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ABSTRACT

[n the past, electromagnetic motors have been generally used for micromanipulation
and micropositioning. However, the conversion of angular motion to linear motion needs to
connect transmission devices such as gear, belt, lead screw which have nonlinear
characteristics, To avoid disadvantages, piezoelectrics are employed because they have a
fast response and move without backlash or stiction.

Hence, this thesis presents the design of the micro robot for precision mechanism
and biotechnology operations. Piezoelectrics are used as actuators by using Stick — Slip
technique, which is one of the direct-drive principles. As a result, the micro robot does not
take the effect from nonlinear characteristics. Moreover, Stick — Slip technique is a simple

method, which gives a good performance.
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NEC TOKIN's multilayer piezoelectric actuators are available in three series.

Metal cased
type

High-power

General-purpose General-purpose

S 85°C rat_ed-_

85°C rated a __ASB sgries
AE sefies 150°C rated

ASL series

*AE series is resin-coated products. Therefore we recommend metaltic case type, ASB cor
ASL series in high humidity condition.

Resin-coated type

NEC TOKIN’s multilayer piezoelectric actuators were produced by our unique |
element structure technology using ceramic materials with high electrostrictive |
factors developed by NEC TOKIN. |

Features

1Special ceramics developed by NEC TOKIN are used in piezoelectric ceramic elements.
__1As compared with conventional actuator elements, NEC TOKIN’s multilayer piezoelectric actuators have
the following advantages:

B Advantages over electromagnelic actuators
® Superior response
@ High resolution for positioning
® Low power consumption
® No electromagnetic noise _ Insulator
B Advantages over bimorph piezoelectric actuators - g
® High energy conversion efficiency (around 7 times the
energy conversion efficiency of the bimorph type actua- I _ Internal
tor), and low power consumption — slectrode
® Large generated force
@ Stiable displacement, and reduced shift and creep phenomena _ - External
@ Higher response speed {more than 100 times the response B ' : electrode
speed of the bimorph piezoelectric actuator) ) - i
W Advantages over stacked piezoelectric actuators )
® Compact (less than 1/10 the specific ratio of the stacked
piezoeiectric actuator)
® Low drive voltage, and ease of use
® Inexpensive

P = Y

Ceramic

£

Structure of NEC TOKIN's Multilayer
Piezoelectric Actuator

4 Multilayer Piezoelectric Actuators Vol.02



63
NEC/TOKIN

Resin coated type multilayer piezoelectric actuators

AE Series

Features

@ Large generated force: 3,500 Nficm? (typ.)

® High-speed response: Driving up to about 1/3 of self-
resonant frequency (in several ten kHz) is possible.

@ Accurate positioning: Controllable in nm.

® Low power consumption: Can be retained at the leakage
current (100 2 A or less}.

® Very smalt size: 1/10 or less of conventional multilayer
actuators

Numbering system

Example: AE 0505 D16 XXX F

!

] e Additional code (optional)
|
l

Nominal displacement:

Series name:

Outline

Multilayer piezoelectric actuators are ceramic elements
for converting electrical energy into mechanical energy
such as displacement or force by utilizing the
piezoelectric longitudinal effect.

NEC TOKIN's multdayer piezoelectric actuators are
produced based on our unigue element structure
design by making use of originally developed
piezoelectric ceramic matenals with high electrostrictive
factors. Compared to conventional piezoelectric
actuators, they are smaller in size but can generate
higher displacement and force at low voltages.
Especially. the resin-coated AE series actuators
feature compact size and wide variety in shape for
use in ultra-fine positioning mechanisms and drive
sources for various applications.

Applications

Printer/magnetic head position adjusiment, mirror/
prism positioning, linear motors, pumps, vibration,
valve drive, manipulators, etc.

Comply with RoHS

indicated by two digits in micrometers [um]
in successionto D
Exampie: D16 = 16 um

Cross sectional dimensions:  Unit: Miliimeters [mm!

Example: 0505 = 5 mm x 5 mm

AE = Resin-coated tvpe

Multilaver Piezoelectric Actuators Val.02 5



NEC/TOKIN

Standard Parts List

Displacemerd [em] Generated force Resonance frequency Capacitance i Insulation resistance Overai lergih: .
o Mak&&?mg vultageﬁli:cammenﬁeu;nv-lhw; ;kae N [kHz] {uF} i MO min. {mem] !
AE0203004 46215 30-15 ' 5 !
| AE0203008 . 94x15  B.1=15 S
R R TS R
AEOZDI!DMHM; _-_"_;2-0-*6 B 066 | ) 40
| AE0sospos | 9. T
| AE0505D16 R
AEQS0SDA4HAD | 420+ 5 a0
“AEID1DD1E o
(AE1010D44H4D - 420256 a0
CAE1414D1S | 184s35 123235 ‘ 0
AE2525D15 156420 101220 69 305 4 - 0w |
Performance
Kem Standard Conditions
When applied with a DC voitage: Ambient temperature
Operating temperature range 28t C M"erl driven by ar AC voitage ﬁmn en'ta’rneralu'e + Tsrru—ra‘m- r\sm cue 19 gbreﬂle.a Wﬂc*
ﬁia}]?ﬁ}n'aﬁ&ﬁg voltage  1sov0C S -
. . e T e

Rer.ommended drlvmg voltage

Generated force |

Capacstance

See the standard pans -asl

See the standard na i

Capac:tance al!owance

DIBSlpatIOH faclor

tnsulainon resmtance

Resonance frequency

Tensile slrength

Young's moduius

+-20 %

35ft0 50%

See tne standard Dar‘ts lrst

standard parls Ilst

f=1kHz

‘v’aiue Dbtame‘d in ‘E rrmute at 150 VDC

Wlth botn ends of -:Iernent in free slate

See the standard parts iist

14“0 of genefated force

4 4¥*D”N’m

Temperature cycie test

Capaciiance: Initial value =30%
tand: Less than initiat rated value
insulation resistance: 4 M() or more

Appearance: No noticeabie defect

DlSp‘acement: Initial value =20%

Typlcai value of the element under cur lest condibans

Typ:cal vaaue of the e\emem under gur test CO'IdILOI‘IS

.vn:cal value of T."IE e‘e":ent Jnder our test condlt.uns

Rcom temnerature (3 min}

~25°C {3 min )

Room temperature {3 min}
+85°C {39 min}

Reopeiition of 1¢ cycles of the above

Quter Dimensions

. E H
2
(& -}
i f
W T
W T

Nate:

Factory-snipped polarization :

white lead wire = (-]

Red ‘ead wire = {+},

Hleit - mme
Modal T;
AE0203D04 3 5max.
 AE0202D08 3.5max.
| AEQZ03D15 3.5max. |
| AE0203D44H40 | 3 5max )
 AE0505D08 | &Smax. |
" AE0505D16 6 Smax.
" AE0505D44H40 6 5rnax
AE1010D16 20,1 | 11.5max, - <1100
| AEt010D44H40 111 5mar, oo
AE1414D16 118 7max ‘S?f*'lax [
AE2525D15 251401 | 251201 | 20s0.% | 28.6max | 266max. | 00

*Length of lead wire

6 Multilaver Piezoelectric Actuators Vol.02
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Wire diameter

. S

fi

¢d
4

Special Design Parts

Non-standard parts may be manufactured on order.
With regard to the generated displacement and
generated force, use the guideline below with the
performance of the standard parts as the reference.
Displacement: Roughiy proportional to the
element length
Generaied force: Roughly proportional to the
sectionat area of the element
Please contact us for further details.

Characteristic Data

150

8

Valtage (V)

50 U npo-
larized

4

Maeasured teMmperature : 23°C
{with use of unpolarized element)
AE0505D16

20

Unpo-
° larized

Generated displacement {(um)

0 20 40 60 80 100
Time (sec)

Fig. 1 Voltage and generated displacement
vs time characteristics

¢d = Diameter of lead wire

¢ = Outer diameter including
the thickness of coating

£= Length of lead wire

Model Number| ad*

AE0203D08 | 03 | 05 | ton |

AE0203D16 0.3 0.5 100

AE0505D08 0.3 0.5 100

AE0505D16 0.5 0.8 100

AE1010D16 0.5 0.8 100

AE1414D16 0.5 0.8 100

* Typ.

Generated displacerment (um)

40

30

20

10

R AR A S A ST 4 it

Measured temperature : 23°C
(with use of unpolarized element)
AEQS05D16

50 100 150
Voltage (V)

Fig. 2 Voltage vs generated displacement

characteristics

Multilayer Piezoelectric Actuators Vol 02 7
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NEC/TOKIN
2l AE0203008 |
~ 18l (measuring 2x3x10mm elernent)
20} 5 Al
bodll-1
H 14 - T Al + dhs
Measured temperature : 25:5°C E e, A
{wilh use of palarized element) g 12} . y
AEOS05016 3 | e 0 75 150
£ 10 dhso ~~... Drive voltage (V)
1o} 3 s
E [ _
a2 ® Ay (residual
| & af displacement}
E 150 vDC a2l
g Fo
< 0
[=% 1 1 L .
g9 500 1000 50 0 50 100 o 200
2 Temperature {°C)
g Generated force (N)
1]
=
-7}
4]

OV, open element

0V, shorted element

Fig. 3 Generated Force vs Generated
Displacement Characteristics

Fig. 4 Temperature characteristics of

generated displacement

DC 75V superimponed on SIN wavatam (1500}
AENS05016

Hesl genesation AT (*C)

Time (sec)

Fig. 5 Heat development characteristics

Heal generation AT (°C)

&

3
=8

2

AFOS05016

ARer passaga of § min

e

D e Symbol

40V

ooV

150V

10

AG frequerncy {Hz)

Fig. 6 Heat generation vs frequency

characteristics

8 Multilayer Piezoelectric Actuators Vol.02
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Reliability

Maijority of failure mode of muitilayer piezoelectric actuators is the short circuit due to degraded insulation.
Though the cause of degradation of insulation has not been clarified perfectly, it has been found that the
failure rate varies greatly between statistic uses {DC voltage application) and dynamic uses {(pulse voltage
application). Since it has been found that the influence of humidity is great in addition to the ambient
temperature as in the case of other generatl electronic parts, the metal sealed type featuring high reliability
by elimination of the influence of the atmosphere has been added in the product line.

This section describes the reliability guidelines for static and dynamic uses for each of the resin-coated and
metal sealed types.

Reliabitity of our multilayer piezoelectric actuatars is represented by MTTF (mean time to failure) on
assumption of static uses. Though the number of repetitions is considered to be used to represent the
reliability in the case of dynamic uses, the accurate relationship between the indicator and cause has not
been obtained because of various infiuential causes and the mutual action between them. For the present,
therefore, only the obtained data and our concept are described.

(1) Resin-coated Type (AE Series)
a. UC voltage application

The acceleration factor has been obtained empirically for each of the drive voitage, ambient temperature
and retative humidity based on many experimenta!l result data. The MTTFr in an actual application is
estimated using equation {1) below with MTTFs observed under accelerated condition as the reference
value.

MTTF=MTTFsxXA.XArx M+ » o {1}

MTTF: : Estimated value
MTTFs : Reference value {=500h) - - = Typical value as of the year 19380

\EZ

Av : Acceleration factor for drive voltage= (

A ) Ve : Actual voltage (V)
v
/90 V'
An : Acceleration factor for relative humidity= ( ] Hr : Actual relative humidity {RH%)
AY T
42-T:
A« : Accelerafion factor for ambient temperature=1.5 0 Tr : Actual ambient temperature{ ' C}

[Example] The following calculation is made for the case of use at 25°C, 60% RH and 100 V-

’/150\3,2 / 90 \4.9 4042:
MTTF:=500% {——) x | ] xt15 ¥
\100 \ 60/

=500x3.66x7.29%1.84
=24 500h (2.8years)

b. Pulse voltage application

When this element is driven by a pulse voltage, temperature rise occurs as a result of heating due to
dietectric loss of ceramics. Therefore, the element is not likely to be influenced by the humidity, thus
extending the service life greatly. Singe this effect is affected by the element shape, puise waveform
and frequency, it cannot be calculated by an equation as in the case of DC voltage application.

It has been seen that no failure occurred after application of @ to 150-V rectangular puise wave at 500
Hz to the AEQ203D08 for 500 hours {equivalent to 900 million puises).

On the other hand, physical damage due to ringing phenomenon due to element fixing method and
voitage rising speed may arise, so attention shouid be paid.

Please refer to the separately printed "Guide to Multilayer Actuator” for more detailed data.

Multilayer Piezoelectric Actuators Vol.02 13
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Guide to Use

fixing Method:
® Carefully prevent any bending, twisting or tensile force from being applied to this product.
Reference: Guide for tolerance of twisting and tension

Reference value Rermarks
Twisting force  3x107"Nemoriess ! Foran actuator which generates a force of 500 N
| Tension . 50Norless . (compression resistance) |

® Install the actuator so that the center axis of generated displacement is aligned with the center axis of the load.

a. Resin-coated type
* Epoxy-based adhesives are usable for bonding. Select a type featuring high rigidity and minimum thickness

50 that the generation force and displace ment would not be spoiled.

= When thermosetting resin is used, perform polarizing treatment (see the caution section) again after setting.

- This type is weak to a tensile force because of its structure and may be broken when applied with tension.
Use in the state constantly applied with compression is effective in preventing any mechanical damage. The
pressure applied to this element should be kept at 20 to 50% of the force generated by this element
{compression resistance).

« Install the efement so that the axis of generated displacement is vertical to the mounting surface.

h. Metat sealed type

» Select the mounting bracket (female thread type or flange type) according to the mounting method, and instaki
the element utitizing the bracket.

» Fix the element securely so as not to damp the generated force or displacement.

» Connect the driven item at the displacement generating end after securing the mounting portion so as to
avoid unnecessary stress application at the time of installation.

» Though this product is designed to apply a compressive force to the internal element by the metal case, avoid
any usage causing application of bending, twisting or tension at the time of driving.

Driving Method:

® Connect the red lead wire to the positive (+} terminal of the power supply. Also prevent reverse voltage application.

® Basically the voltage controls the aimed displacement and generated force. In driving, however, it is also necessary
to lake ringing due to the resonance or hysteresis of the element itseif into consideration. In pulse driving, it is further
necessary to pay sufficient attention to heat generation due to dielectric loss, charge/discharge current due to the
capaciiive component and the power output impedance as well. Please refer to the separately printed Guide for Use
of Multilayer Piezoelectric Actuators”.

Multilayer Piezoelecltric Actuators Vol.02 15
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Precautions

@ Connect the red lead wire to the positive (+) terminal of the power supply.

@ Carefully avoid electric shock since a high voltage is in use.

@ Never apply an excessive tension to a lead wire. Do not handle the product by picking up or moving the lead wire,

@ Do not disassemble the case of the metal sealed type.

@ Machining of the actuator element and replacement of the lead wire are prohibited.

@ Do not handle the resin-coated type {AE senies) with bare hands. Otherwise, the reliability of the element would be
degraded.

@® Do not wash resin-coated type (AE series) by organic soivant.

@ Avoid excessive physical shock resulting from, for example, dropping. Otherwise, the internal piezoelectric ceramic
element may be damaged.

@ If exposed to high temperatures above 100°C or for use after long storage (for more than three months}. the actuator
shouid be used after being polarized using the following circuit configuration and conditions shown below.

I e

v P . 0
T i oPA R
&

Protective resistor R1 = 1 ki)
Protective resistor R2 = 1 k{2
Polarizing conditions: DC voltage application
0V —150=0.2 V {to be retained for 10 seconds} -+0

@ Do not apply voltage exceeding MAX. driving voltage value to the actuator. Otherwise, degraded rekability or
mechanical fracture may arise.

@ Do not use the actuator in a high concentration of highly inflammable gas. Otherwise, ignition may occur.

@ Use the actuator so as not to cause bending, twisting or tension. Furthermore, align the center axis of displacement
of the actuator with the center axis of the mechanical load.

® Drive the actuator at an initial speed exceeding three times the resonance cycle to prevent damage caused by ringing.

@ Store the resin-coated type (AE series) preferably in a dry atmosphere {desirably below 40% RH} at ordinary
temperatures (-5 to +40°C).

® Store actuators where there is no vibration.

16 Multilayer Piezoelectric Actuators Voh.02
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PIC16F87X

28/40-pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

* PIC16F873 + PIC16F876
» PIC16F874 + PIC16F877

Microcontroller Core Features:

+ High-performance RISC CPU
« Only 35 single word Instructions to learn
« All single cycle instructions except for program
branches which are two cycle
« Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle

» Up to 8K x 14 words of FLASH Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM)
Up to 256 x 8 bytes of EEPROM data memory

+ Pinout compatible to the PIC16CTIB/74B/76/77
* Interrupt capability {up to 14 sources)
» Eight level deep hardware stack
+ Direct, indirect and relative addressing modes
+ Power-on Reset (POR)
» Power-up Timer (PWRT) and
Oscillator Start-up Timer (OST)

+ Watchdog Timer {(WDT) with its own on-chip RC
oscillator for reliable operation

+ Programmable code-protection
* Power saving SLEEP mode
+ Selectable oscillator options
+ Low-power, high-speed CMOS FLASH/EEPROM
technology
+ Fully static design
» In-Circuit Serial Programming™ {ICSP) via two
pins
+ Single 5V In-Circuit Serial Programming capability
* In-Circuit Debugging via two pins
» Processor read/wrile access to program memory
+ Wide operating voltage range: 2.0V to 5.5V
» High Sink/Source Current: 25 mA
* Commercial and (ndustrial temperature ranges
* Low-power consumption:
- <2 mA typical @ 5V, 4 MHz
- 20 pA typical @ 3V, 32 kHz
- <1 pA typical standby current

Pin Diagram
PDIP
MCLRAPRITHY ——= [ 1 U 40 [1 =~—» RBT/PGD
RAGANG s [] 2 39 [] «—= RBGIPGC
RA1ANT =—=[] 3 38 [] =— RBS
RAIANZIVREF- w— [ 4 37 [] =—= RB4
RAMANINREFt == [| 5 36 [] =+—= RBUPGM
RA4TOCKI +—» [ 6 35 [] «—= RB2
RAG/ANSSS «— [ 7 - M [] =—= RB1
REGRO/ANS ~-— [] M~ 33 [] «+—= RBONT
RE1AWRIANE <[] g B pe— v
RECEIANT -—e [ 10 ",: 31 [] -— vss
VOO ~—— [] 11 E 30 [] -—s RDT/PSPT
vss e []12 @O  20[] =~ RD&PSPS
OSC1CLKIN —=- [] 13 G 28 [] =—e RDEPSPS
OSCZCLKOUT w— [ 14 = 77[] «—= RO4PSP4
RCATIOSOMICK! +— [ 15 o 26 [] =—e RCURNDT
RCATIOSUCCP2 —-—a [] 16 25 [] =+—= RCETXCK
RCHCCPY w—e [] 17 24 [] == RCHSDO
RCASCKSCL <— ] 13 23 [] =— RC4/SDISDA
RDO/PSPY -— [] 19 22 [] =—e RDUPSP3
RDHPSP1 ~—e [ 20 21 [] =—= RD2PSP2

Peripheral Features:

.

TimerQ: 8-bit timerfcounter with 8-bit prescaler
Timer1: 16-bit timer/counter with prescaler,
can be incremented during sieep via externai
crystalfclock

Timer2: 8-bit timer/counter with 8-bit peried
register, prescaler and postscaler

Two Capture, Compare, PWM modules

- Capture is 16-bit, max. resolution is 12.5ns
- Compare is 16-bit, max. resolution is 200 ns
- PWM max. resolution is 10-bit

10-bit multi-channel Analog-to-Digital converter

Synchronous Serial Port (SSP) with SPI™ (Master
Mode) and I2C™ {Master/Stave)

Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCI) with 9-bit address
detection

Parallei Slave Port (PSP) 8-bits wide, with
external RD, WR and CS controls (40/44-pin only)
Brown-out detection circuitry for

Brown-out Reset (BOR)

© 1999 Microchip Technology Inc.
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Pin Diagrams

DIP, SOIC
WMCLRAVPRTHY —= [°1 ~7 28] 1 == RB7/PGD
RAQ/AND =[] 2 27[] = RBEPGC
RA1ANT=—[] 3 - 26[] = RBS
RAZIANZNReF--+— [ 4 e 26[] = RB4
RA3/AN3NVRer+ =[] 5 2 24[ ] = REBIPGM
rRaamocki~— ] & e 23[] =~ RB2
RAS/ANSSS~—[] 7 i 22[] = RB1
vss—[] & o 21[] =— RBOANT
osclCLKIN— ] 9 5 20[) =— vop
OSC2/CLKOUT =—[] 10 o 19]] - Vss
RCOT10S0/T4CKI =[] 11 18[] = RCT/RXDT
RCTQSICCP2 =[] 12 17[] =— RC&TXICK
ReziceP1=—= 12 16[] = RCS/SDO
RC¥SCH/SCL == [}14 15J =—= RCA/SDISDA
il
w
'3
2
m
Z
PLCC g
[ ]
L=}
RAYTOCKI =[]
RAS/ANASS . . (g
REO/RD/ANS « o [Jg
REIWRIANS <[] 19
RE2CS/IAN? o o 11
voo . 12
L R, Py
OSCUCLKIN o [ 13
OSCCLKOUT o [ 45
RCOM10SOMICKY < o 48
NC 17u;
o
3 !
- g9 8
Smﬁaﬁzaaa5 2
SN aNaRaNaRbRERA NS b
QFP FrrECCXERE S =
O
P LELEY z
ODOOHO0O00300
HHHHHHHHHEH
o3 223588
RC7/RX/DT ==L 1 NG
RD4/PSP4 == (00 2 23— RCOTIOSOTICK
RDS/PSP5 =—=CI 3 31O — OSC2CLKOUT
RDG/PSPS =—* [ 30— OSC1/CLKIN
RO7/PSPT =—=CIO5 PIC16F877 20T =~— Vss
vss L6 pIC16F874 st +— VoD
Vop —=~C147 27 LT - REZIANT@
RBI/INT =-+CI1 & =— REVANEWR
RB1 =—=[IIl9 25HI] == REDJANS@
RBZ =—=CIT] 10 2afT0<—= RAS/AN4/SS
REBIPGM =TT 1t 0 o o BT RA4TOCK!
noro2ood
ARERHRHEE
DOdddgodd
LUTVOOZOr 1 &
I
da it Hl
I E
o §§z§
-F
e 3%

5 [ Jma RAZ/AN2NVREF-

RC2/CCP1 =—=[]10
REASCK/SCL ~—[20

=
I
E
I ao
— 0
rdv
3@ oo
+ M D W)
§§ OQmm@omo
Zrroerxz
HINEEIBEBE
+mod gﬂ) -~
- ~t

[] -
PIC16F877 350-—
PIC16F874 34—

24
25
26
27

23

RDIPSPI =[]

RCS/S00 ]

RCBMXICK -a—e-[]
NC

RDO/PSPO -—=[]21

RD1/PSPY =—s-[]22

RD2/PSP2 =—-]
RC4/SDI/SDA, =—=[]

Vg5
RD7/PSP7
RD&/PSP6
RDS5/PSPS
RO4PSP4
RCTRXDT

DS30292B-page 2
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TABLE 1-2: PIC16F874 AND PIC16F877 PINOUT DESCRIPTION
DIP PLCC QFP | YOF Bufler g
Pin Name Pirdk Pirsk Ping | Type Type Description

OSCCLKIN 13 14 30 | sSTiIcMOS | Oscillator crystal input/external clock source input.

DSC2/CLKOUT 14 15 31 &) — Oscillator crystal oulput. Connects o crystal or resonater in
crystal oscifiator mode. in RC mode, OSC2 pin outputs CLK-
OUT which has 1/4 the frequency of OSC1, and denotes the
instrugtion cycle rate.

MCLRNVPPITHY 1 2 18 P ST Master clear (reset) input or programming voltage input or high
voltage test moede control, This pin is an active low reset to the
davite.

PORTA is a bi-directional IO port.

RAO/ANO 2 3 19 [[{e] TTL RAD can also be analog input0

RA1/AN 3 4 20 1o TTL RA1 can also be analog input1

RAZIAN2/VREF- 5 21 1o TTL RA2 can also be analog input2 or negative analog

reference voltage

RAYANVVREF+ 5 6 22 1o TTL RA3 can also be analeg inputd or positive analog

reference vwoltage

RA4/TACK! ] 7 23 1o ST RA4 can aiso be the clock input to the Timer0 timer/

counter. Qutput is open drain type.

RAS/SS/ANA 7 B 24 o TTL RAS5 can also be analog inputd or the siave select for the

synchronous serial port.
PORTB is a bi-directional /O port. PORTB can be software
programmed for internal weak pull-up on all inputs.

RBO/INT 33 36 B fle] TTUSsT RBO can aiso be the external interrupt pin.

RB1t M 37 9 f{e] TTL

RB2 35 38 10 1o TTL

RB3I/PGM 36 39 " [lie} TTL RB3 can aiso be the low vollage programming input

RB4 37 41 14 [[[s] TTL Intermupt on change pin.

RB5 38 42 15 1o TTL Interrupt on change pin.

RBGPGC 39 43 16 WO TTUST interrupt on change pin or In-Circuit Debugger pin. Serial

programming clock,

RBT/PGD 40 44 17 o TTUST Interrupt on change pin or In-Circuit Debugger pin. Serial

programming data.
PORTC is a bidirectional I/O pori.

RCO/T10S0/T1CKI 15 16 32 o ST RCO can also be the Timert oscillator output or a Timer1

clock input.

RCUT10SIICCP2 16 18 35 o ST RC1 can ailso be the Timer1 oscillator input or Capture2

inputfCompare2 outputPWM2 output.

RC2/CCP1 17 19 36 o ST RC2 can also be the Capturet input/Compare1 output/

PWM1 output.

RC3/SCK/SCL 18 20 7 Qo ST RC3 can also be the synchronous serial clock inputfoutput

for both SPI and I2C modes.
RC4/SDI/'SDA 23 25 42 [{e] ST RCA4 can alsa be the SP1 Data In (SPI mode) or
data /0 (*C mode).

RC5/SD0O 24 26 43 vo ST RC5 can alsa be the SPI Data Qut
(SPI mode).

RCEMTX/CK 25 27 44 o ST RCE can also be the USART Asynchroncus Transmit or
Synchronous Clock.

RCTRX/DT 26 29 1 vo ST RC7 can also be the USART Asynchronous Receive or
Synchronous Data.

Legend: 1 =input Q = gutput IO = inputfoutput P = power

— = Not used TTL = TTL input ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigaer inout when confiaured as an external interrupt.

2: This buffer is a Schmitt Trigger input when used in serial programming mode.

3: This buffer is a Schmitt Trigger input when configured as general purpose I/O and a TTL input when used in the Paraliel Slave
Port mode {for interfacing to a microprocessor bus}.

4: This buffer is a Schmitt Trigner input when configured in RC oscillator mode and a CMOS input otherwise.

DS30292B-page B
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TABLE 1-2;  PIC16F874 AND PIC16F877 PINOUT DESCRIPTION (CONTINUED)

. DIP PLCC QFP | 0P Buffer
Pin Name Pink Pirt Pin¥ | Type Type Description
PORTD is a bi-directional /O port or parallel slave port when
interfacing to a microprocessor bus.
RDOPSPO 19 21 38 o sTATL
RD1/PSP1 20 22 39 vo STATLE
RD2/PSP2 21 23 40 Vo sTATLE
RD3/PSP3 22 24 41 i) sTATL
RD4/PSP4 27 30 2 110 STTLY
RDS5/PSP5 28 k| 3 o STATLS
RDE/PSPE 29 32 4 1o STATLG
RD7/PSP? 30 aa 5 1o sTATLS
PORTE is a bi-directional I/O port.
REWRD/ANS 8 9 25 1o sSTATL® REO can also be read control for the parailel slave port, or
analog input5.
RE1WR/ANG 9 10 26 o STATL® RE1 can also be write control for the parallel stave port, or
analog inputé.
RE2/CS/AN? 10 11 27 o STATLE! RE2 can also be select control for the parallel slave port,
ar anatog input?.
Vss 12,3 13,34 6,29 P o Ground reference for logic and 17O pins.
Vop 11,32 1235 7.28 P — Positive suppiy for logic and /O pins.
NC — 1,47.28, | 12,13, — These pins are not internally connected. These pins should be
40 33,34 left unconnected.
Legend: J=input O = putput 1O = input/outpurt P = power
-— = Not used TTL = TTL input ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as an external interrupt.

This buffer is a Schmitt Trigger input when used in serial programming mode.

This buffer is a Schmitt Trigger input when configured as general purpose 11O and a TTL input when used in the Parallel Slave
Port mode {for interfacing to a micropracessor bus).

This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.

© 1999 Microchip Technology Inc. DS30292B-page 8
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17.4 K04-016 _40-Lead Plastic Dual In-line (P} — 600 mil

R |
d 0
[ o]
g 1]
g 3]
g 3]
g 1
a 9}
g 5}
g 0
0 n
d h D
1 1
d o]
g H
d H
{ H
[a o
{ H
{ b2 o .—
n g ~ op1
et [ |~ + _[ Al
| e L
A B1 *‘ L
Pl Az —
[— eB —== B p
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
PCB Row Spacing 0.600 156.24
Number of Pins n 4Q 40
Pitch p 0.100 2.54
Lower Lead Width B 0.016 0.018 0.020 0.41 0.46 0.51
Upper Lead Width B1t 0.045 0.050 0.055 1.14 1.27 1.40
Shoulder Radius R 0.000 0.005 0.G10 0.00 0.13 0.25
Lead Thickness c 0.009 0.010 0.011 0.23 0.25 0.28
Top io Seating Plane A 0.110 0.160 0.160 2.79 4.06 4.06
Top of Lead to Seating Plane  |A1 0.073 0.093 0.113 1.85 2.36 287
Base lo Seating Plane A2 0.020 0.020 0.040 0.51 0.51 1.02
Tip fo Sealing Plane L 0.125 0.130 0.135 3.18 330 3.43
Package Length of 2.013 2.018 2.023 51.13 5126 51.38
Molded Package Width g* 0.530 0.535 0.540 13.46 13.59 13.72
Radius to Radius Width E1 0.545 0.565 0.585 13.84 14.35 14.86
Overall Row Spacing eB 0.630 0.610 0.670 16.00 15.49 17.02
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

Confrolling Parameter.

T Dimension *B1" does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003”
(0.076 mm) per side or 0.006" {0.152 mm) more than dimension "B1.”

¥ Dimensions *D” and “E” do not include mold Aash or protrusions. Mold flash or protrusions shall not
exceed 0.010" (0.254 mm) per side or 0.020” (0.508 mm} more than dimensions “D” or "E.”

© 1995 Microchip Technoiogy Inc. DS30292B-page 179
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SEMICONDUCTOR ™

1N4001 - 1N4007

Discrete POWER & Signal
Technologies

Features
* Low forward voltage drop. 10min (254)
* High surge current capability. Diman 'bm*“
D205 (521)
DO-41 '
COLOR BAND DENOTES CATHORE
"| 0.107 (2.7
OB (20
0034 (0.
- [(X
1.0 Ampere General Purpose Rectifiers
Absolute Maximum Ratings®  1,-cwessotmeruss notea
Symbol Parameter Value Units
o Average Rectified Current 1.0 A
375 "lead length @ Ta = 75°C
Hsurge) Peak Forward Surge Current
8.3 ms single ha¥-sine-wave 30 A
Superimposed on rated load (JEDEC method)
Po Total Device Dissipation 25 W
Derate above 25°C 20 mwW»*C
Rea Thermal Resistance, Junction to Ambient 50 T
Tag Storage Temperature Range -55t0 +175 C
Ty Operating Junction Temperature -55to +150 °C
tl’hase ratings are imiting values above which the serviceability of any samconductor device may be mpalned.
Electrical Characteristics  r,-25c uness anerwiss noted
Parameter Device Units
4001 4002 4003 4004 4005 4006 4007
Peak Repetitive Reverse Vdtage 50 100 200 400 600 800 1000 Y
Maximum RMS Voltage 35 70 140 280 420 560 700 \'i
DC Reverse Voltage  {(Rated V) 50 100 200 400 600 800 1000 v
Maximum Reverse Current
@raed Vr Ta=25°C 50 LA
Ta=100"C 500 pA
Maximum Forward Voltage @ 1.0 A 11 vV
Maximum Full LLoad Reverse Current, 30 LA
Full Cycle Ta=75C
Typical Junction Capacitance 15 pF
VR=40V, f=10MHz

-1
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General Purpose Rectifiers
{continued}
Typical Characteristics
Forward Current Derating Curva Forward Characteristics
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Non-Repetitlive Surge Current Reverse Characteristics

« 30
g "
24 S 3
i ™ g
& N =
3 18 Sy E
d =
g 12 \"“ == v
2 :
3° 2
2

a
—_

2

4 6 @10 20 40 B0
NUMBER OF CYCLES AT 60Hz

100

20 40 B0 80 100 120 140
RATED PEAK REVERSE VOLTAGE (%)

Z00VNL-LOOVNL



-3

c¢ZLieiiozidil

]
FAIRGCH LD
]
BSEMICONDUICTOR®
TIP120/121/122
Medium Power Linear Switching Applications
» Complementary to TIP125/126/127 E
1 TO-220
1Base 2Colledor 3Emiter
NPN Epitaxial Darlington Transistor
Absolute Maximum Ratings T1.=25°C uniess ctherwiss noted Equivalert Cimut
Symbol Parameter Value | Units .
Vero Collector-Base Voltage  : TIP120 60 Y
(TIPt21 80 i
“TIP122 100 v
Veeo Collector-Emitter Veltage - TIP120 60 v
CTiP121 80 v
CTIP122 160 v A
VEBO Emitter-Base Voltage 5 v 4 Rz L
I Collactor Current (DC} 5 A Rl=8k0 E
lop Coflactor Current (Pulse) 8 A Rz=0.12£0
[ Base Cument (DC} 120 mA
Pe Collector Dissipation (T,=25°C) 2 W
Collector Dissipation (T o=25°C) 65 w
T, Junction Temperature 1580 C
Tste Storage Temperature - 65~ 150 C
Electrical Characteristics 7.=25°C unless otherwise noted
Symbol Parameter Test Condition Min. | Max | Units
Veeofsus) Collector-Emitter Sustaining Voltage
“TIP120 lo = 100mA, Ig=0 80 v
(TIP12Y 80 v
(TIP122 100 v
leeo Collector Cut-off Current
:TIP120 Vg =30V 1g=0 05 | mA
TIP12 Voe =40V, Ig=0 05 mA
(TIP1Z22 Veop =50V, 1g=0 05 mA
leag Collector Cut-off Current
“TIP120 Veg= 60V, g =0 02 | mA
CTiP121 Vep =80V Ig=0 02 mA
TIP122 Vep =100V, =0 02 | mA
legg Emitter Cut-off Cument Vee =5V e =0 2 mA
hre * DC Cumrent Gain Vee=3VIc=054A 1000
Vee=3V. 1= 3A 1000
Veefsat) * Coflector-Emitter Saturation Voltage lc=3A tg=12mA 20 v
le=5A, lg = 20mA 40 v
Vgelon) * Base-Emilter ON Voltage Ve =3Vl = 3A 25 v
Cob QOutput Capadtance Vea = 10V [g=0, f=01MHz 200 pF
* Pulse Tegt: PW<300ps Duly cycle<2%

2001 Fairchld Samiconducier Comporslion

Rev. A1, June 2001



. Typical characteristics

hea, DC CURRENT GAIN

Yex o #Y

[ »
k[Al, COLLECTOR CURRENT

Figure 1. DC current Galn

Cua[pF] ColnFl, CAPACITANCE

=0 Wb

1 " iL1)

VeV, COLLECTOR-BASE WOL.TAQE
Vel¥], EMITTER-BASE VOLTAGE

Figure 3. Output and Input Capacitance

vs. Reverse Voitage

Po[¥¥), POWER DISSIPATION

To[*Cl, CASE TEMPERATURE

Figure 5. Power Der &ting

Vealsat), Vos(sahiv], BATURATION VOLTAGE

le[#], COLLECTOR CURRENT

TP v

38

keja], COLLECTOR CURRENT

Figure 2. Base-Emitter Saturation Voltage
Collector-Emitter Saturation Voltage

¥ed ¥], COLLECTOR-EMITTER WOLTAOE

Figure 4. Safe Operating Area
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Package Demensions
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« Complementary to TIP120¢121/122

Medium Power Linear Switching Applications

TIP125/126/127

1 TO-220
1Base 2 Colledor 3Emiter
PNP Epitaxial Darlington Transistor
Absolute Maximum Ratings 1,=25°C unless otherwise noted
Equivalent Circuit
Symbol Paramester Value Units
Veao Collector-Base Voltage : TIP125 -60 v
(TIPt26 -80 v
(TIP127 - 100 )
Collector-Emitter Voltage : TIP125 -60 vV
Veeo :TIP12%6 - 80 v
CTIP127 - 100 )
Vego Emitter-Base Voltage -5 v
le Collector Current {DC}) -5 A R R2 l
lcp Collector Current (Putse) -8 A Rl =8k} E
RE=01250
In Base Current (DC) - 120 mA
Pg Cotlector Dissipation (T,;=25°C) 2 W
Collector Dissipation (To=25°C) 65 w
Ty Junction Temperature 150 “C
Teto Storage Temperaure - 65~ 150 oC
Electrical Characteristics 1.-25°C unless otherwise noted
Symbol Parameter Test Condition Min. | Max. | Units
Veeolsus) | Collector-Emitter Sustaining Voltage
S TIP12S I =-100mA, Ig=0 -60 v
- TIP126 -80 v
CMIP127 -120 v
lceo Collsctor Cut-off Current
" TIP12% Ve =-30V, 'B =0 -2 mA
(TIP126 Vop =40V, Ig=0 2 | mA
CTIP127 Vee=-oV.lg=0 -2 mA
lceo Collector Cut-off Current
CTIPt25 VCB = -SOV. IE =0 -1 mA
“TIP126 Vog=-80V, I =0 4| ma
CMP127 Vg =-100V, Ig=0 -1 mA
lego Emitter Cut-off Current Ve =-5¥. I=0 -2 mA
hFE * DC Current Gain VCE = vSV, IC = 05A 1000
VCE =3V, ic =-3A 1000
Ve(sat) * Coltector-Emitter Saturation Voltage lc =-3A, lg=-12mA -2 v
lc=5A, | g=20mA -4 v
Vaelfon) * Base-Emitter ON Voltage Vep = -3V 1 =-3A -25 v
Cob Output Capacitance Veg=-10W, I = 0, f =0.1MHz 300 pF
TPuise Test - PWe 005, Dy cytle <2%
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Typical Characteristics
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| Package Demensions
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IUIUNTHAIUNHUEUANNABUWIUADS (LUSUATHUNIFIHN 1IVOKW: visual Basic

6.0)

Private Declare Sub out Lib "DilPort.dll" Alias "Out32" {(ByVal PortAddress As Integer, ByVal
Value As Integer)
Public pwrite As Integer
Dim P1 As Integer

Dim P2 As Integer

Dim P3 As Integer

Dim P11 As Integer
Dim P12 As Integer
Dim P21 As Integer
Dim P22 As Integer
Dim P31 As Integer

Dim P32 As Inleger

Private Sub Command1_Click()
Timerl.Enabled = False
out pwrite, &H2C
Label16.Caption = "LEFT-FRONT”
End Sub

Private Sub Command2 Click()
Timerl.Enabled = False
out pwrite, &HAC
Labeil6.Caption = "FRONT"
End Sub

Private Sub Command3_Click()

Timerl.Enabled = False



out pwrite, &H2%

Label16.Caption = "RIGHT-FRONT"

End Sub

Private Sub Command4 Click()
Timer1.Enabled = False
out pwrite, &H3C
Labell6.Caption = "LEFT"

End Sub

Private Sub Command5_Click()
Timer!.Enabled = False
out pwrite, &HBC
Labell6.Caption = "RIGHT"
End Sub

Private Sub Command6_Click()
Timer1.Enabled = False
out pwrite, &H38
Label16.Caption = "LEFT-BACK"
End Sub

Private Sub Command7_Click()
Timer1.Enabled = False
out pwrite, &H24
Label16.Caption = "BACK"
End Sub

Private Sub Command8 Click()
Timerl.Enabled = False
out pwrite, &HA4
Labetl6.Caption = "RIGHT-BACK"
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End Sub

Private Sub Command® Click()
Timer!.Enabled = True
out pwrite, &HFF
Label16.Caption = "STOP"

End Sub

Private Sub Form_Load()
MSComm1.CommPort = 1
MSComm|.Settings = "9600,n,8,1"
MSComml.PortOpen = True

Timerl.Interval = 50

Timerl.Enabled = True

P1=3
P2=3
P3 =3

Label5.Caption = P1
Label6.Caption = P2

Label7.Caption = P3

MSComm1.Output = Chr$(255) & Chr$(0) & Chr$(0) & Chr$(2)
MSComm1.Output = Chr${(135) & Chr$(0) & Chr$(0) & Chr$(2)
MSComm1.Output = Chr${254) & Chr$(0) & Chr(0) & Chr${(3)

pwrite = &H378
out pwrite, &HFF
End Sub



Private Sub mnuExit_Click{)
MSComm1.Qutput = Chr$(255) & Chr3(0) & Chr3(0) & Chri(2)
MSCommt.Output = Chr$(135} & Chr$(0) & Chr${0) & Chr$(2)
MSComm1.Qutput = Chr$(254) & Chr3(0) & Chr3(0) & Chr8(3)
out pwrite, &HFF
End

End Sub

Private Sub mnuNew_Click()
P1=3
P2=3
P3=3

Textl. Text="1"
Text2.Text="1"
Text3, Text="1"
Textd.Text ="1"
Text§ Text="1"
Text6.Text ="1"

Opuon3.Value = True

Optioné.Value = True

Option9.Value = True
End Sub

Private Sub mnuOpen_Click()
Textl Text=P11
Text2. Text = P21
Text3. Text = P31
Textd. Text= P12
Text5. Text=P22
Text6.Text = P32
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End Sub

Private Sub mnuSave Click()
Pi1 = CInt(Textl.Text)
P12 = CInt{Text4. Text)
P21 = CInt{Text2.Text)
P22 = CInt{Text5.Text)
P31 = CInt( Text3.Text)
P32 = CInt(Text$. Text)

End Sub

Private Sub Option] Click()
Pl=1
Label5.Caption = P1

End Sub

Private Sub Option2_Click()
P1=2
Label5.Caption = P1

End Sub

Private Sub Option3 _Click()
P1=3
Label5.Caption = P1

End Sub

Private Sub Optiond Click()
P2=1
Label6.Caption = P2

End Sub
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Private Sub Option5_Click()
P2=2
Label6.Caption = P2

End Sub

Private Sub Option6_Click()
P2=13
Label6.Caption = P2

End Sub

Private Sub Option7_Click()
P3=1
Label7 Caption = P3

End Sub

Private Sub Option8 Click()
Pi=2
Label7.Caption = P3

End Sub

Private Sub Option9_Click()
P3=3
Label7.Caption = P3

End Sub

Private Sub Textl Change()
Dim Gen As Double
Gen = CDbi(Text1.Text)
If Gen <0 Or Gen > 20000 Then
MsgBox "Error! Value must between 0 - 20000", vbOKOnty, "Error!!!"

Text}.Text="0"



Exit Sub
End If
VScrolll. Value = Gen
End Sub

Private Sub Text2_Change()
DPim Gen As Double
Gen = CDbl(Text2.Text)
If Gen < 0 Or Gen > 20000 Then
MsgBox "Error! Value must between 0 - 20000", vbOKOnly, "Emor!!!"
Text2. Text ="0"
Exit Sub
End If
VScroil2.Value = Gen

End Sub

Private Sub Text3_Change()
Dim Gen As Double
Gen = CDbl(Text3.Text)
If Gen < 0 Or Gen > 20000 Then
MsgBox "Error! Value must between 0 - 20000", vbOKOnly, "Error!!"
Text3. Text = "0"
Exit Sub
End If
VScroli3.Value = Gen
End Sub

Private Sub Text4 Change()
Dim Gen As Double
Gen = CDb{Text4. Text)
If Gen < 0 Or Gen > 20000 Then
MsgBox "Error! Value must between 0 - 20000", vbOKOnly, "Ermor!1!"
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Text4, Text ="0"
Exit Sub

End If

VScroil4. Value = Gen

End Sub

Private Sub Text5_Change()
Dim Gen As Double
Gen = CDbl(Text5. Text)
If Gen < 0 Or Gen > 20000 Then
MsgBox "Error! Value must between ¢ - 20000", vbOKOnly, "Error!!!"
Text5. Text = "0"
Exit Sub
End If
VSeroll5.Value = Gen

End Sub

Private Sub Text6é_Change()
Dim Gen As Double
Gen = CDbl(Text6.Text)
If Gen <0 Ot Gen > 20000 Then
MsgBox "Emor! Value must between 0 - 20000", vbOKOnly, "Error!!!"
Text6. Text="0"
Exit Sub
End If
VScroll6.Value = Gen

End Sub

Private Sub Timerl Timer()
Dim A As Integer
Dim Al As Integer

Dim A2 As Integer



Dim B As Imeger
Dim Bl As Integer
Dim B2 As Integer
Dim C As Integer
Dim C1 As Integer
Dim C2 As Integer
Dim D As Integer
Dim D1 As Integer
Dim D2 As Integer
Dim E As Integer
Dim El As Integer
Dim E2 As Integer
Dim F As Integer
Dim F1 As Integer

Dim F2 As Integer

A = CIni(Text1.Text)
Al =Tix(A /256)
A2=A-(Al*256)
B = CInt(Text2.Text)
B1 =Fix(B/ 256)
B2=B-(Bi *256)
C = CInt(Text3.Text}
C1 = Fix(C / 256)
C2=C-(Cl1*256)
D = CInt(Text4. Text)
D1 =Fix(D / 256)
D2=D- (DI *256)
E = CInt(Text5.Text)
El =Fix(E / 256)
E2=E-(El * 256)
F = CInt(Text6.Text)
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F1 =Fix(F / 256)
F2=F-(F1 * 256)

IfPI1=1Then
MSComm1.Cutput = Chr${255) & Chr${A1) & Chr${A2) & Chr$(2)
Y8croli4.Enabled = False
VScrolll.Enabled = True

Elself P1 =2 Then
MSComm1.Qutput = Chr$(255) & Chr$(D1} & Chr$(D2) & Chr$(2)
VScrolll . Enabled = False
VScrolld.Enabled = True

ElseIf P1 =3 Then
MSComm 1.Output = Chr$(255) & Chr8(A1) & Chri(A2) & Chr$(2)
V¥Scroltl.Enabled = True
VScroli4.Enabled = True

End If

IfP2=1Then
MSComm 1.Cutput = Chr$(135) & Chr$(B1) & Chr$(B2) & Chr$(2)
VScroll5.Enabled = False
VScroli2.Enabled = True

Elself P2 =2 Then
MSComml.Output = Chr$(135) & Chr$(E1) & Chr$(E2) & Chr$(2)
VScroti2.Enabled = False
VScroil5.Enabled = True

Elseif P2 =3 Then
MSComm1.Qutput = Chr$(135) & Chr$(B1) & Chr$(B2) & Chr$(2)
VScroli2.Enabled = True
VSeroll5.Enabled = True

End It

IfP3 =1 Then
MSComm!.Qutput = Chr$(254) & Chr$(C1) & Chr$(C2) & ChrS(3)

VScroll6.Enabled = False
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VScrold. Enabled = True
Elself P3 = 2 Then
MSComm]l.Output = Chr$(254) & Chrb(F1) & Chr¥(F2) & Chr$(3)
VScroli3.Enabled = False
VScroll6.Enabled = True
Elself P3 =3 Then
MSComm 1.Output = Chr${254) & Chr8{C1) & Chr§{(C2) & Chr(3)
VScroll3.Enabled = True
VScroli6.Enabled = True
End If

'MSComml.Output = Chr$(255) & Chri(Al) & ChrB(A2) & Chr$(2) 'P.5
'MSComm].Output = Chr§(135) & Chr§(B1} & Chrd(B2) & Chr§(2) P9
'MSComm 1. OQutput = Chr§(254) & Chr$(C1) & Chr$(C2) & Chr$(3} °'P.7

If (P1=1) And (P2=1) And (P3 = 1) Then
out pwrite, &HF

ElseIf (P1 = 1) And (P2 = 1) And (P3 = 2) Then
out pwrite, &LHA4F

Elself (P1 = 1) And (P2 = 1) And (P3 = 3) Then

out pwrite, &HD

Elself (P1 = 1) And (P2 =2) And (P3 = 1) Then
out pwrite, &HEF

Elself (P1 = 1)} And (P2 = 2) And (P3 = 2) Then
out pwrite, &HCF

Elself (P1 =1} And (P2 = 2) And (P3 = 3) Then

out pwrite, &H8D

Elself (P1 =1} And (P2 = 3) And (P3 = 1) Then
out pwrite, £HB
Elself (P1 = 1) And (P2 =3) And (P3 =2) Then



out pwrite, &H4B
ElseIf (P1 = 1) And (P2 = 3} And (P3 = 3} Then

out pwritc, &H9

ElseIf (P1 = 2) And (P2 =1) And (P3 = 1) Then
out pwrite, &H1F

Elself (P1 =2) And (P2 = 1) And (P3 =2} Then
out pwrite, &H5F

Elself (P1 =2} And (P2 = 1) And (P3 = 3) Then
out pwrite, &H1D

Elself (P1 =2} And (P2 =2) And (P3 = 1) Then
out pwrite, &HIF

Elself (P1 =2) And (P2 = 2) And (P3 = 2) Then
out pwrite, &HDF

ElseIf (P1 =2) And (P2 = 2) And (P3 = 3) Then
out pwrite, HID

ElseIf (P1 = 2) And (F2 = 3) And (P3 = 1) Then
out pwrite, &H1B

Elself (P1 = 2) And (P2 = 3) And (P3 = 2) Then
out pwrite, &H5B

Elself (P1 = 2) And (P2 = 3} And (P3 = 3} Then

out pwrite, &H19

Elself (P1 = 3) And (P2 = 1) And {P3 = 1) Then
out pwrite, &H7

Elself (P1 = 3) And (P2 = 1) And (P3 = 2) Then
out pwrite, &H47

Elself(P1 =3} And (P2 = 1) And (P3 = 3) Then

out pwrite, &H5
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Elself (P1=3) And (P2 = 2) And (P3 = 1) Then
out pwrite, &H87

Elself (P1 =3} And (P2 = 2) And (P3 = 2) Then
out pwrite, &HC7

ElseIf (P1 = 3) And (P2 = 2) And {P3 = 3) Then

out pwrite, &H85

ElseIf (P1 =3) And (P2 = 3) And (P3 = 1) Then
out pwrite, &H3

ElseIf (P1 =3) And (P2 = 3) And (P3 =2) Then
out pwrite, &H43

Elself (P1 = 3) And (P2 = 3) And (P3 =3) Then
out pwrite, &HFF

End If

End Sub

Private Sub VScrolll_Change()
Textl.Text = VScrolll . Value

End Sub

Private Sub VScroli2_Change()
Text2. Text = VScroll2.Value
End Sub

Private Sub VScroll3 Change()
Text3. Text = VScroll3.Value

End Sub

Private Sub VScroll4_Change{)
Textd. Text = VScroll4.Value

End Sub



Private Sub ¥Scroll5 Changel()
Text5. Text = VScroll3. Vaine
End Sub

Private Sub VScroli6_Change()
Texvd. Text = VScroll6. Value
End Sub
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ITHAINATNIAING INNUYuEUATedluinsnauinsalaes PIC 16F877 m

(@ DEVICE PIC16F877AHS_OSC,LVP_OFF,BOD_OFF,WDT_OFF
DEFINE OSC 20

DEFINE CCP!_REG PORTC 'P1-255-2 ,P2-135-2 ,P3-254-3
DEFINE CCP1_BIT 2

DEFINE CCP2_REG PORTC

DEFINE CCP2_BIT 1

pp VAR BYTE

num! var word

numi =0

LOOP: serin2 PORTC.7,84,[WAIT(255),num1.HighByte,num1.LowByte,pp]
IF pp =2 THEN PU
GOTO LOOP

PU: Hpwm 1,127,numl
goto loop

END
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@ DEVICE PIC16F877A,HS_OSC,LVP_OFF,BOD_OFF,WDT _OFF
DEFINE OSC 20

DEFINE CCP1_REG PORTC 'P1-255-2 ,P2-135-2 P3-254-3
DEFINE CCP1_BIT 2

DEFINE CCP2 REG PORTC

DEFINE CCP2 BIT 1

pp VAR BYTE

num! var word

numl ={

LOOP: serin2 PORTC.7,84,[WAIT(135),numi.HighByte,num1.LowByte,pp]
IF pp =2 THEN PU
GOTO LOOP

PU: Hpwm 1,127 numi
goto loop

END
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@ DEVICE PIC16F877A HS OSC,LVP OFF,BOD OFF,WDT OFF
DEFINE OSC 20

DEFINE CCP1_REG PORTC 'P1-255-2 ,P2-135-2 P3-254-3
DEFINE CCP1 BIT 2

DEFINE CCP2_REG PORTC

DEFINE CCP2 BIT 1

pp VARBYTE

num1 var word

numl =0

LOGOP: senin2 PORTC.7,84,|WAIT(254),num].HighByte,num1.LowByte,pp]
IF pp =3 THEN PU
GOTO LOOP

PU: Hpwm 1,127,numl
goto loop

END
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(@ UEVICE PICI6F877A,HS OSC,LVP OFFBOD OFF,WDT OFF

DEFINE OSC 20

TRISB =%11111111

TRISC = %00000000

TRISD = %00000000

PORTC =%11111111

PORTD = %11111111

LOOP: IF PORTB=%I11111111 THEN ST
IF PORTB = %01010010 THEN MOVEI1
IF PORTB = %01110010 THEN MOVE2
IF PORTB = %01000010 THEN MOVE3
IF PORTB = %1 1010010 THEN MOVE4
IF PORTB = %1 1110010 THEN MOVES
IF PORTB = %11000010 THEN MOVES§
IF PORTB = %00010010 THEN MOVE7
IF PORTB = %00110010 THEN MOVES

IfPORTB = %01610101 THEN ARM1
IF PORTB =%01011101 THEN ARM?2
IF PORTB =%01010001 THEN ARM3
If PORTB =%01110101 THEN ARM4
IF PORTB =%01111101 THEN ARMS5
TF PORTB = %01110001 THEN ARMS6
If PORTB = %01000101 THEN ARM?7
IF PORTB =%01001101 THEN ARMS

IF PORTB = %01000001 THEN ARM9



IfPORTB =%11010101 THEN ARM10
IF PORTB =%!11011101 THEN ARMI11
IF PORTB = %11010001 THEN ARMI12
IfPORTB =%11110101 THEN ARMI13
IFPORTB =%11111101 THEN ARM14
IF PORTB =%11110001 THEN ARMI15
If PORTB = %11000101 THEN ARM16
IF PORTB = %11001101 THEN ARM17
IF PORTB = %11000001 THEN ARM18

IfPORTB = %00010101 THEN ARM19
IF PORTB =%00011101 THEN ARM20
IF PORTB = %00010001 THEN ARM21
IfPORTB = %00110101 THEN ARM?22
IF PORTB =%00111101 THEN ARM23
IF PORTB = %00110001 THEN ARM24
If PORTB = %00000101 THEN ARM25
IF PORTB = %00001101 THEN ARM26
GOTO LOOP

ST: PORTC = %00000000
PORTD = %{(0000000
GOTO LOOP

MOVE!L: PORTC =%11110000

PORTD = %00000000
GOTO LOOP

MOVE2: PORTC = %01110000

PORTD = %00000000
GOTO LOOP

MOVE3: PORTC = %00110000

PORTD = %0(0000000
GOTO LOOP
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MOVE4: PORTC =%11010000
PORTD = %00000000
GOTO LOCP

MOVES5: PORTC = %01010000
PORTD = %00000000
GOTO LOOP

MOVE6: PORTC = %00010000
PORTD = 5400000000
GOTO LOGP

MOVE7: PORTC = %11000000
PORTD = %00000000
GOTO LOOP

MOVES: PORTC = %01000000
PORTD = %00000000
GOTO LOOP

ARMI: PORTD=%11111100
PORTC = %00000000
GOTO LOOP

ARM2: PORTD =%01111100
PORTC = %00000000
GOTO LOOP

ARM3: PORTD =%00111100
PORTC = %00000000
GOTO LOOP

ARM4: PORTD =%11011100
PORTC = %00000000
GOTO LOOP

ARMS: PORTD =%01011100
PORTC = %00000000
GOTO LOOP

ARMS6: PORTD = %00011100
PORTC = %00000000
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GOTO LOOP

ARMT7: PORTD =%11001100
PORTC = %00000000
GOTO LOOP

ARMS: PORTD =%01001100
PORTC = %00000000
GOTO LOOP

ARM9: PORTD = %00001100
PORTC = %00000000
GOTO LOOP

ARMI0: PORTD =%11110100
PORTC = %00000000
GOTO LOOP

ARMI1: PORTD =%01110100
PORTC = %00000000
GOTO LOOP

ARMI12: PORTD = %00110100
PORTC = %00000000
GOTO LOOP

ARM13: PORTD =%11010100
PORTC = %00000000
GOTO LOOP

ARMI14: PORTD = %01010100
PORTC = %00000000
GOTO LOOP

ARMI15: PORTD =%00010100
PORTC = %00000000
GOTO LOOP

ARMI16: PORTD =%11000100
PORTC = %00000000
GOTO LOOP

ARMI17: PORTD =%01000100



PORTC = %00000000
GOTO LOOP

ARM18: PORTD = %00000100
PORTC = %00000000
GOTO LOOP

ARMI19: PORTD =%11110000 311
PORTC = %00000000
GOTO LOOP

ARM20: PORTD =%01110000 312
PORTC = %00000000
GOTO LOOP

ARMZ21: PORTD = %00110000 '313
PORTC = %00000000
GOTO LOOP

ARM22: PORTD =%11010000 "321
PORTC = %00000000
GOTO LOOP

ARM23: PORTD = %01010000 '322
PORTC = %00000000
GOTO LOOP

ARM24: PORTD = %00010000 '323
PORTC = %00000000
GOTO LOOP

ARM2S: PORTD =%11000000 '331
PORTC = %00000000
GOTO LOOP

ARM26; PORTD = %01000000 '332
PORTC = %00000000
GOTO LOOP

END
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@ DEVICE PIC16F877,HS OSC,LVP_OFF,BOD_OFF,WDT_OFF
DEFINE OSC 20

TRISC = %00000000

TRISD = %00000000

PORTC = %00000000 '50% ,0-1 24,0-2 long

PORTD = 2%,00000000 'M1,M2-0 not work

LOOP: IF PORTB=7%I11111111 THEN ST
IF PORTB = %01010010 THEN LFR  '[LF]
IF PORTB = %01110010 THEN FRONT '[F]
IF PORTB = %01000010 THEN RFR  '[RF]
IF PORTB = %11010010 THEN IEFT '[L]
IF PORTB = %11110010 THEN RIGHT '[R]
IF PORTB = %11000010 THEN LBA TLB]
IF PORTE = %00010010 THEN BACK  '[B]
IF PORTB = %00110010 THEN RBA '[RB]
GOTO LOOP

ST: PORTC =%01010101
PORTD = %00000000

GOTO LOOP
LEFT: PORTC = %01010101 '0% [1] 00-50%, 10-100%, 01-0%
PAUSE 250
PORTD =%01000000 '™M2-1 [2]
PAUSE 250

PORTC = %01101001 'P3,P2-100% [3]
PAUSE 250

PORTD = %00010000 'M1-1 [4]
PAUSE 250
PORTC =%01010101 '0% [5]
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PAUSE 250

PORTD = %00000000
PAUSE 250
GOTO LGOP

RIGHT: PORTC =4%501010101 '0%

PAUSE 250
PORTD = %01000000
PAUSE 250
PORTC =%10010110
PAUSE 250

PORTD = %00010000
PAUSE 250
PORTC = %01010101

PAUSE 250

PORTD = %00000000
PAUSE 250
GOTO LOOP

FRONT: PORTC =%01010101 '0%

PAUSE 250
PORTD = %00010000
PAUSE 250
PORTC =%10100101
PAUSE 250

PORTD = %01000000
PAUSE 250
PORTC = %01010101

‘M1,M2-0 (6]

111 00-50%, 10-100%, 01-0%

'M2-1 12]

'P1,P4-100% (3]

M1-1 [4]
'0% (5]
MiIM2-0  [6]

[1] 00-50%, 10-100%, 01-0%

"™M1-1 (2]

'P1,P2-100% [3]

'™M2-1 4]

0% (51
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PAUSE 250

PORTD = %00000000 'M1,M2-0 [6]
PAUSE 250
GOTO LOOP

BACK: PORTC =%01010101 0% [1] 00-50%, 10-100%, 01-0%
PAUSE 250
PORTD = %00010000 'M1-1 [2]
PAUSE 250
PORTC =%01011010 'P3,P4-100% [3}

PAUSE 250

PORTD = %01000000 '™M2-1 [4]
PAUSE 250

PORTC =%01010101 '0% [5]
PAUSE 250

PORTD = %0000000¢ ‘M1 M2-0 [6}
PAUSE 250
GOTO LOOP

RFR: PORTC =%01010101 '0% [1]
PAUSE 250
PORTD = %01000000 'M2-1 [2]
PAUSE 250
PORTC =%10010110 'P1,P4-100% [3]
PAUSE 250

PORTD =%00010000 ™]-1 [4]
PAUSE 250
PORTC =%01010101 '0% [5]
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PAUSE 250
PORTC = %1010010! 'P1,P2-100% [6]

PAUSE 250

PORTD = %01000000 'M2-1 [7]
PAUSE 250

PORTC =%01010101 '0% (8]
PAUSE 250

PORTD = %00000000 ™M1,M2-0 9]
PAUSE 250
GOTO LOOP

LFR: PORTC =%01010101 '0% (1]
PAUSE 250
PORTD = %01000000 'M2-1 (2]
PAUSE 250
PORTC = %01101001 'P2,P3-100% {3]

PAUSE 250

PORTD = %00010000 'M1-1 [4]
PAUSE 250

PORTC =%01010101 '0% [5]
PAUSE 250

PORTC =%10100101 'P1P2-100% [6]

PAUSE 250

PORTD ="%01000000 '™2-1 71
PAUSE 250

PORTC =%01010101 '0% (8]

PAUSE 250



PORTD = %00000000 'M1,M2-0 [9]
PAUSE 250

GOTO LOOP

RBA: PORTC =%01010101 '0% (1]
PAUSE 250
PORTD = %01000000 ™2-1 [2]
PAUSE 250
PORTC = %10010110 'P1,P4-100% [3]

PAUSE 250

PORTD = %00010000 'M1-1 [4]
PAUSE 250

PORTC = %(01010101 '0% (5]
PAUSE 250

PORTC = %01011010 'P3,P4-100% [6]

PAUSE 250

PORTD = %01000000 ™2-1 7
PAUSE 250

PORTC =%01010101 '0% (8]
PAUSE 250

PORTD = %0000000¢ 'M1,M2-0 [9]
PAUSE 250
GOTO LOOP

LBA: PORTC =%01010101 '0% m
PAUSE 250
PORTD = %01000000 '™M2-i 2]
PAUSE 250
PORTC =%01101001 ‘P2,P3-100% [3]
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PAUSE 250

PORTD = %00010000 'M1-1 141
PAUSE 250

PORTC =%01010101 '0% [5]
PAUSE 250

PORTC =%01011010 'P3,P4-100% [6]

PAUSE 250

PORTD = %01000000 'M2-1 [7]
PAUSE 250

PORTC =%01010101 '0% (8]
PAUSE 250

PORTD = %00000000 "™M1.,M2-0 (9]
PAUSE 250
GOTO LOOP

END
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