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5 DATA TRANSFER METHOD AND APPARATUS HAVING DUAL

FREQUENCY OPERATION
Field of the Invention
10 .

Generally, this invention relates to high speed low amplitude
data transfer systems and more specifically to operating a high
speed low amplitude data bus at multiple speeds.

15

Background of the Invention

Generally, data transfer systems include a data bus capable
of transferring data between a master device and one or more
20 peripheral devices. In a traditional data transfer system, the
master device addresses each of the peripheral devices with an
address preceding any data which it desires to send to the
peripheral devices. The addresses of the peripheral devices are
: usually predetermined prior to operation of the data bus and are
25 known to the master.

In newer automated systems, the address of the penpheral
devices are unknown prior to operation of the data transfer system.
Upon start up of the data transfer system, there is an initialization
period in which _éach of the peripheral devices communicate to the

30 master controller the address and other device-type information.
These newer devices are far more complex and sophisticated than



data‘transfer systens and nore specifically to operating a high speed
| ow anplitude data bus at multiple speeds: 15

Background of the Invention General ly, data transfer systens

i nclude a data bus capabl e of transferring data between a nmaster
device and one or nmore 2 0 peripheral devices. In a traditional data
transfer system the mast er devi ce addresses each of the .peripheral
devices with an address preceding any data which it desires to send to
t he peri pheral devices. The addresses of the peripheral devices are

usual |y predet erﬂle]tmdltlonal ﬂatammmsf‘ensysﬂemmdlmmnhemdlog;lﬁoﬁﬂlef ktnﬁwn
to the naster. EE,W é}lgt:‘; e
peri pher al |ce eléartg&bn nown pr (ﬁg operat [ on oﬁ'n?ﬁ %ﬁioﬁ

transfer system penodlsofmr@mp d#snd requires a high;d @81'%%/9 apguracyie is
an initiali zatlomhe dawefaﬂstefaymh&ihﬁﬁmdtﬁe ﬂ%tlgh gy ces
communi cat e ster cqntrol | er the address and’ ot het deV| ce-type

oth
i nf or mati on. ebm yacations may peloghr e compl ex and
sophi sticated than- Itis well known in the data communications sector that

there is a push for a high speed data transfer system which is
capable of transferring more data with greater efficiency..
Additionally, there is concern that the data transfer system

10 generate minimal radio frequency interference (RFI) and
electromagnetic interference (EMI) radiation. One way to reduce
the amount of RFI and EMI radiation is to reduce the amplitude of
the signal level on the data bus from the traditional 5 volts peak-to-
peak signal level to 0.5 volt peak-to-peak. This reduction in the

15 amplitude significantly reduces the amount of radiation generated _
by the data transfer system. Secondly, in order to create a low
amplitude data system the signals generated by each of the devices
connected to the data bus are heavily filtered in order to remove the
harsh peak of the signal. This filtering elongates the rise and fall

20 times of the transitions on the data bus causing variances in the
signal transmitted between the master peripheral devices. Third,
the high speed low amplitude data bus in which the master
peripheral devices are separated by distance greater than a meter
the capacitance of the physical cables of the data bus cause variable

25 and long delay times in the transition of data between the master
peripheral devices.

In order to preserve the required integrity of a automated
complex data transfer system which includes a high speed low
amplitude data bus and a separation of peripheral and master

30 controllers by distances up to 20 meters, a highly accurate
initialization in bus arbitration method and apparatus need to be



2; " the traditional data transfer systens, however, they allow for the
ease of operation froman users point of view This initialization

period is very conplicated and requires a high degree of accuracy. | f
the data transfer systemis initialized incorrectly, then, the 5 _
subsequent communi cati ons nmay be | ost. It is well known in the
data communi cati ons sector that therg is a push for a high speed data
transfer systemwhich is capabl e of transferring nore data with :
greater efficiency.. Additionally, there is concern that the data

transfer system develpped such that thel integirity of theidaty transfef systeneig #5t) and
el ectromagnetic Lo GLLHith b5 heist 3 ridees T chiinbiRidatfbii during the

initialization period.
5 Sﬁmmary of the Invention
Brief Description of the Drawings

FIG. 1 is an illustration of a radiotelephone system in
10 accordance with the present invention.
FIG. 2 is a graph representing Manchester encoded data.
FIG. 3 is a graph illustrating the sample time available
during the initialization period prior art data transfer system.
FIG. 4 is a graph illustrating a sampling time available in a
15 data transfer system in accordance with the present invention.
FIG. 5 is a process flow chart illustrating the steps taking in
a peripheral controller during the initialization period.
FIG. 6 is a process flow chart illustrating the steps taken in
the master controller during an initialization period.
20 FIG. 7 includes graphs illustrating synchronization bits
' during an initialization and operation state in accordance with the
present invention.



the anount of RFI and EM radiation is to reduce the anplitude of t he
signal level on the data bus fromthe traditional 5 volts peak-to-

peak signal level to 0.5 volt peak-to-peak. This reduction in the 15
anplitude significantly reduces the anobunt of radi ati on generated by
the data transfer system Secondly, in order to create a | ow

anplitude data systemthe signals generated by each of the devices
connected to the data bus are heavily filtered in order to renove the

harsh peak of the signal. This filtering elongates the rise and fall 20
times of the transitions on the dat a bus causi ng variances in the

signal transnitted betwm(}an bf@ﬁ@ﬁbféi?&dmboaﬁhéﬁt the
hi gh speed | ow anplitud ata bus 1 n ch t he master peri pher al
devi ces are separated by distance greater than a neter t he

capaci tance of the ph%@pfeﬁﬁi@&éﬂbbﬁﬁ@nd%&oﬁpamuwrﬁmwbbhoaé and

por P phor ol ddvr caxsvetn. Mod Rplriinfly, 1A tadiotsfithont'ie 55 Shich emploz, 1

of a autonmated the higlyspeed lowtamplitudé data }mlsebatmenlthetad;d@ephbmg h

speed | ow 1 e and

master 3 0 cont ?{%deris%n %isﬁar §él§ ur‘f’?ﬁﬁ%ﬁ t’wggkgg%%%qy accurate

initialization i namtelapbpnemtnmnndm hﬂﬁ%p&tm&@ hangget and
. a fax machine. Other peripherals may be a data modem, a lap top

10 computer, or a data display device. The high speed low amplitude
data bus has a master controller in the transceiver and
corresponding peripheral controllers in each of the peripheral
devices. The data transfer system starts up in an initialization
state during an initialization period. During the initialization

15 state, first the data bus operates at a slower than normal speed to

' allow for oversampling and accuracy during the arbitration of the
peripheral devices. Second, each peripheral is synchronized to the
master device and third, each peripheral device is assigned an
unique address so that the master controller may communicate to

20 each of the peripheral devices individually. The master controller
has the capability of detecting the end of this initialization state.
Upon detecting the end of the initialization state, the frequency of
the data bus is increased to its operational rate which is higher
than that of its initialization rate. Utilizing a lower frequency

25 during the initialization period ensures the integrity of the
communications between the master and peripheral during

' subsequent communications. The integrity is achieved by allowing
for oversampling and subsequent noise processing and to allow for
the variance of the bit edges due to filtering and the capacitance and

30 wvariance in length of the physical cables connected to each of the
peripheral devices.




3 devel oped such that the integrity of the data transfer 'system S

not interfered wth by noise or variances in comrunications during the
initialization period. 5 Summary of the Invention
Brief Description of the Draw ngs FIG 1 is an illustration of

a radiotel ephone systemin 10 accordance with the present invention.
FIG 2 is a graph representing Manchester §ncoded dat a.

FIG. 1 is an illustration of a radiotelephone system in
accordance with the present invention. The radiotelephone system
includes a fixed transceiver 101 and a mobile or portable
radiotelephone 103. The mobile or portable radiotelephone 103

5 includes a transceiver 107 an antenna 105 and multiple peripheral

- devices. For the purpose of illustration and description of the
preferred embodiment, a handset 111, and a fax machine 113 have
been included as peripheral devices. However, other peripheral
devices may be substituted or may supplement these peripheral

10 devices. The data bus 109 is a high speed low amplitude data bus
which may benefit from the present invention. The mobile or
portable radiotelephone 103 sends and receives radio frequency (RF)
signals from the fixed site transceiver 101. The RF signals are '
coupled by antenna 105 and modulated and transformed into data

15 signals by the transceiver 107. The transceiver 107 can send or
receive the data signals to numerous peripheral devices including,
but not limited to the handset 111 and the fax machine 113.

The data transmitted on the data bus 109 between the
transceiver and the peripheral devices is a Manchester encoded

20 serial data stream. FIG. 2 illustrates the Manchester encoding
scheme. In Manchester encoded data a logic zero is represented by
falling edge at the mid-bit as illustrated at 201. A Manchester
encoded data is represented by a rising edge at the mid-bit as
represented at 203. _

25 During the initialization state communications between the
peripheral devices and the master device are set up. The
requirements of the initialization state include synchronizing the
peripheral devices to the master device and assigning each of the
peripheral devices with an unique address. In order to

30 accommodate the assigning of the unique addresses with the
required aécuracy, the data transfer system operates at a lower



FIG “3 is a graph illustrating the sanple tine avail able during the

initialization period prior art data transfer system FIG 4 is
a graph illustrating a sanpling tine available in a 15 data transfer
systemin accordance with the present invention. FIG 5is a
process flow chart illustrating the steps taking-in a peri pheral
controller during the initialization periog. FIG 6 is a
process flow chart illustrating the steps taken in t he master
controller during an initialization period. 2 0 FIG 7 includes

graphs illustr atifrgqasnée tldn duiring the operationalistateg Ianthenpteferredht i on and
operation state | f,REahERE the hitlalinition frequ¥inty 18128 KR 484 the
: operational state frequency is 512 KHz.
Synchronization of the peripheral devices with the master
5 device is a function that is performed at regular intervals during
the operation of the data transfer system. Synchronization is
obtained by sending a synchronization bit from the master device
107 to the peripheral devices 109, 113. In order to maintain
synchronization during both the operational state and the
10 initialization state, the synchronization bits need to be substantially
similar, otherwise, the peripheral controllers would need to
recognize more than 1 synchronization bit or the communication
link would be lost. -
FIG. 7 includes an illustration of the synchronization bits
15 sent during the initialization and the operational states. Waveform
701 is a Manchester encoded "0" transmitted at the initialization
frequency (128KHz). A Manchester encoded "1" transmitted also
operates as a synchronization bit during the initialization period.
Thus, every bit transmitted during the initialization state will
20 synchronize the clocks of the peripheral devices with the master.
During the operational state, synchronization is performed less
frequently. In the preferred embodiment, synchronization occurs
once at the beginning of every timeslot, approximately once every
125 microseconds. Specifically, during the operational state the
25 master controller sends an unencoded logic "1" bit 703, followed by a
Manchester encoded logic "0" bit 705 and an unencoded logic "0" bit
707. The inverse signal also serves as a synchronization bit,
namely an unencoded logic "0" bit, followed by a Manchester
encoded logic "1" bit and an unencoded logic "1" bit. The
30 synchronization bits sent during the operational and initialization
states are recognized as the same by the peripheral controllers,



Qet ai | ed Description of the Preferred Enbodi nent ' The preferred
enbodi nent enconpasses a radiotel ephone 5 system Most inportantly, the

radi ot el ephone i s one which enpl oys t he hi gh speed | ow anplitude data
bus between the radiotel ephone transcei ver and mnultiple peripherals.
The peripherals of the r adi ot el ephone system i ncl ude but are not
limted to a handset and a fax machimg. Qther peripherals nmay be a
data nodem a lap top 10 conputer, or a data display device. The high
speed | ow anplitude data bus has a master controller in the

transcei ver and thus, mmnﬁaqmnglsyglcbaonmuoa! duving the tnitializatiom spate he
peri pher al gi%% gansfer systemstarts up in an
initialization %Wﬁfe;?% uring anlnltlallzatlo eriod, Dur] he
initialization 1 5 stBnoperrassignment gfthe mpique G%se&tf°59§ €han

normal speed to %)en 1férh!>‘ae§zwesqs%§ ugemeasnm&qﬂmt ng the
evli

arbitration o é) [ hglr_%léy% Seconci&vg %8?3{@ %
evice is

synchroni zed € o ABMUI
assi gned an mﬁsﬁme@dﬂee;ﬁ-ac@ss ofhedcH peripheral caxxtroller. &t fimetion

- commm Sate 10 230880l RerPRpHl ShAos bS3yd Al Bpter LR
initialization sflowest address value. At function block 511, the peripheral
controller transmits its serial number onto the data bus 109. At
10 function block 513, the peripheral controller reads the current value
of the data bus 109. At decision block 515, the peripheral controller
compares the value of the data bus to the transmitted serial
number. If the comparison determines that the serial number and
the value of the data bus are equal, then there is no data bus
15 contention. If there is no data bus contention, then the unique
address of the peripheral controller is assigned the address value at
function block 517.

Detection of the end of the initialization period is critical to

transform the data transfer apparatus into the operational state.
20 Process flowchart 600 of FIG. 6 illustrates the master controller’s

process of detecting the end of the initialization period. At function

block 609 the control software times out at a predetermined interval

to check if a peripheral controller serial number has been received.

Waiting a predetermined amount of time is equivalent to having the
25 control software time out at a predetermined interval.

At decision block 611 the process decides if a serial number
has been received. If a serial number has been received, then at
function block 613, the master controller software configures the
newly assigned peripheral. Upon completion of function block 613,

30 the process waits for the next software time out at function block
609. -




Upon' detecting the end of the initialization state, the frequency of

the data bus is increased to its operational rate which is higher t han
that of its initialization rate. Utilizing a | ower frequency 2 5 during
the initialization period ensures the integrity of the communi cat i ons
bet ween the master and peripheral during subsequent communi cati ons.
The integrity is achieved by all ow ng for oversanpling and subsequent
noi se processing and to allow for thg vari ance of the bit edges due
to filtering and the capacitance and 3 0 variance in |length of the physical

cabl es connected to edfldeeisiéRdlock 611 dutehdiés a $e¥ial @fumber was not

> received, then decision block 615 determines if at least one serial
number has been received since the controller was powered-up. If
no serial numbers have been received, then the data transfer

5 apparatus is shut down at function block 627. If at least one serial

number was received, then the end of the initialization state has
been detected. Upon detection of the end of the initialization period,
the frequency of data bus is changed to the operational state
frequency at function block 617. In the preferred embodiment, the

10 operational state frequency is higher than the initialization state
frequency, namely, 512 KHz.

The system maintains synchronization between master and
peripheral controllers while changing frequencies of the data bus
109. In the preferred embodiment the operational frequency is 512

15 XKHz. The master controller does not change to the operational
ﬁnquenqyuntﬂithasckﬁedwdamnendtoﬁheipﬁﬂﬂhuﬂﬂn1peﬁod.
First, the master controller broadcasts a command to all of the
peripheral controllers to change to the operational frequency, while
the master controller remains at the initialization frequency.

20 During this transitional period, all of the transmissions from the
master controller to the peripheral controllers looks like
synchronization pulses to the peripheral controllers which are
running at the operational frequency. This is because of the
similarities previously discussed concerning FIG. 7. Once the

25 peripheral controllers changed to the operational frequency, the
master controller begins operating at the operational frequency.
Once in the operational state, communications within the data
transmission apparatus become standard.

The slower speed during the initialization period is necessary

30 to ensure the integrity of subsequent communications. The
waveform 300 of FIG. 3 is a prior art illustration of the sample time



RIG 1is anillustration of a radiotel ephone systemin : Tlas:mtaétdﬁs“l&%nl{epl ced

with the present invention. The radiotel ephone system |n

transcei ver 101 and a nobil.e or portable radiotelephone

nobi |l e or portable radiotel ephone 103 5 includes a transceiv

antenna 105 and nul ti pl e peri pheral devi ces. For the purpose of

Il lustration and description of the @ ef erred enbodi nent, a handset
111, and a fax nmachi ne 113 have been included as peripheral devices.
However, other peripheral devi ces may be substituted or may suppl enent

these peri pher al avgilable/tathe petiphénalcanizolies tosdetermimestheir unigne

anpl i tude data b %ﬂ 15&@3;0%] nt n. The
nobi | e or g??’g radj ot el ep E% ggﬁ sen an%ﬁaaeleielgl ragl:“g
frequency (RF) e &ime 301, cgmére \/t@r trapsmitpis R

signal s are s€AHPhathbur mtl@élaatalaﬁs@lcl mdweaaemeamatba@%hwm.l nto

G221 5 el 91 Dl e BRSNS IR, o FabeBR SR S e G RaBRR” ),
not limted t o t benhectddep theiperiphérads hnd thecrariande in the bit edges of fe
Gate Sransm o169 oigigle bl e BT 0 map ERGERIE TS, L1,
illustrates the panfomspvermphnagmd noisesprasessingronviheresults ofithaied
data a logic zer gats buseadH e I0P¥rating at a slower speed during the
10 initialization period increases the sample time available for reading
the value of the data bus 513. The increased sample time 401 is
illustrated in FIG. 4. A detailed analysis of the variable delays is
contained in attached tables 1-4.

15 What is claimed is:



falli ng edge a -bit as illustrated at 201. A I\/hnrhpster

encoded data |s ising edge at the md-bit_as
represented at ﬂm, ﬂagi‘lﬁ m”m“ ng the initialization Jhis, heet Has Been Replaced
comuni cati ons beétwe peri pheral devices and th

are set up. The requi rénefits of the initialization sd Hmll M“m
synchroni zi ng the peripheral devices jt@ the master devi ce and

assigning each of the peri pheral devices with an ‘uni que address.
order to 3 0 accommopdate the assigning of the unique addresses with the

requi red accuracy, tHe Aadstda transfersystemcfordpansferingidata itownd from
6 a master device and at least a first and a second peripheral
device, the data transfer system including a data bus and at
_ least a first and a second peripheral controller and a first
5 master controller, the data transfer system comprising:
means for initializing the data transfer system during a
first initialization period, said means for initializing
comprising: .
means for operating the data bus at a first frequency, and
10 means for assigning each of the at least first and
second peripheral devices with an unique address;
means for detecting the end of said initialization period;
and
means, responsive to said means for detecting, for
15  operating the data bus at a second frequency.




frequency than during the operational state. In the preferred ; -
enbodinent, the initialization frequency is 128 KHz and. URf shect HasBeen Replaced

operational st S 512 KHz. ' Synchr pmi o wne
peri pher al deﬂmﬁ ﬁﬂﬂﬂ@é‘ﬂ&ster 5 device is a functiﬂllmamwu' ”n
performed at L during the operation o

transfer system Synchronization is ai ned by sending a
synchroni zation bit fromthe nmaster device 107 to the peripheral
devices 109, 113. In order to maintain synchroni zati on during both the

operational state and the 10 initialization state, the synchronization

bits need to be substgnt, Lol ar 1| .S€e, e | pher al
controllers woul d nee%_ o%wtmrnesgglahﬂp 1 %%fﬁéﬁ%s%%n?l%zgt ion bit or
t he communi cat i on whereih;ssidwoeauns fer detacting further compmises the steépsies an

illustration of thg. synchronization bits 15 sent during the initialization
and the operational states. Waveform . 701 is a Manchester encoded "0"

transmitted & the i nwaiting afirsipredetermingdamountoefidime; A Manchest er
encoded "1" transni t taboki® if the bR CERLTIeR RLEREEM AatigR. dtirialdur i Ng

- nitializat on st AEORER during the RAVIORNS AP WBIAE ! 1 he per i pher al
devi ces with the nastdetermining)respongiive topsmidtstepaif chieeking rgvedlingi zat i on
I's performed | ess that no unique serial number was received, that the master
10 controller received at least one unique serial number; and
repeating, responsive to said step of checking revealing
“that an unique serial number was received, said step of

waiting.
15 3. A data transfer system in accordance with claim 1

wherein said means for assigning a unique address in each of
the at least first and second peripherals further comprises the
steps of: -
~ setting an address counter to a first counter value;
20 transmitting said a first unique serial number on the data

bus; :

reading a first value of the data bus;

comparing said first value of the data bus to said first
unique serial number;

25 determining if the peripheral device is contending for use
of the data bus; and

assigning the address of said address counter to the
peripheral device in absence of said contending for use of the
data bus.
30



frequently. In the preferred enbodi nent, synchronizati occurs once
at the begi nprg—of—every timeSIot, approximately onceM
m cr oseconds mmu m(r“lmﬂ M| ng the operational stateThifiShest 15, Bermﬁ
control |l er serl W ogic "1" bit 703, fol |l owed < Replaceq
Manchest er encotled | d‘gl ¢ "0" bit 705 and an unencoded | og Iﬁ”l#

707. The inverse signal also serves as a sypchroni zation

an unencoded logic "0" bit, followed by a nchest er encoded Ioglc "1

bit and an unencoded logic "1" bit. The 3 0 synchronization bits sent
during the operationad. ddataitramsfer aystem in accordameeswithecladnngni zed as

7' 5 s, "ol e BEARR S e 5 osening RS ORTERE $481 on scare
intermediary steps of:
incrementing said address counter in response to
5 determining the peripheral device is contending for use of the
data bus; and |
repeating said steps of transmitting, reading and
determining until determining an absence of said contending
for use of the data bus.
10
5. A data transfer system in accordance with claim 1
wherein said means for initializing further includes means
for synchronizing the at least first and second peripheral
devices to the master device prior to said means for assigning.



and the operational state. Proper assignnent of the unique
addr esses for—each—of—the peri pheral devices is Teguired—to—ensure all
subsequent 5} m Uuare successful. Process f t 500 of FIG
5 il ustumnmm “tﬂm ! of each peripheral cont rﬁlg1 ‘Qﬁi}?ﬁa M Gedn
bl ock 509, the*pefi p‘her"al controller sets its address co mﬁrﬂ m :

| onest address value. At function block 513,3the periph ol l er
transmits its serial nunber onto the data bus 109. At 10 function bl ock

513, the peripheral controller reads the current val ue of the data
bus 109. At decisi on Bl cAkméthod oftrapsfenihg daita torand fitomn a masteronpar es

t he val ue of the da&ﬁcplr%& ?ﬁiéﬁtgg?%%ﬁn%%dse%%é\haﬂeﬁphfﬁélwg& If the

conpari son determ nes, e serl er an val ue of the

data bus are equal utilizing @ndata bus,eaclumastes andspexipherah device| f there is
no data bus cont engaiiaink 4 Eorrd ifgCcontrollefUtHe Afethbd! dPotraRisfdiRE 2l

controller is_assigned the addreti; val ue .at function bl ock 517

Det ecti on of Phe efidtacomprising; Iﬁt_fﬁ?i°gn period is critical to

transform the data tr pigializiagdurbdga firstoinitialientioat period, sdid teplof0
Process flowchart 6Q0Q. of .Fl

G _6 il usﬁ{ at&s t‘l’;tf master controller’s
process of detecti Hb‘ FOMPRFIDS; tHE PUYRS, % i on period. At function
bl ock 609 the control sof toperatingnihe data bas at o firstt frequency,iaxidr val

assigning each of the at least first and
10 second peripheral devices with an unique address;
detecting the end of said initialization period; and
operating the data bus at a second frequency responsive to
said step of detecting. '




n T
control sof Ium a predeternined interval. i sheetHas BeenREplaced

deci sion blo ss decides if a serial nunber n
received. If a serial nunb&r has been received, then at Illll ||II mlll m
bl ock 613, the master controller software ggnfigures the
assi gned peripheral. Upon conpletion of function block 613, 3 0 the -
process waits for the next software tine out at function bl ock 609.
8 | f ded.sAomdthed ofitdnsfeirivigridacs in sveordanceuwith clsm not
6 wherein said step of detecting further comprises the steps of*
waiting a first predetermined amount of time;
checking if the master controller received an unique serial
-5 number during the previous step of waiting;
determining, responsive to said step of checking revealing
that no unique serial number was received, that the master
controller received at least one unique serial number; and
repeating, responsive to said step of checking revealing
10 that an unique serial number was received, said step of
waiting.

to check i eri pheral controller serial nunber has been received.
Waiting a p mr of time is equivalent tohavingthe 25
C q

8. A method of transfering data in accordance with claim
6 wherein said step of assigning a unique address in each of
15 the at least first and second peripherals further comprises the
~ steps of:
setting an address counter to a first counter value;
transmitting said a first unique serial number on the data
bus;
20 reading a first value of the data bus;
comparing said first value of the data bus to said first
unique serial number; '
determining if the peripheral device is contending for use
) of the data bus; and
25 assigning the address of said address counter to the
peripheral device in absence of said contending for use of the
data bus.

9. A method of transfering data in accordance with claim
30 8 wherein said step of assigning further comprises the
intermedi_ary steps of:



recei VW | ock 615 determnes if at | east one serial—

nunber :mmﬂﬁﬂ‘““ﬁﬁﬁ!ﬁ@n since the controller was powered‘nmlSheelHasBeenR' Reed -
seri al recei ved, then the data transfer l j

shut dowt af flinction block 627. If at |east one serial "M
received, then the end of the initialization state has .
Upon detection of the end of the initializpgion period, t he frequency
of data bus is changed to the operational state frequency at function
bl ock 617. In the preferred enbodinent, the 1 O operational state
frequency is higher uheu-emantmgsaldladdmssrcom&eem respomsgjt@ncy, nanely,

512 KHz. \éﬁ-‘ﬁq}{? t
and peri phergl ¢an ‘F‘%ﬁ% Féﬁgg%ﬁgpmges % t he atsae[)us

109. I'n the pref edasa busm@ndrent the operatl onal frequency is 512 1 5 KHz.
The master controll erreg 8 tféaaaﬁg and frequency

iahae
until it has dete ap .en |n1t|aI|zaaihs er|o J rst, he
master contre |l er 3&?5‘&8’&‘&9(35 ﬁgﬁﬁm&a ePﬁg EPF%EWQ

controll ers to chfogeasé of the dapabaisi onal frequency, while t he master
controller remains at the initialization frequency. 2 O During this

" transitional period, all of the transm ssions fromthe mast er

controller to the peripheral controllers |ooks |ike synchroni zati on
pul ses to the peripheral controllers which are



runni ng at the operational—requency. This is because—of—fhe"/

simlariti€és E n ussed concerning FIG 7. gagge‘énkeplaced
peri pher al Eﬂmg E “‘\ & d to the operational frequ
mast er cont ege nss oder at i ng at the operational jmmm ﬂn Once

in the operational state, conmunications wthin the dat Ssion
appar at us becone st andard. Thg | ower speed during the
initialization period is necessary 3 0 to ensure the integri ty of
subsequent communi cations. The waveform 300 of FIG 3 is a prior art

illustration of the 1an’pA e'athotelephone including a transceiver and at least a
2ddresse§vallh: ?gl runn| ng g?ﬁ{%e op era [ onaﬁy sp eeg}%ﬂﬁ&féﬂﬂ%ﬂa&'e' runtaue
between the transcelver and at least the hancise(tJ éhe data
transfer system including a data bus and at least a first
5 peripheral controller and a first master controller, the first
peripheral controller contained within the handset and the
first master controller contained within the transceiver, the
radiotelephone comprising:
means for initializing the data transfer system during a
10 first initialization period, said means for initializing
comprising:
means for operating the data bus at a first frequency, and
means for assigning each of the at least first and
second peripheral devices with an unique address;
15 means for detecting the end of said initialization period;
and |
means, responsive to said means for detecting, for
operating the data bus at a second frequency.




sanpl e tinme 301, the peripheral controller needed to transmt its

serial nunmber on the data bus 511,: and read the data bus value 513. 5

Due to the capacitance delays, the variance in the |length of cables
connected to the peripherals and the variance in the bit edges of the

| ow anplitude signals the sanple tine 301 was inadequate to perform
oversanpling and noi se processing ong %thresults of the data bus read

513. QOperating a %ﬂurl g the 10 mitigﬁ"z%}@p i od

i ncreases the sangfe tine a 5readlng e I 0f" the data
bus 513. The incré¢ased sanple tine | RN rated in FIG 4. A
detail ed analysislof the variable d Iays S g? ained in attached
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14'_ . CLAI M5 . VWhat is clainmed is:

5~ 1. A, data transfer systemfor transferring da‘% g& and from

a master device and at |east a first peripheral devi cd?™{Te dat a

transfer systemincluding a data bus and at |least a first peri pher al
controller and a first naster controllen7 the data transfer system
conprising: 10 ~ neans for initializing the data transfer system
during a first initialization period, said neans for

initializing ?}@ﬁ) 'BOD AND nyoperating
t he data bps aP%T‘%i rsf ata METHOD APPARSI%Un%f}(Ie‘# ra e,ﬂgﬁ 15

means for #¥ssigning the at |e£§EQPF§C’6eQ}’E%1§ devi ce

with an uni que address wherein said neans
g Asbstract o? ﬁ'le Disclosure

The present disclosure incudes a discussion of a data

10  transfer system. The data transfer system is responsible for
transferring data to and from a radio transceiver (107) and all
the corresponding peripheral device (111, 113) contained in
within the radiotelephone (103). The data transfer system
includes a data bus (109), a master controller within the

15 transceiver (107) and a peripheral controller within each of the
peripheral devices. The data transfer system has an

_ initialisation state and a operational state. During the
initialisation state the data bus (109) operates at a lower
frequency than during the operational state. The lower speed
20 increases the time allowed for the assignment of the unique

addresses for each of the peripheral controllers. Upon
detecting completion of the initialisation state, the master
controller conducts the change to the operational state.

25 (FIG. 1 accompanies this abstract)
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for assigning a unique address in the at |east first

peripheral further conprises executing the steps of: : -ﬂm?[‘"

setting an address counter to a first counter 20

val ue, transmtting a first unique serial nunber
on the data bus, 9 r eadi ng
a first value of the data bus conparing said '
first value of the a d.first unique
serial number, va:fgble epenpheral congrollers tg ﬁm@bﬁ& aoane
device is addresses while running abithedperatiohal speed. tDaritg théus, and

251 Gning (e 200 il BrnS A1, AW pEFRIALEhipoler noedod to ranamit ts

absence of sai d sexdaknumberfon thesdats buk&11, and read the data bus value lhsa

bus; 5 Due to the capacitance delays, the variance in the length of cables
connected to the peripherals and the variance in the bit edges of the
low amplitude signals the sample time 301 was inadequate to
perform oversampling and noise processing on the results of the
data bus read 513. Operating at a slower speed during the

10 initialization period increases the sample time available for reading

the value of the data bus 518. The increased sample time 401 is
illustrated in FIG. 4. A detailed analysis of the variable delays is
contained in attached tables 1-4.
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15 4. A data transfer systemin accordance wwth claim1

wherein said neans for detecting further conprises the stg

Y S

waiting a first predeterm ned anount of tine;

previ ous step of waiting; 20 deterﬂining, respon
of checking reveal ing that no u

recei ved, that the master
uni que serial nunber
repeating, responsive to said step of checking revealin%
an uni que serial nunber was received, said step of .
5. A data transfer systemin accordance with claiml

of :

Calculated

Max delay on
Anslogpath .
5%ns Downlink: gg-—::
Downlink:s 230 —ns
290 — ns
Downdink: 230 - ns
5% ns Dowalink 230 —ns
Uplink: 290 —us
Down-link: 2&L~:§
Updlink: 290 —nms

S%us Uplink:

s%us U
5% ns

5% ns

181 4/~

Dgyn&ﬂg 146 -/
Dgyniﬂc 1IN /=
Down-link: 178 4/~

208 4/~

Uplink: 229 +/—

Typical case (425 C)
Amlog path delay
Uplink: 265 4/—5%ns

Dowslink: 215 +/— 5% s

Downlinks 208 4-/—

Measured
Bestcasein Worst casein

Csble 4  temperature

coilcord (—=40C)

'sctual range: 3/16-4/1

temperature

Table 2
” BICLS '
DSC BUS DELAY ANALYSIS
WITH % BIT ADVANCE SCHEME -
(+85C)
pass
- ms
]).235 .
pass
fail

pass
pass
pass
pass
fail

Zm
T 8m
10m
2m
4 m

Diivers and filters
with no cables
Drivers and filters
with a 6 m cable kit
Drivers and filters
witha6m eable kit
and a 2 m extender
Drivers and filtecs
witha 6 m cable kit
and a 4 m extender
Drivers and filters

Loxd

que serial nygnt
control ler received |at
during said neans for inijtializing;

Relke

master controller received an uni que seri al Ny

3, AN

By P

her during the

e p9 SEPdIRt e

er was

l-east—one

and

Uplink: 276 +/— 5% 1S

with 2 6 m cable kit,

aémmiaZm

t hat

wai ting.
wherein said

Mhz £ 8.19 - 25)

1) Source of frequency: Function Genetator (I3

Note:

means for assigning further conprises executing the 30 I nternmedi ary steps




16 . I ncrementing said address counter in mesponse to
déterm ning the peripheral device is contending for use of. +hre
data bus; and repeating said steps of transniREPthENEﬁH}SHEET‘
and 5 determ ning until determ ning an absence qf psard T
contending for use of the data bus. 6. Adagtg t ﬁ ¢

systemin accordance with claim1l _ \Muﬁkﬁrlsaid nmeans forb$ﬂ$ Fé??éing
further includes neans for 10 synchroni zing the at |east] fliLrst peripherdl
device to the nmaster device prior to said nmeans for jassigning. '
7. The data transfer systemin accordance with claiml

Worstcase  Theocetical
Bmit
n/a
n/a
n/a
n/a
n/a
—
27 ns

122 as
40 ns
60 ns
12 ns
40 us
10 ns
3% us

due to thecrystal .

the detection of
sssociated with this rise

erals
é The time of zero-crossing depends on the rise time variation snd on the data

between peripherals and one
4»‘!heennrchnmiuunb:ﬁbuéﬁkp!nmwaunpcdfh

Table 3
BIC 1.5/20
IUMEHHUVNK»@IH%A&&GHS

this 2 m plus 2 m coll cord difference
up-link path (L.e. Total delay includes the

and a 2 m coil cord on & handset.)

T Phase difference exists between peripherals in reference to the master.

pesipticrals is & handset,
cmndunuuhcdﬂq;hndownﬂﬂkpuh.

teansmitted. The detection of alternating one's and zero's takes Jonger than
all one's and af] zero's. |

time varistion also includes nolse slong the DSCbus.
Total

2 m cable extender
tolerance.
threshold at the compatator varies in time. The delay

S Dueto the rise time variation along the analog path,

of the

No Description of each delay

2 Assuming maximum cable length of 2 m spart

3 Loop delay between peripherals on

D The St associated with the varioos cabi Sength sre sctally messured values.

Notes: '
" 1) Thisanalysis is based on three peripherals.



wherein the data transfer systemis inplenmented within a
-r.adi'ot el ephone, the master device is a transceiver and t
device is one chosen froma group consisting of a
facsimle nmachine, a | ap-top conputer, a data display
nmodem 20 8. A nethod of transfeﬁ
device and at least a first peripheral devi
each nmaster and peri pheral

controller,
25
initializing conprising the steps of:
bus at a first data transfer rate,

assigning the at least first pegiphera
3;n said ste
D

uni que address wher
address in the at | st firshigj ?g

and
_deyices with 30

f:

20034

230my_

290m
o
as®
as

conprises the steps

Uplink: ~ 290

Downdink: 230

]

atats by 4

it 1 s

28uugy 88 a8

GIRRRERE ¥% 8%

a4

égiiasgsa 58 8%

BE 1i[2ad585 43 4

: S%g SESES gg £s

:Es §§EF§‘5 E? ' = .

s gggégi i 1 % 3
BE, .

Eﬁ%i i i ?_ 3

LI

E’i ng data to ahd} f @SEPISIY
e utilizing ajdata bus,

devi ce contains a correspondin

the met hod of transferring data conprising th

initializing during a first initialization period,

15

(FAPENT FSHEET

” a2 1

devi ce, and
er

st eps of -
, said step of
operating the data

an
uni que
further

1% Mh2)
ate based on BIC 1.5 with the PAL and shift register.

téns

Drivers and filtess
with uo cables
Drivers snd filters
with 2 6 m cable kit
Drivers and filters
. with a 6 m cable kit

and & 2 m extender

Drivers and filters
with 2 6 m cable kit,

admandaZ2m

with & 6 m cable kit

and a 4 m extender

Load
Drivers and filters

1) Source of frequency: crystat (13 Mhz & 8.19 +/—

2) All these measurements taken above
3) Break-down on anslog path delay in typical Gase:

dedver 4 flter: 110 ns
6meablekit: 77ns
4 m cable extenders 5T ns

Notess
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U —_— e hen
(he data bus UII@MIMIIIM (D, readng e’ st va “ 1 [REPLACEMEND SHEET,
device is contending for dEtﬁétran (r)]:‘ n?hla datgﬂﬁé sﬂf{?@l]

assigning the address of said address counter to the 10
peri pheral device in absence of said contending for use
of the data bus;

uni que seri al

period; and

10

15

20

25

30

setting an address counter to a first counter
' said a first unique_serial _nubes—qn

det ecti n@CILABMENd of sai d Loliigdtzat+on
What is claimed is:

1. A data transfer system for transferring data to and from
a master device and at least a first peripheral device, the data
transfer system including a data bus and at least a first
peripheral controller and a first master controller, the data
transfer system comprising:
means for initializing the data transfer system during a
first initialization period, said means for initializing
comprising:
means for operating the data bus at a first data
transfer rate, and
means for assigning the at least first p'eripheral
device with an unique address wherein said means
for assigning a unique address in the at least first
peripheral further comprises executing the steps of:
setting an address counter to a first counter
value, -
transmitting a first unique serial number on
the data bus,

‘reading a first value of the data bus,
comparing said first value of the data bus to
said first unique serial number,
determining if the peripheral device is
contending for use of the data bus, and
assigning the address of said address counter
as the unique address of the peripheral device
in absence of said contending for use of the
data bus;



oper at i ng the data bus at a second data transfer rate

responsive 1o said step of detecting 9.

transferri nglﬂ“ﬂ "Mﬂﬁﬂﬂl |Ee Wi t h cI al m 8 whereilnsarTiTst dafa

transfer rat econd data transfer ratle. 09 g§p1997

10. A method of frahsferri ng data in accorda.ngce wi th claijm
e

said step of detecting further conprises th
a first predeterm ned anount of tine; " checki n

1 AGEMENT SHEET

wher eiin
L - -wattTTlg
i f the mast er

teps of:

controller received an uni que seri al nunber de=tmrg=t1Te~pr €VI OUS

step of waiting;
checki ng reveal i
t hat the nmaster
nunber

25 meaniPi det8tting the RAWTisuRl ifitializdtishep Of
ng that no unrque serial nunber was received,

pewds asd| er recei ved at Ieast one uni que seri al

during sai £n$ | _
repeating, responsive to sal trg&gg{m% %‘%‘ ‘?‘%@gsa tg(btmg, for t hat

an uni que seri al
5

10

15

20

25

30

nunber vvagpem:tnng ¢he data ibustatm srfcond data transfemai t i ng.

rate.

2. A data transfer system in accordance with claim 1
wherein said first data transfer rate is less than said second data

transfer rate.

3. A data transfer system in accordance with claim 1
wherein said first data transfer rate is 25% of said second data
transfer rate. .

4. A data transfer system in accordance with claim 1
wherein said means for detecting further comprises the steps of:

waiting a first predetermined amount of time;

checking if the master controller received an unique serial

number during the previous step of waiting;

determining, responsive to said step of checking revealing

that no unique serial number was received, that the master

controller received at least one unique serial number

during said means for initializing; and

repeating, responsive to said step of checking revealing

that an unique serial number was rec_eived, said step of

waiting.

5. A data transfer system in accordance with claim 1
wherein said means for assigning further comprises executing the
intermediary steps of:



18 : 11. A nethod of transferring data in a
claim — 8 Wwherernm said step of assigning further co

iRl LT A

s g&ﬁ#&éer 3

'ma@mw RUEET

use of “ t'he Yat'a lpus and repeafi id steps f
transmtting, reading and : deter1n§ ning until Jdeterm ning an
absence of said contending for use of the d 10

12. A method of transferring data in accordance with claim
incrementing said address counter in response to

determining the peripheral device is contending for use of
the data bus; and
repeating said steps of transmitting, reading and

5 determining until determining an absence of said
contending for use of the data bus.

6. A data transfer system in accordance with claim 1
wherein said means for initializing further includes means for
10  synchronizing the at least first peripheral device to the master

device prior to said means for assigning.

7. The data transfer system in accordance with claim 1
wherein the data transfer system is implemented within a
15  radiotelephone, the master device is a transceiver and the
. peripheral device is one chosen from a group consisting of a
handset, a facsimile machine, a lap-top computer, a data display

device, and a modem.

20 8. A method of transferring data to and from a master
device and at least a first peripheral device utilizing a data bus,
each master and peripheral device contains a corresponding
controller, the method of transferring data comprising the steps

of: .
25 initializing during a first initialization period, said step of
‘initializing comprising the steps of:

operating the data bus at a first data transfer rate,
and - '
assigning the at least first peripheral devices with

30 an unique address wherein said step of assigning a
unique address in the at least first peripheral
further comprises the steps of:




8 wherein said step of initializing further includes a sfP of
« o NT SHEET|

synchroni zi ng tt peripheral device to the mIﬁG(CEME L il
devi ce prior Ei‘“mﬂ“lmml m“ si gnl ng. 15. 18 rTe-wethod of|
transferri ng aci mac&or ance wt cl aim 8 whereinjt he ggtggdwﬂ

I mpl enmented within a radi ot el ephone, t mast er ‘devi gelis a .

transcei ver and the peri pheral device one chosen fir tm-a—grotp
consisting of a 20 handset, a facsimle machine, a lap-tqp corrputer, a
data di spl ay devi ce, and a nodem - 14. YA—edataTTanst er

systemfor transferring datstfifganthddress céuimter 3o @it codfteramlasd at | east
a first peripheral device, the 5 dat,a transfer systemincl udi ng a data

bus and at least a first ransrpéatxwldmﬁbsﬁuwerseamn&mbersqn mast er

controller, the data the sk Pus syst em conpri si ng: . ~means
for |n|t|aI|Z|ngthe data transter systemdurlnga first
initialization period, sai deadinga fivst valueiofitheidaga Dais, conpri si ng:

means for op%r ating t he dat %nﬂﬂﬁ'nfé S&ldfﬁl‘S% afil% 3f the data bus to said
first unique serial number,

determining if the peripheral device is contending for
use of the data bus, and ) |
assigning the address of said address counter to the
10 peripheral device in absence of said contending for
use of the data bus;
detecting the end of said initialization period; and
operating the data bus at a second data transfer rate

responsive to said step of detecting.

15 .
9. A method of transferring data in accordance with claim
8 wherein said first data transfer rate is 25% of said second data
transfer rate.
20 10. A method of transferring data in accordance with claim

8 wherein said step of detecting further comprises the steps of:
" waiting a first predetermined amount of time;
checking if the master controller received an unique serial
number during the previous step of waiting;

25 determining, responsive to said step of check.ihg revealing
that no unique serial number was received, that the master
controller received at least one unique serial number
during said step of m1tm]1zmg, and
repeatlng, responsive to said step of checking revealing

30 that an unique serial number was received, said step of

waiting.



transfer rate;

EET

a8 st first periphera ﬂ 4-%1!
1

means for ass

with an uni qj §

setting an a d first counter value, 5 09 SEP
transmtting a first unique serial nunber on.héhe dat a
bus, reading a first value of the data bug,

conparing said first value of the data bus to said _first

uni que seri al

10

15.

20

25

30

nunber,
11. A method of transferring data in accordance with claim

8 wherein said step of assigning further comprises the
intermediary steps of:
incrementing said address counter in response to
determining the peripheral device is contending for use of
the data bus; and
repeating said steps of transmitting, reading and
determining until determining an absence of said
contending for use of the data bus.

12. A method of transferring data in accordance with claim
8 wherein said step of initializing further includes a step of
synchronizing the at least first peripheral device to the master
device prior to said step of assigning.

13. The method of transferring data in accordance with
claim 8 wherein the method is implemented within a
radiotelephone, the master device is a transceiver and the
peripheral device is one chosen from a group consisting of a
handset, a facsimile machine, a lap-top computer, a data display
device, and a modem.

14. A data transfer system for transferring data to and
from a master device and at least a first peripheral device, the
data transfer system including a data bus and at least a first
peripheral controller and a first master controller, the data
transfer system comprising: _

means for initializing the data transfer system during a

first initialization period, said means for initializing

comprising:
- means for operating the data bus at a first data
transfer rate, and




L £

10 determning if the peripheral device is gestentg-rag—ie .
use of the data bus. and .assigning the a MMIH{EET
addr ess count tﬂlll “Il“wli“"lll I”“I peri pheral device} i dbSERTETOT ]
sai d cont endi L ,! s % use of the data bus;} 1 09 SEP 1997

means for detecting the end of said initial i12931tion peri od; " amd
nmeans, responsive to said neans for detecting, for '
the data bus at a second data transfer rate. 20 15. A data

transfer systemin accordance with claim 14 wher ei n saro—means—or

assi gni ng further conpri sesnenerforiaggdignling the at ledstdinge pesiphepaleps of
I ncrenenting said address ggunt er, jn response det er m ni ng

0 .
the peripheral device is cOfVIRITHE anguniguie 88 comprises gEeWINE bus; and
repeating said steps of trapeQidgsdy. reading and . determ ning
until determ ning an absence of "said contendi ng for use of the
dat a bus. setting an address counter to a first counter value, :

5 transmitting a first imique serial number on the
data bus,
reading a first value of the data bus,
comparing said first value of the data bus to said
first unique serial number, |
10 determining if the peripheral device is contending for
- use of the data bus, and -
assigning the address of said address counter to the
peripheral device in absence of said contending for
use of the data bus;
15 means fqr detecting the end of said initialization period;
and
means, responsive to said means for detecting, for
operating the data bus at a second data transfer rate.

20 _ 15. A data transfer system in accordance with claim 14
wherein said means for assigning further comprises executing the
intermediary steps of:

incrementing said address counter in response to
determining the peripheral device is contending for use of

25 the data bus; and ,

repeating said steps of transmitting, reading and
determining until determining an absence of said
contending for use of the data bus.

30 16. A method of transferring data to and from a master
device and at least a first peripheral device utilizing a data bus,
each master and peripheral device contains a corresponding
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controller the method of transferring data co I st ng the steps
of. : |n|t|aI|2|ng during a first qnltlallzatl n[-p&r—l-od,——sa-l-d—
st ep -of dnitializing corrprisin(f he steps of 5
operating the data bus at a first datatransfer rate, ’ '
and
controller, the method of transferring data comprising the steps
of: |
initializing during a first initialization period, said step of
initializing comprising the steps of:
5 operating the data bus at a first data transfer rate,

and
assigning the at least first peripheral device with an
unique address comprising the steps off
setting an address counter to a first counter
10 value,
transmitting said a first unique serial
number on the data bus,
reading a first value of the data bus,
comparing said first value of the data bus to
15 . said first unique serial number,
determining if the peripheral device is contending for
use of the data bus, and
assigning the address of said address counter to the
peripheral device in absence of said contending for use of
20 the data bus;
detecting the end of said initialization period; and
operating the data bus at a second data transfer rate

responsive to said step of detecting.

25 17. A method of transferring data in accordance with claim
16 wherein said step of assigning further comprises the
intermediary steps of:

incrementing said address counter in response to
determining the peripheral device is contending for use of

30 the data bus; and '



aSS|gn|ng the at Teast Tirst peripheral device with an
uni que address ﬂlﬂe“m tmm m)eps off
an address courﬁ“l“ltl I | unt er

transnitting sai'd & fi'rsf uhi que: serlal

t he data bus, read%?g a first v
bus, conparing saif€'first val ug
to 15 said first unique serial nun

. determining if the peripheral device is contending for
use of the data bus, &Rgeating said steps FIPARhRLirg) Peadiiy; of said address

counter to the peri pheral device in absenc€ of said cont endi ng
for use of 20 detexmining until: determining an abgencesfisaid t he end of said
initialization period, g the data bus at a second
data transfer rate coﬁ@éhhngforggegf;]tsh v‘i)'ﬁtr gﬁl%é;l d step of detecting. 25

17. A nethod of transferring data in accordance with claim 16 wherein
said step of assigning further conprises the



intetnediary steps of: i ncrementing said adw CRMENE SHERT

response to
for use of 30

deternini ng the .peripheral devif

eonAt endi m
t he data bus; and
21 repeating said steps of transmitti ng, reading and dé¢t n@ﬁ.?ﬂ’a???ﬂ
determ ni ng an absence of said contending fobzuse of theldata bus

10
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DATA TRANSFER METHOD AND APPARATUS HAVING DUAL
FREQUENCY OPERATION

Abstract of the Disclosure

The present disclosure includes a discussion of a data transfer system.
The data transfer system is responsible for transfering data to and from
a radio transceiver (107) and all the corresponding peripheral device (111,
113) contained in within the radiotelephone (103). The data transfer
system includes a data bus (109), a master controller within the
transceiw}ex_ (107) and a peripheral controller within each of the peripheral
devices. The data transfer system has an initialization state and a
operational state. During the initialization state the data bus (109)
operates at a lower frequency than during the operational state. The
lower speed increases the time allowed for the assignment of the uniQﬁe
addresses for each of the peripheral controllers. Upon detecting
completion of the initialization state, the master controller conducts the
change to the operational state.




