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5 Automatic Frequency Control Apparatus

Field of the Invention

10 This invention relates to automatic frequency control (AFC)
and more specifically to adjusting the frequency of an oscillator
based on received data such that the frequency of oscillation is
synchronized to an external reference.

15 Background of the Invention

" "In the GSM (Global System for Mobile Communications)
standard of digital cellular telephony a large number of mobile
stations can communicate with a network of base stations. The

20 mobile stations decode data from the base station network in
digital form and, among many other functions, use this data to
periodically adjust the master reference oscillator fre(;uency of the
mobile station.

Classically this adjustment of the master reference oscillator

25 frequency has been performed by using a digital to analog

~ converter to change the digital frequency correction data into
~ analog form and then applying the resulting analog signal to a
varactor diode to warp a crystal reference oscillator.
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10 ~This invention relates to automatic frequency control (AFC)
and nore specifically to adjusting the frequency of an oscillator
bdsed on received data such that the frequency of oscillation is
synchroni zed to an external reference. 1 5 Backgr ound

of the Invention

In the GSM (d obal System for Mbile

Comruni cations) standard of digital cellular telephony a |arge nunber of
nmobi | e ' stations can communicate with a network of base stations.
20 nobi |l e stati ons decode data fromthe base 8tation network in

digital form and,

anong many other functions, use this data to

periodically adjust the master reference oscillator frequency of the

nobi | e station.

Classically this adjustnment of the nmaster

reference oscillator 2 5 frequency has been perforned by using a digit
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‘system. It would be desirable to use the data in digital form and

thus eliminate the digital to analog converter.

Secondly, using a varactor diode to warp a crystal results in a
non-linear tuning characteristic. This requires a complex
phasing algorithm to linearize the characteristic. '

Finally, the practical limitations of the digital to analog
converter resolution and the crystal oscillator component
tolerances require a fairly large si:ep size in the frequency tuning
characteristic. In the GSM system this results in a step size of
about 50Hz. Since the frequency accuracy of GSM is required to be
<100Hz this can be a major problem.

A digital automatic frequency control system can be realized
by the use of fractional N synthesis. Such a system is shown in
U.S. Patent # 5,111,162, entitled "Digital Frequency Synthesizer
having AFC and Modulation Applied to Frequency Divider"
authored by Hietala et al. In this patent a secondary divider is
used from the main oscillator output to derive a low frequency
reference for offset synthesizers and logic circuitry. This
secondary divider operates at the output frequency, thus, draws
excessive current.

Therefore it would be advantageous to devise a digital
automatic frequency control system which allows the digital
automatic frequency control data to be used without conversion to
analog form while providing a linear tuning characteristic with
very fine minimum frequency step size and without drawing

- excessive current.
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2 e This met hod has several shortcomngs. First of all the
frequency correction data is already in digital formin the GSM
system It would be desirable to use the data in digital formand

thus elimnate the digital to anal og converter. 5 Secondl y, using
a varactor diode to warp a crystal results in a non-|inear tuning
characteristic. This requires a conpl ex phasing algorithmto

| i neari ze the characteristic. Fi nal gy, t he practi cal

limtations of the digital to anal og

Description of the Drawings

5 FIG. 1 is an illustration in block diagram form of a
radiotelephone transceiver in accordance with the present
invention.

FIG. 2 is an illustration in block diagram form of a
radiotelephone transceiver in accordance with the present

10 invention.

FIG. 38 is an illustration in block diagram form of a
synthesizer section of a radiotelephone transceiver which is
capable of performing the digital automatic frequency control in
accordance with the present invention.

15

Description of a Preferred Embodiment

The preferred embodiment of the present invention
20 encompasses a digital automatic frequency control system
implemented in a radiotelephone. The radiotelephone includes a
frequency synthesizer in which a variable oscillator output is fed
to a digital divider. The division ratio of the digital divider is
varied with time by a multi accumulator fractional N division
25 system such that the effective division ratio may be varied by non-
integer steps. The division ratio is then programmed to realize
the desired channel frequency, the desired modulation waveform,
"and any automatic frequency correction offset. The output of the



converter resolution and the crystal oscillator conponent 1 0 t ol erances
require a fairly large step size in the frequency tuning

characteristic. In the GSM systemthis results in a step size of

about 50Hz. Since the frequency accuracy of GSMis required to be

<100Hz this can be a major problem A digital automatic
frequency control systemcan be realized 1 5 by the use of fractional N
synthesis. Such a systemis shown in U S Patent # 5,111, 162,
entitled "Digital Frequency Synthesizer Havi ng AFC and Mbdul ati on
Applied to Frequency Divider" authored by Hietala et al. In this
patent a secondary divider is used fromthe main oscillator output
to derive a low frequency 2 0 reference for offset synthesizers and
logic circuitry. This secondary divider operates at the out put
frequency, thus, draws excessive current. Therefore it

woul d be advant agedigithb disidef fectdsione imput of a phaset comparisén aetwork.
comtrol Y5 o LIRS o el ompdHb ORI R !
| i near tuning char xeferense iosciliator. The phage goinparissnmetwork eutputcis st ep
size and w thout drdpsag ¢ removeé ékfranblifis Hoide’imponents and is then fed to
S the control input of the variable oscillator. The control input is
such that the variable oscillator output frequency will adjust itself
until it is equal to the reference oscillator frequency multiplied by
the digital division ratio. This results in a digital automatic
frequency correction input port with extremely fine resolution.
10 Additionally, the reference oscillator does not need to be warped by
a varactor diode in this situation, thus, the reference oscillator is a
free running crystal oscillator with accuracy only approximating
the expected reference frequency.
In the GSM system, the clock signal used to drive the logic
15 sections of the radio is required to be synchronized to the radio
frequency output signal. Therefore, the free running crystal
oscillator cannot be used directly as the clock to the logic sections
of the radio. An accurate clock is provided to the logic sections of
the radio and to the reference inputs of any offset synthesizers of
20 the radio by using a second multiple accumulator fractional N
division system to divide the inaccurate reference oscillator
frequency down to a fixed accurate frequency. This second
fractional N division system is programmed based on the
automatic frequency control programming of the first fractional N
25 division system . This lower frequency may then be multiplied in
a phase locked loop to provide an accurate reference at the
originally desired reference frequency if necessary.
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FLG 1 is an illustration in block diagramformof a
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transcei ver in accordance with the present
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FIG. 1 is an illustration in block diagram form of-a
radiotelephone 101. The radiotelephone 101 may be, but is not
limited to be, a cellular radio telephone employing the GSM
standard of operation. In Figure 2 the radiotelephone 101 is
shown to be composed of a transmitter 102, a receiver 103, a
control system 104, a user interface 105, and a synthesizer 107.
The synthesizer 107 provides the receiver 103 and the transmitter
102 with signals, tuned to the proper frequency, to allow the
reception and transmission of data from user interface 105. In
addition the synthesizer 107 provides the user interface 105 and
the control logic 104 with the necessary clock signal for proper
operation of the logic circuits contained within these blocks. The
user interface 105 typically includes a microphone, a speaker, a
display and a keypad. ,

One of the functions of control logic 104 is to derive a digital
signal from data received by receiver 103 to be used to adjust the
frequency of synthesizer 107. This digital signal is known as
automatic frequency control.

With reference to Figure 3 the automatic frequency control
signal is applied to data port 114 in a serially loaded form known
as the serial programming interface (SPI) form. The serial data
is loaded into latch 117 in which it is converted to parallel form
and is then applied to adder 118. Two other inputs are applied to
adder 118. The fractional part of the division to set the channel
frequency is input to data port 118 in SPI form from control logic
104. This data is converted into parallel form by latch 116 and is
then input to adder 118. The modulation is input to serial data

- port 115. Look-up read only memory (ROM) 119 traces out

r adi ot el ephone



I nvention. ™ » FIG 2 is an illustration in block diagramformof a

radi ot el ephone transceiver in accordance with the present 10 I nventi on.
FIG 3 is anillustration in block diagramformof a synt hesi zer
section of a radiotelephone transceiver which is capabl e of
performng the digital automatic frequency control in accordance
with the present invention. 15 Description of a
Preferred Enbodi nent The preferred enbodi nent of the present
I.nvention 2 0 enconpasses a digital autonati® frequency control system

I npl emented in a radiotel ephone. The radi otel ephone includes a

frequency synthesizer in which a variable oscillator output is fed

to a digital divider. The division ratio of the digital divider is

varied with tinme by a nulti accunulator fractional Ndivision 2 5 system
such that the effective division ratio may be varied by non- I nt eger
steps. The di vi si ofregatney versusectinw pgtternis dependent 62 the serial data desired

channel frequency, B8 IgSlived JPHM 150 "THE batOubf read only memory 119 is
then input to adder 118.
The output of adder 118 is then used as the data input to
5 accumulator 120. A cascade of accumulators (121, 122, and 123)
along with recombination logic 124 form a time varying sequence
which is added to the non-fractional part of the division in adder
126. The resulting sequence is then used to control divider 109.
The divider control sequence results in effective division ratios
10 which allow the synthesizer to realize fine frequency steps without
excessive spurious content in the synthesizer output 138. The
divider control sequence contains all information of channel
setting, modulation, and automatic frequency control. ( For a
detailed explanation of this result see U.S. Patent #5,093,632
15 entitled "Latched Accumulator Fractional N Synthesis with
Residual Error Correction" authored by Hietala et al or U.S.
Patent #5,166,642 entitled "Multiple Accumulator Fractional N
Synthesis with Series Recombination" authored by Hietala)
- The output of divider 109 is used to provide the internal clock
20 of the fractional N synthesizer 140 consisting of accumulators 120,
121, 122, and 128, recombination logic 124 and look-up ROM 119.
Additionally, the output of divider 109 is input to phase detector 110
where its phase is compared to that of reference oscillator 127.
The output of phase detector 110 drives charge pump 111 which in
25 turn drives the loop filter 112. The loop filter 112 develops a voltage
to control the voltage sensitive port of variable oscillator 108.
Finally, the output of variable oscillator 108 is used as the
- synthesizer output 138 and is provided to receiver 108 and
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THe other input of the phase conmparison network is fed fradma REPLACED
reference oscillator. The phase conparison network output b=s

filtered to renove extraneous noi se conponents and is then fed to 5
control input of the variable oscillator. The control input is

and any aut-egatic frequency correction offset. The out pmﬁﬂ the-
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transmitter 102 and also is provided to the input of divider 109 to
complete the phase locked loop.

In the preferred embodiment, the automatic frequency
control is provided to port 114 instead of directly to the reference
oscillator 127. Thus, the accuracy of the reference oscillator 127 is
maintained only by the stability of crystal 128. Any inaccuracy of

crystal 128 due to temperature, make tolerance, or aging is

compensated for by adjustment of the automatic frequency control
data on port 114 so as to maintain the correct frequency at the
synthesizer output 138.

In order to maintain a clock 130 which is synchronized to the
synthesizer output 138 for the control 104 and user interface 105
sections of the radiotelephone 101, a second multiple accumulator
fractional N division system 139 is formed using accumulators
133, 134, 135, and 136, recombination logic 132, adder 131, and
programmable divider 129. Programming data for this fractional
N system is obtained from SPI data on port 114 and is converted to
parallel form by latch 137.

The second fractional N synthesizer 139 is programmed
based on the programming of the first fractional N synthesizer
140. This basis creates an accurate clock frequency 130 because
the first fractional N synthesizer 140 determines the automatic
frequency control offset necessary to adjust the main synthesizer
140 to the correct output frequency 138, thus, the actual frequency
of the free-running crystal oscillator 127 is implicitly known.

As an example, let the main VCO output frequency 138 be

fvco and the total main loop division of divider 109 be Nt. Then the

heet Has Been Re: laced
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such that t-he variable oscillator output frequency will adjust itself
until it is equal to the reference oscillator frequency multifpfred -
tHe digital division ratio. This results in a digital automat TH’gS?%“T HAS
frequency correction input port with extrenely fine resolutio
Additionally, the reference oscillator does not need to be warped by
a varactor diode in this situation, thus, the reference oscillator is a

10 REFLAGED

free running crystal oscillator with accuracy only approxi mating t he
expected reference frequency. In th8 GSM system the clock
signal used to drive the logic 1 5 sections of the radio is required to
be synchronized to the radio frequency output signal. Therefore, the
free running crystal oscillator cannot be used directly as the cl ock
to the |l ogic sections of the radio. An accurate clock is provided to
the | ogic sections of the radio and to the reference i nputs of any
of f set synt hesi zer $rajushdy of thiefees-dhsiriy crtab128 ¢fiPnrhybé detérenined
accunul ator fractional N di vision systemto divide the inaccurate
ref erence oscill at &% frequency down to a fixed accurate frequency.
This second = fraﬁmhaﬁacoxﬁdivision systemis programred based on the

automatic frequency co Jv?lad rPgs mln‘%}, #.%ﬁ‘f’ %ﬁeé?r’blﬁ%{)ﬁ : e -z%niinga

di vision system. This“['ower freqQ enc.éIll A " |
phase | ocked 1%op tcEyShad@p division patie egual $-N2. Then the low

frequency reference frequency 130 can be expressed as:

fr = fM/N2

Combine these two equations to obtain the low frequency
reference 130 only as a function of the main VCO output 138.

10 fr = fvco /(Nt*N2) | '

For the GSM system the procedure to implement this is as
follows:

1) Lock the radiotelephone 101 to any ARFCN.

(Actual Radio Frequency Channel Number)
15 This results in fyyco = 890 + 0.2*(ARFCN) MHz
2)Next assume fr = 200kHz (for example)
Then using the equation developed above for fR .
0.2 = {890 + 0.2(ARFCN)}/(Nt*N2)
3) Solve for N9.
20 N2 = 4450/N¢ + ARFCN/Ny,

This initial programmring will not change if the ARFCN is
changed, since Nt will change with ARFCN to maintain N9
constant. The only situation in which N2 will need to change is if
Nt is changed by the automatic frequency control algorithm. If

25 the automatic frequency control algorithm requires a change,
then N2 could be recalculated using the above formula or by using
a binomial expansion of the formula in 3) the following result is
" obtained.

This Sheet Has Been Reﬁlaced
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originally desired reference frequency if necessary.

) FIG 1 is anillustration in block dia CQLD';}
radi ot el ephone 101. The radi ot el ephone 101 may be, but iﬁ ° o
limted to be, a cellular radio tel ephone enpl oying the
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standard of operation. In Figure 2 the radi otel ephone 101 |s 5 shown to
be conposed of a transmtter 102, a receiver 103, a
9

Nonew = N2old (1 - ANt/Nt)

In the above approximation Nt is the value used to find Noold
and ANt = NumeratorAFC/Denominator. Since ANt < 10-5 N¢ this
approximation will be highly accurate for the GSM system.

5 A second phase locked loop 141 may be added to the reference
clock output 130 of Figure 3. This second phase locked loop 141
may be used as a multiplier to increase the accurate reference
frequency 130. |

10 What is claimed is:

This Sheet Has Been Rep
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control system 104, a user interface 105, and a synthesizer 107.
The synt hesi zer 107 provides the receiver 103 and the trapsmiter

T HAS BEEN

102 with signals, tuned to the proper frequency, to allowlt ﬁ_?ab N
ér ACED the

reception and transm ssion of data fromuser interface 10p.

addition the synthesizer 107 provides the user interface

control logic 104 with the necessary clock signal for proper

operation of the logic circuits contained within_ these bl ocks. The

user interface 105 typically includes a m crophéﬂe, a speaker, a

di splay and a keypad. 1 5 One of the functions of control |ogic 104
Is to derive a digital signal fromdata received by receiver 103 to
be used to adjust the frequency of synthesizer 107. This digital
signal is known as - automati c frequency control. Wth
reference to Figure 3 the automatic frequency control 2 0 signal is
applied to data port 11M |Anaaumm¢3ﬁ‘eqlmmw dontrollimgvlevice comprisinige

serial programming int E&?@&ggéggh%mm sciil§tod Btof § lcq)) ﬁ%ﬁ‘g a first cbﬁgld?aded

into latch 117 in whic converte is then
applied to adder 11i@putand preducing 4 §$ variab eSIgl'la-]caldder 118. The

fractional part of the glfisstfractiofiabN dividef for'génerating aﬁrrsequency I's
i nput to data port 113 I N SPg;for fromcontrol "I ogic 104. This data

is converted ifito €atch 116 and is
' a first programmable divider for dividing said first frequency

variable signal by said first programmable value to produce a
second divided signal;
a first reference oscillator generatmg a thn'd fixed frequency
10 signal, substantially equal in frequency to said second divided
signal; and
a phase detector for comparing a phase of said third fixed
frequency signal to a phase of said second divided signal,
' producing a fourth output error signal having a voltage
15 representing the difference in phase between said second and
third signals, said fourth output error signal coupled to said first
control input of said VCO; and
a second fractional N divider which has a second
programmable value and divides said third fixed frequency
20 signal, producing a fifth fixed frequency signal.
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then input te adder 118. The nodulation is input to serial
115. Look-up read only nenory (ROM 119 traces out THIS S
6 frequency versus tine patterns dependent on tlhe_ s
streamreceived at port 115. The output of read only nenor
then input to adder 118. The out put of adder 118 is then used
as the data input to .

1

2. An automatic frequency controlling device in accordance
with claim 1 wherein said fifth fixed frequency signal coupled to a
reference input of a second PLL.

)

3. An automatic frequency controlling device in accordance
with claim 1 wherein said fifth fixed frequency signal is coupled to
logic circuitry including a microprocessor.

10 4. An automatic frequency controlling.device in accordance

with claim 1 wherein said first reference oscillator is a free
running crystal oscillator.

5. An automatic frequency controlling device in accordance
15 with claim 1 wherein said second programmable value is
dependent upon said first programmable value.

This Sheet Has Been
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5. accumugtor 120. A cascade of accunulators (121, 122, and 123)

al ong with reconbination logic 124 forma tine varying sequence _
wHich is added to the non-fractional part of the division qug —_— =N |
126. The resulting sequence is then used to control dividef ””;‘ﬁ 3 fﬁé
di vider control sequence results in effective division ratjLas 1§ERE thrh
allow the synthesizer to realize fine frequency steps w thout

excessi ve spurious content in the synthesizer output 138. The

di vider control sequence contains all informati¥# of channel

setting, nodul ation, and automatic frequency control. ( For a

detail ed explanation of this result see U S. Patent #5, 093,632 15

entitled "Latched Accumul ator Fractional N Synthesis with Resi dual
Error Correction” authored by Hetala et al or U S, Pat ent

#5,166, 642 entitled "Ml tiple Accumul ator Fr act i onal N Synt hesi s

W th Series Reconbi nat §onA ridibgdlephéive cb The out put of
di vider 109 is used to prayi he | C| Q 0 of, i .onal
N synt hesi zer 140 consfJ# %gﬁq m er%or transmifti 2{'2’5% 3123,
reconbi nati on | ogi @t&ﬂrwﬁequ ROM 119 Addi ti onal ly, the

output of div der 109, L e liohe B0 RSP Hsgha'dll at g poctfif Rl oS
detector 110 & i vetheisecond data incindihg @utomaticfrequency cantrads t he | oop
filter 112. The | oqﬁﬁjﬁéﬁan,llz devel ops a voltage
| a control logic for controlling the radiotelephone, a first
portion of the control logic operating at a fifth fixed frequency; and
a synthesizer comprising:

10 ' a voltage controlled oscillator (VCO) having a first
control input and producing a first frequency variable
signal, the first frequency variable signal providing the first
frequency to the RF transmitter and the second frequency to
the RF receiver,

15 a first fractional N divider for generating a first
programmable value dependent upon the automatic
frequency control information,

a divider for dividing said first frequency variable

- signal by said first programmable value to produce a second

20 divided signal,

a first reference oscillator generating a third fixed
frequency signal, substantially equal in frequency to said
second divided signal, and

a phase detector for comparing a phase of said third

25 fixed frequency signal to a phase of said second divided
signal, producing a fourth output error signal having a
voltage representing the difference in phase between said

umm mln mu um I uu T?Timlll II i



to control -the voltage sensitive port of variable oscillator 108 —————=s
Finally, the output of variable oscillator 108 is used @z ;c;h——HLF; HAS BEEN

synt hesi zer output 138 and is provided to receiver 103 EPLACED
transmtter 102 and also is provided to the input of diyder

conpl ete the phase | ocked | oop. In the preferred enbodi ment, the
automatic frequency control is provided to port 114 instead of
directly to the 5 reference oscillator 127. Thus, the accuracy of the
reference oscillator 127 is maintained orBy by the stability of
crystal 128. Any inaccuracy of crystal 128 due to tenperature, nmake
tol erance, or aging is conpensated for by adjustnment of the automatic

frequency control data on port 114 so as to maintain

second and third signals, said fourth output error signal
coupled to said first control input of said VCO,
a second fractional N divider for generating a second
programmable value, and
5 a second divider for dividing said third fixed frequency
signal by said second programmable value, producing said
fifth fixed frequency signal.

This Sheet Has Been Reﬂ
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10 the soyrect frequency at the synthesizer output 138. : In

order to maintain a frequency of a reference clock 130 which-is :
synchroni zed to the synthesizer output 138 for the PNl ©hedoghs sE0K
and user interface 105 sections of the radi ot el eph ne 10gepPRASEDON
fractional N synthesizer 139 is 15 formed using accu £33

135, and 136, reconbi nation |l ogic 132, adder 131, and progrannable

di vi der 129. Progranm ng data for this fractional N systemis

obt ai ned from SPI data on port 114 and i 34converted to parallel form
by | atch 137. 20 - The second fractional N synthesizer 139 is
pr ogr ammed based on the progranm ng of the first fractional N

synt hesi zer 140. This basis creates an accurate reference clock
frequency 130 because the first fractional N synthesizer 140

determ nes. - the automatic frequency control offset necessary to adjust

the 25  first fractimnal rhiimteleBhong th doéfrdandd wittotlatni 6 ovherein said

frequency at the s hgsi out ut 13 t he t yal f ncy
of the free-runni né §§ ‘g 1°£PH'1§“ Tq%fe input OfI?n%%%.ﬂ%
phase locked loop (PLL) the second PLL providing a sixth

frequency for operating a second portion of said controel logic.

5
8. A radiotelephone in accordance with claim 6 wherein said
fifth fizxed frequency signal is used to operate a user interface.
10 9. A radiotelephone in accofdance with claim 6 wherein said

first reference oscillator is a free running crystal oscillator.

10. A radiotelephone in accordance with claim 6 wherein
said second programmable value is dependent upon said first
15 programmable value.
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8 =+ As an exanple, let the frequency at the synthe5|zer output
138 be [err] and the total main |oop division of divider
Then the frequency of the free-running crystal 128 (fM
determ ned as: 5 [err] Now add a secon
the output of the free- runni ng crystal oscillator
rati o equal to N2. Then the frequency of the reference
be expressed as: 10 [err] Conbfre
equations to obtain the frequency of the 15 ef er en]
a function of the synthesizer out put 138.

THIS Stmay be '3fEEN
di viBer -1297to__|
Wth divi SI on

Automatic Frequency Control Apparatus

5 Abstract of the Disclosure

The preferred embodiment of the present invention

encompasses an automatic frequency control system implemented
in a radiotelephone (101). The radiotelephone (101) includes a

10 frequency synthesizer. The frequency synthesizer uses a division
ratio varied with time by a multi accumulator fractional N
division system (140) such that the effective division ratio may be
varied by non-integer steps. The division ratio is programmed to
realize the desired channel frequency, the desired modulation

15 waveform, and any automatic frequency correction offset. An
accurate clock is provided to the control (104) and the user
interface (105) sections of the radiotelephone (101) using a second
multiple accumulator fractional N division system (139). This
second fractional N division system (139) is programmed based on

20 the automatic frequency control programming of the first
fractional N division system (140). This lower frequency may then
be multiplied in a phase locked loop to provide an accurate
reference at a second reference frequency.

his-Sheet Has Been Replaced
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[err] 15 T = For the GSM systemthe procedure to inplenent this is as

fol | ows: 1) Lock the radiotel ephone 101 to any ARFCN (Actua

Radi o Frequency Channel Nunber). This results in: [err] =
890 + 0.2*(ARFCN) MHz' 20 2) Next assune fR = 200kHz (for exanple)
Then using the equation devel oped above for fR {890
+ 0. 2( ARFCN) }/ (Nt *N2) 3) Sql Ze for N2 =
4450/ Nt + ARFCN Nt 25 This inith 2progranmng will not change if
.the ARFCN is changed, since Nt will change with ARFCN to maintain N2
constant. The only situation in which N2 will need to change is If Nt

I's changed by the automatic frequency control algorithm

FIG.1
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| | |
: TRANSMITTER :
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s SYNTHESIZER | - CONTROL INTERFACE :
K 104 !
| ‘ 105 |
b . e ]



If the autonftic frequency control algorithmrequires a change,. t hen

N2 coul d be recal cul ated using the above formula or by using a
bi nom al expansion of the fornula in 3) the foll ow ng result is
obtained. 5 N2new = N2old (1 - ANt/ Nt) I n the above
approximation Nt is the value used to.find N2ol d and ANt = Nunerator
AFC/ Denom nator. Since [err]Nt < 10-5 2/ 2 N this approxi mation will be
hi ghly accurate for the GSM system 10 A second phase | ocked
| oop 141 may be added to_a output of the reference clock 130 of
FIG 3. This secqgnd pglse | ocked | oop 141 may be used as a nultipl @r
to increase thelfre nc
feencE x = 8 =
™ p
&' @ o sl - - - e - ———
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{CI ai ns
conpri si ng:

of the reference clock 130. REPLACEMENT Si4¢c® |

control I nput

a first fractional N synthesizer f
| east a portion of the first progranmabl e val ue having a

val ue, at

* I

1. An aut omaiic frequency controlTing device

a voltage ¢ lntl?rlggi_%, . %hu Tt qf phNCR. &Q}UNﬂS%

and produci ng

aflr t prograrrmable

non-i nt eger val ue; a first progranggmbl e divider for dividing
said frequency 10 vari abl e signal by said first programmble value to

produce a

10

15

20

Automatic Frequency Control Apparatus

Abstract of the Disclosure

The preferred embodiment of the present invention
encompasses an automatic frequency control system implemented
in a radiotelephone (101). The radiotelephone (101) includes a
frequency synthesizer. The frequency synthesizer uses a division
ratio varied with time by a multi accumulator fractional N
division system (140) such that the effective division ratio may be
varied by non-integer steps. The division ratio is programmed to
realize the desired channel frequency, the desired modulation
waveform, and any automatic frequency correction offset. An
accurate clock is provided to the control (104) and the user
interface (105) sections of the radiotelephone (101) using a second
multiple accumulator fractional N division system (139). This
second fractional N division system (189) is programmed based on
the automatic frequency control programming of the first
fractional N division system (140). This lower frequency may then
be multiplied in a phase locked loop to provide an accurate
reference at a second reference frequency.

FIGURE 2.
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di vi ded si gnal ; a reference .oscillator g TLXed |
frequency Si gnal substantially equal in fre uen%':{é@ @g%"'%ﬁ"f/l ded

si gnal ; and a phase detector for conpari f i difixed
15 frequency signal to a phase of said divided s Q)af’q %‘lﬁsggumg% -aly
fourth output error signal having a voltage representing th
difference in phase between said fixed frequency signal and sai d

di vided signal, said output error signal coupl to said contro

i nput of said VCO and 20 a second fractional N synthesizer for
generating a second programmuabl e val ue, at |east a portion of the
second. programmabl e val ue having a non-integer value; and a second
programuabl e di vider for dividing said fixed freguency signal by said
second programuabl e val ue, producing a second fixed 25 frequency signal .
2. An automatic frequency controlling device in-accordance with claim
1 wherein said second fixed frequency signal . coupled to a reference

input of a please |ocked Automatic) Frequency Control Apparatus

5 Abstract of the Disclosure

-The preferred embodiment of the present invention

encompasses an automatic frequency control system implemented
in a radiotelephone (101). The radiotelephone (101) includes a

10 frequency synthesizer. The frequency synthesizer uses a division
ratio varied with time by a multi accumulator fractional N
division system (140) such that the effective division ratio may be
varied by non-integer steps. The division ratio is programmed to
realize the desired channel frequency, the desired modulation

15 waveform, and any automatic frequency correction offset. An
accurate clock is provided to the control (104) and the user
interface (105) sections of the radiotelephone (101) using a second
multiple accumulator fractional N division system (139). This

: second fractional N division system (139) is programmed based on

20 'ﬂneauunnauci&equenqyconhxﬂ;uogranunnmgofthefﬁmn
fractional N division system (140). This lower frequency may then
be multiplied in a phase locked loop to provide an accurate
referenpeat a second reference frequency.




3. An~automatic frequency controlling device in accorda wH
claim1 wherein said second fixed frequency signal is REPLACEMENT SHEET
logic circuitry including a mcroprocessor. 5 4. A gu '
frequency controlling device in accordance 7 with IB@%-‘-;Mepgﬁ%i
first reference oscillator is a free running cry ' .
10 5. An automatic frequency controlling device in accordance
with claimil whetransndtterl H32 cantl malsgrismpedvidedakolethies input of divider 109

to complete the phase locked loop.

In the preferred embodiment, the automatic frequency
control is provided to port 114 instead of directly to the
5 reference oscillator 127. Thus, the accuracy of the reference
oscillator 127 is maintained only by the stability of crystal 128.
Any inaccuracy of crystal 128 due to temperature, make
tolerance, or aging is compensated for by adjustment of the
automatic frequency control data on port 114 so as to maintain
10 the correct frequency at the synthesizer output 138.

In order to maintain a frequency of a reference clock 130
which is synchronized to the synthesizer output 138 for the
control logic” 104 and user interface 105 sections of the
radiotelephone 101, a second fractional N synthesizer 139 is

15 formed using accumulators 133, 134, 135, and 136,

 recombination logic 132, adder 131, and programmable divider

129. Programming data for this fractional N system is obtained
from SPI data on port 114 and is converted to parallel form by
latch 137.

20 The second fractional N synthesizer 139 is programmed
based on the programming of the first fractional N synthesizer
140. This basis creates an accurate reference clock frequency
130 because the first fractional N synthesizer 140 determines
the automatic frequency control offset necessary to adjust the

25 | first fractional N synthesizer 140 to the correct output
frequency at the synthesizer output 138, thus, the actual
frequency of the free-running crystal oscillator 127 is implicitly

known.



de{)"end‘ent upon said first programmbl e val ue. BEPDACEMENT SHEET |

r adi ot el ephone conprising: 15 a radi o frequency (

for transmtting first data at a first frequency;

recei ver for receiving second data at a secold fre

data including automatic frequency control information; 20 a
control logic for controlling the radiote| ephone, and provi di ng

automatic frequency Aén?FoniuﬁPlﬁ migt she freguengy at the %YW@%ﬁebfoqtﬁBt
compr i sing " 138'bE %0 “and e ot "R, Ioope ivision pfdividesclfOrES i ng
requency vari abP-si T B8, GRABEHE) R oy GRLTRRNA FHAE 2269%) ,, o°

provi ding the fi f e gkﬂ a first tine peri od,
coupled to the Qgﬁﬁyecel \C;deéﬁgéﬁ proé'/glg‘di ng the second frequency
during a segond ti rmfﬁe;rf\gago /Nt

Now add a second divider 129 to the output of the free-

running crystal oscillator 127 with division ratio equal to N2.

Then the frequency of the reference clock 130 can be expressed
as:
10 fr = fm/N2
Combine these two equations to obtain the frequency of the

reference clock 130 only as a function of the synthesizer output
138.

fr = fvco /(Nt*N2)
15 For the GSM system the procedure to implement this is as
follows:
1) Lock the radiotelephone 101 to any ARFCN (Actual Radio
Frequency Channel Number). This results in:
fvco = 890 + 0.2*(ARFCN) MHz
20 2) Next assume frp = 200kHz (for example)
Then using the equation developed above for fr:
0.2 = {890 + 0.2(ARFCN)}II(Nt*N2)
3) Solve for N2.
N2 = 4450/N¢ + ARFCN/Nt
25 This initial programming will not change if the ARFCN is
changed, since Nt will change with ARFCN to maintain N2
constant. The only situation in which N2 will need to change is

if Nt is changed by the automatic frequency control algorithm.



a first fractional N synthesizer for generating a firf © r AT QHE
programmabl e val ue dependent upon the autonmatic EP“ACB#F%aggﬁEJ
control information, at |least a portion of the ofj{ﬁﬂ BH?_
programmuabl e val ue having a non-integer valu®;, 5 ‘Dae """"" Al st ||
di vider for dividing said frequency variabl e signal by said
first programmabl e value to produce a di vi ded si gnal

a reference oscilfl sherautomatic | frgquen¢k ecpritrelyadgosithm requires a ¢hange,
R S U eSS e b B s
Dok vl sl S e RS i ol
representing theregjuitf eigegﬁgaihgd.phase bet ween said first
5 N2new = N2old (1 - ANt/Nt)
In the above approximation Nt is the value used to find
N2old and ANt = Numerator AFC/Denominator. Since ANt < 10-5
N¢ this approximation will be highly accurate for the GSM
system. :
10 A second phase locked loop 141 may be added ‘to a output
of the reference clock 130 of FIG.3. This second phase locked

loop 141 may be used as a multiplier to increase the frequency

of the reference clock 130.



15 ° ' fixed frequency signal and said divided sigfafsait=output-——
error signal coupled to said control input of said V REPLACEMENT SHEET 2
second fractional N synthesizer for generating a Qzeﬁﬂqm
programuabl e val ue, at |least a portion of thd0 Date s&contl?.... rrereees
progranmmabl e val ue having a non-integer value, 20 —and—

———

a second divider for dividing said first fixed frequency signa
by said second programrabl e val ue, Claimspr oduci ng a second fi xed

frequency signal having said third frequency. 25 7.
A radi ot el ephone in accordance with claim6 wherein sai d second fixe

ngﬂggnfgoz | ?gf:_) ' S . ﬁl(e).ugleéﬁglnfﬁlgﬁwﬁ?it:eh%ﬂﬁgncy contrBfitly Yevice ec%%]grigi?l%§e
' a voltage controlled oscillator (VCO) having a control input
5 and producing a first frequency variable signal;

a first fractional N synthesizer for generating a first
programmable value, at least a portion of the first
programmable value having a non-integer value;

a first programmable divider for dividing said frequency

10 variable signal by said first programmable value to produce a
divided signal;

a reference oscillator generating a fixed frequency signal,
substantially equal in frequency to said divided signal; and

a phase detector for comparing a phase of said fixed

15 frequency signal to a phase of said divided signal, producing a
fourth output error signal having a voltage representing the
difference in phaée between said fixed frequency signal and
said divided signal, said output error signal coupled to said
control input of said VCO; and

20 a second fractional N synthesizer for generating a second
programmable value, at least a portion of the second |
programmable value having a non-integer value; and a second
programmable divider for dividing said lfixed frequency sighal
by said second programmable value, producing a second fixed

25 frequency signal.

2. An automatic frequency controlling device in accordance
with claim 1 wherein said second fixed frequency signal

coupled to a reference input of a please locked loop (PLL).

T



provi di‘ng a fourth frequency for operating a second portiea—ef- —sai

control | ogic. 8. A radiotel ephone in accoriaHEELAGSMEmisMEEﬁ g
wherein 5 said second fixed frequency signal is usedilto op 6gfé§§f i
i nterface. 9. A radiotelephone il accordancé mg@kg ________________________ l
wherein said reference oscillator is a free runni ng=et

oscillator. 10 10. A radiotel ephone in accordance mnth claimé
wherein sai d second programmuabl e val ue i s dependent upon said first

progr ammabl e val ue. 3

An automatic frequency controlling device in accordance

with claim 1 wherein said second fixed frequency signal is

coupled to logic circuitry including a microprocessor.

4. An automatic frequency controlling device in accordance

with claim 1 wherein said first reference oscillator is a free

running crystal oscillator.

10 5. An automatic frequency controlling device in accordance

with claim 1 wherein said second programmabl

e value is

dependent upon said first programmable value.

6. A radiotelephone comprising:

15 a radio frequency (RF) transmitter for transmitting first

data at a first frequency;

a RF receiver for receiving second data at a second

frequency, the second data including automatic frequency

control information;

20 a control logic for controlling the radiotelephone, and

providing automatic frequency control information, a first

portion of the control logic operating at a third

a synthesizer comprising:

frequency; and

a voltage controlled oscillator (VCO) having a control

25 input and producing a frequency variable
frequency variable signal coupled to the

and providing the first frequency during

signal, the
RF transmitter

a first time

period, coupled to the RF receiver and providing the

second frequency during a second time period,

Hllllll IHIH IIIM Hlll H llll
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14 7. A radiotel ephone in accordance with'qi;@;,_rp O_WiTeretf-__
sai d fifth fixed frequency signal coupled to a ref repce‘qtﬁﬁﬂ'r@ﬁzf@f I
second phase | ocked | oop (PLL), the second PLL pr Dgier]gﬂq 8CTt'B97

frequency for operating a second portion of shfd control Geagic " G

8. A radiotel ephone in accordance with claim6 wherein said
fixed frequency signal is used to operate a user interface. 10 _ 9. A
r adi ot el ephone i n accor dantdfitgtt fractianal N wsyntbesizenifor generating a first

programmable value dependent upon the automatic

frequency control information, at least a portion of the
first programmable value having a non-integer value;

5 a first divider for dividing said frequency variable
signal by said first programmable value to produce a
divided signal,

a reference oscillator generating a fixed frequency
first signal, substantially equal in frequency to said

10 divided signal, and

a phase detector for comparing a phase of said first
fixed frequency signal to a phase of said divided signal,
producing an output error signal having a voltage
representing the difference in phase between said first

15 . fixed frequency signal and said divided signal, said output
| érror signal coupled to said control input of said VCO,

a second fractional N synthesizer for generating a
second programmable value, at least a portion of the
second programmable value having a non-integer value,

20 and

a second divider for dividing said first fixed
frequency signal by said second programmable value,
producing a second fixed frequency signal having said
third frequency.

25
7. A radiotelephone in accordance with claim 6 wherein
said second fixed frequency signal is coupled to a reference

input of a second phase locked loop (PLL), the second PLL

e



fir'st reference oscillator is a free runni ng crystal ogtiitator— — -

10. A radi otel ephone in accordance with clai m6 wherei RﬂpLACE“f&ﬂcﬁ"@é‘d—o d
[ -said first 15 rogra Vi e.

programuabl e val ue i s dependent upon 5 Daerﬁmlbm'w

providing a fourth frequency for operating a second portion of

said control logic.

8. A radiotelephone in accordance with claim 6 wherein
5 said second fixed frequency signal is used to operate a user

interface.

9. A radiotelephone in accordance with claim 6 wherein
said reference oscillator is a free running crystal oscillator.
10 _
10. A radiotelephone in accordance with claim 6 wherein
said second programmable value is dependent upon said first

programmable value.
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