizer comprising:

a voltage controlled oscillator responsive to a control voltage
to produce a local oscillating signal having an arbitrary frequency;

variable frequency divider means responsive to a dividing data
signal from said frequency control means, said dividing data signal
being indicative of a frequency dividing ratio, and a strobe signal for
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activating said dividing data signal to frequency-divide said 1ocaI
oscillating signal thereby to produce a comparative signal;

a reference oscillating means for producing a reference signal
having a reference frequency;

phase detection mears responsive to a phase difference between
said comparative signal and said reference signal to produce a phase
difference signal and an oscillator control signal;

low-pass filter means for integrating said oscillator control
signal and supplying said oscillatory control signal to said voltage
controlled oscillating means as said control voltage;

unlock alarm generation means for producing an unlock alarm from
said phase difference signal; and

unlock alarm prohibition means for controlling said unlock alarm
generation means to prohibit generation of said unlock alarm for a
predetermined time, said unlock alarm prohibition means comprising
means for prohibiting generation of said unlock alarm starting in
response to said strobe signal.

19. A method of controlling generation of an alarm signal
indicative of an unlock state of a phase locked loop used in a
frequency synthesizer, comprising the steps of:

supplying a local oscillating signal from said frequency
synthesizer to a receiver and transmitter;

switching, in response to a first control signal, the frequency
of said local oscillating signal;

supplying, in response to an unlock state of said phase locked
loop, an unlock state signal; and

prohibiting, in response to a second control signal, generation
of said alarm signal indicative of the unlock state of said phase

Tocked loop during a predetermined time immediately after the freguency
switching of said local oscillating signal.
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RADIO TRANSCEIVER HAVING PLL SYNTHESIZER

BACKGROUND OF THE INVENTION

The present invention relates to a radio traismitter/
receiver (referred to as "transceiver", hereinafter)
having an unlock alarm of a frequency synthesizer
including a PLL (phase locked loop) as one of de.ice
alarms and, particularly, to such a transceiver suitable
for use in a radio communication system such as a time
division multiple access (TDMA) communications system
which requires high-speed and frequent switching between

a receiving state and a transmitting state.

Description of the Prior Art

The TDMA communications system is employed in many
radio communications systems including a digital cellulér‘
telephone system according to Groupe Speciale Mobile (GSM)
standard. In such a transceiver of the TDMA communications
system, a single PLL frequency synthesizer is shared by

a receiving portion and a transmitting portion of the

;ransceiver as a local frequency source, since there is
‘no simultaneous transmission and receiving. In such a

:digital cellular telephone system which requires highly

precise frequency setting and reduction of size, the
shared use of the PLL frequency synthesizer is unavoidable.

Further, in the TDMA communications system such as a
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digital cellular telephone system, it is necessary, in
order to maintain a quality of communication high, to
switch transmitting and receiving frequencies, that is,
to perform a frequency hopping. In order to satisfy this
requirement the PLL frequency synthesizer constituting
the local frequency signal source should be durable
against high-speed, highly frequent frequency switching.
In order to operate the PLL frequency synthesizer
normally, the PLL frequency synthesizer must be kept phase
locked. Therefore, any out-of-phase condition, that is,
unlock condition must be detected and corrected quickly.
To this end, the PLL frequency synthesizer usually includes
an unlock detection circuit for detecting the unlock
condition. On the other hand, a PLL frequency synthesizer
to be used in a transceiver performing the frequency
hopping usually becomes unlocked immediately after everf
frequency switching, producing an unlock alarm which is
decided by the transceiver as an abnormal operation.
Since such initial unlock occurs in the PLL frequency
synthesizer so long as the associated transceiver
performs the frequency hopping, it is impossible to
distinguisﬁ an unlock which is caused by abnormality
and is to be corrected from such initial unlock which

occurs in a normal operation of the device.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention is
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to provide a transceiver of such as a TDMA communijcations system which
requires a frequent switching of a transmitting signal and receiving
signal and whose transmitting and receiving portions share a single PLL
frequency synthesizer as their local frequency signal sources, in which
5 any unlock alarm is not produced for a predetermined time period
immediately after a frequency switching even if there is unlock
condition of the PLL frequency synthesizer within the time period.
Another preferred object of the present invention is to provide a
PLL frequency synthesizer in which a production of unlock alarm is
10 prevented within a predetermined time period immediately after the
frequency switching.
Therefore, the invention discloses a radio transceiver comprising:
transmitting means for transmitting a first radio frequency
carrier modulated with an information signal;
oeee 15 receiving means for receiving a second radio frequency carrier
modulated with an information signal;
frequency synthesizer means including a phase locked loop for
. supplying a local oscillating signal having frequencies related in a

R predetermined manner to said first frequency and said second frequency,

:{:: 20 the local oscillating signal being supplied to said transmitting means
and said receiving means;

esee alarm means responsive to an. alarm control signal for providing
'::?: a device alarm;

e, frequency control means for controlling said transmitting means,
IEJ: 25 said receiving means and said synthesizer such that frequencies of said
::3. first radio frequency carrier and said second radio frequency carrier
J-;f are switched; and
G alarm control means for supplying said alarm control signal;

7 Penie O
ST MAM/0543K
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wherein said transmitting means and said receiving means comprise
means for transmitting and receiving said first radio frequency carrier
and said second radio frequency carrier respectively in the form of
bursts by ON/OFF controlling of said first radio frequency carrier and
said second radio frequency carrier;

and wherein said frequency synthesizer further comprises:

frequency switching means responsive to a frequency control
signal from said frequency control means to switch a frequency of said
local oscillating signal;

unlock state generation means responsive to an unlock state of
said phase locked loop for supplying an unlock state signal to said
alarm control means; and )

alarm prohibition means responsive to said frequency control
means for prohibiting said alarm control means from generating said
alarm control signal during a predetermined time immediately after a
frequency switching of said first radio frequency carrier and said
second radio frequency carrier.

The invention further discloses a radio transceiver as claimed in
claim 5 and as claimed in claim 7.

The invention further discloses a frequency synthesizer including
a phase locked loop and producing a high frequency output having a
frequency variable according to a frequency control signal, said
synthesizer comprising:

unlock alarm generation means responsive to an unlocked state of
sajid phase locked loop to produce an unlock alarm signal; and

unlock prohibition means for prohibiting generation of said
unlock alarm signal for a predetermined time immediately after a
frequency switching caused by said frequency control signal.

The invention further discloses a synthesizer comprising:

a voltage controlled oscillator responsive to a control voltage
to produce a local oscillating signal hawi-Rg—an-arbitrary—frequency;

MAM/0543K
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variable frequency divider means responsive to a dividing data
signal from a frequency control means, said dividing data signal being
indicative of a frequency dividing ratio, and a strobe signal for
activating said dividing data signal to frequency-divide said local
oscillating signal thereby to produce a comparative signal;

a reference oscillating means for producing a reference signal
having a reference frequency;

phase detection means responsive to a phase difference between
said comparative signal and said reference signal to produce a phase
difference signal and an oscillator control signal;

Tow-pass filter means for integrating said oscillator control
signal and supplying said oscillator control signal to said voltage
controlled oscillating means as said control voltage;

unlock alarm generation means for producing an un'z~k alarm from
said phase difference signal; and

unlock alarm prohibition means for controlling said unlock alarm
generation means to prohibit generation of said unlock alarm for a
predetermined time, said unlock alarm prohibition means comprising
means for prohibiting the generation of said unlock alarm starting in
response to said strobe signal.

The invention yet further discloses a synthesizer as claimed in
claim 14.

The invention yet further discloses a method of controlling
generation of an alarm signal indicative of an unlock state of a phase
locked loop used in a frequency synthesizer, comprising the steps of:

supplying a local oscillating signal from said frequency
synthesizer to a receiver and transmitter;

switching, in response to a first control signal, the frequency
of said local oscillating signal;

MAM/0543K
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supplying, in response to an unlock state of said phase locked
loop, an unlock state signal; and

prohibiting, in response to a second control signal, generation
of said alarm signal indicative of the unlock state of said phase

5 locked loop during a predetermined time immediately after the frequency
switching of said local oscillating signal.

BRIEF DESCRIPTION OF THE DRAWINGS
Embodiments of the invention will be described with reference to
the accompanying drawings, in which:

10 Fig. 1 is a block diagram of an example of a TDMA communication
transceiver adopting the GSM standards to which transceiver the present
invention is applied;

Fig. 2 is a timing chart illustrating a frequency hopping
operation of the transceiver shown in Fig. 1;
vese 15 Fig. 3 is a block diagram of a PLL frequency synthesizer
*ees constituting a portion of the transceiver shown in Fig. 1;

Fig. 4 is a circuit diagram of a pulse detection circuit
constituting a portion of the PLL frequency synthesizer shtown in Fig. 3;
s Fig. 5 shows signal waveforms during a normal operation of the
I 20 PLL frequency synthesizer shown in Fig. 3; and

Fig. 6 shows signal waveforms during an abnormal operation of the
e PLL frequency synthesizer shown in Fig. 3.

MAM/0543K
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to Fig. 1, a portable telephone for use in
a digital cellular telephone system of the GSM standards,
to which telephone the present invention is applied
comprises an antenna 1 for transmitting a transmitting
signal S11 to a base station (not shown), receiving a
radio frequency signal from the base station and supplying
it to a receiving portion 4 as a receiving signal S12.
The telephone also comprises transceiver portion 10 for
producing the transmitting signal S11 by frequency-
converting and amplifying an input communications signal
Sl4 and for converting the receiving signal S12 into a
communications signal S18 and a handset 8 for producing
the communications signal S14 and receiving the
communications signal S18. It should be noted that
control signals S20a and S20b are exchanged between
the transceiver portion 10 and the handset 8 for call
connection.

The transceiver portion 10 further comprises a
RF switch 2 of SPDT type having a common terminal connected
to the antenna 1, a transmitting portion 3 responsive to
the control signal S15 and to the communication signal S14
from the handset 8 to produce the transmitting signal S11
aﬁd sending the signal S11 through a first switch terwinal
of the RF switch 2 to the antenna 1. The receiving

portion 4 receives the receiving signal S12 supplied from
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the antenna 1 through a second switch terminal of the RF
switch 2, producing a control signal S17b and supplying
a communications signal S18 to the handset 8. A PLL
frequency synthesizer 5 supplies a local oscillating
signal S13 to the transmitting portion 3 and to the
receiving portion 4 in response to a frequency control
signal Sl6a. A control portion 6 controls the transmitting
portion 4, the receiving portion 4, the PLL frequency
synthesizer 5 and the handset 8 by sending to them the
control signals S15, Sl7a, Sl6a and S20a, respectively.
Based on the signals S20b and S17b, the control portion 6
controls a frequency selection between the transmitting
signal S11 and the receiving signal S12, an ON/OFF control
of a transmittinm carrier and a call connection to the
base station. The transceiver portion 10 further comprises
an LCD (liquid crystal display) portion 7 for visually .
displaying various indications including abnormality
of operation of the transceiver 10, according to an
instruction of a control signal S19 from the control
portion 6. Although the transceiver portion 10 includes,
in addition to the circuits shown, other components such
as a péﬁer source package, these components are not shown
since' they are out of the present invention.

The PLL frequency synthesizer 5 shown in Fig. 1
supplies an unlock alarm detected by an unlock alarm

generating means included therein to the control portion 6



in the form of a control signal S1l6b. The control portion 6
prccesses various signals including abnormality alarms
from cther circuits and supplies a control signal S19 to
the LCD portion 7 to display alarm conditions. On the

5 contrary, the PLL frequency synthesizer 5 responds to the
frequency control signal Sl6a from the control portion 6
to switch a frequency and prohibits a transmission of the
unlock alarm (control signal Sléb) during a transient time
until a phase locked state is recovered under ccntrol of

10 an unlock alarm prohibition means to be described later.
Therefore, during the transient time, there is no unlock
alarm signal supplied to the control portion 6, so that
an erroneous unlock alarm is not displayed on the LCD

portion 7.

.x::_ 15 A frequency hopping operation in the transceiver
.:205 portion shown in ¥Fig. 1 will be described with referencé
f::': to Fig. 1 as well as Fig. 2. Describing, first, a TDMA
:J::' signal, it is assumed that the transceiver portion 10 ce:
'P::' use, in a service cell belonging to a current position oz

20 a vehicle mounting the transceiver portion 10, channels

c0, cl and c2 as a downlink frequency channel from the

eo00 00
[ L]

base station and the same channels c0, cl and c2 as an

uplink fréquency channels to the base station. It should

e be noted that the uplink frequency and the downlink

« e 25 frequency are different even though the same frequency

channel may be used therefor. Frequency channels d0 and e0



10

20

25

for a plurality of adjacent cells art¢ .splayed as monitor
channels for monitoring field intensity. A switching
sequence between the transmitting frequency channel and
the receiving frequency channel, that is; a frequency
hopping sequence, is sent from the base station through
the control channels (the receiving signal S12 of the
receiving portion 4 and the control signal S17b) to the
control portion 6 prior to an opening of a communications
channel and the control portion 6 stores the frequency
hopning sequence. According to the GSM standards, one
TDMA frame (1 frame = 4.615 ms) is composed of 8 bursts
(1 burst = 0.577 ms).

First, the receiving signal S12 is supplied from the
base station through the third burst of the c0 channel of
the downlink to the receiving portion 3 (RX1l). Then, the
transmitting portion 4 sends the transmitting signal S1l1 |
through the same channel; the same frame and the same
burst of the uplink (TX2). A burst of the uplink is set
such that it is delayed from a corresponding burst of the
downlink by a period corcesponding to three bursts. Then,
ih,érder to check whether there is any adjacent cell in

which it may be possible to obtain a better communications

.quélity than in the present service cell in which the

telephone currently exists, the receiving portion 3

monitors the field intensity of the d0 channel of the

~adjacent cell through the receiving signal S12 at a proper
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time during 5 bursts period until a communications burst
(RX2) of a - absequent frame (Mo.aitorl). After the
monitoring of the adjacent cell, the receiving portion 3
receives the receiving signal S12 in the same third burst
while frequency is hopped to the channel c2 (RX2). Then,
the transmitting portion 4 sends the transmitting signal
S11 in the third burst of the same c2 channel (TX2). A
subsequent monitoring of field intensity of adjacent cell
is performed by monitoring the e0 c¢hannel of another cell
(Monitor?2).

The above-mentioned frequency hopping sequence is
performed by switching frequency of the local oscillating
signal S13 supplied from'the PLL frequency synthesizer 5
under control of the frequency control signal Sl6a supplied

from the control portion 6. Therefore, t..e frequency

. of local oscillating signal S13 supplied from the PLL

frequency synthesizer 5 to the transmitting portion 3

and the receiving portion 4 has to be switched every
transmitting and receiving burst. The PLL frequency
synthesizer 5 which performs such frequency hopping
performs a high-speed, highly frequent frequency switching
of the local oscillating signal S13 at least once in

1 f:amé period. The transceiver 10 performs a transmitting
or receiving operation only during a period corresponding
to 3 bursts of 8 bursts constituting 1 frame and is in a

waiting state during the remaining burst period.
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In Fig. 3, the PLL frequency synthesizer 5 becomes
unlocked in every transient time immediutely after each
frequency switching of the local oscillating signal S13.
Such unlock is inevitable even if the PLL synthesizer 5

5 operates normally. Thus, the PLL frequency synthesizer 5
performs the frequency switching during the waiting period
of the transceiver 10 to prohibit a generation of unlock
alarm for phase unlock during the transient period. The
control signal Sl6a instructing the PLL synthesizer 5 to

10 perform the frequency switching is composed cf a divicding
data signal S37 for assigning a frequency of the local
oscillating signal and a strobe signal S38 for activating
the signal S37. The dividing data signal S37 is supplied

from the control portion 6 simultaneously with a start of

.00, 15 burst transmission of the transmitting portion 3 and a
96960

.:R.E start of a burst receiving of the receiving portion 4
':?.: and the strobe signal S38 is supplied after the above

® a0

burst transmission and burst receiving complete. The PLL

::: frequency synthesizer 5 responds to the strobe signal S38

20 to start the frequency switching of the local oscillating
signél 513 and isvphase unlocked during a transient time
détérmined by a performance thereof. The PLL synthesizer 5
opefates to recover the phase locked state till a subsequent

o« e burst transmission or burst receiving, that is, during the

¢ e 25 wéiting period of the transceiver 10 which corresponds to

o:ou: one burst period or 1.5 burst period and produces the local
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oscillating signal S13 having a predetermined frequency.
On the other hand, the unlock alarm prohibition means
prqhibits alarm generation over a period T starting from
a time point at which the strobe signal S38 is supplied
to the PLL synthesizer 5 and ending at an end of a certain
tolerance time after the phase lock state is recovered.
The PLL synthesizer 5 comprises a PLL composed of a
voltage-controlled oscillator 51 responsive to a control
voltage S31 to supply a local oscillating signal S36
having a predetermined frequency to a synthesizer output
terminal 501. A variable frequency divider 55 frequency-
divides the signal S36 to produce a comparative signal S34
under control of a dividing data signal S37 supplied from
a dividing data input terminal 502 for instructing a
dividing ratio and &a strobe signal supplied frcia a strobe
signal input terminal 503 for activating the dividing
data signal S37. A reference oscillator 54 supplies a
reference signal S33 having a reference frequency to a
phase detector 53 which compares in phase, the comparative
signal S34 with the reference signal S33 to produce a
phase difference signal S32. A low pass filter 52
integrates the phase difference signal S32 to produce
the abovejmentioned control voltage S31. The local
oscillating signal S13 supplied from the PLL synthesizer 5
in Fig. f corresponds to the frequency signal S36 and the

frequency control signal Sl6a for controlling the frequency
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of the local oscillating signal S13 is divided to the
dividing data signal S37 and the strobe signal S38.

When the PLL synthesizer 5 is in unlock state where
there is the phase difference between the comparative
signal S34 and the reference signal S33, the phase
detector 53 in Fig. 3 outputs the phase difference
signal S32 as well as a pulse phase difference detection
signal S35 corresponding to the phase difference. The
pulse phase difference detection signal S35 is supplied
to a gate circuit 57 which produces an output signal S40
whose waveform is the same as that of the signal S35 when
it is in an ON state and is zero potential when it is in
an OFF state. The output pulse signal S40 is supplied
to a pulse detection circuit 58 for converting an alarm
of the PLL synthesizer 5 into an alarm output S41 and
the pulse detection circuit 58 produces at an alarm
terminal 504 of the control portion 6 in Fig. 1 the alarm
output S41 as one of device alarms.

A pulse generator circuit 56 (Fig. 3) composed of
a one-shot multivibrator, etc., responds to the strobe
signal S38 such as a trigger pulse to produce a gate
pulse siéﬁél S39 having a constant duration T. Upon the
signal SBé, the gate circuit 57 is turned OFF. Therefore,
the pulse”detection circuit 58 does not produce the alarm
output S41 to the alarm output terminal 504 during a time

period T starting at the supply of the strobe signal $38
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thereto. The above-mentioned circuit constitutes the
unlock alarm prohibition means described with respect to
Fig. 1.

The PLL synthesizer 5 shown in Fig. 3 switches the
“requency of the frequency signal S36 every input of the
dividing data signal S37 and the strobe signal S38 and
becomes unlocked in every transient time immediately
atfter each frequency switching of the local .oscillating
signal S13 even if the PLL synthesizer 5 operates normally.
During the unlocked period, however, the generation of
unlock alarm (alarm output S4l) is prohibited by the
unlock alarm prohibition means composed of the pulse
generator circuit 56 and the gate circuit 57.

Therefore, the PLL synthesizer 5 does not send any
alarm for an unlocking when it operates normally and thus
a determination of abnormality is facilitated. By usiné
the PLL synthesizer 5 as the local oscillator of the
transceiver shown in Fig. 1 which has the frequency hopping
functiqn, there is no generation of erroneous unlock alarm
evan iffa high-speed, highly frequent switching of
freqﬁency is performed.

N'Referring to Fig. 4 which shows au example of circuit
construction of the pulse detection circuit 58 shown in
Fig. 3, the latter circuit comprises an field-effect
trénsistor (FET) TRl having a gate used as the input

terminal for the cutput pulse signal S40 and a source
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grounded, a diode D1 having a cathode connected to a drain
of the FET transistor TRl and an anode connected to the
alarm output terminal 504, a capacitor Cl connected between
the anode of diodé D1 and ground and a resistor Rl connected
5 between the anode of diode D) and a positive source Vcc.
The pulse detection circuit 58 makes the voltage (alarm
output S21) at the alarm output terminal 504 high with a
predetermined time constant when the output pulse signal
S40 is not supplied and makes it low immediately when the
10 output pulse signal is detected, the low level signal being
the unlock alarm indicative of the PLL synthesizer 5
unlocked.
Referring to Fig. 3 as well as Fig. 5 showing some

signal waveforms related to the unlock alarm in a normal

LI 15 operation of the PLL synthesizer 5, the reference

(XX N ]

«>% 3 oscillator 54 supplies the reference signal S33 having
-:?': rectangular vaveform. The frequency divider 55 supplies

the comparative signal S38 which is a division of the

“cose
TN frequency signal S36 (not shown). When the strobe signal
20 SBSiis supplies to the variable frequency divider 55 at

a éﬁhe instance t2, the signal S38 activates the dividing

dﬁ%é signal S37 (not shown) which has been input thereto,
tb‘%hereby change the dividing ratio of the variable
teeece ’fﬁequcncy divider 55. Thus, the frequency of the

‘?"E 25 ;éomparative signal S34, the PLL synthesizer 5 becomes

unlocked and thus there is provided a phase difference
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be ween the reference signal S33 and the comparative

signal S834. As a result, the phase differencc detection
signal S35 in the form of pulse is generated correspondingly
to the phase difference between the signals S33 and S34.

5 The phase difference detection signal S35 is indicative
of the unlocked state of the PLL synthesizer 5. However,
since such unlock is inevitably produced in the initial
state of the frequency switching of the frequency signal
S36, the operation of the PLL synthesizer 5 is normal.

10 Such unlock state continues till a time instance t3 which
is determined by the performance of the PLL synthesizer 5.
On the other hand, the pulse generator circuit 56
oo, shown in Fig. 3 responds to the strobe signal S38 to

produce the gate pulse signal S39 whose duration T

A 15 corresponds to a time period which is a sum of the unlock
a::? time starting from the end (time instance t2) of the
':f:‘ frequency switching of the PLL synthesizer 5 and ending

at a time instance t3 and a certain constant tolerance
timg starting at the time instance t3 and ending at a

ettt 20 timéfinstance t4. That is, a leading edge of the gate

ne' o pui%e signal S39 coincides with a leading edge (t2) of

seceos the strobe signal S38 and a trailing edge thereof coincides

with the time instance t4 after the time period T from

the time instance t2. Thus, when the PLL synthesizer 5

25 operates normally, the output pulse signal S40 of the

00 00

gate circuit 57 is always at a low level even if there
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is provided the phase difference detection signal S35
immediately after the frequency switching of the frequency
signal S36. Therefore, the alarm output S41 of the pulse
detection circuit 58 is always at a high level, causing
the PLL synthesizer 5 to not send any alarm.

The phase detector 53 compares phases of the supplied
reference signal S33 and the comparative signal S34 on the
basis of the trailing edges thereof and provides the phase
differénce detection signal S35 and the phase difference
signal S32. The phase detector 53 which receives the
reference signal S33 and the comparative signal S34 and
provides the phase difference signal S32 and the phase
difference detection signal S35, which are shown in
Figs. 5 and 6, is integrated in a portion of an LSI for
frequency synthesizer, such as pPC2833C (manufactured by
NEC Corporation, Tokyo, Japan) and capable of comparing“
the phase of signal having frequency up to at least 1 MHz.

A reference is made to Fig. 3 as well as Fig. 6
which shows signal waveforms related to unlock alarm
during an abnormal operation of the PLL synthesizer 5
where there is unlock state generated outside the frequency
switching period of the frequency signal S36.

_ The phase detector 53 produces the phase difference
detection signal S35 at time instances tl, t5, t6 and t7
in a time period outside of the normal initial unlock

period T from t2 to t4 of tue PLL synthesizer 5. Therefore,
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the PLL synthesizer 5 is operating abnormally. Since the
pulse generator circuit 56 opens the gate circuit 57 in

a time other than the period T during which the gate pulse
S39 is produced in response to the strobe signal S38, it
outputs the phase difference detection signals S35 at the
time instances tl, t5, t6 and t7 as the output pulse
signal S40. When the output pulse signal S40 is supplied
to the pulse detection circuit 58, the alarm output S41
produced at the alarm output terminal 504 immediately
becomes a low level, indicating an alarm generating state
of the PLL synthesizer 5.

As described hereinbefore, the PLL synthesizer
according to the present invention, when applied to a
transceiver, prohibits sending of unlock alarm during
the initial unlock period immediately after the frequency
switching. Therefore, according to the present inventi&n;
in a transceiver in which R transmitting signal frequency
and a receiving signal frequency are switched at high-
speed highly frequently so that it is adaptable to the
TDMA communication system with frequency hopping, it is
possible to prohibit generation of\any unlock alarm during
alsérmal unlock period immediately after a frequency
swifching of a PLL synthesizer and thus it is possible
ts distinguish between true unlock state and the normal
ﬁﬁlock state, eliminating any obstacle to a communication.

Although the present invention has been described
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with reference to the specific embodiments, this description
is not meant to be construed in a limiting sense. Various
modifications of the disclosed embodiments, as well as

other embodiments of the present invention, will become
apparent to persons skilled in the art upon reference to

the description of the present invention. It is, therefore,
contemplated that the appended ciaims will cover any
modifications or embodiments as fall within the true

scope of the present invention.
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The claims defining the invention are as follows:

1. A radio transceiver comprising:

transmitting means for transmitting a first radio frequency
carrier modulated with an information signal;

receiving means for receiving a second radio frequency carrier
modulated with an information signal;

frequency synthesizer means including a phase locked loop for
supplying a local oscillating signal having frequencies related in a
predetermined manner to said first frequency and said second frequency,
the Tccal oscillating signal being supplied to said transmitting means
and said receiviny means;

alarm means responsive to an alarm control signal for providing
a device alarm;

frequency control means for controlling said transmitting means,

eoeo said receiving means and said synthesizer such that frequencies of said

first radio frequency carrier and said second radio frequency carrier
are switched; and

alarm control means for supplying said alarm control signal;
etee wherein said transmitting means and said receiving means comprise

R means for transmitting and receiving said first radio frequency carrier
and said second radio frequency carrier respectively in the form of
tee bursts by ON/OFF controlling of said first radio freguency carrier and

. said second radio frequency carrier;

e, and wherein said frequency synthesizer further comprises:

J: frequency switching means responsive to a frequency control
".,' signai from said frequency control means to switch a frequency of said
;rg: lTocal oscillating signal;

unlock state generation means responsive to an unlock state of
said phase locked Toop for supplying an unlock state signal %o said
alarm control means; and

alarm prohibition means responsive to said frequency control
means for prohibiting sajd alarm control means from generating said
alarm control signal during a predetermined time immediately after a
frequency switching of said first radio frequency carrier and said
second radio frequency carrier.
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2. A transceiver as claimed in claim 1, wherein said frequency
control signal comprises:

a frequency assigning signal for assiyning the frequency of said
local oscillating signal; and

A strobe signal supplied after said frequency assig: “a signal to
activate said frequency assigning signal.

3. A transceiver as claimed in claim 2, wherein said alarm
prohibition means comprises means for prohibiting said alarm control
signal generation starting in response to said strobe signal.

4. A transceiver as claimed in claim 1, wherein said
transceiver is a radio transceiver of a time division multiple access
(TDMA) system capable of selectively setting tim'ng of said first radio
frequency carrier and said second radio frequency carrier going to an
ON state and the frequencies of said carriers, and wherein said
predatermined time is shorter than a time during which said first radio
frequency carrier and said second radio frequency carrier are not in an
ON state.

5. A radio transceiver including a transmitting means for
transmitting a first radio frequency carrier modulated with an
information signal to be transmitted through an antenna, a receiving
means for receiving a second radio frequency carrier modulated with an
information signal to be received through said antenna, a frequency
synthesizer, including a phase locked lToop for supplying local
oscillating -ignals having frequencies related in a predetermined
manner to said first frequency and said second frequency, the local
oscillating signals being suppli=d to said transmitting means and said
receiving means, alarm mear- vecnonsive to an alarm control signal for
providing ¢ device alarm, frequency control mean for controlling said
transmitting means, said receiving means and said synthesizer such that
frequencies of said first radio frequency carrier and said second radio
frequency carrier are switched and alarm control means for supplying ’
said alarm control signai;
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said transmitting means and said receiving means comprising
transceiver means for transmitting and receiving said first radio
frequency carrier and said second radio frequency carrier respectively
in the form of bursts by ON/OFF controlling of said first radio
frequency carrier and said second radio frequency carrier;

said frequency synthesizer comprising:

a voltage controlled oscillator responsive to a control voltage
to produce a local oscillating signal hawirg—an—arbitrary freguency;

variable frequency divider means responsive to a dividing data
signal from said frequency control means, said dividing data signal
being indicative of a frequency dividing ratio, and a strobe signal for
activating said dividing data signal to frequency-divide said local/
oscillating signal thereby to produce a comparative signal;

a reference oscillating means for producing a referance signal
having a reference frequency;

phase detection means responsive to a phase difference between
said comparative signal and said reference signal to produce a phase
difference signal and an oscillator control signal;

low-pass filter means for integrating said osc¢illator control
signal and supplying said oscillatory control signal to said voltage
controlled oscillating means as said control voltage;

unlock alarm generation means for producing an unlock alarm from
said phase difference signal; and :

unlock alarm prohibition means for controlling said unlock alarm
generation means to prohibit generation of said unlock alarm for a
predetermined time, said unlock alarm prohibition means comprising
means for prohibiting generation of said unlock alarm starting in
response to said strobe signal.

6. A transceiver as claimed in claim 5, wherein said
transceiver comprises a radio transceiver of a time division multiple
access (TDMA) system capable of selectively setting timing of said
first radio frequency carrier and said second radio frequency carrier
going to an ON state and the frequencies of said carriers, and wherein
said predet -mined time is shorter than a time during which said first
radio frequency carrier and said second radio frequency carrier are not
in an ON state.
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7. A radio transceiver including a transmitting means for
transmitting a first radio frequency carrier modulated with an
information signal to be transmitted through an antenna, a receiving
means ror receiving a second radio frequency carrier modulated with an
information signal to be received through said antenna, a frequency
syithesizer, including a phase locked lToop for supplying local
oscillating signals having frequencies related in a predetermined
mahner to said first frequency and said second frequency, the local
oscillating signals being supplied to said transmitting means and said
receiving means, alarm means responsive to an alarm control signal for
providing a device alarm, and frequency control means for controlling
said transmitting means, said receiving means and said synthesizer such
that frequencies of said first radio frequency carrier and said secénd
radio frequency carrier are switched;

veae said transmitting means and said receiving means comprising
Ceeet transceiver means adaptable to a time division multiple access (TDMA)
*es system for transmitting and receiving said first radio frequency

carrier and said second radio frequency carrier respectively in the

: form of bursts by ON/OFF controlling of said first radio frequency
e carrier and said second radio frequency carrier;

h said frequency synthesizer comprising:

- a voltage controlled oscillator responsive to a control voltage
";.. to produce a local oscillating signal havipg—an-arbitrary.freauency;

:.‘ variable frequency divider means responsive to a dividing data
i;: signal from said frequency conirol means, said dividing data signal
R being indicative of a frequency dividing ratio, and a strobe signal for
veeet activating said dividing data signal to frequency-divide said local
B oscillating signal thereby to produce a comparative signal;

a reference oscillating means for producing a reference signal
having a reference frequency;

phase detection means responsive to a phase difference between
said comparative signal and said reference signal to produce a phase
difference signal and an oscillator control signal;

low-pass filter means for integrating said oscillator control
signal and for supplying said oscillator control signal to said voltage
controlled oscillating means as said control voltage;
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pulse generator means responsive to said strobe signal to produce
a gate pulse signal having a predetermined duration;

gate means responsive to said gate pulse signal to gate said
phase difference signal thereby to produce an output signal; and

pulse detection means responsive to said output signal to produce
an unlock alarm signal comprising said alarm control signal, said
unlock alarm signal being prohibited for a predetermined time after
said switching of said radio frequency carriers.

8. A transceiver as claimed in claim 7, wherein said unlock
alarm signal produced by said pulse detection means comprises a high
level with a predetermined time constant when said output signal is not
detected and changes state to a low level when said output signal is

detected.
9. A transceiver as claimed in claim 7, wherein said pulse
vese detection means comprises:
L]

an FET having a gate as an input terminal for said output signal
and a source connected to ground;

:5. a diode having a cathode connected to a drain of said FET and an
_ﬂ:: anode as an output terminal for said unlock alarm signal;

et ' a capacitor connected between said anode of said diode and said
o ground; and

etoe a resistor connected between a positive source and said anode of
RN said diode.

'ﬁ.: 10. A frequency synthesizer including a phase locked loop and
:ﬂ:‘ producing a high frequency output having a frequency variable according
:;3: to a frequency control signal, said synthesizer comprising:

on:: unlock alarm generation means responsive to an unlocked state of
‘3_3, _ said phase locked loop to produce an unlock alarm signal; and

unlock prohibition means for prohibiting generation of said
unlock alarm signal for a predetermined time immediately after a
frequency switching caused by said frequency control signal.

11. A synthesizer as claimed in claim 10, wherein said frequency

7’

control signal comprises:
a frequency assigning signal for assigning a frequency of a local
oscillating signal of a local oscillator of said phase locked loop; and
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a strobe signal supplied after said frequency assigning signal to
activate said frequency assigning signal.

12. A synthesizer as claimed in claim 11, wherein the unlock
pirohibition means comprises means for prohibiting generation of said
unlock alarm starting in response to said strobe signal.

13. A synthesizer comprising:

a voltage controlled oscillator responsive to a control voltage
to produce a local oscillating signal heving—an—arbitrary frequency;

variable frequency divider means responsive to a dividing data
signal from a frequency control means, said dividing data signal being
indicative of a frequency dividing ratio, and a strobe signal for
activating said dividing data signal to frequency-divide said Tocal |
oscillating signal thereby to produce a comparative signal;

a reference oscillating means for producing a reference signal
having a reference frequency;

phase detection means responsive to a phase difference between
said comparative signal and said reference signal to produce a phase
difference signal and an oscillator control signal;

B low-pass filter means for integrating said oscillator control
::?:: signal and supplying said oscillator control signal to said voltage
T contrclled oscillating means as said control voltage;

s unlock alarm generation means for producing an unlock alarm from
wssl, said phase difference signal; and
f-f.: unlock alarm prohibition means for controlling said unlock alarm
5:1:: generation means to prohibit generation of said unlock alarm for a
S predetermined time, said unlock alarm prohibition means comprising
3:::1 means for prohibiting the generation of said unlock alarm starting in
3'9:: _ response to said strobe signal.

14. A synthesizer comprising:

a voltage controlled oscillator responsive to a control voltage
to produce a local oscillating signal hawing—ap—arbitrary frequency,

variable frequency divider means responsive to a dividing date
signal from a frequency control means, said dividing data signal being
indicative of a frequency dividing ratio, and a strobe signal for
activating said dividing data signal to a frequency-divide said local

I

oscillating signal thereby to produce a comparative signal;
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a reference oscillating means for producing a reference signal
having a reference frequency;

phase detection means responsive to a phase difference between
said comparative signal and said reference signal to produce a phase
difference signal and an oscillator control signal;

Tow-pass filter means for integrating said oscillator control
signal and supplying said oscillator control signal to said voltage
controlled oscillater as said control voltage;

pulse generator means responsive to said strobe signal to produce
a gate pulse signal having a predetermined duration;

gate means responsive to said gate pulse signal to produce an
output pulse signal; and

pulse detection means responsive to said output pulse signal to
produce an unlock alarm signal indicative of an unlock state of said
comparative signal produced by said variable frequency divider means
with said reference signal produced by said reference oscillating
means, said unlock alarm signal being prohibited for a predetermined
time after said switching of said radio frequency carriers.

15. The synthesizer as claimed in claim 14, wherein said unlock
alarm signal produced by said pulse detection means comprises a high
Tevel with a predetermined time constant when said output pulse signal
is not detected and changes state to a low level immediately wheii said
ot'tput pulse is detected.

16. A synthesizer as claimed in claim 15, wherein said pulse
detection means comprises:

an FET having a gate as an input terminal for said output pulse
signal and a source connected to ground;

a diode having a cathode connected to a drain of said FET and an
anode as an output terminal for said unlock alarm signal;

a capacitor connected between said anode of said diode and said
ground; and ’

a resistor connected between a positive source and said anode of
said diode.

17. A transceiver as claimed in any one of claims 1, 5 or 7
wherein the alarm means comprises an alarm display means.
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18. A radio transceiver comprising:

transmitting means for transmitting a first radio frequency
carrier modulated with an information signal;

receiving means for receiving a second radio frequency carrier
modulated with an information signal;

frequency synthesizer means including a phase lock loop for
supplying a local oscillating signal having switchable frequencies
related to the first frequency and the second frequency, the local
oscillator signal being supplied to said transmitting means and said
receiving means;

frequency control means for controlling said transmitting means,
said receiving means and said synthesizer such that frequencies of said
first radio frequency carrier and said second radio frequency carrier
are switched;

the frequency synthesizer further comprising:

frequency switching means responsive to a frequency control
signal from said frequency control means for switching a frequency of
said Tocal oscillating signal;

means responsive to an unlock state of said phase lock loop for
supplying an unlock state signal; and

means responsive to said unlock state signal for prohibiting
generation of an alarm signal indicative of an unlock state of said
phase lock loop during a predetermined time immediately after a
frequency switching of at least one of said first radio frequency
carrier and said second radio frequency carrier.

19. A method of controliing generation of an alarm signal
indicative of an unlock state of a phase locked loop used in a
frequency synthesizer, comprising the steps of:

supplying a local oscillating signal from said frequency
synthesizer to a receiver and transmitter;

switching, in response to a first control signal, the frequency -
of said local oscillating signal;

supplying, in response to an unlock state of said phase locked
loop, an unlock state signal; and
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prohibiting, in response to a second control signal, generation

of said alarm signal indicative of the unlock state of said phase

locked Toop during a predetermined time immediately after the frequency
switching of said local oscillating signal.

DATED this THIRTIETH day of MAY 1994

MEC Corporation

Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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