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DIGITALLY FREQUENCY-LOCKING 
A RADIO TRANSCEIVER TO THE RECEIVED SIGNAL 

Background of the Invention 

The· present invention is generally related to 
radiotelephones, and more particularly to digitally frequency­
locking a cellular telephone to the received signal. 

In some countries, cellular telephones are required to 
1 O meet a maximum transmitter frequency error specification. In 

order to maintain the transmitter frequency within the 
maximum transmitter frequency error specifications, such 
cellular telephones currently use an analog frequency control 

. circuit which compares the received signal frequency to the 
15 cellular telephone reference oscillator to develop an analog 

correction voltage. The analog correction voltage is applied to 
the cellular telephone reference oscillator to frequency lock it 
to the received signal frequency, which is very accurately 
maintained by the base station radio. However, such prior 

20 analog frequency control circuits necessitate digital-to-analog 
conversion circuitry and analog comparators thereby incurrin_g 
substantial additional costs. 

25 
Objects of the Invention 

Accordingly, it is an object of the present invention to 
provide a method of digitally_ frequency-locking a ·transceiver 
to the frequency of the received signal. 

In one aspect, the invention provides a method for 
30 substantially frequency locking a reference oscillator of a 

radio transceiver to the radio signal received by the radio 
transceiver, said method characterized by the steps of: 

setting the frequency of the reference oscillator to a 
stored initial frequency: 

35 comparing the frequency of the reference oscillator to the 
frequency of the received signal and producing an error signal 
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having a binary one state if· the frequency of the reference 
oscillator is less than or equal to the frequency of the received 
signal, and a binary zero state if the frequency of the reference 
oscillator is greater than the frequency of the received signal; 

5 sampling the binary state of the error signal at a first 
predetermined rate and increasing the frequency of the 
reference oscillator by a first predetermined amount if the 
error signal has a binary one state and decreasing the frequency . 
of the reference oscillator by the first predetermined amount if 

1 O the error signal has a binary zero state, until the binary state 
of the error signal changes; 

when the binary state of the error signal changes a first 
time, thereafter sampling the binary state of the error signal 
at a second predetermined rate and increasing the frequency of 

15 the reference oscillator by a second predetermined amount if 
the error signal has a binary one state and decreasing the 
frequency of the reference oscillator by the second 
predetermined amount if the error signal has a binary zero 
state, said second predetermined rate being less than said first 

20 predetermined rate, and said second predetermined amount 
being less than said first predetermined amount; and 

when the binary state of the error signal changes a second 
time, adjusting the stored initial frequency an amount related 
to the difference between the frequency of the reference 

25 oscillator and the stored initial frequency. 
In another aspect, the invention provides a method for 

substantially frequency locking a reference oscillator of a 
radio transceiver to the radio signal received by the radio 
transceiver, said method characterized by the steps of: 

30 setting the frequency of the reference oscillator to a 
stored initial frequency: 

comparing the frequency of the reference oscillator to the 
frequency of the received signal and producing an error signal 
having a first binary state if the frequency of the reference 

35 oscillator is less than the frequency of the received signal, and 
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a second binary state if the frequency of the reference 
oscillator is greater than the frequency of the received signal; 

sampling the binary state of the error signal and 
increasing the frequency of the reference oscillator in 

5 successive increments by a first predetermined amount if the 
error signal has a first binary state and decreasing the 
frequency of the reference oscillator by the first 
predetermined amount in success are increments if the error 
signal has a second binary state, until the binary state of the 

1 O error signal changes; 
when the binary state of the error signal changes, 

increasing the frequency of the reference oscillator in 
successive movements by a second predetermined amount if the 
error signal has a first binary state and decreasing the 

15 frequency of the reference oscillator by the second 
predetermined amount if the error signal has a second binary 
state, said second predetermined amount being less than said 
first predetermined amount; and 

when the binary state of the error signal changes a 
20 further time, adjusting the stored initial frequency an amount 

related to the difference between the frequency of the 
reference oscillator and the stored 

The method of the invention provides digitally frequency­
locking a transceiver to the frequency of the received signal 

25 and correcting the initial turn on frequency of the transceiver 
each time the transceiver is.frequency locked. 

Brief Description of the Drawings 

30 Figure 1 is a block diagram of a cellular telephone 100 

35 

embodying the present invention. 
Figure 2 is a flow chart for the process used by 

microcomputer 102 in Figure 1 for substantially frequency 
locking the reference oscillator 104 to the received signal. 
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Detailed Description of the Preferred Embodiment 

Referring to Figure 1, there is illustrated a block diagram 

of a cellular telephone 100 embodying the present invention. 

5 Cellular telephone 100 includes a radio transceiver 106, a 

reference oscillator 104, and microcomputer 102 with memory 

therein for controlling the operation thereof. Only the portion 

of transceiver 106 that generates the binary error signal 11 O 

has been illustrated. According to the present invention, 

1 O microcomputer 102 is responsive to the binary error signal 11 O 

for frequency locking reference oscillator 104 to the radio 

signal received by radio transceiver 106. Radio transceiver 

106 also includes a radio receiver and transmitter (not shown}, 

which may be a Nordic-type 900 MHz cellular telephone 

15 transmitter and radio receiver, such as, for example, the 

transceiver shown and described in Motorola instruction manual 

number 86P09300A10, entitled "MICROTAC. Cellular Personal 

Telephone," published by and available from Motorola C & E 

Parts, 1313 East Algonquin Road, Schaumburg, Illinois 60196. 

20 In the Nordic telephone system currently in use in 

Norway, Sweden, Denmark and Finland, the transmitter 

frequency of cellular telephone 100 must be within 900 Hertz 

of the specified transmitter frequency for each radio channel. 

Since the base station transmitter frequency is maintained 
25 within 250 Hertz of its specified transmitter frequency, 

cellular telephone 100 may be frequency locked to the received 

base station transmitter signal in order to meet the Nordic 

specifications. Since the frequency of reference oscillator 104 

changes with time, it is also important to compensate for the 

30 frequency aging of reference oscillator 104 in order to meet 

the Nordic specifications, which further require that the 

frequency error of the cellular telephone transmitter be within 

specified limits within two seconds of acquisition of the base 

station transmitter signal over its entire operating life. By 

35 utilizing the present invention, microcomputer 102 is 

responsive to the binary error signal 11 O for rapidly frequency 
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locking reference oscillator 104 to the base station 
transmitter signal received by radio transceiver 106, such that 
the reference oscillator frequency is maintained within the 
Nordic specifications during the entire operating life of 

5 cellular telephone 100. 
Referring to Figure 1, radio transceiver 106 includes a 

phase-locked loop (PLL) synthesizer 120, a receiver mixer 122 
followed by one or more gain stages 124, a phase detector 126, 
and a reference oscillator divider 128. The PLL synthesizer 

1 O 120 generates a signal locked to reference oscillator 104 that 
is mixed with the incoming base station transmitter signal in 
receive mixer 122 to generate an intermediate frequency signal 
that is then amplified by amplifier 124. The output of 
reference oscillator 104 also feeds a divider 128, which 

15 divides the reference oscillator signal by an amount so as to 
generate the divided signal having a frequency substantially the 
same as the frequency of the intermediate frequency signal 
from mixer 122. The output of divider 128 and the amplified 
intermediate frequency signal from amplifier 124 are both fed 

20 into the phase detector 126, which generates a binary error 
signal (BES) 110 which is either binary HI or binary LO 
depending on the frequency difference between reference 
oscillator 104 and the received base station transmitter signal. 
BES 110 is binary HI if the frequency of reference oscillator 

25 104 is less than the frequency of the received base station 
transmitter signal. BES 110 is binary LO if the frequency of 
reference oscillator 104 is greater than the frequency of the 
received base station transmitter signal. Although 
theoretically the frequency of reference oscillator 104 and the 

30 frequency of the received base station transmitter signal may 
be identical, such will never occur in practice during operation 
of cellular telephone 100. Therefore, BES 110 may be chosen to 
be either binary HI or binary LO if the frequency of reference 
oscillator 104 and the frequency of the received base station 

35 transmitter signal are identical. BES 110 is then fed into 
microcomputer 102 as an input signal for decision making. 
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Microcomputer 102 is connected to and has control of the 
frequency of reference oscillator 104 via a communication bus 
therebetween. During operation of cellular telephone 100, 
microcomputer 102 loads the current frequency into reference 

5 oscillator 104 whenever it is changed. 
Referring next to Figure 2, there is illustrated a flow 

chart for the process used by microcomputer 102 in Figure 1 
for substantially frequency locking the reference oscillator 
104 to the received base station transmitter signal. Entering 

1 O at START block 202, the process proceeds to block 204, where 
the current frequency register (CFR) is set equal to the initial 
frequency register (IFR). Next a 265 ms. delay at block 206 is 
executed and CFR is loaded into reference oscillator 104. Then, 
at decision block 208, the binary error signal (RES) 110 is 

15 tested for binary HI or LO. If RES is determined to be binary HI, 
then a sequence beginning with block 21 O is executed where 
three is subtracted from CFR. A decrement of three is selected 
to produce a relatively large change in the frequency of 
reference oscillator during initial acquisition of the base 

20 station transmitter signal. Next a 265 ms. delay at block 212 
is executed and the new CFR is loaded into reference oscillator 
104. 

Then RES is tested for binary HI or LO in decision block 
214. If RES is found to be binary HI, then execution returns to 

25 block 210 for continued execution. However, if RES is found to 
be binary LO, then execution proceeds to block 216 where one is 
added to CFR. At this point, the frequency of reference 
oscillator 104 has been adjusted in three unit increments 
beyond the desired frequency of the received base station 

30 transmitter signal, as indicated by the change in binary state of 
RES from binary HI to LO. Hereafter, a decrement of one is 
selected to produce a relatively small change in the frequency 
of reference oscillator during final acquisition of the base 
station transmitter signal. Next a 265 ms. delay at block 218 

35 is executed and the new CFR is loaded into reference oscillator 
104. 
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Next, in decision block 220, RES is tested for binary HI or 
LO. If RES is found to be binary LO, execution returns to block 
216 for continued execution. However, if RES is found to be 
binary HI, execution proceeds to block 222 where one is 

5 subtracted from CFR. At this point, the frequency of reference 
oscillator 104 has been adjusted in one unit increments beyond 
the desired frequency of the received base station transmitter 
signal, as indicated by the change in binary state of RES from 
binary LO to HI. Hereafter, execution will proceed to block 302 

1 O in Figure 3. 
Returning to decision block 208, if RES was found to be 

binary LO, execution proceeds with a sequence beginning with 
block 224 where three is added to CFR. As explained above, 
three unit steps are taken in order to produce a relatively large 

15 change in the frequency of. reference oscillator 104 during 
initial acquisition of the base station transmitter signal. Next 
a 265 ms. delay at block 226 is executed and the new CFR is 
loaded into reference oscillator 104. Then RES is tested for 
binary HI or LO in decision block 228. If RES is found to be 

20 binary LO, execution returns to block 2.24 for continued 
execution. If RES is found to be binary HI, then execution 
continues to block 230 where one is added to CFR. As explained 
above, one unit steps are taken in order to produce a relatively 
small change in the frequency of reference oscillator 104 

25 during final acquisition of the base station transmitter signal. 
Then a 265 ms. delay at block 232 is executed and the new CFR 
is loaded into reference oscillator 104. Next, RES is tested for 
binary HI or LO in decision block 234. If RES is found to be 
binary HI, execution returns to block 230 for continued 

30 execution. If RES is found to be binary LO, execution continues 
to block 236 where one is added to CFR. At this point, 
execution will proceed to block 302 in Figure 3. 

Referring next to Figure 3, execution continues from 
Figure 2 to block 302 where IFR is set equal to the value of IFR 

35 - (IFR - CFR)/256. At this point, frequency lock has been 
obtained, and, according to a feature of the present invention, 
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IFR is updated to account for aging that occurred since the last 
update. Thus, according to the present invention, each time 
cellular telephone 100 is powered up or each time the base base 
station transmitter signal is acquired or re-acquired, the 

5 initial frequency for reference oscillator 104 is updated and 
stored for subsequent use. The difference between IFR and CFR 
is divided by 256 so that IFR is updated by a small amount each 
time the process of Figure 3 is executed. In other embodiments 
of cellular telephone 100, the incremental update to IFR may be 

1 O varied by selecting a different divisor. 
Next, execution continues to block 304 where a one 

second delay is executed and the new CFR is loaded into 
reference oscillator 104. Once frequency lock has been 
obtained, the frequency of reference oscillator 104 is changed 

15 at one second intervals instead of 265 ms. intervals. In other 
words, the rate of change of the frequency of reference 
oscillator 104 is decreased once frequency lock is reached. 
Then, in decision block 306, RES is tested for binary HI or LO. 
If RES is found to be binary LO, then execution continues to 

20 block 308 where one is added to CFR and the new CFR is loaded 
into reference oscillator 104. Next, execution returns to block 
304 for continued execution. However, if in decision block 306, 
RES is found to be binary HI, execution would proceed to block 
310 where one is subtracted from CFR and the new CFR is 

25 loaded into reference oscillator 104. Next, execution would 
return to block 304 for continued execution until cellular 
telephone 100 is powered up again or the base station 
transmitter signal is re-acquired, at which time execution 
returns to block 202 in Figure 2 to repeat the foregoing 

30 process. 
In summary, a unique cellular telephone has been 

described which digitally frequency-locks the transceiver 
thereof to the frequency of the received signal and corrects the 
initial turn on frequency of the transceiver each time the 

35 transceiver is frequency locked. 
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1. A method for substantially frequency locking a 
reference oscillator of a radio transceiver to the radio signal 

5 received by the radio transceiver, said method CHARACTERIZED 
BY the steps of: 

setting the frequency of the reference oscillator to 
a stored initial frequency: 

comparing the frequency of the reference oscillator 
1 O to the frequency of the received signal and producing an error 

signal having a binary one state if the frequency of the 
reference oscillator is less than or equal to the frequency of 
the received signal, and a binary zero state if the frequency of 
the reference oscillator is greater than the frequency of the 

15 received signal; 
sampling the binary state of the error signal at a 

first predetermined rate and increasing the frequency of the 
reference oscillator by a first predetermined amount if the 
error signal has a binary one state and decreasing the frequency 

20 of the reference oscillator by the first predetermined amount if 
the error signal has a binary zero state, until the binary state 
of the error signal changes; 

when the binary state of the error signal changes a 
first time, thereafter sampling the binary state of the error 

25 signal at a second predetermined rate and increasing the 
frequency of the reference oscillator by a second predetermined 
amount if the error signal has a binary one state and decreasing 
the frequency of the reference oscillator by the second 
predetermined amount if the error signal has a binary zero 

30 state, said second predetermined rate being less than said first 
predetermined rate, and said second predetermined amount 
being less than said first predetermined amount; and 

when the binary state of the error signal changes a 
second time, adjusting the stored initial frequency an amount 

35 related to the difference between the frequency of the 
reference oscillator and the stored initial frequency. 
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2. The method according to claim 1, further 
CHARACTERIZED BY the step of repeating the preceding steps 
each time power is applied to the radio transceiver. 

3. The method according to claim 1, further 
CHARACTERIZED BY the step of repeating the preceding steps 
each time the radio signal is first received by the radio 
transceiver. 

4. A method for substantially frequency locking a 
reference oscillator of a radio transceiver to . the radio signal 
received by the radio transceiver, said method CHARACTERIZED 
BY the steps of: 

15 setting the frequency of the reference oscillator to 
a stored initial frequency: 

comparing the frequency of the reference oscillator 
to the frequency of the received signal and producing an error 
signal having a first binary state if the frequency of the 

20 reference oscillator is less than the frequency of the received 
signal, and a second binary state if the frequency of the 
reference oscillator is greater than the frequency of the 
received signal; 

sampling the binary state of the error signal and 
25 increasing the frequency of the reference oscillator in 

successive increments by a first predetermined amount if the 
error signal has a first binary state and decreasing the 
frequency of the reference oscillator by the first 
predetermined amount in success are increments if the error 

30 signal has a second binary state, until the binary state of the 
error signal· changes; 

when the binary state of the error signal changes, 
increasing the frequency of the reference oscillator in 
successive movements by a second predetermined amount if the 

35 error signal has a first binary state and decreasing the 
frequency of the reference oscillator by the second 
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predetermined amount if the error signal has a second binary 

state, said second predetermined amount being less than said 

first predetermined amount; and 

when the binary state of the error signal changes a 

5 further time, adjusting the stored initial frequency an amount 

related to the difference between the frequency of the 

reference oscillator and the stored 
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