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Abstract

This thesis explains about design and construction of a system for transferring digital data.
By using a mobilc phone as transmitter, digital data are fed via the small-talk port and
receive at small-talk port of the other one phone. The main parts consist of frequency shift
keying modulator/demodulator circuits. The maximum transferring rate is 1200 bit/sec. The
experimental results are shown that we can correctly transfer data without using mobile phone.

However the transferring error increases to ##.% when it was operated with the phones.
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241 swidouTlsunssuoamsnnd  Tisunsy szgniy13tumiasanué Feeghugduvy
vouavluuiiiEen 110151 Machine Sadlunnitannsa Aarelineuiuaes Whleld nnn
Machine ffﬁ:ﬁ"ﬁ'iﬁag"lugﬂxmuﬁ;ﬁumm;mﬁunn (HEX) 13y fda 8 fin 111010118 (B-Tuw3)
Wer it oEBHE-gwFumn) uafiumsiiszdrlsnmmine WBenlunsidan msfesdi
a1 19n 141 Machine sxfins 1§ daydnual (Symbols) Hi36n71 Maoemonics toumuamane
¥oafada (Fu MOV A #67H mansamuimideyasingit 670 Tiliftu13h reg. A) Tosunsudl
iU Iu3H e Mncmonics 36131 7147 Assembly uazApufisg ¥ CPU s Tilsunsufidou

#207141 Assembly 18 uadpanlasuldiilunm Machine Aou Taold Tilsunsuomeaniand

24.1.1 Flowchart Iimia IdTnsaldusasdnyazunzdanosiuvesTsunsuly

ar = o o u’: o L. | o o o
stinnsdansmiimung e flumsdrdauuuiiutuseu Tdinsa anudasnnlumsi

o

. é W o ¥ [ o o ¥ = & 2 o yq'
Program-Debugging ¥3emunsaigiinmunlsdaninufiuiTiwesdidou ilsunsy dwmiudou

ar

»
1aa uaz lufamssiFouluns@ou Talsunsy 1wy

[——"™.PoRT1000000008"
SET BIT PORT P1;5 |

T

CALL SUE DELAY"

e

CLR BIT PORT P15}

L

CALL SUB DELAY
|

-1 PR ¢ o
719 2.15 uaasdrodmIvou I Inia
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24.12  Statement JUibyTilsunsunm Assembly Usznounae daueeq (Field) 4

U 7i0 Label, Op-code, Operand Uag Comment Tun1si¥onundazf1ds iSun1 Statement 19y

Label Op-code Operand Comment
LOOP1: MOV AHOFFH ; REG A=11111111B
MOV P1,A AideyaluiTmaed A ven'lli
ACALL DELAY nein P1
MOV P1,#00000000B ;435un Tlsunsudeomiaanan
ACALL DELAY ahneit 000000008 sen il
SIMP LOOP nosa P1

g 1 L]
un Wsunsutoominunan

' lihiaa Loor wii

a1eit 2.2 uamsadednts Wmdalilsunsun1 Assembly

» »
2.4.12.1 Label %2R03UUAUAIDAIONYT "A-Z" nTomsBamne " " v azily
@ =2 o as <& - - Ao o dn A
@AI0NHITAIN A D2 Z NIBAAATIN 0 D1 9 UIBIRTBIVUY " 7 " DEUAVSLIINA DY 1A LALID
¥ »
MINT INBUdIRes Y 255 d1dnus lunsouaniassapaiinioanmng » : °
: 1 ,
(Colon)A WAL LANIARILENAATI (¥U LOOP:  tuzvin:: msaianisez i deded Tusunsuh
v 4 1 o [l 1 ] < n’; A
szGonl¥ vuFauasming sndaedn Tilsunsudesmiaana Andsastoilu DELAY:
2.4.12.2 Op-code (udruvesii hiinfazuansymjaimnavesmsnszfiusing
f1dq 15U MOV ADD SUB luseans
35N Op-Code uaz Tonfosusunszdnaiivesinfiuegetinion 1 ¥8413u MOV ARI
[ = - P o 1 4 v T
2.4.1.2.3 Operand Hhudnfuamsiadngnnszi ermlsznoudas 2 dauniinms
o W -
AUAIY ", “USBN1S
yaaanImunUsRiTznssm

» ¥
2.4.12.4 Comment fiumadisuiisiinouAasusTRANI svINomgiutasidfy

2 »
szanaTdnIvamng v ; ¥ (Semi-Colon) 1imi1A0YnASY
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da o or o o & . .
2.4.3.1 Semmeiividei veane5anynsuuSe SBUF (Serial data buffer register)
3 1 1 Ig ‘ﬂ' ALy ﬂ-l ) -4 -3 T +
fuoawmsaeghn 990 luRuiivessimaniHinsurinuvse SFR fivum 8 dauiaihu 2du
Al sy o or
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. A ot 4 L or ot o o u,: 1 o o d o a &
register) alimadouteyandGimaes SBUF deymiuvzgnadslildniidesdmiudedoya
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riedseennlulasaouInsamesinmen Tx0 wien P31 lunséiniimssndoyann
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sM2 : I¥lunmsiwetiansdsaslununiad Tsismans (multiprocessor) TumsinInua
o =3 y ) ]
2 waz 3 veawesmoynsulululasnouTnsamss Mcs-s1 drilafidlu «1” dia R 9z'liuon
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iin sM2 i «0” deyaiiiin RBS Asdoyavssdianga (STOP bi) dmsulumsianTnua
=9 d’ " W = d’ = o I'4
0 tinfiezhildude RBR fmusamauszniuiaronszuaunisnisedy
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Tavfi (RCAPZH,RCAPZL) iilumuesisames RCAP2H uaz RCAP2L Hvuia 16 1alifia
4
WS DIV
° ' - ar 3 I
24.4.1 mimmuanved inwesmementasiuea Tumsldnunesasynsuyel
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ar 5 Y] 459 2
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2.5.1.1.6 SIM CARD SUBSCRIBER JDENTITY MODULE 1ilu
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¥ o o’n& o t o x
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doyalli 2 SIM sz 1dRdeided iid 3 i
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funning mlasdanuideanis AUDIO FREQUENCY (AF) Saunn TuTas Trusing
ﬂssmumiﬂ's_mﬂ:nn?;ﬁmﬁ”mﬂmtﬂuﬁmwgmﬁ?ﬂaa AD vngnszuumaulasdaananiiu
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'y
HACAR | pgc :’.’l:::l """" -TXC WEI REGHS TER
‘
]
1Q TX I 1 COBBA ] O
IQRX : -3 “_q
1
— W2 g E AFC nierrace oM 1obata
H
' 11
1
1
1
|
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2.7 Tedies XR 2211

INP

TIMCt

TiM C2
TMR

Vaer

COMP |

@ [\P"’A""’ﬁﬁ“ 1) o
L~ e 3) LOF
14 Lock
__.__I Detact
veO N\ Comparator 6} LDOQ
13 R Cuad B
totornal
10 { Veee | \
Rirmrae rom| 2 7) 0o
8

317 231 uams Block Diagram w83 lefiued XR 2211
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4 TIMC1

14 Lead PDIP (0.3007) 14 Lead SOIC (Jedec, 0.1507)

s 232 name Aumavives ledued XRr 2211

719 233 4R DBRTHT FSK
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Ve OND BIAS

00
(— TC1 J 11} SYNCO
1

Tm' veo >

R 10 L

WAVEAT (13}

wavEA2 (19)
symat (15)

SYMA2 {6

31/ 2.34 U Block Diagram 483 lofuei XR 2206

TR
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810 ST0 |2
MO MO 3

Vcc V, 4
TC1 761 e=ls
TC2 TC2 6
TRt 7
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1 A . ' ] o oA A
4.1.1 nAALIAFUNAY Sine Wave HIUNIITDY Small talk voeInsdwiileds
A as . 1 1 [ o Ao v 5 ar
iefleudayana Sine Wave Alivualvgindt 100 mv Fawanamsulémefluniesues

a o
HAIWLU

Tek Prevu |

Ch1 Freq
1.993kHz

Cht Pk—Pk
100my

Ch2 Freq
1.989kHz

Ch2 Pk-Pk
908mv

i }[ J\ i
T Chi J 24.4mV
Bl Ch1 J 120mV; 24 par 2007

{B~+v[=60.0000ps] 06:49:51

[) ¥ 1 » . ,
7lfi 4.1 uaasmuAaivuvesdygramduil sesdyanuniivinalvgni 100 mv
ar [ - A
nasnndwuiietio
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nageuMsHNIH FSK Hazoeasie FSK

Mod fsk

4.12.1 gashlSfunuienIssonuunms

4.1.2.1.1 N9 FSK MODULATION

Fl1 = 1/RIC Hay
F2 = 1/R2C
Fo = 1/RC

4.1.2.1.2 39937 FSK DEMODULATION
Annandnawenasiadengl
Fo = VE1-F2)

A1U81M191 Ro 130 Timing Resistor 1asA3dAz1313 10K 84 100

K (wuztiilds1 Ro = 208€0)

Ro = RO+(Rx /2)
AUINIAT Co

Co = 14RO - O )
AIUIBMIAT R

R, =  ((RO-f)2(f1-22)

AN C, R MuanT loop damping
c, & (1250- Co)( R, 0.5")
ATUIUYIAT Capacitance, CF:
Rsum = (RF +R1)}RB AR1+RF +EB)
dofy o = 250 / (Rsum - (Baud Ratc))

Baud rate 1200 bit/sec
14 £ =600 Hz
T=1.67 ms
fassn «0r Wi 2 Tedade 1 iim 9218 T=418 ps £= 2.4 kiz

fas9n “1” Ty 1 lanAade 1 n 9214 T =835 us £=1.2kHz
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% c=0.1pF

wwld R, =42k0)

R,=8.4 kL)
Tek Prevu | £ o ] {Trig?
e et et
- - . v !B N : . - -
Cht Freq
211.6 Hz
1 Low signal
1 amplitude
Ch2 Freq
1.158kHz
1 chi Pk-pPk
3.60V
1 ch2 Pk-Pk
6.12V
Chi} 5. OOV ’\.; 2. OOV '\: iM[1. Oﬁmj A Chl I QOOmV
Bl Chl / 5.10V| 11 Mar 2007
@*'I352.000Es i 05:49:02

g1t 42 uamsdoyona FSK @14
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Ch1 Freq
§20.4 Hz

Ch2 fFreq
819.4 H?

Ch1 Pk—Pk
9.30V

Ch2 Pk-Pk
124V

: = i ;
Al Chl 7 900mV

OV v M| 400pS

11 Mar 2007
v (328.000us | 04:35:35

Chli inputpulse Ch2 output demodfsk

4 b ar oo “~ e = ar ar
JUA 43 uaadliidudidyauuauudataee fudyanuioeasiaudinnesaeasie
FSK

1 W ey
4.2 NAadITIVBYanTABR

a v o feig W
421 01 wosiTnldmaans

ORG 0000H ; Reset Vector
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; Initial all port for NX-51 V.2.0

MOV P0_#00000000B ; Clear Databus
MOV P1#11101111B ; Clear status all devices
MOV PZ#11111111B ; Free Keypad input and onewire
MOV P3,#00011111B ; Clear status LCD, R-2R, P3.2-3.4
MAIN: MOV TMOD#021H ; T1 8Bit Auto, TO 16Bit
MOV THI1,#0E8H ; 1200 bps Timer 1
MOV TL1#0FDH .
SETB TR1 ; Start Timerl
MOV SCON,#040H ; Model RX Disable
MOV DPTR #SERIAL. TEXT ; Set Pointer Serial TX
ACAIL TX TEXT ; TX Text to Serial Port
MOV DPTRHMHELLO TEXT ; Sct Pointer Serial TX
ACALL TX TEXT ; TX Text to Serial Port
AIMP $
; TX Serial Text from ROM Pointer
TX TEXT: CLR TI ; Clear T1
TX LOOP: CLR A ; Clear ACC,
MOVC A @A+DPTR ; Get Data from ROM with Pointer
INC DPTR ; Increase Pointer




CINE

TX_CHAR: MOV

CLR
ACAIL

54

AH#OFFH,TX CHAR  ; Check OFFH End of Text Char.

3

; Dummy Delay time 100m

DELAY 100ms: MOV
DELAY 100ms 1: MOV
DELAY 100ms 2: NOP

NOP

NOP
NOP
NOP

NOP

DINZ
DINZ

; End => Retum
SBUF.A ; Send Data to SBUF
TL$ ; Wait until TX already (TT=1)
T1 ; Clear T1
DELAY 100ms ; Delay
TX_LOOP ; Jump to TX LOOP
R7.#100 ; Do 100 times
R6,#0E6H ; Each lcop = I ms
; PROCS51RD2 addition
; End

R6,DELAY 100ms 2

R7,DELAY_100ms_1

;Define Constant < Store in Flash EEPROM Program Memory >
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SERIAL TEXT: DB GOAH,00DH
DB 00AH,00DH
DB 'KRISANA ANUWATE 57015863 KMITL',00AH,00DH
DB ‘for MCS-51 Microcontroller Training System',00AH,00DH
DB ‘Copyright (C) 2000 Innovative Experiment

Co.,Ltd KMITL',00AH,00DH

DB 00AH,00DH,0FFH
HELLO TEXT: DB 00DH,'Hello.. PC.',00AH,00DH,0FFH
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b gnABd 54%
f QNABI 76%
j QNABY 37%
n QRABI 62%
r QRABY 49%
v QNABI 45%

z QAN 47%

¢ QAABY 49%
g QNABY 73%
k QAADI 44%
o QNABI 61%
s QNADY 45%

w QRABY 75%

d QAABY 31%
h QnABY 25%
I QnABY 50%
p QNADI 43%
t QAADY 20%

x QNABY 30%
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y /S /S il sy

ELECTRICAE. CHARACTERISTICS
Test Conditions: Vo = 12V, Ty = +25°C, Ry = 30KL2, Cg = 0.033pF, unless otherwise specified.

22 EXAR

Parameter

[ |

| Max. | unit [Conditions

General

Supply Voltage:
Supply Currentt

45

Rp> 10KQ. See Fgwa 4.

Osciflator Section

Fraquancy ACCoracy

Frequency Stabliity
Tamperatwe
Power Supply

Upiper Frequency Limi

L owest Practical Operaiing
Feequency

Timing Resistar, Rg - See
Figqure 5

Operating Range
Recommendeas Range

100

001

728l o 34

Deviation from o = 1R Cy

See Fipre 8.

Ve = 12 21V, See Figure 7.
Veo= +5V. 800 Flowe 7.
Rp=B8.2K0}, Co=400pF
Ro=2MQ, Co=60uF

See Figue 7and Figwe 8.

Loop Phase Dectector Section

Peak Output Corvent
Ouiput Offset Cutrent
Output lmpedance
Maimum Swing

<B% S| (BB

Measured ai Pin 11

Reaferenced o Pin 10

Quadratire Phase Detedtor

Measured 2t Pin 3

Peak Output Current
Ouiput Impedance
Maamum Swing

100

78S

N Preampt Section

Measured 3t Pin 2

bput Impedance
Input Signat
Voltage Required to
Cause Limiting

10

B

mv ms

Notes
Paramaiers are guaranteed over the

recomnended operating condions, bt are not 180% tested in production.
Bold face paramaters are covered by praduciion test and guaranieed over operaling lemperalure

range.

ANV LA S5 A LA ST AY.ETET TEOM




ZPEXAR o XR-2211
A AV AV A A L L L Y LT LT

DC ELECTRICAL CHARACTERISTICS (CONT'D)
Test Conditlons: Vg =12V, Ty = 426°C, Rg = 30KLL, o~ 0.833uF, unless otherwise specified,

Parsmeter [ W T Tw. | Wax | Unr [Condliions

Voltage Comperator Section

input ipedance Z ¥MQ | Measired at Pins 3 and 8
Wput Bias Current 100 nA

voitage Galn 55 70 g8 |R =5.1ka

Oxipit Voltage Low 300 580 mv  Jlc=3mA

Output Leakaga Current 0.01 0 A |Vo=20v

Internat Reforence

Voitage Level 49 53 57 V  |Measumd at Pin 10
Quiput impadance 100 0 }AC Small Signai
#Madmium Source Carent 80 pA

Notes

Paramelers are guasanteed over the recommendad qperating contfions, but are not 100% iestad in production.

Boid face parameters are coverod by prodisction fost and guararioed over cperziing lemperature range.
Specifications sre subject to change without nolice




XR-2206

A ALY ET L ETET
DC ELECTRICAL CHARACTERISTICS

Test Conditions: Tast Circuit of Figure 2 Vec = 12V, Ty, = 25°C, C « 0,01pF, Ry = 100kEL Ry = 10k, Ra ~ 25k0
Unless Otharwise Specified. S¢ open for triangle, closed for sing wave,

AR 2Z0CMP NXR-2206CP/D
- Parameters Wi, | Typ. | Max. | #in. | Typ. | Max. | Units |Conditions
Generat Characteristics
[ Sagio Supply volage 10 26 | 10 7% v
Spiit-Supply Voltage *5 13 ] 5 *13 v
Suppty Current 12 17 1“4 | 2] ma |8 =ik
Osciltator Section
W, Operating Frequency 0.5 ] 65 | 1 MHZ ]C = 1000pF, Ry = 1k
Lowest Praclicat Frequency .01 0.0t Mz {C=50pF Ry=2MQ
Frequency Accuraty * b 12 %off, 1f,=1RC
Temperature Stablfity 10 250 220 ppotC |0°C S Ta L TP
Frequorcy Ry = Ro =20k}
Sine Wave AmpEtide Stabity? 4500 4800 PORIC
Supply Sensiivity 001 | 04 0.01 %V X:NRZ E%w-m
Sweep Range 1000:1 | 2000:4 2000:1 f=% [W@QR =10
L@ Ry=2M0
Sweep Linsarity - _
101 Sweep 2 2 % |- TKHZ, Ty~ 10RHE
1000:1 Sweep 8 8 % |6 =100z, = 100kHz
F# Distortion 0.1 01 %  |+10% Deviation
Rocomsmended Trning Components
" Timng Capachor. C 0.001 100 | 0.001 00 | ¢F lfoues
Timing Resistors: Ry & Ry 1 2000 | 1 2000 | ke
Triangte Sine Wave Oulpat! Figure 3
" Friangle Ampiide 160 160 MV | Figure 2, S Open
Sine Wave AmpEtude 40 60 &0 12 mVvikQ | Figure 2, §, Closed
Max. Output Swing 6 6 Vi
Output Impedance 800 600 o
Triangle Lineadiy 1 1 %
Ampliude Stabigy 05 05 68 |For1000:1 Sweep
Sine Wave Distortion
T Wikhotd AGustment 25 25 % ity = S0k
Wb Adfustmont c4 | 10 05 | 15 | % {See Figwe 7and Figure 8

’Wamﬁmkmmbmm Ry, on Pin 3. See Figure 3.
2 For maximum ampitude stabiily. Ry shoukd be a positive ssmparatire coeliiciont resisior.
Boldﬁaepammta! covered by production test and guaranteed over oparating tsmperature rengs.
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