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ABSTRACT

The goal of this article is to present an chmmeter using timer. The measured resistance
falls into 3 ranges: 0-999.99{2, 1k£2-999.99k{2, and 1M{2-200M£2. The design technique based
on the use of commercially available devices consists of LMS5S integrated circuit (IC),
capacitors, ARM7 microcontroller, and LCD display part. The LM555 IC connected with the
unknown resistor and fixed capacitor employs to generate the mono-pulse. The ON period of the
mono-pulse is detected by using the ARM7 microcontroller to determine the unknown resistance.
To verify the performances of the proposed ohmmeter, the calibration report issued by the

Electrical and Electronics Institute Calibration Laboratory is also included in this article.
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1. ¥ MCU a1qn ARM7TDMI-S 1wai LPC2106 469 Philips ¥aiilu MCU yuw
16/32-Bit

o o
2. 1% Crystal 19.6608 MHz Tat MCU ansollszuionndion1nuiaganan 58,9824
4 ) - L

MHz (150 14473710 Phese-Locked Loop (PLL) Mo14#2 MCU 184

3. 1eafumsTlsunsuuyy In- System Programming (ISP) une  In-Application
Programming (1AP) H1UN14 On-Chip Boot-Loader Software M1N03A R5232-1
. WOFA JTAG 20PIN #1131 Real Time Debugging $147U 1 woinA

o

5. Wo§A LCD MIAT§ W ETT 14PIN $142U 1 103

6. MOFA GPIO YUA 10PIN $147U 4 WOTR M IAT§ N ETT

7. ¥0Au$1 IJTUNIBUYY Flash 128KB (102 RAM 64KB

8. 1';llﬂﬁﬂii1u1ﬂ +5V Power Supply

- ol - d.

9. 97U GPIO YIgAdY 32 UO Pins (18M1z GPIO 103iudgygnaiiiu sv 14)
4
CRURL G

1 » J - g

GPIO 9:7in3 1491152 ¥ea Function Buqdnail
SPI $1uu 1 Y04
12C $1u7u 1 Y09

UART LY Full-Duplex $74794 2 484 fio RS232-1, RS232-2 ¥M3§M 4 Pin ETT
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VPHANITBUMEY TUAII1N 3.2 ITHWTANTIUAY Accuracy WSINWIINMINNIAY Tole-

.. ¢ - P - ¢ o -
rance Limit ¥81 Tovufiwoinesnuvulufgatinus WA 4.2

1 - -
A13130 3.3 Tolerance Limit Y04 lovuilinainesnuuy

Range Applied Accuracy (% of Span) Tolerance Limit
1-999.9902 800€) + 7.80% 722.01-877.99Q
1k(2-999.99k(2 820k02 *1.35% 806.51-833.49k02
IMQ-200M02 160M{2 +25.13% 109.99-210.01M0
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© &
- Elsctrical and Electronics institute v

Calibration Laboratory \l,

h 1 T T
UM

Calibration Report

Equipment: COhmmeler using timer
Manufacturer: -
L -
Barlal No.: JS47-1
0 No.: -
Ambient Tempersture:  (23412)°C
Retative Humidity: (45+L15)%
Mathod of Calibration :-
The mathod of calibration is based on the procadure CC-ELQ05 as a guide.
Radarence Multimeter
Condition of this result of calibration
1. Equipmeant Standards Used -
Instrument Model Serial No, Cort. No. Due Dete
Multi-Product Callbrator 55204 8900001 EL-0185/08 22 Sepwamber 2009
2. Thia remskt of calbration was lound accurata ss shown on dete and piace of callbraion only.
3 Thia cextiication is ¥aceable 10 the intemsational system of unil meintained at -
- The National instiute of Metroligy (NIMT)

Resull of Callbration:-
1. Resistancs measurement

Standard wuC. Uncertalnty
Range Satting Reading Error ()

10 o0n 0000 £ 0.000 [} 13 m2
100 O} 22.064 () -r7.916 () 49 m}

500 O 476.960 () -20 004 ) 110

200 O 893.609 () 5391 0} 081 0}

1 MY 100 k) 89 384 k2 -10.638 k2 s
500 k(2 488,578 k{} -13.424 k) 001 K2

750 k() 738 683 k() -13.037 k(2 0.58 K}

900 k{1 887.798 ki) -12.204 k3 . Ny
1 MG 20 M2 21212 M) 1212 M0 0.17 MQ)
100 M2 110.900 MO 10.990 MQY 32 MO
150 M£Y 173.458 ML) 23.458 MQY 072 MO
180 M{) 230.828 ML) 60.828 M) 53 M}

UUC . Unit Under Callbration
»+ End of Report - -

Page 2 of 2
FC 003-302-52
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National
Semiconduc

LM555
Timer

General Description

The LMS55 1s a highly stable device for generating accurate
time delays or oscillaton. Addibonal terminals are provided
for triggenng or reseting i desired In the time delay mode of
operation, tha time s precisely controlled by one external
resistor and capacitor For astable operation as an oscillator,
the free running {requency and duty Cycle are accurately
controlled with two external resistors and one capacitor. The
circuit may be tnggered and reset on fallng wavetorms, and
the cutput circuit can source or Sink up 1o 200mA or dnve
TTL circunts

Features

m Direct replacement for SESSYNESSS

= Timing from microseconds through hours

» Operalas in both astable and monostable modes
& Adjustable duty cycle

& Cutput can source or sink 200 mA

» Qutput and supply TTL compatible

» Temperalure stability better than 0 005% per 'C
u Nomaily on and normally off outpul

a Available n B-pin MSOP package
Applications

a Pracision iming

u Pulse generation

® Sequential iming

s Time delay generation

a Puisa width modulation

a Pulse position modulation

B8 Linear ramp generator

July 2006

Schematic Diagram
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LM555

Connection Diagram

Dual-In-Line, Small Qutline
i and Molded Mini Small Outline Packages

1
GND —

5

—1 __l_—_ *¥ec
?
TRIGGER T . —— DISCH:
e 1)L
k|
ourPuT ——mz || '—'5 THRES
al] | .c. 5 CONTF
RESET VOLTS
00TAs 103
Top View
Ordering Information
Package Part Number Package Marking Media Transport NSC Drawing
8-Pin S0IC LM555CM LM555CM Ralls MOBA
LM555CMX LM555CM 2 5k Units Tape and Reel
8-Pin MSOP LMS55CMM Z55 1k Units Tape and Reel MUAQBA
LMS55CMMX Z55 3 5k Units Tape and Reel
8-Pin MDIP LMSS5CN LM555CHN Rails NOBE
s naLIONAl com 2




Absolute Maximum Ratings (ot 2)

If Military/Aerospace specified devices are required,
please contacl the National Semiconductor Sales Oftice/
Distributors for availability and specifications

Supply Vollage

Power Dissipation (Note 3)
LM555CM, LM555CN
LM555CMM

Operating Temperature Ranges

LM555C
Storage Temperature Range

+18V

1180 mW
613 mwWy

0'C to +70°C
-65°C 1o +150°C

Electrical Characteristics (Notes 1. 2)
(Ta = 25°C, Voo = +5V 10 +15V, unless othewise specified)

Soldenng Information
Dual-In-Line Package
Soldenng (10 Seconds)
Small Quting Packages
(SOIC and MSOP)

Vapor Phase (60 Seconds)

Infrared (15 Saconds)

260°C

215'C
220°C

See AN-450 “Surface Mounting Methods and Thair Eftect
on Product Rehability” for other metheds of soldenng

surface mount devicas

Parameter Congitions Limits Uniis
LM555C
Min Typ Max
Supply Vollage 45 16 v
Supply Current Vee =5V . R =+ 3 6
Vop = 15V, R = = 10 15 mA
{Low State) (Note 4)
Timing Error, Monostable
Intial Accuracy 1 %
Dnit with Temperature Ra = 1k to 100k, 50 ppm/C
C = 0.1yF, (Note 5)
Accuracy over Temperature 1.5 o
Daft wath Supply G.1 Yol
Timung Error, Aslable
Inihal Accuracy 225 %
Dnft with Temperature R.. Ag = 1K to 100k, 150 ppm/ C
C = 0.7pF, (Note 5)
Accuracy over Temperature 30 %
Dntt with Supply 030 Yol
Thrashold Voltage 0.667 % Ve
Trgger Voltage Vee = 15V 5 v
Viee = 5V 167 v
Tngger Current 05 09 pA
Aesat Voltage 04 05 1 v
Resot Current Q.1 04 mA
Threshold Current (Mote 6) 01 0.25 YA
Control Vollage Level Voo = 15V 9 ¢! 1 v
Vee = 5V 26 333 4
Pin 7 Leakage Qutput High 1 100 nA
Pin 7 Sat (Note 7)
Output Low Voo = 15V, |; = 15mA 180 my
Qutput Low Vec =45V, |; = 4 5mA 80 200 my

www nahional com
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LM555

Electrical Characteristics (notes 1, 2) (Continued)
(Ta =25°C, Ve = +5V 1o +15V, unless othewise specified)

Parameter Conditions Limits Units
LM555C
Min Typ Max
Output Voltage Drop (Low) Vee = 15V
lgiur = 10MA 01 025 v
lgink = SOMA 04 0.75 v
lgnk = 100mMA 2 2.5 v
gk = 200mMA 25 v
Voo = 5V
lgink = BMA v
lgik = SMA 025 03s v
Output Voltage Drop (High) leource = 200mA, Voo = 15V 125 v
laource = 100MA, Ve = 15V 1275 133 v
Vgo = 5V 275 3.3 v
Rise Time of Qutput 100 ns
Fall Time of Output 100 ns

Hota 1 Al vohapes are measured with reapect to the ground pin unless otherwise specified

Hote 2 Absolute Maximum Ranngs wwhcale kmis beyond whech damage to the device may occur Operatng Raungs indicale comndibons for which the device 13
nCuonal, Bol 8o Mol fuaranies speciic perlormance lumils Elecidcal Characiensbcs slate DC and AC elecincal specihcatons under parcular 1est condibons whach
guaramee spacic periormanca s Thes assumaes 1hal the dewica B withn the Operaling Ranngs Specilicabons are ndt guaranteed {or paramelers where no it
¥ grvem, howaver 1he typucal value 13 8 good indaton o devica perfemanca.

Mote ) For opeiatng at elovaled lemparatures the dewvice must be derated above 25°C baesd on a +150°C maxmumn pnchion temperalure and a {hemmal
ressiance of 106°CAW (DIP), 170°CAW (50-B), and 204°C/W (MSOP) uncuon 1o ambient

Mote 4 Supply ¢urrent when output high typically 1 mA less al Vo = 5V

Mate 5§ Tesied at Voo = 5V and Vg = 15V

Nate 8 Thus will dalerming the maxmum value of Ay + R for 15V operawon The maximum teial (R, + Ag) 18 20M1]

Note 7 No prolecton against excessive pin 7 currenl 13 necessary pronding the package dissipabon rating will nit bé exceeded
Hote B Paler 10 RETS355X drawing of miliary LM355H and LMSS55J versions for specticatons

wWww nalional ¢om 4



Typical Performance Characteristics

Minimuim Pulse Width

Required tor Triggering
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LMS55

Typical Performance Characteristics (conunueq)

Oulpul Propagation Delay vs. Output Propagalion Delay vs.
Voltage Level of Trigger Pulse Voitage Leve! of Trigger Pulse
1200 T 1200 7T
Tes28°C ! . Ve = 15V
= 1860 ! . /i — 1000
E | 'a E
- | / >
< 800 - 3 | I 800
a Vee =50V y =
T &00 - S 600
g ! /I//, | | g
2 00 2 e00
= [ (] o
a L// Y
S Vee = 10V 15V
£ 200 M = & 200
! |
0 NEIRE
1] G a2 [0} 0 0 [ 4 01
LOWEST VOLTAGE LEVEL OF TRIGGER PYLSE { LOWEST VOLTAGE LEVEL OF TRIGGER PULSE (
S0T83I24 0OTR3 IS
Discharge Transistor (Pin 7) Discharge Transistor (Pin 7)
Voltage vg. Sink Current Voltage vs. Sink Current
1000 y r 1000 =gy = R
: = Yo = 15V F—{ Vec = 5V 34 s
T i A ) 4 1 )
Iy IRRRIL 1 Ll 1285°C r.4
l I 0|25°C ~ : ”
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Applications Information

MONOSTABLE OPERATION

In this mode of operation, the bmer functions as a one-shot
(Figurs 1), The external capacitor 1s imtally held discharged
by a transistor inside the tmer Upon application of a nega-
tive tngger pulse of less than 1/3 Ve 10 pin 2, the flip-flop 18
sat which both releases tha short circurt across the capacior
and dnves the output high

+5Y TO »15Y

i AESET

4 ]
TRIGGER DISCHARG
NMDRMALLY R Opeeed 2 T P e——
“ON LOAD 5

THAESH
{ LM555 M BLLITLL)
; CONTRQL
l ouTrPuT 1 5 VOLTAGE

L
T

TR0y

NORMALLY A 1
‘OFF " LDAD * |

FIGURE 1. Monostable

The voliage across the capacitor then increases exponen-
wally for a pencd of 1 = 1 1 A, C, at the end of which wme the
voltage equals 2/3 Vo The comparator then resets the
fup-flop which 1n turn discharges the capacntor and drives the
output to its low state Frgure 2 shows the waveforms gen-
erated in this mode of operation Since the charge and the
threshold level of the comparator are both direclly propor-
tonal to supply voltage, the timing interval 15 independent ol
supply.

| S

/] AL/

/
0BMS108
Voo = 5Y Top Trace Input SV/Drv
TIME = 0 1 me/DIV Midla Trace Output 5V/Dwv
Ay =B 1k Botiom Trace Capaciter Vollage 2V/Dw
C = 001pF

FIGURE 2. Monostable Waveforms

Dunng the iming cycle when the output I1s high, the further
application of a tngger pulsa will not eflect the circuit so long
as the tngger input 1§ retumed high at least 10us before the
and of the timing interval. However the circult can be reset

dunng this tma by the application of a negative pulse to the
raset tarminal (pin 4). The output will then remain in the low
state until a tngger pulse 15 again apphed

When the reset function 1S nol In usa, it 1S recommanded that
it be connected 10 Voo 10 avoid any possibility ol false
triggering

Figure 3 is a nomograph for easy determination of R, C
valuaes for vanous ime delays

NOTE: In monostable oparation, the tngger should ba dnven
high batore the end of uming cycle

100

10

C - CAPACTAMCE (i)

0 001
10 us100 431 M 10Ms 100 mMms

ty— TIME DELA
0085107

FIGURE 3. Time Delay

ASTABLE OPERATION

If the circuit 1$ connacted as shown in Figure 4 (pins 2 and G
connected) it will trigger itself and free run as a muluvibrator
The external capacitor charges through R, + Rg and dis-
charges through Rg Thus the duty cycla may be precisely
set by the ratio of these two resistors.

LMS5S 6

[}
|
|
|
|
1 .
§nl ? r
|
|
|
|

—

FIGURE 4. Aslable

=
_Fom

QOTRI VR

In this mode of operation, the capacitor charges and dis-
charges betwean 1/3 Ve and 2/3 Ve As in the tnggered
mode, the charge and discharge tmes, and therefore the
frequency are independent of the supply voltage.

www nalional com
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LMS55

Applications Information (Continued)

Frgura 5 shows the wavelorms generated in this mode of
operation

[~

DAENPZ SR W
oo

Voo = 5Y Top Trace Qutput 5¥/Dw

TIME = 20pa/DIV Bottom Trace Capaalur Vollage 1¥/Dw

Ra = 3 Bk

Rg = 3k}

C=001uF

FIGURE 5. Astable Waveforms

The charge ima {output high) 15 given by:
1, =0693 (Ry + RE) C
And the discharge time (output low) by:
t, = 0693 (Ry) C
Thus the tolal penod 18
T=1, +1, = 0,693 (R, +2Rg) C
The frequency ol oscillation s

fo 1 44
T T (Ra ! 2Rg)C

Figure 6 may ba used lor quick determination of these RC
values.

The duty cycle is

(1] N

€ - CAPACITANCE (uF)
"3
N /
y
4
| &

ool \
(R + 2Ra}
000}
[:B] ] e 100 i
1t = FREE RUNNING FREQUE!

QU110

FIGURE 6. Free Running Frequency

FREQUENCY DIVIDER

The monostable cirguit of Figure 1 can be used as a Ire-
quency divider by adjusting the langth ol the uming cycle
Figura 7 shows the waveforms generated in a dwide by threa
circunt

[ CLEXT EERET EREY

'-,-;-—"‘ E |-
=
sl

oo
Voo = 5V Top Trace Inpul 4V/Dhv

TIME = 20pw/DIV  Mxidle Trace Owdpul 2VIDw
A, =9 1k Bonom Trace Capacitor 2V/Dnv
Cm0Q1pF

FIGURE 7. Frequency Divider

PULSE WIDTH MCDULATOR

When the timer is connected in the monoslable mode and
tnggered with a continuous pulse train, the oulput pulse
width can be modulated by a signal applied to pin 5. Figure
8 shows the circult, and in Figure 3 are some waveform
examples

DISCHARGE
TRIGGER O—T 2 —_

LMSSS . THRESHOLD

MODULATION
INFUT

l

QUTPUT O—i13 5 |

1

00reaY12

FIGURE 8. Pulse Width Modulalor

www national com




Applications Information (C;ntmued)

1
Pty —1 r— :E
NI
B |
BOTAE113

Voo = 5V Top Trace Modulavuon 1V/Dw
TIME = 02 maDiY  Bonom Trace Catput Vollaga 29%/DOn.
Ry w91k
C =001pF

FIGURE 9. Pulse Width Modulator

PULSE POSITION MODULATOR

This application uses the timet connected for astable opeara-
tion, as in Figura 10, with & modulating signal agan applied
to tha control voltage terminal The pulse pasiion varies with
the modulating signal, sinca the thrashold voltage and hence
the tme delay 1s vaned Figure 11 shows the wavelorms
generated for a tnangle wave modulation signal

1

S ——
.
.
L]
* ]
z 7 —
-
-
LY S

MODULATION
ouTRUT O-—4 3 S —10

1

—

Dores14

FIGURE 10, Pulse Position Moduilator

Vep = 5V

TIME = 0 1 msDIV,
Aa = 3 9ki2

Rg = kG
C=001F

Bonom Trace Ouiput 2vMDiv

ommsng

Top Trace Modulavon Input 1V/Dw

FIGURE 11. Pulse Position Modulator

LINEAR RAMP

When the pullup resistor, R,, 1n the monostable circut 15
replaced by a constant current source, a hnear ramp 1S
generated Figure 12 shows a circwit conhiguration that will
parform this function,

TAIGGER (O

QUTPUT O—o

LM555

FIGURE 12.

o783 18

Figura 13 shows waveforms generated by tha near ramp
The time interval 1S given by.

- 2/3VecRe(Ry + Ry C

Ry Vee = Vee (R + Rz

VBE x 06V

Vee = 0 6V

woww nalional com
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Applications Information (Contnued)

A i

Ve = 5Y Top Trace Input IW/Dhv,

TIME = 20uaDIY. Mxidle Trace Quiput 5¥/Dw

Ry = 47K42 Botlom Trace Capaptor Voliaga 1Dy
Rz = 100k}

Rg =27 k)

C=001pF

—

QoTRs11T

FIGURE 13. Linear Ramp

50% DUTY CYCLE OSCILLATOR

For a 50% duty cycle, the resistors R, and Ry may be
connected as in Figure 14, The time panod for the output
high is the same as pravious, t, = 0 693 R, C For the output
low itist; =

Rp — 2R4

Ra Rp)/{Ra + R ] cv¢ [—-—-—-—

[(A p)/{Ra + Rp) ™ | 2Rg = Ra
Thus the fraquency of oscillation is

1
1=
ty + 12

q ]
2 ?
LMS55 3
OUTRFUT O—ry1 ] ——C
: 1
I ? 00.F
OTRSM 1B

FIGURE 14. 50% Duty Cycle Oscillator

Note that this cirgud, wall not oscillata if R ts greater than 112
R, because the junction of R, and Rz cannot bnng pin 2
down to 1/3 V¢ and tngger the lower comparator

ADDITIONAL INFORMATICON

Adequate power supply bypassing 15 necessary 1o protect
associated dgrcuitry. Minimum regommended s 0. 1uF in par-
aflel with 1pF eloctrolytic

Lower comparator storage time can be as long as 10us
when pin 2 15 dnven fully 10 ground for inggenng, This hmis
the monostable pulse width to 10us minimum

Delay ume raset to output is 0 47ps tymcal. Minimum reset
pulse width must be O 3ps, typical

Pin 7 cument swaichas within 30ns of the output {(pn 3)
voltage.
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LM555 Timer

Physical Dimensions inches {milkmatars) unless otherwise noted (Continued)
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National doas not assuma any rasponsibility for use of any circuitry described, ne circuit patent heenses arg imphed and National reserves
the nght at any time without nolice to change said arcuitry and specihcations

For the maost current product information visit us at www national com.

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESICGENT AND GENERAL COUNSEL OF NATIONAL SEMICONDUCTOR

CORPORATION As usad heren

1 Lfe support dewvices of syslems aré dewces Of syslems
which, {a) are intended for surgical implant inlo the body, or
{b) suppot or sustawn hfe, ard whosa lailure 1o perform when
properdy used In accordance with instructions for use
provided in the labeling, can be reasonably expecied to result

in & signbcant injury to the user

2 A cnbcat component 1 any component of a Ile suppon
dewvice or systarmn whose tallure to parform can be reasonably
expectad 1o cause the failure of the lfe suppot device or
syslem, or to aflect iIs salety or effectivanass

BANNED SUBSTANCE COMPLIANCE

Natonal Semiconductor follows the provisions of the Product Stewardship Guide for Custemars (CSP-9-111C2) and Banned Substances
and Malerials ot Interest Specaficaton {CSP-9-11152) for regulatory environmental complance Detals may be tound at

www national com/quality/green

Lead tree products are RoHS compliant

o“' Matignal Semiconductor

National Semlconductor

Americas Customer Europe Customer Support Canter
Support Cemer Fax «49 (D) 180-530 85 B&
Email naw feedback @ nac com Emait  europa suppor @ nsc com
Tet 1-800-272-9959 Deursch Tel »49 (0) 69 9508 6208
English Tal 44 (0) 87024 Q 2171

wwrw NaGONGl com

Francas Tel

+3300) 1 41 91 8790

Netional Semiconductor
Asla Pacific Cuslomer
Support Center

Email ap support @nst com

Hational Semiconducior

Japan Custames Support Canter
Fax 81-3-5639 7507

Emait jon jeedback @nse com

Tel 81-3-5639-7%60




NANHIN (V)



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly






NIRNHIN (A)



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



dy a N o o N ~ =% ' gj ' N ) N o N
wnansiidwenarsianubidmsunislsnuienistnyimiu lweygislmilulsdsslosununisen

lunsdlla visdu Bnnamuiilndnudadiien wagnedensdisaivesenaisynasaninisiluly



MARUIN (3)



C:\Project\METER_V23\main.c

/i**iﬁi*ti***iiiiii"ii*'l-ii'i-ii'iri***ik*iﬁii‘*iii****iiiti/

/* Examples Program For "ET-ARM7?7 BASE LPC2106" Board */

/* Target MCU Fhilips ARM7-LPC2106 */
i : X-TARL : 19.6608 MHz v/
/* : Run Speed 58.9824MHz (With PLL) */
/* Keil Editor uvisionld V3i.03a */
/* Compailer Keil CARM V2.50a */
/* Create By Eakachai Makarn (WWW.ETT.CO.Th) */
/* Last Update 17/hpri1l/2006 ¥4
/* Function Example Use Character LCD 16x2 */

/*i**ii*iii**iiii***i*i***ittii**iiii**i*iii**tiii*ﬁ*i/

“ET-ARMT BASE 210x"
// Character 16x2 4-Bit Mode Interface

// LCD Routines for

// EN = P0.17

// RW = P0.18
/f RS = PO.19
// D4 = P0O.20
// D5 = pPQ.21
// D& = P0D.22
// D7 = P0.23

/* Warning Pull-Up 10K on EN_LCD Pin

-> Pin GPIOO0.17

LCD Not Stable(Not Work)

*/

#include <LPC210x.H>

#include <stdio.h>
#include "timer.h"
#include "uart.h"

#define LINE]
fdefine LINE2
/i

#define RESET

00 Q000x Q0C0D Q0Q0}
$define PULSE

00 00x0 0000 0000)
//8define PULSE
00 00x0 Q000 0000)
#define RANGE 1
0D 0x00 0000 000D}
#define RANGE_2
000 0000 Q000)
#define RANGE 3
Cx 0000 0000 000Q)
#define RANGE 4
x0 0000 0000 0000)
*/

$define RESET

00 000x 0000 0000}
$define PULSE

00 00x0 0000 0000}
fdefine RANGE 1
00 Ox00 0000 0000)

#define RANGE 2
000 Q000 0000}
#define RANGE 3

Ox 0000 0000 0000)
fdefine RANGE 4

(LCD_EN)

0x00
0x40

0x00000100

0x00004000

0x00000080

0x00000400
0x00000B00
0x00001000

0x00002000

0200000001
0x00000040
0x00000004
0x00000008
0x00000010

0x00000G20

Page: 1

1f Not Pull-Up

/7

/1
¥4
/!
rf

LPC2106 MPU Register

PO.8 {0000
P0O.9 (0000
0.9 (0000

P0.10(0000

0000 0000 0000 00
0000 0000 0000 00
0000 0000 0000 00

0000 0000 0000 QO

// P0O.11{0000 0QCO 0000 0OQQ Q000 x

//
//

//
1/

/it

P0.12(0000

PO.13(0000

PO.8 (0000

P0.9 (0000

P0.10 (0000

0000 0000 0000 00

0000 0000 0000 0C

0000 0000 0000 0O
0000 0000 0000 00

0000 0000 0000 0O

// P0.11{00C00 0000 0000 0OOQ 0000 x

// PO.12(0000 0000 0000 0000 0O

// P0.13(0000 0000 0000 00QO 00
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)
/Y
/f
£
/Y
I
!/

i
/7
¥
/Y
r/
//

7/
£/

’
I
7
/r

PO.17({0Q00C 0000 009C

p0.18(0000 0000 0000

P0.19({0000 QOO0 (0000

P0O.20{0000 0000 DOOx

FO.21 {0000 0000 00x0

PG,22(0000 0000 0x0G

P0O.23 (0000 0000 %000

00x0
0x00
x000
0000
0000
0000

0c00

ao
00
Cco
Do
00
oG

Co

RS = 1 (Select Instruction]
RS = 0 (Select Data)

EXH = 1 {Read)

R = 0 (Write)

EN = 1 {(Enable)

EN = 0 (Disable]

LCD Data Bus = Write

LCD Data Bus = Read

Clear Display

Set Cursor = 0

LCD Display Enable
LCD Display Disable
Set Cursor = Blink
Enable LCD Cursor
Disable LCD Cursor
Shift
Shift
Shift

Left Cursor
Right Cursor
Left Display

x0 0000 0000 OOOO)

// Define LCD PinlIO Mask

#define LCD EN 0x00020000

G0 000G OUOT DOLD)

#define LCD_RW 0x000400Q00

00 0000 Q000 0000}

#define LCD RS 0x00080000

00 0000 0000 0000)

#define LCD D4 0x00100000

00 0000 0000 0000)

#define LCD_D5 0x00200000

00 0000 000G 0Q0Q)

#define LCD D6 0x00400000

00 DOGO 00DO 0000)

$define 1LCD D7 0x00800000

00 0000 0000 0000)

#define LCD_DATA {LCD_D?ILCD_DSJLCDQDSILCDHDQ)
#define LCD IQALL (LCD D7|LCD D6|LCD_DS|LCD_D4 |LCD_RSILCD_RW|LCD_EN)
#define lcd rs_set () IOSET = LCD_RS

#define lcd rs_clr(} IOCLR = LCD RS

#define lcd rw set () IOSET = LCD_RW

#define lcd rw clr() IOCLR = LCD_RW

#define lcd_en_set{} IOSET = LCD_EN

#define lcd en_clr(} IOCLR = LCD_EN

// 0000 0000 xxxx xxx0 0000 0000 0000 0000

#define 1lcd dir wrate() IODIR |= 0OxOOFEQOOO
fdefine 1lcd d1r _read() IODIR &= OXFFOEFFFF
¥define lcd clear() lcd_write control (0x01)
fidefine lcd_cursor_home () lcd_wrate control (Ox02)
#define lcd display_onl() lcd_write control (0xOE)
#define lcd display_off() lecd write control (0xG8})
#define lcd_cursor bllnk() lcd write control (Ox0F)
#define lcd cursor_onf} lcd write control(OxOE}
#define lcd cursor_off () led write control(OxOC}
#define 1cd cursor left(} lcd_wrzte_control(OxlO)
#tdefine led _cursor_right {} lcd write control {Ox14)
$define lecd | _display sleft{) lcd _write _control (0x18)
#ddefine lcd display sright{) lcd write control(OxlC)

/* pototype

voad
void
voad
void
void
void
voad
char
void
void

section */
led_inaci):

lcd _out_datad (unsigned char);

led erte _byte(unsigned char);
lcd_write control {(unsigned char);
lcd wrate_ascii {unsagned char};
goto_cursor {unsagned char);

led print (unsigned char*);

busy lcd(voad);
enable lcd{veid);

delay{unsagnad long int);

// Delay Time
delay _ms (long ant TameDelay)

void

{

long int 1,3;

for

Page:

{1=0;

2

i<TimeDelay;1++}

Shift Right Display

Initial LCD

Strobe 4-Bit Data teo LCD
Write 1 Byte Data to LCD

Write Instruction

Write LCD Display{ASCII)
Set Position Cursor LCD |

Print Display to LCD
Read Busy LCD Status
Enable Pulse

Delay Function
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for {1=0; 3<6530;3++};
1

void delay us(long ant TimeDelay)
{

long int 1,3;

for (1=0; 1<TimeDelay;1i++)

for (3=0; J<9:34++);
}

void putss (unsigned char *s)
{
whila({*s)
{
sendchar pc{*si;
S5++;

/* Main Program Start Here */
int main{vead)
{
unsigned char str[30],range=0,0ld range=1;

init_timer();

led init();

IODIR |= RESET;

goto_cursor {LINE1l);

lcd _prant ("RESISTANC TESTER™);
goto_cursor (LINEZ);

lcd print{"Process ");
delay ms {2000} ;

range = 1;

old range = 0;
// init_serial D{();
// sprintf{str,”Onlinel\r\n"};
// putssistr};

// Loop Print Message to LCD16é x 2 //
while(l)

{

1f ((IOPIN & RANGE 1) == 0)
{
range = 1;
}
delay ms(10);

af ((IOPIN & RANGE_2) == 0)
{
range = 2;
}
delay ms(10);
1f ({IOPIN & RANGE 3} == 0}

{ range = 3;
éelay_ms(lO);
1f {(IOPIN & RANGE 4} == Q)
‘ range = 4;
;elay_ms{lO);

// Initial LCD

// Set Cursor Line-~l

// Display LCD Line-1

// Set Cursor = Line-2
// Display LCD Line-2

// Display Delay

// Leoop Continue
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af {range != old_range)
{

old _range = range;
swatch (range}
{

case 1:
goto_cursor (LINE1) ;
ine-1
led print ("Rang 1-599,.99 "
Line-1
braak;
case 2:
goto_cursor (LINEL1);
ine-1
lcd print ("Rang 1K-998.99%K "};
Line-1
break;
case 3:
goto_cursor (LINE1l)};
ine-1l
lcd print ("Rang 1M-200.00M ");
Line-1
break;
case 4:
goto_cursor (LINE1l};
lne-1
led_print ("Not use "):
Line-1
braak;
}
}

// delay ms(100);
/7 sprantf(str,™Wait Q!\r\n");
// putssistr};
IODIR &= OXFFFFFF7F;
IOCLR = RESET;
delay ms{10);
IOSET = RESET;
// delay ms(l};
current_tsc = 0;
TOTCR = 1; /* enable timer(Q */
whila{ {IOPIN & PULSE}) '= 0}
{
//TOQTCR = 1;
}
TOTCR = 0; /* disable timer0 */

switch (rangej
{

// 8Set Cursor L

// Display LCD

// Set Cursor L

// Display LCD

// Set Cursor L

// Display LCD

// Set Cursor L

// Display LCD

// 8et Curseor L
// Display LCD

// Set Cursor =

sprintf{stx,"” %3.3f ohm",current tsc*0.8833624454);

case 1!
goto_cursor {LINEL);
ine-1
lcd_print ("Rang 1-999.99 "y
Line-1
goto_cursor (LINEZ};
Line-2
led prant{str);
break;
casa 2:
goto_cursor (LINEY);
ine-1

Page: 4

// Display LCD Line-2

// Set Cursor L
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lcd_print ("Rang 1K-99%9.89K "j;

Line-1
goto cursor (LINEZ);

Line-2
spraintf(str,”™ %3.3f Kohm ",current_tsc*0.8351%3);
led_print (str): // Display LCD Line-2
break:

case 3:

goto_cursor (LINE]1);

ine-1
lcd_print {("Rang 1M-200.00M "};

Line-1
goto cursor (LINEZ};

Line-2
sprantf(str,” %3.3f Mohm",current_tsc/9.9%});
led_print(str); // Display LCD Line-2
break;

case 4:

goto cursor (LINELl};

ine-1 -
lcd_print ("Not use "y

Line-1
gotce cursor (LINE2};

Line=~2
sprintf(str, "Result %41d Mohm",current_tsc/1.0};
lcd_print(stry; // Display LCD Line-2
break;

}

putss{str);
delay ms (1000} ;

1

/i**i**i*iiiki*i*ii*iiii*iii*/

/* Strobe 4-Bit Data to LCD */
/*it*iii*iti**i********i&iﬁ*i/
void lcd out_datad (unsigned char val)
{
IQCLR
IOSET
00:0000:0000:0000
)

/*iii*tiiiti*i**********i*i**/

/* Write Data 1 Byte to LCD */
/*i**i**ii*iii**i**i*****i&*i/

void lcd write byte {unsigned char val)
{

// Display LCD

// Set Cursor

// Set Cursor L
// Display LCD

// Set Cursor

// Set Cursor L
// Display LCD

// Set Cursor

{LCD DATA); // Reset 4-Bit Pin Data
{val<<20)}; // 0000:0000:dddd:RS, RW,EN, 0:00

lcd_out datad ((val>>4)&0x0F); // Strobe 4-Bit High-Nibble to
LCD

enable_lcd(); // Enable Pulse

lcd_out_datad (valsOxO0F); // Strobe 4-Bit Low-Nibble to L
CD

enable_lcd{); // Enable Pulse

delay ms(5};
}

Page: 5
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/i*iiiiiti**it*iiit**t*t*****/

/* Write Instruction to LCD */
/*it*iiii*tttt**ii*itii*iittt/
void lcd write control{unsigned char val)
{

led rs_clr();

lcd write_byte(val):
}

/i*’iiti*ttii*i*iiit*i**ti***/

/* Write Data(ASCII} to LCD */
/iiii***titi******ti*t*ititii/
void lcd write ascii{unsigned char c¢)
{

led rs_set ()

led write byte{c);
}

/*it*ti****t*iiitii*i***tiittii*/

/* Initial 4-Bit LCD Interface */

/iiiiiiii***"i**i*i****iii****ii/

void lcd_init()
{
unsigned int i;

PINSELO0 = 0x00000000;
PINSEL1 = 0x00000000;
IODIR = 0x00FEQOQ0;

//for (1=0;1<50000;1++);
delay _ms (15};

IOCLR = (LCD_IOALL):
Pin
IOSET = (LCD_DS|LCD_D4);

0000:0000:0000:0000
enable led();
f/for (1=0;1<10000;i4++);
delay_ms{5);

IOCLR = (LCD_IOALL):
Pain
IOSET = (LCD_D5|LCD D4);
0000:0000:0000:0000
enable lcd{);
// for (1=0;1<100;i++);
delay ms(5);

IOCLR = (LCD IOALL);
BFin
IOSET = (LCD_D5|LCD_D4);
0000:0000:0000:0000
enable_lcd();
whaile{busy lcd{]);

IOCLR = (LCD IOALL);
Pin
IOSET = (LCD D5);

0000:0000:0000; 0000
enable lcd();:
whale (busy lcd(});

Page: ©

/I
/I

/7
r/

/7
i/
//
f/

/
/Y
/it
f/
!/
/
/7

rf
/rf

//

s
r/

/7
/7

RS = 0 = Instruction Select
Strobe Command Byte

RS = 1 = Data Select
Strcbe 1 Byte to LCD

Delay Count
GPIOO0 = I/0 Function
P0O{23..17] = Cutput

Power-0On Delay (15 mS}

Reset [RS,RW,EN,4-Bit Data)
0000:0000: (0, RS, RW,EN:0011) :
Enable Pulse

Delay 4.1mS

Reset (R3,RW,EN,4-Bit Data)
0000:0000: (0,RS,RW,EN:0011):
Enable Pulse

// delay 100uS

Reset (RS,RW,EN,4-Bit Data)
0000:0000: (0, RS, RW,EN:0011) :

Enable Pulse
Wait LCD Execute Complete

Reset (RS,RW,EN,4-Bit Data)
0000:0000: {0, RS, RW,EN:0011) :

Enable Pulse
Wait LCD Execute Complete
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lcd write control (0x28);
2 Line,F=0 5X7)
led _write control (0xQCj;
y Display,Cursor off,Cursor not Blink)
led write control (0x06);
ent,S=0 Cursor Shift)
lcd write control (0x01);
y.5et DD RAM Address=0)
for {i=0;1<100000;1i++);
}

/i**tiiiiiiii*ﬁ&*itikiii*i**/

/* Set LCD Position Cursor */
/iiiiiiiii*i**iiit&tiiiiiiii/
void goto curscor (unsigned char 1)
{
i |= 0x80;
led_write_control(i};

}

/*i*iiii**t**ii**ii**itit*i*t*ttittii/

/* Prant Display Data(ASCII) to LCD */

/********i*it*i***ii***iiiiiii*&iiiit/

void lcd print {(unsigned char* str)
{

ant 1;

for {1=0;1<16 && str{1]'=0;1++}
{
led_write_ascii(str{il]):
delay ms(5};
}
}

/*iiii*ii*ii**i*iii/

/* Wait LCD Ready */

/tii**t*tii*itiii*i/

char busy lcd(wvoad)

{
unsigned long busy_ status;
unsigned ant i;
lcd_dir _readl();
led_rs_clri);
led rw_set (};
lcd _en_set ()

for (1=0;1<100;1++];
busy_status = (IOPIN & 0x00800000);
:RS,FW,EN,0:0000:0000:0000:0000}

1f (busy_status == 0x00800000)

{
lcd en_clr();
led rw_clr();
led dir_write();
raturn 1;

}

alse

{
led_en_clr();
led_rw_clr (),

/7 Fugcﬁlon éé;”(DL=0 4—E;t;ﬁ=1
// Display on/off Control {Entr
// Entry Mocde Set (I/D=1 Increm
// Clear Display (Clear Displa

// Wait Command Ready

// Set DD-RAM Address Command

// 16 Character Print

// Print Byte to LCD

// Busy Status Read

// Delay Count

// LCD Data Bus = Read
// Instruction Select
// Read Direction

// Start Read Busy

// Delay Before Read
// Read LCD Data{0000:0000:dddd

// Read & Check Busy Flag

// Disable Read

// Default = Write Direction
// LCD Data Bus = Write

/{ LCD Busy Status

// Disable Read
// Default = Write Direction
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led dir write(}): // LCD Data Bus = Write
raturn 0; // LCD Ready Status
)

1

/********i********i*i***/

/* Enable Pulse to LCD */

/********t*&ﬁi*§§+i§**i*/

void enable lcd(veid) // Enable Pulse
{
lcd en _set(}; // Enable ON
delay us(1);
led_en_clr(}; // Enable OFF

}

/*t***t*t*i**********i**/

/* Delay Time Function */
/* 1-4294967296 */
/********iiitiiitiiiiii*/
void delay (unsigned long int countl)
{
while{countl > 0) {[countl--;} // Loop Decrease Counter
}
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