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ABSTRACT

This thesis presents design of Capping Specimen Tube Machine including Covers and
Tubes Arranging Machine. They are designed to be moved easily with suitable size. The system
can work with home electrical system that instead of using pneumatic or hydraulics. They can
work automatically - detect position of covers and tubes with infrared sensors. Each process is
controlled with Microcontroller. Therefore; specimen tubes are not touched by human. This

machinc can make absolute tube at least twenty tubes per minute .
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w2 1@ 38x10° = 1.44/(R, +2R,)x0.01x10™°
R +2R, = 1.44/38x10" x0.01x10™)
= 3.8kHz
W R = 220Q
220+2R, = 3.8x10°
R, = (3.8x10°-220)/2
= 1.79kQ
A lmda D = (R +R,)/(R, +2R,)
= (220+1.79x10%)/(220x 2x1.79x10%)
53%

i

o
2.3.3 TassardnwoilulasaouInsamos (PIC)
¥
Microcontroller PIC #iIassard1eavianoanyae 119 8 pins , 18 pins , 28 pins lae 40 pins
d! P=t 9 A 9 dy [} = 9 1 as s d' o
i Ihdonldunnuetiueginazifenldvuia Memory tmilamuzdudnuazauiih  lag
U5 OLUIN LA 1 31Uy A

(1) wireanud IsunsusuuuWas (Flash Program Memory) Jv11aa109 1-32

kwords

o ¥

(2) MireanuIoya (Data Memory RAM) Huu1an1ug 64 4 1536 byte

v

(3) ¥11i7eA1U1VeYA (EEPROM Data Memory) HYUIANIY09 256 bytes

Microcontroller PIC16F877 fiwosal4auiadu 5 wosa Ao PORTA 6 i , PORTB 8
{n , PORTC 8 iin , PORTD 8 {in tiaz PORTE 3 iin Wuwasauunil 2 Aiame A awnsa
18 sBuna uasienine uasfuflunedafiaunsaulasdyannn ADC (Analog to Digital
Converter) 188né8 Microcontroller PIC ﬁﬂmﬁﬂymzﬁaﬁiaﬂﬂﬁ

- fiwesa Vo A 300 .6 1N . 8 1in $117U 5 wesa

- Imbeanud Tdsunsunuuuras 1 89 32 kwords

- fimdaganuirfoyoausu RAM 64 19 1536 bytes

¥

- Imdaganuddeyaddnsoy EEPROM 256 bytes
- Timer/Counter

- Timer 0 4119 8 1N

- Timer 1 YU1Q 16 1N

- Timer 2 Y119 8 1N
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2 14 93.33 7 50.00 46.67
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2 14 93.33 13 92.86 86.67
3 14 93.33 14 100.00 93.33
7V 1 13 86.67 12 92.31 80.00
2 12 80.00 11 91.67 73.33
3 12 80.00 12 100.00 80.00

A15197 4.3.2 LARIN1INAAINsSoduazduaearh 313w 20 ¢h

s, | Swandhil : Suuhifigidos | % shitaudos
AN % WAL % 59U
AsOULEN 2ONINLEN 2ONIINIAN
4V 1 17 85.00 12 70.59 60.00
2 19 95.00 14 73.68 70.00
3 18 90.00 13 72.22 65.00
5V 1 18 90.00 15 83.33 75.00
2 18 90.00 14 77.78 70.00
3 17 85.00 16 94.12 80.00
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o, | i . Sruurdhfigndes | % dhiidudes
ATIN % MNATOUIEN % 39U
ASOULE 29AVINIEN 29NN
6V 1 18 90.00 17 94.44 85.00
2 19 95.00 18 94.74 90.00
3 19 95.00 18 94.74 90.00
7V 1 16 80.00 15 93.75 75.00
2 16 80.00 15 93.75 75.00
3 16 80.00 14 87.50 70.00
M319R 4.3.3 LaAININARBIMIEoaaduaoerh 14 30 dh
v, | i . Sudfigides | % dfigudes
AsIN % HinnsoULE % 59U
AL 20NN 20NN
4V 1 26 86.67 21 80.77 70.00
2 28 93.33 2 78.57 73.33
3 29 96.67 23 79.31 76.67
5V 1 27 90.00 23 85.19 76.67
2 27 90.00 24 88.89 80.00
3 28 93.33 25 89.29 83.33
6V 1 28 93.33 26 92.86 86.67
2 27 90.00 27 100.00 90.00
3 28 93.33 27 96.43 90.00
7V 1 25 83.33 24 96.00 80.00
2 22 73.33 21 95.45 70.00
3 24 80.00 23 95.83 76.67
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#include <16F877a.h>
#use delay(clock=4000000)

#fuses HS, NOWDT,NOLVP

#define S1 PIN_BO
#define S2 PIN_B1

#define limit PIN_B2

#define CLK1 PIN_CO
#define DIR1 PIN_C1
#define EN1 PIN_C2
#define CLK2 PIN_C3
#define DIR2 PIN_C4
#define EN2 PIN_C5
#define M3 PIN_C6

void on_m1()
{

int i;

output_low(EN1);

for(i=1;i<=50;++i)

{
output_high(CLK1);
delay_ms(10);
output_low(CLK1);
delay_ms(10);

}

output_high(EN1);

delay _ms(500);



void on_m2()
{

int i;

output_low(EN2);

for(i=1;i<=50;++i)

{
output_high(CLK2);
delay_ms(10);
output_low(CLK2);
delay_ms(10);

}

output_high(EN2);

delay ms(2000);

int cap;

void main() {

port_b_pullups(TRUE);
setup_adc_ports(NO_ANALOGS);
setup_ade¢(ADC_CLOCK_DIV_2);
setup_psp(PSP_DISABLED);

setup_spi(FALSE);
setup_counters(RTCC_INTERNAL,RTCC_DIV_2);
setup_timer_1(T1_DISABLED);

setup_timer_2(T2_DISABLED,0,1);

set_tris_b(0xff);
set_tris_c(0x00);

output_c(0x00);



output_high(EN1);

output_high(EN2);

while(1)
{
delay_ms(300);
iftinput(s1)) /Maitiviaen
{
delay_ms(300);
while(linput(S1))
on_ml();
}
else //iviaen
{
cap=0;
while(cap==0)
{
delay_ms(300);
ifCinput(s2)) /Maitieh
{
delay_ms(300);
while(linput(S2))
on_m2();
}
else /1 3igh
{
while(cap=0)
{
output_high(M3);
delay_ms(1000);

if(!input(limit))



{while(!input(limit))

{

}

}
output_low(M3);
delay_ms(300);
on_m1();

cap=1;
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MICROCHIP

PIC16F87X

28/40-pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

- PIC16F873
+ PIC16F874

+ PIC16F876
» 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 PIC16C73B/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/write access to program memory
Wide operating voltage range: 2.0V to 5.5V
High Sink/Source Current: 25 mA

Commercial and Industrial temperature ranges
Low-power consumption:

- <2 mA typical @ 5V, 4 MHz

- 20 pA typical @ 3V, 32 kHz

- <1 yA typical standby current

Pin Diagram
PDIP
MCLRVPeTHV —— [ 1 U wp— RB7/PGD
RAG/ANG «— ] 2 39 [ «— RB&/PGC
RAYAN1 = [13 38[] =— RB5
RA2/AN2/VREF- «—s [] 4 37 D «—» RB4
RA3/AN3I/VREF+ «— [ 5 36 [} «+— RB3/PGM
RA4/TOCKI «—» 16 35[] «—» RB2
RAS/AN4/SS <[] 7 < 34 ] - RB1
REO/RD/ANS <[] 8 N~ 33 ] «—= RBOANT
RE1/WRIANG <+— [ 9 ® 32[] «— voo
RE2/CS/IAN7 «— [] 10 ',: 31]] - Vss
VoD — [ 11 fe 30 (] -~— RD7/PSP7
Vss . []12 © 29[ <« RD6/PSPE
OSC1/CLKIN — [] 13 5 28 [} +— RDS/PSP5
OSCZOLKOUT «— (14 &  27[] «—= RD4PSP4
RCO/T10SO/TICKI «—s [] 15 26 [] -—» RC7T/RXDT
RC1/T10SI/CCP2 «— [] 16 25 g «—» RCEMUCK
RC2ICCP1 ._.g 17 24[] == RC5/SDO
RC3/SCK/SCL «— ] 18 23 [} =— RC4/SDISDA
RDO/PSPO «— [ 19 22 [] ~— RD3PSP3
RO1/PSP1 «— [} 20 21[J «—— RD2PSP2

Peripheral Features:

TimerO: 8-bit timer/counter with 8-bit prescaler

Timer1: 16-bit timer/counter with prescaler,
can be incremented during sleep via external

crystal/clock

Timer2: 8-bit timer/counter with 8-bit period
register, prescaler and postscaler
Two Capture, Compare, PWM modules
- Capture is 16-bit, max. resolution is 12.5 ns
- Compare is 16-bit, max. resolution is 200 ns
- PWM max. resolution is 10-bit
10-bit multi-channe! Analog-to-Digital converter

Synchronous Serial Port (SSP) with sp™ (Master

Mode) and 12C™ (Master/Slave)

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

detection

Parallel 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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PIC16F87X

Pin Diagrams

DIP, SOIC
MCTRVepTHY— (]° 1 ~ 28{] =~ RB7/PGD
RAO/ANG =[] 2 27[] = RBE/PGC
RA1TANT=—[] 3 o 26[] = RB5
RA2AN2/VRef-=— L] 4 ~ 25{] - RB4
RAJ/AN3VRer+ =[] 5 g 24{] = RB3/PGM
RA4/TOCKI<—L] & ~ 23[] = RB2
RA5/AN4/SS=<+—>1L{ 7 fg 22["] =— RB1
vss—=L] 8 © 21] ] = RBO/INT
osci1/cLkiN—=L] 9 5 201 =— vop
oscaicLkouT «—L] 10 a 19[] =—vss
RCO/T10SO/T1CKI =[] 11 18{] == RC7/RX/DT
RC1/T108ICCP2 = []12 17[7] = RC6/TX/ICK
Rc2/cCP1=—[]13 16[] =— RC5/SDO
RC3/SCK/SCL =—[]14 15[ ] <=— RC4/SDVSDA
PLCC
RA4/TOCKI  <—»
RAS/AN4/SS L
REO/RD/ANS -,
RETWR/ANG <
RE2/CS/AN7 o
Voo
Vss
OSC1/CLKIN __,
OSC2/CLKOUT
RCO/T10SOTICK1 o
NC
o~
&
< o O
x 8 oacoBcn
Qo=ZaaaaXog
XOADDDBOHBOO S
cwupaeaanlis
333338583350
QFP FEXXEXCE L2
F2939335883)
RC7/RWDT ~—[IT} 1 KX nam] NC
RD4/PSP4 ——=CIH 2 32{TT] - RCO/T10SO/T1CK!
RD5/PSP5 <13 30— 0SC2/CLKOUT
RD6/PSP6 10 4 30T <=— OSC1/CLKIN
RD7/PSP7 =15 PIC16F877 g ~— Vss
vss —TETE  PICI6FS74 2001 Reoaniics
Vop —~CI1]7 270 «— RE2/AN7/CS
RBO/INT ~—*CTT 8 261 <— RE1/AN6/WR
RB1 =—[II9 25[TC1+— REO/ANS/RD
RB2 <— I 10 24(TT3 == RAS5/AN4/SS
RBIPGM *—CIO 1, 0 L om0 0 o 23 = RA4/TOCKI
- e NNN
VOYTWVWOAZ29E &b
SZREgoEscyd
e ia=
85523353
)..1 <Lz
O o
= 2z

6 ] RA3/AN3I/VREF+
5 [J+—> RA2/AN2/VREF-
4[]+ RA1/AN1
3 [J=— RAO/ANO
20— MCLRNPP/THV

RB3/PGM

PIC16F877
PIC16F874

Vss
RD7/PSP7
RD6/PSP6
RD5/PSP5
RD4/PSP4
RC7/RX/DT

Y. Y]

RCA/T1OSICCP2 =—w[1gN @ O P @ N =0

23
24

RCA4/SDISDA <—[J25

RC2/CCP1 =—e{]19
RC3/SCK/SCL -—[]20
RDO/PSPO <—=[]21
RD1/PSP1 «—[]22
RD2/PSP2 ~—[]
RD3/PSP3 «—[]
RC5/SDO =—s[]26
RC6/TX/ICK «—s[]27

DS30292B-page 2
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PIC16F87X

Key Features

PICmicro™ Mid-Range Reference PIC16F873 PIC16F874 PIC16F876 PIC16F877
Manual (DS33023)
Operating Frequency DC - 20 MHz DC - 20 MHz DC - 20 MHz DC- 20 MHz
Resets (and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
(PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OST)

FLASH Program Memory 4K 4K 8K 8K
(14-bit words)
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory 128 128 256 256
Interrupts 13 14 13 14
110 Ports Ports A,B,C Ports A,B,C,.D,E Ports A,B,C Ports A,B,C,D,E
Timers 3 3 3 3
Capture/Compare/PWM modules 2 2 2 2
Serial Communications MSSP, USART | MSSP, USART | MSSP, USART | MSSP, USART
Parallel Communications — PSP — PSP

10-bit Analog-to-Digital Module

5 input channels

8 input channels

5 input channels

8 input channels

Instruction Set

35 Instructions

35 instructions

35 Instructions

35 Instructions

© 1999 Microchip Technology Inc.
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PIC16F87X

TABLE 1-2: PIC16F874 AND PIC16F877 PINOUT DESCRIPTION

DIP PLCC QFP | VO/P Buffer ..
i ti
Pin Name Pin# | Pin# | Pin# | Type Type | Description

OSC1/CLKIN 13 14 30 { ST/ICMOsS4 | Oscillator crystal input/external clock source input.

0OSC2/CLKOUT 14 15 kil o — Oscillator crystal output. Connects to crystal or resonator in
crystal oscillator mode. In RC mode, OSC2 pin outputs CLK-
OUT which has 1/4 the frequency of OSC1, and denotes the
instruction cycle rate.

MCLRN/PPITHV 1 2 18 P ST Master clear (reset) input or programming voltage input or high
voltage test mode control. This pin is an active low reset to the
device.

PORTA is a bi-directional /O port.

RAO/ANO 2 3 19 110 TTL RAQ can also be analog input0

RA1/AN1 3 4 20 [I[e] TTL RA1 can also be analog input1

RA2/AN2/VREF- 4 5 21 1o TIL RAZ can also be analog input2 or negative analog

reference voltage

RA3J/ANI/VREF+ 5 6 22 1o TTL RA3 can also be analog input3 or positive analog

reference voltage

RA4/TOCKI 6 7 23 [T[e] ST RA4 can also be the clock input to the Timer0 timer/

counter. Output is open drain type.

RA5/SS/AN4 7 8 24 o TTL RAS5 can also be analog input4 or the slave 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 8 o TTUSTN RBO can also be the external interrupt pin.

RB1 34 37 9 1o TTL

RB2 35 38 10 /0 TTL

RB3/PGM 36 39 11 110 TTL RB3 can also be the low voitage programming input

RB4 37 41 14 [I{e] TTL Interrupt on change pin.

RB5 38 42 15 /o] TTL Interrupt on change pin.

RB6/PGC 39 43 16 /10 TTUST® Interrupt on change pin or In-Circuit Debugger pin. Serial

programming clock.

RB7/PGD 40 44 17 1o TTL/ST® interrupt on change pin or In-Circuit Debugger pin. Serial

programming data.
PORTC is a bi-directional /O port.

RCO/T10SO/T1CK! 15 16 32 o ST RCO can also be the Timer1 oscillator output or a Timer1

clock input.

RC1/T10SH/CCP2 16 18 35 o ST RC1 can also be the Timer1 oscillator input or Capture2

input/Compare2 output/PWM2 output.

RC2/CCP1 17 19 36 1o ST RC2 can also be the Capture1 input/Comparet output/

PWM1 output.

RC3/SCK/SCL 18 20 37 1o ST RC3 can also be the synchronous serial clock input/output

for both SPI and 12C modes.
RC4/SDV/SDA 23 25 42 o ST RC4 can also be the SPI Data In (SPl mode) or
data I/O (I°C mode).

RC5/SDO 24 26 43 1o ST RCS5 can also be the SPI Data Out
(SPI mode).

RC6/TX/CK 25 27 44 /0 ST RC6 can also be the USART Asynchronous Transmit or
Synchronous Clock.

RC7/RX/DT 26 29 1 o ST RC7 can aiso be the USART Asynchronous Receive or
Synchronous Data.

Legend: |=input O = output /0 = input/output P = power

— = Not used TTL = TTL input ST = Schmitt Trigger input

Note 1: This buffer 1s a Schmitt Trigger input when configured 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 VO and a TTL input when used in the Parallel Slave
Port mode (for interfacing to a microprocessor bus).
4: This buffer is a Schmitt Tngger input when configured in RC oscillator mode and a CMOS input otherwise.

DS30292B-page 8 © 1999 Microchip Technology inc.



PIC16F87X

TABLE 1-2: PIC16F874 AND PIC16F877 PINOUT DESCRIPTION (CONTINUED)
Pin Name :::; ':;:: :’:‘: !l/')%: B.r‘;f;? Description
PORTD is a bi-directional l/O port or parallel slave port when
interfacing to a microprocessor bus.
RDO/PSPO 19 21 38 1o sT/TTLB)
RD1/PSP1 20 22 39 []e] sT/TTL®
RD2/PSP2 21 23 40 []e] sT/TTLS)
RD3/PSP3 22 24 41 110 sTTTL®!
RD4/PSP4 27 30 2 110 sT/TTL®
RD5/PSP5 28 31 3 1o ST/TTL
RD6/PSP6 29 32 4 [[]e] STTLS
RD7/PSP7 30 33 5 1o ST/TTLS
PORTE is a bi-directional /O port.
REQ/RD/AN5 8 9 25 o ST/TTL®) REQ can also be read control for the parallel slave port, or
analog input5.
RE1/WR/ANS 9 10 26 1o ST/TTLS RE1 can also be write contro! for the parallel slave port, or
analog input6.
RE2/CS/AN7 10 1 27 [[e} ST/TTL® REZ2 can also be select control for the parallel slave port,
or analog input7.
Vss 12,31 13,34 6,29 P — Ground reference for logic and IO pins.
VDD 11,32 12,35 7,28 P — Positive supply for logic and I/O pins.
NC — 1,17.28, | 12,13, — These pins are not internally connected. These pins should be
40 33,34 left unconnected.
Legend: | =input O = output /0O = input/output 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.
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 /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 Trigger input when configured in RC oscillator mode and a CMOS input otherwise.

© 1999 Microchip Technaolagy inc.
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PIC16F87X

3.0 1/OPORTS

Some pins for these 1/O ports are multiplexed with an
alternate function for the peripheral features on the
device. In general, when a peripheral is enabled, that
pin may not be used as a general purpose I/O pin.

Additional information on 1/O ports may be found in the
PICmicro™ Mid-Range Reference  Manual,
(DS33023).

3.1 PORTA and the TRISA Register

PORTA is a 6-bit wide bi-directional port. The corre-
sponding data direction register is TRISA. Setting a
TRISA bit (=1) will make the corresponding PORTA pin
an input (i.e., put the corresponding output driver in a
hi-impedance mode). Clearing a TRISA bit (=0) will
make the corresponding PORTA pin an output (i.e., put
the contents of the output latch on the selected pin).

Reading the PORTA register reads the status of the
pins, whereas writing to it will write to the port latch. All
write operations are read-modify-write operations.
Therefore, a write to a port implies that the port pins are
read, the value is modified and then written to the port
data latch.

Pin RA4 is multiplexed with the Timer0 module clock
input to become the RA4/TOCK! pin. The RA4/TOCKI
pin is a Schmitt Trigger input and an open drain output.
Al other PORTA pins have TTL input levels and full
CMOS output drivers.

Other PORTA pins are multiplexed with analog inputs
and analog VREF input. The operation of each pin is
selected by clearing/setting the control bits in the
ADCONT1 register (A/D Control Register1).

Note: On a Power-on Reset, these pins are con-
figured as analog inputs and read as '0'.

FIGURE 3-1: BLOCK DIAGRAM OF
RA3:RA0 AND RA5 PINS

Data
Bus

D Q
WR Vob
Port =
s p=Da:

N 110 pint¥

Vvss

Data Latch
1 D Q
WR
TRIS —
= cKk L@
Analog

TRIS Latch

RD TRIS TTL
Input
Buffer

EN
RD PORT % l

To AIDACanerter

Note 1: 1/O pins have protection diodes to VDD and Vss.

FIGURE 3-2: BLOCK DIAGRAM OF RA4/

The TRISA register controls the direction of the RA
pins, even when they are being used as analog inputs.
The user must ensure the bits in the TRISA register are
maintained set when using them as analog inputs.

EXAMPLE 3-1: INITIALIZING PORTA
BCF STATUS, RPO ;

BCF STATUS, RP1 ; BankO0
CLRF PORTA ; Initialize PORTA by
; clearing output
data latches

Selgct Bank 1
Configure all pins
as digital inputs
Value used to

BSF STATUS, RPO :
; initialize data
i

MOVLW 0x06
MOVWF ADCON1
MOVLW 0xCF

direction

Set RA<3:0> as inputs
RA<5:4> as outputs
TRISA<7:6> are always
read as ‘0.

MOVWF TRISA

TOCKI PIN
Data
Bus D Q
WR
PORT
ck-a N 10 pinM
Data Latch
R
— D0 Q Vss
WR
IRIS | ckla Schmitt
Tngger Z
Input
TRIS Latch Buffer
RD TRIS
Q D
EN
RD PORT {>¢ﬁ —|
TMRO clock input

Note 1: /O pin has protection diodes to VSS only.
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TABLE 3-1: PORTA FUNCTIONS
Name Bit# | Buffer Function
RAO/ANO bit0 TTL |Input/output or analog input
RA1/AN1 bit1 TTL | Input/output or analog input
RA2/AN2 bit2 TTL |input/output or analog input
RA3/AN3/VREF bit3 TTL | Input/output or analog input or VREF
RA4/TOCKI bit4 ST |Input/output or external clock input for TimerQ
Output is open drain type
RAS5/SS/AN4 bits TTL | Input/output or slave select input for synchronous serial port or analog input

Legend: TTL = TTL input, ST = Schmitt Trigger input

TABLE 3-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA
Value on: | Value on all
Address ] Name | Bit7 | Bit6 ) Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bit0 POR, other
BOR resets
05h PORTA — _ RA5 | RA4 RA3 RA2 RA1 RAQ |--0x 0000 |--0u 0000
85h TRISA - — | PORTA Data Direction Register ~-11 1111 | --11 1111
9Fh ADCON1|[ADFM| — — | — [PCFG3| PCFG2 | PCFG1| PCFGO | --0- vooo [--0- cooo

Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0". Shaded cells are not used by PORTA.

Note: When using the SSP module in SPI slave mode and SS enabled, the A/D converter must be set to one of
the following modes where PCFG3:PCFG0 = 0100, 0101, 011x, 1101, 1110, 1111.
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3.2 PORTB and the TRISB Register

PORTB is an 8-bit wide, bi-directional port. The corre-
sponding data direction register is TRISB. Setting a
TRISB bit (=1) will make the corresponding PORTB pin
an input (i.e., put the corresponding output driver in a
hi-impedance mode). Clearing a TRISB bit (=0) will
make the corresponding PORTB pin an output (i.e., put
the contents of the output latch on the selected pin).

Three pins of PORTB are multiplexed with the Low Volt-
age Programming function; RB3/PGM, RB6/PGC and
RB7/PGD. The alternate functions of these pins are
described in the Special Features Section.

Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the puli-ups. This is per-
formed by clearing bit RBPU (OPTION_REG<7>). The
weak pull-up is automatically turned off when the port
pin is configured as an output. The pull-ups are dis-
abled on a Power-on Reset.

FIGURE 3-3: BLOCK DIAGRAM OF
RB3:RBO PINS

VDD
RBPUR El_weak
@_“ P pull-up
Data Latch
Data Bus
o -
WR Port 1o
CKY_ pint®
TRIS Latch
D
a TTL
Input 7
WRTRIS K\ Buffer
RD TRIS
—ﬂ_; Q pb
RD Port EN
RBO/INT < E
RB3/PGM | |
Schmitt Trigger RD P
Buffer ort
Note 1: /O pins have diode protection to VDo and Vss
2: To enable weak pull-ups, set the appropriate TRIS bit(s)
and clear the RBPU bit (OPTION_REG<7>)

Four of PORTB's pins, RB7:RB4, have an interrupt on
change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e. any RB7:RB4 pin con-
figured as an output is excluded from the interrupt on
change comparison). The input pins (of RB7:RB4) are
compared with the old value latched on the last read of
PORTB. The “mismatch” outputs of RB7:RB4 are
OR’ed together to generate the RB Port Change inter-
rupt with flag bit RBIF (INTCON<0>).

This interrupt can wake the device from SLEEP. The
user, in the interrupt service routine, can clear the inter-
rupt in the following manner:

a) Any read or write of PORTB. This will end the
mismatch condition.

b) Clear flag bit RBIF.

A mismatch condition will continue to set flag bit RBIF.
Reading PORTB will end the mismatch condition and
allow flag bit RBIF to be cleared.

The interrupt on change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt on change
feature. Polling of PORTB is not recommended while
using the interrupt on change feature.

This interrupt on mismatch feature, together with soft-
ware configureable pull-ups on these four pins, allow
easy interface to a keypad and make it possible for
wake-up on key-depression. Refer to the Embedded
Control Handbook, “Implementing Wake-Up on Key
Stroke” (AN552).

RBO/INT is an external interrupt input pin and is config-
ured using the INTEDG bit (OPTION_REG<6>).

RBO/INT is discussed in detail in Section 12.10.1.

FIGURE 3-4: BLOCK DIAGRAM OF

RB7:RB4 PINS
VoD
RBPUR weak
— PE pivee
Data Bus Data Latch
D Q
\/O
WR Port Y pint®
D Q
WRTRIS TTL
ek Y
Buffer ST
F ﬂ s Buffer
RD TRIS Latch
?F Qa b
RD Port EN Qi
Set RBIF
From other C Q D
RB7:RB4 pins RD Port
EN
Q3
RB7:RB6 in senal programming mode
Note 1: /O pins have diode protection to VDD and Vss
2: To enable weak pull-ups, set the appropriate TRIS bit(s)
and clear the RBPU bit (OPTION_REG<7>)

Note: When using Low Voitage ICSP Programming (LVP) and the puil-ups on PORTB are enabled, bit 3 in the
TRISB register must be cleared to disable the pull-up on RB3 and ensure the proper operation of the device.

© 1999 Microchip Technology Inc.
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TABLE 3-3: PORTB FUNCTIONS
Name Bit# Buffer Function

RBO/INT bit0 TTL/STY [ Inputoutput pin or external interrupt input. Internal software
programmable weak pull-up.

RB1 bit1 TTL Input/output pin. Internal software programmable weak pull-up.

RB2 bit2 TTL Input/output pin. Internal software programmable weak pull-up.

RB3/PGM bit3 TTL input/output pin or programming pin in LVP mode. Internal software
programmable weak pull-up.

RB4 bit4 TTL Input/output pin (with interrupt on change). internal software programmable
weak pull-up.

RB5 bits TTL Input/output pin (with interrupt on change). internal software programmable
weak pull-up.

RB6/PGC bit6 TTL/ST® Input/output pin (with interrupt on change) or In-Circuit Debugger pin.
Internal software programmable weak pull-up. Serial programming clock.

RB7/PGD bit7 TTLST®  |Input/output pin (with interrupt on change) or In-Circuit Debugger pin.
Internal software programmable weak pull-up. Serial programming data.

Legend: TTL =TTL input, ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2: This buffer is a Schmitt Trigger input when used in serial programming mode.

TABLE 3-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB
Value on: | Valueonall
Address Name Bit 7 Bit 6 Bit 5 Bit4 | Bit3 | Bit2 | Bit1 | Bit0 POR, other
BOR resets
06h, 106h PORTB RB7 RB6 RB5 RB4 | RB3 | RB2 | RB1 | RBO |axxxx xxxx |uuuu uuuu
86h, 186h | TRISB PORTB Data Direction Register 1111 1111 {1111 1111
81h,181h |[OPTION_REG | RBPU [ INTEDG | ToCS | TOSE | PSA | ps2 [ Ps1 | Pso {1111 1111|1111 1111

Legend: x = unknown, u = unchanged. Shaded cells are not used by PORTB.
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33 PORTC and the TRISC Register

PORTC is an 8-bit wide, bi-directional port. The corre-
sponding data direction register is TRISC. Setting a
TRISC bit (=1) will make the corresponding PORTC pin
an input (i.e., put the corresponding output driver in a
hi-impedance mode). Clearing a TRISC bit (=0) wili
make the comresponding PORTC pin an output (i.e., put
the contents of the output latch on the selected pin).

PORTC is multiplexed with several peripheral functions
(Table 3-5). PORTC pins have Schmitt Trigger input
buffers.

When the I2C module is enabled, the PORTC (3:4) pins
can be configured with normal 12C levels or with
SMBUS levels by using the CKE bit (SSPSTAT <6>).

When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTC pin. Some
peripherals override the TRIS bit to make a pin an out-
put, while other peripherals override the TRIS bit to
make a pin an input. Since the TRIS bit override is in
effect while the peripheral is enabled, read-modify-
write instructions (BSF, BCF, XORWF) with TRISC as
destination should be avoided. The user should refer to
the corresponding peripheral section for the correct
TRIS bit settings.

FIGURE 3-6:

PORTC BLOCK DIAGRAM

(PERIPHERAL OUTPUT

OVERRIDE)

RC<3:4>

PORT/PERIPHERAL Selectt?)

cKLQ

Data Latch
»— D Q

cKL Q

TRIS Latch

RD TRIS

Peripheral
OE®

SSPIInput

X

o
pin("

Vss

Schmitt S
Trigger

RD

D Schmmi

Trigger

EN wi
SMBus

PORT

of levels

Note 1:

CKE
SSPSTAT<6>

/O pins have diode protection to VoD and Vss.
Port/Peripheral select signal selects between port
data and peripheral output.

: Peripheral OE (output enable) is only activated if
peripheral select is active.

PORTC BLOCK DIAGRAM
(PERIPHERAL OUTPUT 2:
OVERRIDE) RC<0:2> 3
RC<5:7>
PORT/PERIPHERAL Select(?

FIGURE 3-5:

Peripheral Data Out VoD
Data Bus
ata Bu: D Q -
WR 1
PORT ck a

Data Latch

D Q o
WR pint®

TRIS cKQ N

TRIS Latch

o S%
Schmitt
RD TRIS Trigger 7

1 a_ D

Penipheral
OE®

EN

RD
PORT
Peripheral Input

Note 1:
2:

3:

1/O pins have diode protection to VDD and Vss.
Port/Peripheral select signal selects between port
data and peripheral output.

Peripheral OE (output enable) is only activated if
peripheral select is active.
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TABLE 3-5: PORTC FUNCTIONS

Name Bit# | Buffer Type Function

RCO/T10SO/T1CKI | bit0 ST Input/output port pin or Timer1 oscillator output/Timer1 clock input

RC1/T10Sl/CCP2 bit1 ST Input/output port pin or Timer1 oscillator input or Capture2 input/
Compare2 output/PWM2 output

RC2/CCP1 bit2 ST Input/output port pin or Capture1 input/Compare1 output/PWM1
output

RC3/SCK/SCL bit3 ST RC3 can also be the synchronous serial clock for both SPI and 12C
modes.

RC4/SDI/SDA bit4 ST RC4 can also be the SPI Data In (SPI mode) or data /O (1°C mode).

RC5/SDO bits ST Input/output port pin or Synchronous Serial Port data output

RC6/TX/CK bit6 ST Input/output port pin or USART Asynchronous Transmit or Synchro-
nous Clock

RC7/RX/DT bit7 ST Input/output port pin or USART Asynchronous Receive or Synchro-
nous Data

Legend: ST = Schmitt Trigger input
TABLE 3-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

.| Value on
Value on: ail
Address | Name | Bit7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 POR,
other
BOR
resets
07h PORTC| RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO |xxxx xxxx |[uuuu uuuu
87h TRISC |PORTC Data Direction Register 1111 1111 ;1111 1111

Legend: x = unknown, u = unchanged.

DS30292B-page 34

© 1999 Microchip Technology Inc.




PIC16F87X

34 PORTD and TRISD Registers

This section is not applicable to the PIC16F873 or
PIC16F876.

PORTD is an 8-bit port with Schmitt Trigger input buff-
ers. Each pin is individually configurable as an input or
output.

PORTD can be configured as an 8-bit wide micropro-
cessor port (parallel slave port) by setting control bit
PSPMODE (TRISE<4>). In this mode, the input buffers
are TTL.

TABLE 3-7: PORTD FUNCTIONS

FIGURE 3-7: PORTD BLOCK DIAGRAM (IN
1/0 PORT MODE)
Data
Bus D a
WR
\ in(1)
PORT K\ O pin
Data Latch
! D Q
WR
TRIS | CK _ Schmitt
Trigger
TRIS Latch ot
RD TRIS
Q D

EN

<1
RD PORT f {>ﬁ

Note 1: I/O pins have protection diodes to VDD and Vss.

Name Bit# Buffer Type Function
RDO/PSPO bit0 STTL! Input/output port pin or paraliet slave port bit0
RD1/PSP1 bit1 STTLM Input/output port pin or parallel slave port bit1
RD2/PSP2 bit2 ST/ATLM Input/output port pin or parallei slave port bit2
RD3/PSP3 bit3 sSTATLY Input/output port pin or parallel slave port bit3
RD4/PSP4 bit4 sST/TLM Input/output port pin or parallel slave port bit4
RD5/PSP5 bits ST/TTLY Input/output port pin or parallel slave port bit5
RD6/PSP6 bit6 sT/TTLY Input/output port pin or parallel slave port bité
RD7/PSP7 bit7 sT/TTL Input/output port pin or parallel slave port bit7

Legend: ST = Schmitt Trigger input TTL = TTL input

Note 1: lnput buffers are Schmitt Triggers when in /O mode and TTL buffer when in Parallel Slave Port Mode.
TABLE 3-8: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD

Value on: Value on all
Address | Name | Bit7 | Bit6 | Bit5 Bit 4 Bit3 | Bit2 Bit 1 Bito POR, ajue on a
other resets

BOR
08h PORTD | RD7 | RD6 | RD5 RD4 RD3 | RD2 RD7 RDO |soxx xxxx |uuuu uuuu
88h TRISD PORTD Data Direction Register 1111 1111 1111 1111
8oh TRISE IBF | OBFJ IBOV ESPMODE r— | PORTE Data Direction Bits 0000 -111 [0000 -111

Legend: x = unknown, u = unchanged, - = unimplemented read as '0’. Shaded cells are not used by PORTD.
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Features Description
+ High Current Drive Capability (200mA) The LMSSS/NES55/SAS55 is a highly stable controller
* Adjustable Duty Cycle capable of producing accurate timing pulses. With a
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Absolute Maximum Ratings (TA = 25°C)

Parameter Symbol Value Unit
Supply Voltage vee 16 \Y
Lead Temperature (Soldering 10sec) TLEAD 300 °C
Power Dissipation PD 600 mw
Operating Temperature Range

LM555/NE555 TOPR 0~+70 °C
SA555 -40 ~ +85

Storage Temperature Range TSTG -65 ~ +150 °C




LMS555/NES55/SA555

Electrical Characteristics
(TA = 25°C, Vcc = 5 ~ 15V, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. Unit
Supply Voltage vce - 45 - 16 Y
Supply Current (Low Stable) (Note1) Icc VCCZ SV, RL= e _ 3 6 mA
VcCc =15V, RL= 0 - 75 15 mA
Timing Error (Monostable)
Dt Lﬁﬁ"%’?ﬁﬁéﬂ?ﬂfﬁ )(Note4) ACCUR | £ = 1kQ 10100k A e
Drift with Supply Voltage (Note4) AUAT C=0.1pF 50 ppm/°C
AYAVCC 0.1 0.5 %N
Timing Error (Astable) i
Intial Accuracy (Note2) ACCUR | RA = 1kQ to 100kQ 2.25 - %
Drift with Temperature (Note4) AVAT C=0.1uF 150 ppm/°C
Drift with Supply Voltage (Note4) AVAVCC 0.3 %N
Control Voltage Ve Vee = 15V 9.0 | 100 | 11.0 Y
Vee =5V 26 | 333} 4.0 \YJ
vee = 15V - 10.0 - \
Threshold Voitage VTH Voc S5V - 333 - v
Threshold Current (Note3) ITH - - 0.1 0.25 HA
Trigger Voltage VTR Vece =5V 1.1 167 | 22 \
vee = 15V 45 5 5.6 \Y
Trigger Current ITR VTR = OV 0.01 20 pA
Reset Voltage VRST - 0.4 0.7 1.0 \)
Reset Current IRST - 0.1 04 mA
Vce = 15V
ISINK = 10mA - 0.06 | 0.25 \
Low Output Voltage VoL ISINK = 50mA 03 | 0.75 \
}Q?SK f;’m A - | 005|035 vV
Vvce = 15V
ISOURCE = 200mA 12.5 - \
High Output Voltage VOH ISOURCE = 100mA 12.75} 13.3 \
};%‘L - é’:; 100mA 275 | 33 | - v
Rise Time of Output (Note4) R - - 100 - ns
Fall Time of Output (Note4) tF - - 100 - ns
Discharge Leakage Current ILKG - - 20 100 nA

Notes:

1. When the output is high, the supply current is typically 1mA less than at V¢ = 5V.

2. Tested at Vcc = 5.0V and Ve = 15V.

3. This will determine the maximum value of RA + RB for 15V operation, the max. total R = 20MQ, and for 5V operation, the max.
total R = 6.7MQ.

4 These parameters, although guaranteed, are not 100% tested in production.
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Application Informati

Table 1 below is the basic operating table of 5655 timer:

on

Table 1. Basic Operating Table

Threshold Voltage Trigger Voltage Discharging Tr.
VPN G) g &fmpm 2;-’ Reset(PIN4) | Output(PIN 3) (Png 7)9
Don't care Don't care Low Low ON
Vth > 2Vcee /3 Vth > 2Vec /3 High Low ON
Vee/3<Vith<2Vec/3 { Vec/3<Vih<2Veec /3 High - -
Vih<Vec /3 Vth <Vee/ 3 High High OFF

When the low signal input is applied to the reset terminal, the timer output remains low regardless of the threshold voltage or
the trigger voltage. Only when the high signal is applied to the reset terminal, the timer's output changes according to
threshold voltage and trigger voltage.
When the threshold voltage exceeds 2/3 of the supply voltage while the timer output is high, the timer's internal discharge Tr.
turns on, lowering the threshold voltage to below 1/3 of the supply voltage. During this time, the timer output is maintained
low. Later, if a low signal is applied to the trigger voltage so that it becomes 1/3 of the supply voltage, the timer's internal
discharge Tr. turns off, increasing the threshold voltage and driving the timer output again at high.

1. Monostable Operation

Trigger

= R
1A

RL% 1

1Vidiv, Xus/div

T ] T T
**i‘ Trigger E :r 3

i SIS SO S § S E——

[ 1 !
IR N N

.| Output > ! '
Hae ; e _‘ -4 + [

N N
e L T

A pesas Y| |
Ve B j
Z_i IRV 4R N )4 i

R,=9.1ka, R,

=1hQ, C1=0.01uF, Vec=5V

Figure 3. Waveforms of Monostable Operation
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Figure 2. Resistance and Capacitance vs.

Time delay(td)
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Figure 1 illustrates a monostable circuit. In this mode, the timer generates a fixed pulse whenever the trigger voltage falls
below Vcc/3. When the trigger pulse voltage applied to the #2 pin falls below Vec/3 while the timer output is low, the timer's
internal flip-flop turns the discharging Tr. off and causes the timer output to become high by charging the external capacitor C1
and setting the flip-flop output at the same time.

The voltage across the external capacitor C1, VC1 increases exponentially with the time constant t=RA*C and reaches 2Vcc/3
at td=1.1RA*C. Hence, capacitor C1 is charged through resistor RA. The greater the time constant RAC, the longer it takes
for the VC1 to reach 2Vcc/3. In other words, the time constant RAC controls the output pulse width.

When the applied voltage to the capacitor C1 reaches 2Vcc/3, the comparator on the trigger terminal resets the flip-flop,
turning the discharging Tr. on. At this time, C1 begins to discharge and the timer output converts to low.

In this way, the timer operating in the monostable repeats the above process. Figure 2 shows the time constant relationship
based on RA and C. Figure 3 shows the general waveforms during the monostable operation.

It must be noted that, for a normal operation, the trigger pulse voltage needs to maintain a minimum of Vcc/3 before the timer
output turns low. That is, although the output remains unaffected even if a different trigger pulse is applied while the output is
high, it may be affected and the waveform does not operate properly if the trigger pulse voltage at the end of the output pulse
remains at below Vcc/3. Figure 4 shows such a timer output abnormality.

- 1 ] ) '_"—\ ‘
i ] B
Trigger

|

T e T il

“L oy !

/4“Thr¢shoﬂlit ] Ji

dhvanyauivd

R,=9.1kQ, R =1kQ, C1=0.01uF, Vcc=5V
Figure 4. Waveforms of Monostable Operation (abnomal)

2. Astable Operation

o, 2y

Vil
b

g
a
7
7

Capacitance(uF)

CONTS)):—L N \

() c2 ) N N N
’ 100m 1 10 100 1 3 10k 100k
: Kl/ T Frequency(iz)

Figure 5. Astable Circuit Figure 6. Capacitance and Resistance vs. Frequency
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1Vidiy, SOmu/div

[ )
] ]
Qutput
+ =1
Threshold
-~
N\
7
i

R,=1kQ, R=1kQ, R =1kW, C1=1uF, Vee=5V

Figure 7. Waveforms of Astable Operation

An astable timer operation is achieved by adding resistor RB to Figure 1 and configuring as shown on Figure 5. In the astable
operation, the trigger terminal and the threshold terminal are connected so that a self-trigger is formed, operating as a muiti
vibrator. When the timer output is high, its internal discharging Tr. turns off and the VC1 increases by exponential

function with the time constant (RA+RB)*C.

When the V1, or the threshold voltage, reaches 2Vcc/3, the comparator output on the trigger terminal becomes high,
resetting the F/F and causing the timer output to become low. This in turn turns on the discharging Tr. and the C1 discharges
through the discharging channel formed by RB and the discharging Tr. When the V(1 falls below Vcc/3, the comparator
output on the trigger terminal becomes high and the timer output becomes high again. The discharging Tr. turns off and the
V(1 rises again.

In the above process, the section where the timer output is high is the time it takes for the V] to rise from Vcc/3 to 2Vee/3,
and the section where the timer output is low is the time it takes for the V1 to drop from 2Vcce/3 to Vee/3. When timer output
is high, the equivalent circuit for charging capacitor C1 is as follows:

Ry

4 c1

+
1 -[-_Vcl (0-)=Vce/3

dvc1 VCC—V(O-)

Cigr = Ra'Rg )

Vc1(0+) = VCC/3 (2)

t
'[’(RA+RB)C1)
Veqlt) = Vee 1—§e 3)

Since the duration of the timer output high state(tn) is the amount of time it takes for the VC1(t) to reach 2Vce/3,
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2 _ 2 | ’(RA+RB;C1]
Ve1th = 3Vee =V 138 4)

th = C1(RA+RB)|"220'693(RA+RB)C1 (5)

The equivalent circuit for discharging capacitor C1, when timer output is low is, as follows:

RB
. |
C1 _[_ (0)=2Veer3 — % R,
L
dv

c1, 1 )

C1 Gt 'Ryergc1 0 ®
t
2 “(Ry*Rp)C1

Veah =3V _ e Q)

Since the duration of the timer output low state(tL) is the amount of time it takes for the VCi(t) to reach Vcc/3,

o
1 2 “Ry*Rp)C1
“Vrpr =2V (8)
3'CC 3 cc®
t = Cy(Rg+ RD)In2 = 0.693(RB + RD)C1 (9)

Since RD is normally RB>>Rp although related to the size of discharging Tr.,
tL.=0.693RBC]| (10)

Consequently, if the timer operates in astable, the period is the same with
"T=ty+t1.=0.693(RA+RB)C1+0.693RBC1=0.693(RA+2RB)C1' because the period is the sum of the charge time and discharge
time. And since frequency is the reciprocal of the period, the following applies.

1._ 1.44
T (Ry +2Rg)Cy an

frequency, f=
3. Frequency divider

By adjusting the length of the timing cycle, the basic circuit of Figure 1 can be made to operate as a frequency divider. Figure
8. illustrates a divide-by-three circuit that makes use of the fact that retriggering cannot occur during the timing cycle.
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1V, 25us/div
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Figure 8. Waveforms of Frequency Divider Operation

4. Pulse Width Modulation

The timer output waveform may be changed by modulating the control voltage applied to the timer's pin 5 and changing the
reference of the timer's internal comparators. Figure 9 illustrates the pulse width modulation circuit.

When the continuous trigger pulse train is applied in the monostable mode, the timer output width is modulated according to
the signal applied to the control terminal. Sinc wave as well as other waveforms may be applied as a signal to the control
terminal. Figure 10 shows the example of pulse width modulation waveform.

1V/dw, 100ww/div

[N Ny A
|Cont ’ ‘ 'Trigger]
RN l Rl N |
= - =
: ™ :
T IBNERE
) | i i N
LI" T -
Treshold i _{()Iﬂpll
- - h

/114
/1Y L

T e

R,=9.1k0, R, =1kQ, C1=0.01uF, Vec=5V

Figure 9. Circuit for Puise Width Modulation Figure 10. Waveforms of Pulse Width Modulation

5. Pulse Position Modulation

If the modulating signal is applied to the control terminal while the timer is connected for the astable operation as in Figure 11,
the timer becomes a pulse position modulator.

In the pulse position modulator, the reference of the timer's internal comparators is modulated which in turn modulates the
timer output according to the modulation signal applied to the control terminal.

Figure 12 illustrates a sine wave for modulation signal and the resulting output pulse position modulation : however, any wave
shape could be used.
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Figure 11. Circuit for Pulse Position Modulation Figure 12. Waveforms of pulse position modulation

6. Linear Ramp

When the pull-up resistor RA in the monostable circuit shown in Figure 1 is replaced with constant current source, the VC1
increases linearly, generating a linear ramp. Figure 13 shows the linear ramp generating circuit and Figure 14 illustrates the
generated linear ramp waveforms.
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- - _ 1Vidiv, 25us/div
=R1 1] 1 ‘. 1
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RI=47KQ, R2=100kE2, R,=2.7KQ, R =10, C1=0.01uF, Vec=8V

T
I

Figure 13. Circuit for Linear Ramp Figure 14. Waveforms of Linear Ramp

In Figure 13, current source is created by PNP transistor Q1 and resistor R1, R2, and RE.

Vv -V
CC E
lr = —2— (12)
C R E
Here, VE is
Ry
VE = VBE+_—R1+R2VCC (13)
For example, if Vee=15V, RE=20k€), R1=5kW, R2=10k(2, and VBE=0.7V,
VE=0.7V+10V=10.7V
1c=(15-10.7)/20k=0.215mA
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When the trigger starts in a timer configured as shown in Figure 13, the current flowing through capacitor C1 becomes a
constant current generated by PNP transistor and resistors.
Hence, the V( is a linear ramp function as shown in Figure 14. The gradient S of the linear ramp function is defined as
follows:
V
S = _PT’——E (14)

Here the Vp-p is the peak-to-peak voltage.
If the electric charge amount accumulated in the capacitor is divided by the capacitance, the VC comes out as follows:

v=Q/C (15)

The above equation divided on both sides by T gives us

~<

Q/T
= == 6
c (16)
and may be simplified into the following equation.
s=l/'C an
In other words, the gradient of the linear ramp function appearing across the capacitor can be obtained by using the constant
current flowing through the capacitor.

If the constant current flow through the capacitor is 0.215mA and the capacitance is 0.02uF, the gradient of the ramp function
at both ends of the capacitor is S = 0.215m/0.022p = 9.77V/ms.

10
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Octal High Voltage,
High Current Darlington
Transistor Arrays

The eight NPN Darlington connected transistors in this family of arrays
are ideally suited for interfacing between low logic level digital circuitry (such
as TTL, CMOS or PMOS/NMOS) and the higher current/voltage
requirements of lamps, relays, printer hammers or other similar loads for a
broad range of computer, industrial, and consumer applications. All devices
feature open—collector outputs and free wheeling clamp diodes for transient
suppression.

The ULN2803 is designed to be compatible with standard TTL families
while the ULN2804 is optimized for 6 to 15 volt high level CMOS or PMOS.

MAXIMUM RATINGS (Ta = 25°C and rating apply to any one device in the
package, unless otherwise noted.)

Order this document by ULN2803/D

ULN2803
ULN2804

OCTAL PERIPHERAL
DRIVER ARRAYS

SEMICONDUCTOR
TECHNICAL DATA

Rating Symbol Value Unit
Output Voltage Vo 50 \Y
Input Voltage (Except ULN2801) Vi 30 \ A SUFFIX
Collector Current — Continuous Ic 500 mA PLASJ/L%EP/;%;(A GE
Base Current — Continuous s 25 mA
Operating Ambient Temperature Range TA 0to +70 °C
Storage Temperature Range Tstg ~55to +150 °C
Junction Temperature Ty 125 °C PIN CONNECTIONS
RgJA = 55°CW

Do not exceed maximum current limit per driver

ORDERING INFORMATION

Characteristics
Operating
Input Temperature
Device Compatibility VcE(Max)/ic(Max) Range
ULN2803A | TTL, 5.0 VCMOS
Vi5 A Ta =0to + 70°
ULN2804A | 6to 15V CMOS, pMos | o0 V200 A=010+70°C

W a

Ly
Dot
Dc o
™

FlE EE D

= 3]
ERSESIERERERERERE

Gnd |9

© Motorola, Inc. 1996 Rev 1



ULN2803 ULN2804
ELECTRICAL CHARACTERISTICS (Ta = 25°C, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit

Output Leakage Current (Figure 1) ICEX pA
(Vo =50V, Ta =+70°C) All Types - - 100
(Vo =50V, Ta = +25°C) All Types - - 50
(Vo =50V, Ta=+70°C,V|=6.0V) ULN2802 - - 500
(Vo =50V, Tpo=+70°C, V|=1.0V) ULN2804 - - 500

Collector-Emitter Saturation Voltage (Figure 2) VCE(sat) \
(Ic =350 mA, Ig = 500 pA) All Types - 1.1 6
(Ilc =200 mA, Ig = 350 uA) Ali Types - 0.95 1.3
(Ic =100 mA, Ig = 250 pA) All Types - 0.85 1.1

Input Current — On Condition (Figure 4) lion) mA
M=17V) ULN2802 - 0.82 1.25
(V|=3.85V) ULN2803 - 0.93 1.35
(Vi=5.0V) ULN2804 - 0.35 0.5
vV =12V) ULN2804 - 1.0 1.45

Input Voltage — On Condition (Figure 5) Vi(on) \Y
(VCE =2.0V, I = 300 mA) ULN2802 - - 13
(VCE=2.0V,!c =200 mA) ULN2803 - - 24
(VCE=2.0V,Ic =250 mA) ULN2803 - - 27
(VCE =20V, Ic =300 mA) ULN2803 - - 3.0
(VCg=20V,Ic=125mA) ULN2804 - - 5.0
(VCE=2.0V, Ic =200 mA) ULN2804 - - 6.0
(VCE=20V,Ilc=275mA) ULN2804 - - 7.0
(VCE =2.0V, Ic = 350 mA) ULN2804 - - 8.0

Input Current — Off Condition (Figure 3) All Types lioff) 50 100 - A
{Ic =500 pA, Ta = +70°C)

DC Current Gain (Figure 2) ULN2801 hFge 1000 - - -
(VCE=2.0V,Ic =350 mA)

input Capacitance Ci - 15 25 pF

Turn—On Delay Time ton - 0.25 1.0 us
(50% Ej to 50% EQ)

Tum-Off Delay Time toff - 0.25 1.0 us
(50% E) to 50% EQ)

Clamp Diode Leakage Current (Figure 6) Ta = +25°C IR - - 50 pA
(VR =50V) TA = +70°C 100

Clamp Diode Forward Voltage (Figure 7) VE - 1.5 2.0 \
(IF = 350 mA)

2 MOTOROLA ANALOG IC DEVICE DATA




ULN2803 ULN2804
TEST FIGURES

(See Figure Numbers in Electrical Characteristics Table)

Figure 1. Figure 2.
Open
Open VCE 'C
Nep = —
FE lin
Vin_L DUt
— Ic
Vee
Figure 3. Figure 4.
Open VCE Open

Figure 5.

Open

Figure 7.
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I, COLLECTOR CURRENT (mA)

(N, INPUT CURRENT (mA)

ULN2803 ULN2804

TYPICAL CHARACTERISTIC CURVES - TA = 25°C, unless otherwise noted
Output Characteristics

Figure 8. Output Current versus
Saturation Voltage

I, COLLECTOR CURRENT (mA)

Figure 9. Output Current versus
Input Current
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Figure 10. ULN2803 input Current
versus Input Voltage
2.0
15 //
10 / /
/
05 ]
0
20 25 30 35 40 45 50 55 6.0

ViN, INPUT VOLTAGE (V)

N, INPUT CURRENT {mA)

Figure 11. ULN2804 Input Current
versus Input Voltage
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Figure 12. Representative Schematic Diagrams
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ULN2803 ULN2804

OUTLINE DIMENSIONS
A SUFFIX
PLASTIC PACKAGE
CASE 707-02
ISSUE C NOTES.
1. POSITIONAL TOLERANCE OF LEADS (D),
oYY SHALL BE WITHIN 0.25 (0.010) AT MAXIMUM
':;' Ann TR MATERIAL CONDITION, IN RELATION TO
SEATING PLANE AND EACH OTHER
b B 2. DIMENSION L TO CENTER OF LEADS WHEN
04 9 FORMED PARALLEL.
Y RYRYRTATEVRVRVAY 3 mg:suonanoss NOT INCLUDE MOLD
L——A A——————» MILLIMETERS INCHES
piM[ MIN ] MAX [N | max
L A | 2222 | 2324 [ 0875 | 0815
B | 610 ] 660 | 0240 | 0260
CJ 35 ) 457 0.140 | 0.180
D1 036 [ 056 ] 0014|002
F 1 127 ] 178 | 0050 | 0.070
G 2.54 BSC 0.100 BSC
Wl 102 ] 152} 0040 | 0060
M e J | 020 [ 030 0008 | 0012
K] 202 343] o151 0135
L 762BSC 0.300 BSC
] 0o 180 9o 450
N o051 ] 102] goeo | 0.040
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