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ABSTRACT

A microcontroller-based automatic shrimp peecling apparatus has been designed and

constructed. Using rotary disk-conveyor feeding mechanism, the deheaded fresh shrimp in

hopper is orientatively picked and delivered to the rotating saw tooth blade assembly where

dorsal cutting and deveining is performed. Shell is pulling off by the spiked roller unit before

conveying the end product to the exit port. The production yield of the prototype at processing

speed of 1,600 shrimp per hour is 20 percents.
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2.6.1 lulnsneulnsames (Microcontrolter )
¢ o a g S i o
lulnseoulnsames flugunselled (o) arannsetindiiuer Ty Ins Inswaiwad
(- Microprocessor ) fiunuaummdunzdmivdedoyameqdh3fetu awisonianld
@ d.'i ﬂ:ly o =
widioflou Wi s dymanniing
o a ] LY 4 s & <
Msnavanmansavedlulasnen Insamed Snrswanialuduer fauns
o as n‘: s
(Hardware ) uazaoWinas ( Software ) Tumsimndruerfauasiiumin 1dsmoudents
o ' -3 & = a o
Wanndrumiaennus 4 185n159Wmn199n PROM EPROM EEPROM ungluilagiigld
WAIH19UD I 0AMUS 1S 80T “Flash Memory”
r o w L)
ludwvosmeniingTdiaudow Tsunsun msdoulussdusa (avgIU2),
o o = ) v
seAulud (lavg 16) womanud uazn iy fudy
o ¢
2.62 muiitiahvesTulnsnewinsomesnazga Mcs-51

d'dy ] = = qs & = o =
luffiozna1nda AT89S52 ¥0IUSEM Atmel FuthluTnsnou Insamesvuia 8 5

»
wea gr

laonguau@deil
- fnmmﬁmnﬂﬂmnsuﬁﬁ'&msﬁnm;huwm’ﬂmgnﬁummgmamuuﬂw
(Flash Memory Serial Port } 41470 8 £ 1a'lug

TsunsuiuwesABYNTUIATIIN SPI ( SPI Serial Interface )
annse Tsunsuuazaud 18y 1,000 A3

- imiaenud Uy EEPROM w118 2 Alalug
o TUsunsaazavs 18y 1,000 adq

- Mumdstwinszuansann 5 Taag (1918 ug94 4.6 Tiad)

- o e ygenfnidg 0-24 WNNZIENG (MHz)

- mwsodesiumiiennusild 3 szau

- iimwanusdoya (RAM ) vua 256 Tug

- {inesn 32 wesndasyannsodhdeluseduiald

- {ilwed 7 numesunng 16- bit 7 anua 3 &

- 3995UMsBuResTUR 14 8 unas

- emnsodemsdoynuuueynsald8au UART Channel

- BTMNAMIMOULUY Low Idle 4ag Power Down FmTunmsdszndandaay

= A A = o
- U Watchdog Timer AW DITNIWNITN N IUYDITE U
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TAP1aC] 420 vCe
mexP 2 39 [ PC.C (ADD)
F12(]3 387 PC 1 (ADY
Pi3C]4 TRPCI A
F140s 32 PG.2 (2D
MoshRuscle 3T PC 4 AT
MISCI 1A 7 3 IPLE (ADS
(SCKyP1T LS 3300 PC.8 (ADB)
RSTC® 320PC7ADTS
RXSIP3.00 10 I ERVPP
TXSP3 O 35[0 ALESROG
{NTSy P32 2 MO PEEN
(NI P33L] 13 209 P2.T 418
(TCYP3.4(] *4 e i X ET R PO
aaesal s a0dp2E A3
Az P38 s 225 P2 4 (A
(REPITCE T 240IP220A11
XTAL2{ |8 23 PRI
XTALIL +2 R1SP2 1A
stp ] 20 2[TP2C(ABY

707 228 uamevves T TnsnouTnsoined Mcs-si
Taoudazaniivihiiad]

- VCC GiﬂvlﬂLE’U&(Supply Voltage )

- GND ADNT199 ( Ground )

- 91 P0.0-PO.7 dunesa (port) SR 0 Wukveesfiemevia 8 9a annso
anldmeantiiiae ihunesadumaowinariall  uasififunedadmsu
Ansaiuntinmdimuuenie fu/dadoyauasmunaemaye ludin

- 0 PLO-PLT Wuwedadidud 1 fhuummesRmnisuie § B iinssionw
AUMIUWAW ( pull-up resister ) TAnoly 'mﬁumxi‘luwamﬂuwmmmwmwﬂﬂ
m)ﬂmmaua“l*mmLﬂwmuwmmmwmm"lmm)s 2 ( Timer )

- w1 P20-P27 duwesadiduii 2 Wunvvaesfirmeriig g on LiMsaonwy
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dmsudadetumilnnuiimeyenieduausauasa ludgs
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o [
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Tfavesdagrannim

ALEPROG simmbhiiduvuerdymilodfgdosnsfasefuniaen s,
nwuen Aesiinsdadganuiad (Pulse ) sonuiniimeimsuanueamas
Tudd woomiznimsmeuen uazu‘l‘i{azsﬂuﬁuumﬁaaﬂﬁzij]ﬂmﬂm
uoa (Flash)

PSEN  iihuviewins 14lunsdaresumizsniui Tsunsumensn viites
ueninl 2 afslundasiuminlmita

EAVPP  dluvidunaiazfesmsanin o orey WS Agaunsndais
miwausilisiunsuniouonld Feegiiaumia 00008 §1 FFEFH weneint
udmildald5u 12 Tood we ¥ luszniains Tsunsanlas

XTAL lung XTAL2  dluviunavessesadiamefuondsivieny

( Oscillator Amplifier ) uaziudiudmuanauiaeg Auadygauiinm
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. The Laitram corporation,Harahan,La. Patent number 5,108,342. Date of patent Apr. 28, 1992.

High yield peeling means and method for uncooked warm-water shrimp. United
states patent.
Gregor Jonsson Associates, Inc. . Patent number 4,769,871. Date of patent Sep. 13, 1988.

Shrimp peeling machine and method. United states patent,

. Prawnto shrimp machine company. Patent number 5,569,065. Date of patent Oct. 29, 1996.

Shrimp deveining machine having precision cutting control. United states patent.

. http://www.mediterrasian.com

. http:/fwww.ifood.tv/node/1577

http://www asianrecipesonline.com/cooking _guide/peeling-and-deveining-prawns.php

. http://www.mpexports.com/products.html
. http://www.simcooks.com/3OS/prawns-info-and-storage/

- http://www.thai-imei.com/product.html

http://www.laitramrnachinery.com

http://www_jonsson.com/shrimp/
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#include<reg52.h>
#include<stdio.h>

#include<intrins.h>
#include"keypad.c"

unsigned char count,number,buffer[4],num[4];

unsigned int datav ;

char code convert[10] = {0x3f,0x06,0x 5b,0x4f,0x66,0x6d,0x7d,0x07,0x 7£,0x 61} ;
char cputick,timer3 ;

sbit DIN = P115;
sbit CLK =P1”6;
sbit strobe = P1°4;
shit startbit = P1°7;

/*void EX_int(void) interrupt 0

{
count++;
!
*/
*void externalO(void) interrupt O using 0
{
EX0=0;
msec(10);
if(INTO == 0)
count++ ;
EX0=1,
}
*/
void externall(void) interrupt 2 using 2
{
EX0=0;
_nop_(); _nop_();_nop_(};_nop_(};
_nop_(); _nop_();_nop_(};_nop_();
keyflag = 1;
}
void count_to_buffer(void)
{
number=count;
buffer[3]= convert[number/1000];
number=number%1000;
buffer[2]= convert[number/100];
number=number%100;

buffer{1]= convert[number/10];
buffer{0]= convert[number%10];



}

void write led(void)

{ -
char 1,J;
for(j=0;j<4++)
for(i=0;1<8;1++)
{
if{buffer[j]&0x80) DIN = 1;
else DIN = 0;
CLK =1;
buffer[j] <<=1;
CLK =0;
}
}
strobe = 1;
;trobc ={(;
}
void convertdata()
{
inti;
for(1=0;i <4, i++)
num[i] = keybuffer[i] ;
datav = (num[3]* 1000)+-(hum[2]* 100)+(num[1]*10)+num[0] ;
}
void mode1(void)
{
starthit=0;
7 EA=1;
i EX0=1;
7 ITO=1,
count = 0;

count_to_buffer();
write_led();

count = 0;
while(count<=(datav-1))
{

while('INTO);
while(INTO);

count++ ;
count_to_buffer();
write_led();

startbit=1;
i EX0 =0,

void mode2(void)



startbit =0 ;

count = 9999 ;
count_to_buffer();
write_led();

set=0;
keydata = 0;
clearkeybuffer();
while(!set)
{
setkey();
findbutton();
3
count =0 ;
startbit =1 ;
}
void getdata(void)

{

set=0;
keydata=0;
clearkeybuffer(),
count=0;
while(!set)

{

{f keydata = P2 ;
/" keydata &= 0x0f;
count =
(keybuffer[3]*1000)+(keybuffer[2]*100)+(keybuffer[ 1]* 10)+keybuffer[0] ;
count_to_buffer(),
write_led();

setkey();
findbutton();
}
b
void printa()
{
if(++timer3>10)
{
timer3 = 0 ;
count_to_buffer();
write_led();



main()

{

startbit =1 ;
/ int 1;

EA =1;
EX0=0;
ITO=1;
EX1=1;
IT1=1;
msec(100);
count=0;
count_to_buffer();
write_led();
getdata();
convertdata();

/fif(datav == 0)
/I mode2();

i else
model();

}
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level Program Memory Lock
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19852 is a low-power, high-performance CMQOS 8-bit microcontroller with 8K

in-system programmable Flash memory. The device is manufactured using
high-density nonvolatile memory technology and is compatible with the indus-
jard 80C51 instruction set and pinout. The on-chip Flash allows the program
to be reprogrammed in-system or by a conventicnal nonvotatile memery pro-
r. By combining a versatile 8-bit CPU with in-system programmable Flash on
ithic chip, the Atmel AT89352 is a powerful microcontroller which provides a
axible and cost-effective solution to many embedded control applications.

19352 provides the following standard features: 8K bytes of Flash, 256 bytes
32 1/0 lines, Watchdog timer, two data pointers, three 16-bit timer/counters, a
ar two-level interrupt architecture, a full duplex serial port, on-chip oscillator,
k circuitry. In addition, the ATB9S52 is designed with static logic for operation
zero frequency and supports two software selectable power saving modes.
Mode stops the CPU while allowing the RAM, timer/counters, serial port, and
: system to continue functioning. The Power-down mode saves the RAM con-
t freezes the oscillator, disabling all other chip functions until the next interrupt
vare reset.

ATMEL

RN

Y P

8-bit

Microcontroller
with 8K Bytes
In-System
Programmable
Flash

AT89S52
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Supply voltage.
Ground.

Port 0 is an 8-bit open drain bidirectional /O port. As an output port, each pin can sink
eight TTL inputs. When 1s are wriiten to port 0 pins, the pins can be used as high-
impedance inputs.

Port 0 can also be configured to be the multiplexed low-order address/data bus during
accesses to external program and data memory. In this mode, PO has intemal pull-ups.

Port 0 also receives the code bytes during Flash programming and outputs the code
bytes during program verification, External pull-ups are required during program
verification.

Port 1 is an 8-bit bidirectional /O port with internal pull-ups. The Port 1 output buffers
can sink/source four TTL inputs. When 1s are written to Port 1 pins, they are pulled high
by the internal pull-ups and can be used as inputs. As inputs, Port 1 pins that are exter-
nally being pulled low will source current (I, ) because of the internal pull-ups.

In addition, P1.0 and P1.1 can be configured to be the timer/counter 2 external count
input (P1.0/T2)} and the timer/counter 2 trigger input (P1.1/T2EX), respectively, as
shown in the following table.

Port 1 also receives the low-order address bytes during Flash programming and
verification.

Port Pin Alternate Functions

P1.0 T2 (external count input to Timer/Counter 2), clock-out

P1.1 TZEX t‘I:irEr!Counter 2 capturelr_;c;ad-lriggel: énd direc-t-ion control) 1
P1.5 MOSI (usec; for ln-S)-rstem Programrﬁiné) ' ]
P1.6 MI86 {used for In-S).rstem Programming) B . |
P1.7 SCK {used for In-System Prograﬁyniing) T

Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. The Port 2 cutput buffers
can sink/source four TTL inputs. When 1s are written to Port 2 pins, they are putled high
by the internal pull-ups and can be used as inputs. As inputs, Port 2 pins that are exter-
nally being pulled low will source current (!, ) because of the internal pull-ups.

Port 2 emits the high-order address byte during fetches from external program memory
and during accesses to external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, Port 2 uses strong internal pull-ups when emitting 1s. During
accesses to externa! data memory that use B-bit addresses (MOVX @ RI), Port 2 emits
the contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some control signals during Flash
programming and verification.

Port 3 is an B-bit bidirectional 1O port with internal pull-ups. The Port 3 output buffers
can sink/source four TTL inputs. When 1s are written to Port 3 pins, they are pulled high
by the internal pull-ups and can be used as inputs. As inputs, Port 3 pins that are exter-
nally being pulled low will source current (I, } because of the pull-ups.

AT89S52

1919B-MICRO-11/03



RO-11/03

Port 3 receives some control signals for Flash programming and verification.

Port 3 also serves the functions of various special features of the AT89552, as shown in
the following table.

Port Pin " Alternate Functions
P3.0 | RXD (serial input port)
HI;;;M - T_TXD (serial output——port) B T ]
P3.2 o | INTO (external inlerer{();“ - - - )
“I:Z;.é*i h iW(external interr;;-al ‘I.)-FF-_ S —_j _ ]
P3.4 TO (_timer 0 externa.I-iﬁput)m N T |
P3.5 " T1 (timer 1 external input) D
_PI;GW T + WR (external data“l;r;t;;nc;ry write strobe) i ]
P3.7—m - ’_FR"rlj (external data mé_r-r;or;“read str_ob;j - 1

Reset input. A high on this pin for two machine cycles while the oscillator is running
resets the device. This pin drives high for 98 oscillator periods after the Watchdog times
out. The DISRTQ bit in SFR AUXR (address 8EH) can be used to disable this feature. In
the default state of bit DISRTO, the RESET HIGH out feature is enabled.

Address Latch Enable (ALE) is an output pulse for latching the low byte of the address
during accesses to external memory. This pin is also the program pulse input (PROG)
during Flash programming.

In normal operation, ALE is emitted at a constant rate of 1/6 the oscillator frequency and
may be used for external timing or clocking purposes. Note, however, that one
ALE pulse is skipped during each access to external data memory.

If desired, ALE operation can be disabled by setting bit 0 of SFR location 8EH. With the
bit set, ALE is active only during a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no effect if the microcontrolier is in
external execution mode.

Program Store Enable (PSEN) is the read strobe to external program memoaory.

When the AT89552 is executing code from external program memory, PSEN is acti-
vated twice each machine cycle, except that two PSEN activations are skipped during
each access to external data memory,

External Access Enable. EA must be strapped to GND in order to enable the device to
fetch code from external program memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be internally latched on reset.

EA should be strapped to V for internal program executions.

This pin also receives the 12-volt programming enable voltage (Vpp) during Flash
programming.

Input to the inverting oscillator amplifier and input to the internal clock operating circuit.

Output from the inverting oscillator amplifier.

ATMEL ;
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al Function A map of the on-chip memory area called the Special Function Register (SFR) space is
ters shown in Table 1,

Note that not all of the addresses are occupied, and unoccupied addresses may not be
implemented on the chip. Read accesses tc these addresses will in general return ran-
dom data, and write accesses will have an indeterminate effect.

User software should not write 1s to these unlisted locations, since they may be used in
future products to invoke new features. In that case, the reset or inactive values of the
new bits will always be 0.

Timer 2 Registers: Control and status bits are contained in registers T2CON (shown in
Table 2) and T2MOD (shown in Table 6) for Timer 2. The register pair (RCAPZ2H,
RCAP2L) are the Capture/Reload registers for Timer 2 in 16-bit capture mode or 16-bit
aute-reload mode.

Interrupt Registers: The individual interrupt enable bits are in the IE register. Two pri-
orities can be set for each of the six interrupt sources in the IP register.

AT89S552 SFR Map and Reset Values

|
| OFFH
; { =
‘ F7H
00000000 0
- ant + + - - —_— - ——— —— -
OEFH
: o —1 . . —— . - R
© ACC T J[ :
00000000 - ' OE7H
: =t T too s
ODFH
IL _——— e .+. e e —— -t P - R R P S ———
i PSW |
| 00000000 ! 0D7H
T2CON T2MOD RCAP2L RCAP2H | L2 TH2 OCEH
00000000 | XXXXXX00 00000000 00000000 | 00000000 00000000
0C7H
L e uy | . I
1P
XX000000 0BFH
R S — . 4 1 . 4. . [ |
Pa
11111111 ! 0B7H
IE )
0X000000 | . OAFH
P2 AUXR1 ' ‘ WDTRST ' OATH
11111111 XOOOXXXXO | XXXXXXXX
4 = :
SCON SBUF : oFH
00000000 | XXXXXXXX |
P1
11111111 i 97H
TCON TMOD TLO LA THO TH1 AUXR 8k H
00000000 | 00000000 00000000 0000000C 00000000  ©O000OCO XXX00XX0
PO sP DPOL DPOH | DPIL DP1H PCON 871
11111111 | 00000111 00000000 0000000C | 0000000C  00000QOO 0XXX0000

AT89S52
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T2CON — Timer/Counter 2 Control Register

JON Address = 0CBH Reset Value = 0000 0000B
Addressable
TF2 EXF2 RCLK TCLK EXEN2 L TR2 cz CP/RL2
7 6 5 4 3 2 ; 1 0
Function

Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when either RCLK = 1
or TCLK =1.

Timer 2 external ﬂag set when either a capture or reload is caused by a negatwe transition on T2EX and EXENZ = 1
When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2 interrupt routine. EXF2 must be
c[eared by software. EXF2 does not cause an lnterrupt in up/down counler mode (DCEN = 1)

Recewe clock enable. When set, causes the serial port to use Timer 2 overﬂow pulses for |ts receive clock in serial port
Modes 1 and 3. RCLK 0 causes Timer 1 overflow to be used for the receive clock

Transmit clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its transmit clock in serial port
Modes 1 and 3. TCLK 0 causes Timer 1 overflows to be used for the lransmll clock

Timer 2 external enable When set, allows a capture or reload to occur as a result of a negative transition on T2EX if Timer
2 is not being used to clock the serial porl EXENZ2 =0 causes Timer 2 to |gnore events at TZEX

Start/Stop control for Timer 2. TR2 = 1 starts the timer.

Timer or counter select for Tnmer 2. CfT 2=0for tlmer function, CfT 2= 1 for external event counter (falllng edge tr[ggered)

Capture/Relcad select. CPIRLZ = 1 causes captures to occur on negative transitions at T2EX if EXEN2 = 1. CP/R[2=0
causes automatic refoads to occur when Timer 2 overflows or negative transitions occur at T2EX when EXEN2 = 1. When
either RCLK or TCLK = 1, this bit is ignored and the timer is forced to auto-reload on Timer 2 overflow.

AIMEL 7
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. AUXR: Auxiliary Register

Address = BEH Reset Value = XXX00XX0B
Not Bit Addressable
- - - {WDIDLE ) DISRE::_.._L_. = ] _DI_S_:E
Bt | 7 6 5. S S U B

Reserved for future expansion
Disable/Enable ALE
DISALE Operating Mode

0 ALE is emitted at a constant rate of 1/6 the oscillator frequency
1 ALE is active only during a MOVX or MOVC instruction
) Disable/Enable Reset out
DISRTO
0 Reset pin is driven High after WDT times out
1 Reset pin is input only
E Disable/Enable WDT in IDLE mode
WDIDLE
0 WDT continues to count in IDLE mode
1 WDT haits counting in IDLE mode

ita Pointer Registers: To facilitate accessing both internal and external data memory, two banks of 16-bit Data
Registers are provided: DPO at SFR address locations 82H-83H and DP1 at 84H-85H. Bit DPS = 0 in SFR AUXR1
DPO and DPS = 1 selects DP1. The user should ALWAYS initialize the DPS bit to the appropriate value before
g the respective Data Pointer Register.

Off Flag: The Power Off Flag (POF) is located at bit 4 (PCON.4) in the PCON SFR. POF is set to “1” during power
n be set and rest under software control and is not affected by reset.

. AUXR1: Auxiliary Register 1

Address = A2H Reset Value = XXXXXXX0B
Not Bit Addressable

- - - - - . - U _ T ops
Bt| 7 | & | 5 4 3 2 1 0

Reserved for future expansion

Data Pointer Register Select

DPS
0 Selects DPTR Registers DPOL, DPOH
1 Selects DPTR Registers DP1L, DP1H

AT89S52 e e ———————
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ry Organization MCS-51 devices have a separate address space for Program and Data Memory. Up to

m Memory

emory

1dog Timer
time Enabled
Reset-out)

| the WDT
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64K bytes each of external Program and Data Memory can be addressed.

If the EA pin is connected to GND, all program fetches are directed to external memory.

On the AT89S52, if EA is connected to V¢, program fetches to addresses 0000H
through 1FFFH are directed to internal memory and fetches to addresses 2000H
through FFFFH are to external memory.

The AT89S52 implements 256 bytes of on-chip RAM. The upper 128 bytes occupy a
parallel address space to the Special Function Registers. This means that the upper 128
bytes have the same addresses as the SFR space but are physically separate from SFR
space.

When an instruction accesses an intemal location above address 7FH, the address
mode used in the instruction specifies whether the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions which use direct addressing access the SFR
space.

For example, the following direct addressing instruction accesses the SFR at location
OAOQH (which is P2}.

MOV CAOH, #data

Instructions that use indirect addressing access the upper 128 bytes of RAM. For exam-
ple, the following indirect addressing instruction, where RO contains 0AQH, accesses the
data byte at address 0AOH, rather than P2 (whose address is 0AQOH).

MOV @RO, #data

Note that stack operations are examples of indirect addressing, $o the upper 128 bytes
of data RAM are available as stack space.

The WDT is intended as a recovery method in situations where the CPU may be sub-
jected to software upsets. The WDT consists of a 14-bit counter and the Watchdog
Timer Reset (WDTRST) SFR. The WDT is defaulted to disable from exiting reset. To
enable the WDT, a user must write 01EH and 0E1H in sequence to the WDTRST regis-
ter {SFR location QABH). When the WDT is enabled, it will increment every machine
cycle while the oscillator is running. The WDT timeout period is dependent on the exter-
nal clock frequency. There is no way to disable the WDT except through reset (either
hardware reset or WDT overflow reset). When WDT overflows, it will drive an output
RESET HIGH pulse at the RST pin.

To enable the WDT, a user must write 01EH and 0E1H in sequence to the WDTRST
register (SFR location 0AEH). When the WDT is enabled, the user needs to service it by
writing 01EH and OE1H to WDTRST to avoid a WDT overflow. The 14-bit counter over-
flows when it reaches 16383 (3FFFH), and this will reset the device. When the WDT is
enabled, it will increment every machine cycle while the oscillator is running. This means
the user must reset the WDT at least every 16383 machine cycles. To reset the WDT
the user must write 01EH and OE1H to WDTRST. WDTRST is a write-only register. The
WDT counter cannot be read or written. When WDT overflows, it will generate an output
RESET pulse at the RST pin. The RESET pulse duration is 98xTQSC, where
TOSC = 1/FOSC. To make the best use of the WDT, it should be serviced in those sec-
tions of code that will periodically be executed within the time required to prevent a WDT
reset.

ATMEL ;
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In Power-down mode the oscillator stops, which means the WDT also stops. While in
Power-down mode, the user does not need to service the WDT. There are two methods
of exiting Power-down mode: by a hardware reset or via a level-activated external inter-
rupt which is enabled prior to entering Power-down mode. When Power-down is exited
with hardware reset, servicing the WDT should occur as it normally does whenever the
ATB9S552 is reset. Exiting Power-down with an interrupt is significantly different. The
interrupt is held low long enough for the oscillator to stabilize. When the interrupt is
brought high, the interrupt is serviced. To prevent the WDT from resetting the device
while the interrupt pin is held low, the WDT is not started until the interrupt is pulled high.
it is suggested that the WDT be reset during the interrupt service for the interrupt used
to exit Power-down mode,

To ensure that the WDT does not overflow within a few states of exiting Power-down, it
is best to reset the WDT just before entering Power-down mode.

Before going into the IDLE mode, the WDIDLE bit in SFR AUXR is used to determine
whether the WDT continues to count if enabled. The WDT keeps counting during IDLE
{WDIDLE bit = 0) as the default state. To prevent the WDT from resetting the AT89552
while in IDLE mode, the user should always set up a timer that will periodically exit
IDLE, service the WDT, and reenter IDLE mode.

With WDIDLE bit enabled, the WDT will stop to count in IDLE mode and resumes the
count upon exit from IDLE.

The UART in the AT89352 operates the same way as the UART in the AT89C51 and
ATB89CS52. For further information on the UART operation, refer to the ATMEL Web site
(http://www.atmel.com}. From the home page, select “Products”, then "8051-Architec-
ture Flash Microcontroller’, then “"Product Cverview”,

Timer 0 and Timer 1 in the AT89552 operate the same way as Timer 0 and Timer 1 in
the AT89CS51 and ATBICSH2. For further information on the timers” operation, refer to the
ATMEL Web site (http://www.atmel.com). From the home page, select “Products”, then
“8051-Architecture Flash Microcontroller”, then “Product Overview”.

Timer 2 is a 16-bit Timer/Counter that can operate as either a timer or an event counter.
The type of operation is selected by bit C/T2 in the SFR T2CON (shown in Table 2).
Timer 2 has three operating modes: capture, auto-reload (up or down counting), and
baud rate generator. The modes are selected by bits in T2CON, as shown in Table 5.
Timer 2 consists of two 8-bit registers, TH2 and TL2. In the Timer function, the TL2 reg-
ister is incremented every machine cycle. Since a machine cycle consists of
12 oscillator periods, the count rate is 1/12 of the oscillator frequency.

Table 5. Timer 2 Operating Modes

RCLK +TCLK CPIRLZ ~ TR2  MODE
0 0 E " 16-bit Auto-reload
0 - 1 .' 1 16-bil Capture ]
1 | X 1 Baud Rate Generator
X ) Tm x : 0 ©ofy
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re Mode

eload (Up or Down
er)

. Timer in Capture Mode

In the Counter function, the register is incremented in response tc a 1-to-0 transition at
its corresponding external input pin, T2. In this function, the externa!l input is sampled
during S5P2 of every machine cycle. When the samples show a high in one cycle and a
low in the next cycle, the count is incremented. The new count value appears in the reg-
ister during S3P1 of the cycle following the one in which the transition was detected.
Since two machine cycles {24 oscillator periods) are required to recognize a 1-to-0 tran-
sition, the maximum count rate is 1/24 of the oscillator frequency. To ensure that a given
level is sampled at least once before it changes, the level should be held for at least one
fult machine cycle,

In the capture mode, two options are selected by bit EXENZ2 in T2CON. If EXEN2 = 0,
Timer 2 is a 16-bit timer or counter which upon overflow sets bit TF2 in T2CON. This bit
can then be used to generate an interrupt. If EXEN2 = 1, Timer 2 performs the same
operation, but a 1-to-0 transition at external input T2EX also causes the current value in
TH2 and TL2 to be captured into RCAP2H and RCAP2L, respeactively. In addition, the
transition at T2EX causes bit EXF2 in T2CON to be set. The EXF2 bit, like TF2, can
generate an interrupt. The capture mode is illustrated in Figure 1.

Timer 2 can be programmed to count up or down when configured in its 16-bit auto-
reload mode. This feature is invoked by the DCEN (Down Counter Enable) bit located in
the SFR T2ZMOD (see Table 6). Upon reset, the DCEN bit is set to 0 so that timer 2 will
default to count up. When DCEN is set, Timer 2 can count up or down, depending on the
value of the T2EX pin.

osc |- o 12 -
' ¢z =0
f
4 o7 | M TH2 - TL2 |>| T2 |-
A T EONTROL OVERFLOW
I
n ] c2 =1 TR2 j | '[
T2 PIN CAPTURE: | D‘
RCAPZH | RCAP2L ’
TRANSITION ‘ I v
DETECTOR . TIMER 2
INTERRUPT
T2EX PIN [ |——» _\ -l oo L . HOEXF2 | —

RO-11/03
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Figure 2 shows Timer 2 automatically counting up when DCEN = 0. In this mode, two
options are selected by bit EXEN2 in T2CON. If EXEN2 = 0, Timer 2 counts up to
OFFFFH and then sets the TF2 bit upon overflow. The overflow also causes the timer
registers to be reloaded with the 16-bit value in RCAP2H and RCAPZL. The values in
Timer in Capture ModeRCAP2H and RCAPZL are preset by software. If EXENZ2 =1, a
16-bit reload can be triggered either by an overflow or by a 1-to-0 transition at external
input T2EX. This transition also sets the EXF2 bit. Both the TF2 and EXF2 bits can gen-
erate an interrupt if enabled.

Setting the DCEN bit enables Timer 2 to count up or down, as shown in Figure 2. In this
mode, the T2EX pin controls the direction of the count. A logic 1 at T2EX makes Timer 2
count up. The timer will overflow at OFFFFH and set the TF2 bit. This overflow alsg
causes the 16-bit value in RCAP2H and RCAP2L to be reloaded into the timer registers,
THZ2 and TLZ, respectively.

A logic 0 at T2EX makes Timer 2 count down. The timer underflows when THZ and TL2
equal the values stared in RCAP2H and RCAP2L. The underflow sets the TF2 bit and
causes OFFFFH to be reloaded into the timer registers.

The EXF2 bit toggles whenever Timer 2 overflows or underflows and can be used as a
17th bit of resolution. In this operating mode, EXF2 does not flag an interrupt.

.. Timer 2 Auto Reload Mode (DCEN = 0)

0sC +12 _
cmz =
O/O - TRz | T2 |
lconTROL A OVERFLOW
TR2 ~ J\
T CA2 = 1 \ !
[l RELOAD l
e — TIMER 2
RCAP2H | RCAP2L INTERRUPT
= + » TF2
TRANSITION
DETECTOR

EX PIN D—»

T o/o . - EXF2

| conTROL
EXENZ

AT89S52 e ———————
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T2MOD - Timer 2 Mode Control Register

VIOD Address = 0C9H Reset Value = XXXX XX00B
t Bit Addressable

- —- - - - - " T20E DCEN

7 6 5 4 3 2 ‘ 1 0
| i Function

Not implemented, reserved for future

Timer 2 Output Enable bit

When set, this bit allows Timer 2 to be configured as an up/down counter

3. Timer 2 Auto Reload Mode (DCEN = 1)

(DOWN COUNTING RELOAD VALUE) TOGGLE
OFFH OFFH
o EXF2
1 I
- e N S
OSC  j{—» *12 _ i V] OVERFLOW
CcTz2 =0
—O/O——>] TH | T2 [+ > TF2
iCONTROL Y l
TR2 N N
G2 = 1 AR S A TIMER 2
INTERRUPT
T2 PIN
RCAP2H | RCAPZL *
COUNT
(UP COUNTING RELOAD VALUE) DIRECTION
1=Up
0=DOWN
]
T2EX PIN

AIMEL 13
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Timer 2 is selected as the baud rate generator by setting TCLK and/or RCLK in T2CON
(Table 2). Note that the baud rates for transmit and receive can be different if Timer 2 is
used for the receiver or transmitter and Timer 1 is used for the other function. Setting
RCLK and/or TCLK puts Timer 2 into its baud rate generator mode, as shown in Figure
4.

The baud rate generator mode is similar to the auto-reload mode, in that a rollover in
TH2 causes the Timer 2 registers to be reloaded with the 16-bit value in registers
RCAP2H and RCAPZL, which are preset by software.

The baud rates in Modes 1 and 3 are determined by Timer 2's overflow rate according to
the following eguation.

Modes 1 and 3 Baud Rates = Timer 2 O:grﬂow Rate

The Timer can be configured for either timer or counter operation. In most applications,
it is configured for timer operation (CP/T2 = 0). The timer operation is different for Timer
2 when it is used as a baud rate generator. Normally, as a timer, it increments every
machine cycle (at 1/12 the oscillator frequency). As a baud rate generator, however, it
increments every state time (at 1/2 the oscillator frequency). The baud rate formula is
given below,

Modes 1and 3 _ Oscillator Frequency
Baud Rate 32 x [65536-RCAP2H,RCAP2L)]

where (RCAPZH, RCAP2L) is the content of RCAP2H and RCAP2L taken as a 16-bit
unsigned integer.

Timer 2 as a baud rate generator is shown in Figure 4. This figure is valid only if RCLK
or TCLK = 1 in T2ZCON. Note that a rollover in TH2 does not set TF2 and will not gener-
ate an interrupt. Note too, that if EXENZ2 is set, a 1-to-0 transition in T2EX will set EXF2
but will not cause a reload from (RCAP2H, RCAP2L) to (TH2, TL2). Thus, when Timer 2
is in use as a baud rate generator, T2EX can be used as an extra external interrupt.

Note that when Timer 2 is running (TR2 = 1) as a timer in the baud rate generator mode,
THZ2 or TL2 should not be read from or written to. Under these conditions, the Timer is
incremented every state time, and the results of a read or write may not be accurate.
The RCAP2 registers may be read but should not be written to, because a write might
overlap a reload and cause write and/or reload errors. The timer should be turned off
(clear TR2) before accessing the Timer 2 or RCAP2 registers.

1918B-MICRO-11/03
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.. Timer 2 in Baud Rate Generator Mode

QSC o

TIMER 1 OVERFLOW

- - NOTE: OSC. FREQ. 1S DIVIDED BY 2, NOT 12 : « !
i SMOD1

-1t O‘_/O LTHZ N TL2 l_'
| —— T H
|

RCLK
. Rx
CONTROL _ _ 110 crock
TR2 Zﬁ& )
Tcrrz =1 |
i
—
RCAP2H | RCAP2L TOK
TRANSITION = R B
DETECTOR

2EX PIN[_}—— -

N

‘ o TIMER 2
o | ’[EXFZJ‘ * INTERRUPT

ammable
Out

" CONTROL
EXEN2

A 50% duty cycle clock can be programmed to come out on P1.0, as shown in Figure 5.
This pin, besides being a regular /O pin, has two alternate functions. It can be pro-
grammed to input the external clock for Timer/Counter 2 or to output a 50% duty cycle
clock ranging from 61 Hz to 4 MHz {for a 16-MHz operating frequency).

To configure the Timer/Counter 2 as a clock generator, bit C/T2 (T2CON.1) must be
cleared and bit T20E (T2MOD.1) must be set. Bit TR2 (T2CON.2) starts and stops the
timer.

The clock-out frequency depends on the oscillator frequency and the reload value of
Timer 2 capture registers (RCAP2H, RCAP2L), as shown in the following equation.

Oscillator Frequency

Clock-Out F =
T eQUeneY ™ T X 165536-(RCAP2H,RCAPZL)]

In the clock-out mode, Timer 2 roli-overs will not generate an interrupt. This behavior is
similar to when Timer 2 is used as a baud-rate generator. It is possible to use Timer 2 as
a baud-rate generator and a clock generator simultaneously. Note, however, that the
baud-rate and clock-out frequencies cannot be determined independently from one
another since they both use RCAP2H and RCAP2L.
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3. Timer 2 in Clock-Out Mode

Tz | THR

osc +2 I— aeed. 070 o (8-BITS) | (8-BITS) [
TR2
b e GT2 BIY
1 S oTo
g ~J
T20E {T2MOD.1)
TRANSITION
\__ DETECTOR

P1.1 4 \ - .. » TIMER 2
(T2EX) \/ o//c INTERRUPT

|
EXEN2

upts The AT89S52 has a total of six interrupt vectors: two external interrupts (INTO and
INT1), three timer interrupts {Timers 0, 1, and 2), and the sernial port interrupt. These
interrupts are all shown in Figure 6.

Each of these interrupt scurces can be individually enabled or disabled by setting or
clearing a bit in Special Function Register IE. IE also contains a global disable bit, EA,
which disables all interrupts at once.

Note that Table 5 shows that bit position IE.6 is unimplemented. User software should
not write a 1 to this bit position, since it may be used in future AT89 products.

Timer 2 interrupt is generated by the logical OR of bits TF2 and EXF2 in register
T2CON. Neither of these flags is cleared by hardware when the service routine is vec-
tored to. In fact, the service routine may have to determine whether it was TF2 or EXF2
that generated the interrupt, and that bit will have to be cleared in software.

The Timer 0 and Timer 1 flags, TFO and TF1, are set at S5P2 of the cycle in which the
timers overflow. The values are then polled by the circuitry in the next cycle, However,
the Timer 2 flag, TF2, is set at S2P2 and is polled in the same cycle in which the timer
overflows.

AT89S52
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Interrupt Enable (IE} Register

) (LSB}
cA [ jee e em Jex Jen Jec
¥e Bit = 1 enables the interrupt.
ste Bit = 0 disables the interrupt.
Position Function
IE.7 Disables all interrupts. If EA = 0, no interrupt is acknowledged. If EA = 1, each
interrupt source is individually enabled or disabled by setting or clearing its enable bit.
IE.6 R:;erved. o T -
- IE.5 'an‘er 2 intérrdpt er-\able bit.
IE.4 Seriél Port interrupt enable bit. o I
IE.3 Timer- H?wt;'rrupt enable bit. o - S
-_IEH; T Mmé;;r_nail inter;l..:“pt 1 enabie bit,
IE.1 Timer (ﬂr-{tér-;db_t-enable bit. - o ST
T External interrupt 0 enabie bit. S

ftware should never write 1s to reserved bits, because they may be used in future AT89 products.

.. Interrupt Sources

7
0
INTO —» |IEQ }—»
1 L
TFO - >
; ;
INT1 r-. E1 }—
1
!
_\& | )
TF1 »

—_ e —  »
EXF2

ATMEL Y
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XTAL1 and XTAL2 are the input and output, respectively, of an inverting amplifier that
can be configured for use as an on-chip oscillator, as shown in Figure 7. Either a quartz
crystal or ceramic resonator may be used. To drive the device from an external clock
source, XTAL2 should be left unconnected white XTAL1 is driven, as shown in Figure 8.
There are no requirements on the duty cycle of the external clock signal, since the input
to the internal clocking circuitry is through a divide-by-two flip-flop, but minimum and
maximum voltage high and low time specifications must be observed.

In idle mode, the CPU puts itself to sleep while all the on-chip peripherals remain active.
The mode is invoked by software. The content of the on-chip RAM and ali the special
functions registers remain unchanged during this mode. The idle mode can be termi-
nated by any enabled interrupt or by a hardware reset.

Note that when idle mode is terminated by a hardware reset, the device normally
resumes program execution from where it left off, up to two machine cycles before the
internal reset algorithm takes control. On-chip hardware inhibits access to internal RAM
in this event, but access to the port pins is not inhibited. To eliminate the possibility of an
unexpected write to a port pin when idle mode is terminated by a reset, the instruction
following the one that invokes idle mode should not write to a port pin or to external
memory.

In the Power-down mode, the oscillator is stopped, and the instruction that invokes
Power-down is the last instruction executed. The on-chip RAM and Special Function
Registers retain their values until the Power-down maode is terminated. Exit from Power-
down mode can be initiated either by a hardware reset or by an enabled external inter-
rupt. Reset redefines the SFRs but does not change the on-chip RAM, The reset should
not be activated before V... is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and stabilize.

Figure 7. Oscillator Connections

c2
] i el XTALZ
c1 I

e 1} XTALT

GND

Note: 1. C1,C2 30 pF £10 pF for Crystals

40 pF +£10 pF for Ceramic Rescnators

1919B-MICRO-11/03



Figure 8. External Clock Drive Configuration

NC 1 xTAL2
EXTERNAL
OSCILLATOR 1 XTALY
SIGNAL
GND
=

Table 8. Status of External Pins During Idle and Power-down Modes

! Program ; !
Mode Memory ALE PSEN | PORTD | PORT1 | PORT2 PORT3
Idle ' Internal | 1 ‘ 1 Data Data Data | Data
———— R PR - R S - N
Idle External 1 1 Float Data Address Data
: —_ . + e - — - -
Power-down Internal 0 0 Data Data Data Data
+ - . + - : - - 4
Power-down External . 0 0 Float Data Data Data
am Memory The AT89S52 has three lock bits that can be left unprogrammed (U) or can be pro-
Bits grammed (P) to obtain the additional features listed in the following table.
Table 9. Lock Bit Protection Modes
Program Lock Bits :
LB1 LB2 LB3 Protection Type
1 v v U No program lock features
2 P u u MOVC instructions executed from external program
memory are disabled from fetching code bytes from
internal mernory, EA is sampled and latched on reset, and
i further programming of the Flash memory is disabled
3 P P v Same as mode 2, but verify is also disabled
—— .5,._ -
4 P P P Same as mode 3, but external execution is also disabled

When lock bit 1 is programmed, the logic level at the EA pin is sampled and latched dur-
ing reset. i the device is powered up without a reset, the latch initializes to a random
value and holds that value until reset is activated. The latched value of EA must agree
with the current logic level at that pin in order for the device to function properly.

ATMEL

RO-11/03
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The AT89552 is shipped with the on-chip Flash memory array ready to be programmed.
The programming interface needs a high-voltage (12-volt) program enable signal and is
compatible with conventicnal third-party Flash or EPROM programmers.

The AT89S52 code memoery array is programmed byte-by-byte,

Programming Algorithm: Befcre programming the AT839552, the address, data, and
control signals should be set up according to the Flash programming mode table and
Figures 13 and 14. To program the AT89S52, take the following steps:

1. Input the desired memory location on the address lines.

Input the appropriate data byte on the data lines.

Activate the correct combination of control signals.

Raise EA/Vpp to 12V,

Pulse ALE/PROG once to program a byte in the Flash array or the lock bits. The
byte-write cycle is self-timed and typically takes no maore than 50 ps. Repeat
steps 1 through 5, changing the address and data for the entire array or until the
end of the object file is reached.

o R 0N

Data Polling: The AT89S52 features Data Polling to indicate the end of a byte write
cycle. During a write cycle, an attempted read of the last byte written will result in the
complement of the written data on P0.7. Once the write cycle has been completed, true
data is valid on all outputs, and the next cycle may begin. Data Polling may begin any
time after a write cycle has been :nitiated.

Ready/Busy: The progress of byte programming can also be monitored by the
RDY/BSY output signal. P3.0 is pulled low after ALE goes high during programming to
indicate BUSY. P3.0 is pulled high again when programming is done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been programmed, the programmed
code data can be read back via the address and data lines for verification. The status of
the individual lock bits can be verified directly by reading them back.

Reading the Signature Bytes: The signature bytes are read by the same procedure as
a normal verification of locations 000H, 100H, and 200H, except that P3.6 and P3.7
must be pulled to a logic low. The values returned are as follows.

(000H) = 1EH indicates manufactured by Atmel
(100H) = 52H indicates AT89552
(200H) = 06H

Chip Erase: In the parallel programming mode, a chip erase operation is initiated by
using the proper combination of control signals and by pulsing ALE/PROG low for a
duration of 200 ns - 500 ns.

In the serial programming mode, a chip erase operation is initiated by issuing the Chip
Erase instruction. In this mode, chip erase is self-timed and takes about 500 ms.

During chip erase, a serial read from any address location will return 00H at the data
output.

AT89S52 meee—— S —————
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The Code memory array can be programmed using the serial ISP interface while RST is
pulled to V.. The serial interface consists of pins SCK, MOSI (input) and MISO {output).
After RST is set high, the Programming Enable instruction needs to be executed first
before other operations can be executed. Before a reprogramming sequence can occur,
a Chip Erase operation is required.

The Chip Erase operation turns the content of every memory location in the Code array
into FFH.

Either an external system clock can be supplied at pin XTAL1 or a crystal needs to be
connected across pins XTAL1 and XTAL2. The maximum serial clock (SCK)
frequency should be less than 1/16 of the crystal frequency. With a 33 MHz oscillator
clock, the maximum SCK frequency is 2 MHz.

To program and verify the AT89552 in the serial programming mode, the following
sequence is recommended:

1. Power-up sequence:
Apply power between VCC and GND pins.
Set RST pin to "H".

If a crystal is not connected across pins XTAL1 and XTALZ, apply a 3 MHz to
33 MHz clock to XTAL1 pin and wait for at least 10 milliseconds.

2. Enable serial programming by sending the Programming Enable serial instruc-
tion to pin MOSI/P1.5. The frequency of the shift clock supplied at pin SCK/P1.7
needs to be less than the CPU clock at XTAL1 divided by 16.

3. The Code array is programmed one byte at a time in either the Byte or Page
mode. The write cycle is self-timed and typically takes less than 0.5 ms at 5V.

4. Any memory location can be verified by using the Read instruction which returns
the content at the selected address at serial output MISO/P1.6.

5. Atthe end of a programming session, RST can be set low to commence normal
device operation,
Power-off sequence (if needed):
Set XTAL1 to “L” (if a crystal is not used).
Set RST to “L".
Tum Ve power off.
Data Polling: The Data Polling feature is also available in the serial mode. In this mode,

during a write cycle an attempted read of the last byte written will result in the comple-
ment of the MSB of the serial output byte on MISO.

ATMEL 2
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Programming The Instruction Set for Serial Programming follows a 4-byte protocol and is shown in
iction Set Table 11.

amming Every code byte in the Flash array can be programmed by using the appropriate combi-
ace — Parallel nation of control signals. The write operation cycle is self-timed and once initiated, will
automatically time itself to completion.

Most worldwide major programming vendors offer support for the Atmel AT83 microcon-
troller series. Please contact your local programming vendor for the appropriate
software revision.

). Flash Programming Modes

T U T T
L . P2.4-0 P1.7-0
ALE} EA/ I PO.7-0
Vo | RST | PSEN | FROG Vep P26 P27 , P33 | P36 | P37 Data Address
T 1 T
(2) !
de Data 5v H L ~ i2v L H H H H Din Al12-8 . AT-0
— + - + [V e R _— . . -]
de Data 5v H L H H L L+ L H H Daut A12-8 AT7-0
+ o -— -+ = -
3 '
2 i H H ' H ! X
k Bit 1 . 5V H L ~ 12V . . H ! H H X X
: .. <4 _ -+ g + - - 4 —— -
) 3
ck Bit 2 5v H L 12v H H H L - L X X X
™~ '
= tn e fe— —_— @ —- - == - -+ 3 B - + e —-----———-‘—— _ —'—— -
. ) i
ck Bit 3 5V H L ~ 12v H L H : H L X X X
o T I ] eo2 | ¢
ck Bit | ,
s 5V H L H H H H L i H L P0.3, X X
l P0.4
o . - JI_ - ¥ - - - B P ol
se 5v H L ~ 12v H L H L | L X X | X
e - . ——— —
nel ID 5V H L H H L L L L L 1EH X 0000 1 0CH
A . B 00 O S (bt S N
wice D 5V H L H H L L L L L 52H X 0001 t 0CH
vice ID 5V H L H H L \ L ! L L L 06H X 0010 [ [H g
1. Each PROG pulse is 200 ns - 500 ns for Chip Erase.
2. Each PROG pulse is 200 ns - 500 ns for Write Code Data.
3. Each PROG pulse is 200 ns - 500 ns for Write Lock Bits.
4. RDY/BSY signal is output on P3.0 during programming.
5. X=don't care.

AT89S52
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Figure 9. Programming the Flash Memory (Parallel Mode)

Vce
AT89S52 T
ADDR. AO-A7 Jl pyoP17 Ve
0000H/1FFFH PGM
AGRTSY P20 - P24 PO 4—— pupy
" P25
SEE FLASH | —* P27 ALE l¢—— PROG
PROGRAMMING—-| ——®» P3.3
MODES TABLE = -—— P36
| P37
XTALZ EA |#—— V Ve
3-33 MHz .‘. oI
P3.0 2S5V
XTAL 1 RST j&—— V,,
GND PSEN

Figure 10. Verifying the Flash Memory (Parallel Mode)

-

VCG
ATBAS52 T
ADDR. —20-AT ) by op17 Voo
0000H/AFFEH o0 PGM DATA
ABCATS P20 - P2.4 —» (USE 10K
PULLUPS)
——» P26
SEE FLAsH | —M P27 ALE
PROGRAMMING - —» P3.3
MODES TABLE ' — | Pas v
L P3.7 o
XTALZ EA
3-33 MHz |
e '|
I 5 XTAL1 RST f+— Vv,
-E— GND PSEN

ATMEL
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ATMEL

Programming and Verification Characteristics (Parallel Mode)

C to 30°C, Ve = 4.510 5.5V

| Parameter | Min Max Units
Programming Supply Voltage ) | 11.5 i 12.5 v |
Programming Supply Current ] . 1 ____:‘_ 1. _4_ mA
Vg Supply Current o L _ % | mA
V Osclllator Frequency 7 _ 3 L 3 MHz |
Address Setup to PROG Low o o dBtg | L
Address Hold After PROG 48loic
Data Setup to PROG Low B 48t o,
Data Hold After PROG - _ ABtgg o |
P2.7 (ENABLE) Highto Vep I o
‘“vf?i\i/pp Setup to PROG Low | oo s
‘ Ver Hold After PROG | o _fo 1 ks
. PRGG Width ) 02 j__ 1 s
Address to Data Valid B 48l ¢
ENABLE Low to Data Vatid o 4Bt oL ]
- Data Float After ENABLE ) 0o 1 4Bit;,_;,: ) i
L PROG High to BUSY Low B h 1.° N r HS |
Byte Write Cycle Time - 1 50 o E ” HS
[1. Flash Pregramming and Verification Waveforms — Parallel Mode
P10 - P17 I PROGRAMMING N VERIFICATION
P2 O - P24 < ADDRESS ,‘-ﬁ ADDRESS >—
+— tavav
PORT 0 / DATA IN (DATA OUT p———
> tvel  toHpx
tavaL [* * N *| loax
ALE/PROG N A
fsro * =“_’tGLGH_“‘
— Lo Ve .
EANes .
< tensn
P2.7
(ENABLE)
tonaL
P3.0
(RDY/BSY) BUSY READY
by
AT89S852 .
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Figure 12. Flash Memory Serial Downloading

VCC
AT89S52 T
VCC
INSTRUCTION
DATA OUTPUT * — P1.6/MISO
CLOCK IN —# P17/SCK
{ xTaL2
333 MHzJ -
i
‘{ . ¥ { XTAL1 RST [— Vv,
F GND
-

Programming Figure 13. Serial Programming Waveforms
erification SERIAL DATA INPUT / M?B X X X X

forms — Serial P1.5 (MOSI) XX
o/} X X XXX

SERIAL c:Lc')J?E_ I(NSPCI:('; l'_l I_| H |"| H |'—[ |—| |—-|

6 4 3 2 1 0

ATMEL 2
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ATMEL

I. Serial Programming Instruction Set

Instruction \ '
Format
tion Byte 1 Byte 2 Byte 3 Byte 4 Operation
nming Enable 1010 1100 0101 0011 XXXX  XXXX XXX XXXX Enable Serial Programming
: 0110 1001 while RST is high
: {Output on
' ! MISO)
ase 1010 1100 100x  xxxx X0 XXXX XXXX  XXXX Chip Erase Flash memory
. array
_ IL _ - - .
rogram Memory | 0010 0000 XXX oo | G293 /L2 BERR 23958 Read dat.a from Program
ode) <« <L memory in the byte mode
rogram Memory | 0100 0000 XXX Togm | rone oneg DA Su=2 Write data to Program
ode) < < | 2T H=] ee memory in the byte mode
ack Bits" 1010 1100 1110 00 T@A  XXXX  XXXX XXXX XXX Write Lock bits. See Note (1).
ack Bits 0010 0100 XXX XXXX OO0 XXX X0 N XX Read back current status of
! o mm .
; i i the lock bits (a programmed
J lock bit reads back as a "1")
ignature Bytes 0010 1000 XXXN —oo@m XXX Xxx0 Signature Byte Read Signature Byte
T g |«

B — 1 —— v o
rogram Memory | 0011 0000 X0 Togs | ByteO Byte 1... Read data from Program
lode) < 4L Byte 255 memory in the Page Mode

: (256 bytes)

. —— e i e - + . - - f = e -
rogram Memory | 0101 0000 X0 =ome Byte 0 Byte 1... Write data to Program
lode) <« <L Byte 255 memory in the Page Mode

| (256 bytes)

1.

, B2 =0 -—> Mode 1, no lock protection

, B2 =1 -—> Mode 2, lock bit 1 activated
, B2 = 0 -—> Mode 3, lock bit 2 activated
, B2 = 1 > Mode 4, lock bit 3 activated

Each of the Jock bit modes needs to be activated sequentially
before Mode 4 can be executed.

After Reset signal is high, SCK should be low for at least 64 system clocks before it
goes high to clock in the enable data bytes. No pulsing of Reset signal is necessary.
SCK should be no faster than 1/16 of the system clock at XTAL1.

For Page Read/Write, the data always starts from byte 0 to 255. After the command byte
and upper address byte are latched, each byte thereafier is treated as data until all 256
bytes are shifted infout. Then the next instruction will be ready to be decoded.

AT89S52 muesses ¢ = —————
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AT89S52

Programming Characteristics

(4. Serial Programming Timing

most X X X

tOVSH e > ts|-|o)( tSLSH

SCK \_/Q&_/_\
tsHsL

MISO X X ~—>>th

!, Serial Programming Characteristics, T, = -40°C to 85°C, Vg = 4.0 - 5.5V {Unless Otherwise Noted)

| Parameter Min Typ Max  Units
Oscillator Frequency 3 ‘ 33 : MHz
-+ -+ - Cm—— . .. = .‘_..__(__ ———— fe—
Oscillator Period 30 | ns
. — - - - C——— B - . -—
SCK Pulse Width High 8icLc ‘ ns
e T T e + 1 : ;
SCK Pulse Width Low ‘ Biocl ) ns
MOSI S CK High | !
} _ ___e_tup to S ig e teLcl . o o ns |
MOS! Hold after SCK High 2tccL \ ' ns
— - ¥ + . + ., —
SCK Low to MISO Valid 10 16 32 ns
Chip Erase Instruction Cycle Time 500 ms
+ 4 - -—
Serial Byte Write Cycle Time : 64t o + 400 . HS

ATMEL a7
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lute Maximum Ratings*

ATTET

° * : ond those listed under “Absolute
g TEMPETALUIE . ..eeouerrrreeniaensesnssen -55°C to +125°C NOTICE:  Stresses beyond tf
Maximum Ratings” may cause permanent dam-
L TEMPETAIUTE ..o e ceeeiernses -65°C to +150°C age to the device. This is a stress rating only and
""" functional operation of the device at these or any
on Any Pin other conditions beyond those indicated in the
spect to Ground ... -1.0V to +7.0V operational sections of this specification is not
implied. Exposure to absolute maximum rating
im Operating Volage ... 6.6V conditions for extended periods may affect
device reliability.
PUL CUITENE ..o e 15.0 mA
haracteristics
\es shown in this table are valid for T, = -40°C to 85°C and V¢ = 4.0V to 5.5V, unless otherwise noted.
Parameter Condition Min ‘ Max . Units
Input Low Voltage (Except EA} -0.5 0.2 V0.1
- -~ -
Input Low Valtage (EA) -0.5 ) 0.2V 0.3 v
' Input High Voitage (Except XTAL1, RST) 0.2 Vet+0.9 VC,C+0'.5_ ___L . V ]
Input High Valtage (XTAL1, RST) 0.7 Ve Vee+0.5 v
Qutput Low Voitage!V (Ports 1,2,3) loy = 1.6 MA ‘ 0.45 v
oL - .4 —— - A
Output Low Vattage'" _
{Port 0, ALE, PSEN) lo, = 3.2mA 0.45 v
lon = 60 PA, Ve = 5V £10% 2.4 v
Output High Voltage _ - — o
(Ports 1,2.3, ALE, PSEN) | low=-25pA 0.75 Vee o v
lon = -10 PA 0.9 Ve i v
N ——— ; LT i W
lon = -B00 pA, Ve = 5V £10% 2.4 ! v
Output High Voltage L it R - L U
(Port 0 in External Bus Mode) | lon=-300pA _ 0.75Vee Voo
lgn = -80 pA 0.9 Vo ' v
R Lol IR
Logical O Input Current (Ports 1,2,3) | V) =045V =50 pA
Logical 1 to 0 Transition Current _ _
(Ports 1,2,3) Vin =2V, Ve = 5V 210% -650 A
Input Leakage Current (Port 0, EA) 0.45 < Vjy < Ve 0 pA
—_ — ,,ﬁ, - e
Reset Pulldown Resistor 50 300 KQ
- Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF
Active Mode, 12 MHz 25 mA
Power Supply Current —_— ]
|dle Mode, 12 MHz 6.5 | mA
. Power-down Mode'") Vge = 5.5V “ 50 HA

1. Under steady state (non-transient) conditions, I must be ext;?::ﬁélty limited as follows:

Maximum lg_ per port pin: 10 mA
Maximum |, per 8-bit port:
Port 0: 26 mA

Ports 1, 2, 3: 15 mA

Maximum total |5, for all output pins: 71 mA
If Ig, exceeds the test condition, V5 may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.
2. Minimum Vi for Power-down is 2V,

AT89S52
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naracteristics

perating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other
= 80 pF.

nal Program and Data Memory Characteristics

12 MHz Oscillator Variable Oscillator !
| Parameter T Min Max Min _3— Max . Units
Oscillator Frequency S ‘___ 0 38 ~ MHz
| ALE Pulse Width S 127 . ] 20 L L
Address Valid to ALE Low L a3 | 25 s
Address Hold After ALE Low | 48 , e | ) s
ALE Low to Valid Instruction In 233 | L Mo 65 hs
ALE Low to PSEN Low L 4§ _ | e | | ns
PSEN Pulse Width ' 205 i M4 || DS
" | PSEN Low to Valid Instruction In o s | 3o 60 1 ns
Input Instruction Hrﬁ—ldvAﬂé; P_S-!:E-[\-I u T 0 . o 0- | ns 1
I;put Instruction Float Aﬂer;’-S;EN 1 - 59 | teLoL25 . ns
PSEN to Address Valid 75 ’ ] tae® | ns |
Address to Valid Instruction In ! ‘ 312 5to e 80 | ns
PSEN Low to Address Float ‘ ) * 10 ! ‘ 10 ‘ ns
RD Pulse Width T 400 T Bty 100 : T e
— — . _ee”R o, )
| WR Pulse Width 400 Bt 1 -100 ns
RD Low to Valid Data In T ' 252 - Ste o -90 ! ns
Data Hold After R o I S N B
" "I Data Float After RD o v o7 - ] -2iC_L-CL_-é"3m L ns
ALE Low 1o Valid Data In o ; C o s17 _— | Bec150 | s
Address to Valid Data In " se5 _ Ol -165 ns |
_ [MEtowoROaWRy 20 30 | Sa®) | Ggaes0 | ons |
Address to RD or WR Low ‘ 203 oo 75 ‘ ns
Data Valid to WR Transition R toc-30 " ns |
| Data Valid to WR High o Ttoe-130 T e
' Data Hold After WR a3 toicL-25 ns
RD Low to Address Float T 0 ‘ 0 1 ns
RD or WR High to ALE High 43 : 123 25 | tamt?  ns
eessessssss————— ANEL 29
0-11/03 [ "}
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M54HC4094
M74HC4094

8 BIT SIPO SHIFT LATCH REGISTER (3-STATE)

¢ HIGH SPEED
fmax =73 MHz (TYP.) AT Vec =5V

s LOW POWER DISSIPATION
lcc =4 pA (MAX.) AT Ta = 25°C

1 HIGH NOISE IMMUNITY
VNH=VNIL= 28 % Vo (MINY)

r OUTPUT DRIVE CAPABILITY
10 LSTTL LOADS

« SYMMETRICAL CUTPUT IMPEDANCE
HoH| = loL =4 mA (MIN.)

« BALANCED PROPAGATION DELAYS
tPLH = tPHL

1 WIDE OPERATING VOLTAGE RANGE
Vec (CPR)=2VTO8 V

s PIN AND FUNCTION COMPATIBLE
WITH 4094B

IESCRIPTION

he M54/74HC4094 is a high speed CMOS 8 BIT
IPO SHIFT LATCH REGISTER fabricated with sili-
on gate C2MOS technolagy.

has the same high speed performance of LSTTL

ombined with true CMOS low power consumption.
his device consists of an 8-hit shift register and an
-bit latch with 3-state output buffer. Data is shifted
erially through the shift register on the positive
oing transition of the clock input signal. The output
f the last stage (Qs) can be used to cascade sev-
ral devices.

tata on the Qs output is transferred to a second out-
ut {Qs’) on the following negative transition of the
lockinput signal. The data of each stage of the shift
3gister is provided with a latch, which latches data
n the negative going transition of the STROBE
iput signal. When the STROBE input is held high,
ata propagates through the latch to a 3-state output
uffer.

his buffer is enabled when QUTPUT ENABLE
iput is taken high. All inputs are equipped with pro-
:ction circuits against static discharge and transient
Xcess volttage.

ebruary 1993

B1R

(Plastic Package)

-

M1R C1iR
(Micro Package) (Chip Carrien
ORDER CODES :
M54HC4094F 1R M74HC4094M 1R
M74HC4094B1R M74HC4094C1R

F1R
(Ceramic Package)

PIN CONNECTIONS (top view)

STROBE E
EERAL mE
crock [

Q1 [{

ol

I3l

o4

(3]

GND

=1

NS

=l L= = el

L=l L]

3 )

NC =
Ng Internal
Connection

-1

vee

OE

Q7

qs

Qs

112
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M54/M74HC4094

‘RUTH TABLE
PARALLEL OUTPUT SERIAL OUTPUT
ST 81
CK OE Qi Qn Qs Qs’
L H H L L Qn-1 Q7 NC
L H H H H Qn-1 Q7 NC
L H L X NC NC Q7 NC
L L X X z z Q7 NC
I H X X NC NC NC Qs
I L X X Z yA NC Qs
:Don'tCare Z:Highlmpedance NGC:NoChenge
NPUT AND OUTPUT EQUIVALENT CIRCUIT
Ve Ycc —3——1
:
A
INPUT : . I ourput
- -—
i
|
4
GND -=d
E- ]
>IN DESCRIPTION IEC LOGIC SYMBOL
PIN No SYMBOL NAME AND FUNCTION (1)
1 STROBE | Strobe Input :; e ‘:’s
2 SERIAL IN | Serial input %
3 CLOCK | Clock Input ex 8 b/ |
4,5 6,7, | Q1toQ7 | Parallel Quiputs ol =
14, 13, 12, S &m 0 3V L0 a1
11 3 o2
9, 10 QS Q'S | Serial Outputs | (€) g5
15 OE Output Enable Input E::) Q4
8 GND Ground (0V) sy 02
16 Vee Positive Supply Voltage (12} z:
LA
®)_ o5
(10) a's
1C12180
2

‘7_1 SGS-THOMSON
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BSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vee Supply Voltage -0.5 to +7 \
Vi DC Input Voltage ' -0.5t0 Ve + 0.5 v
Vo DC Qutput Voltage -0.5 to Ve + 0.5 v
Ik DC Input Diode Current + 20 mA
fok DC Qutput Diode Current + 20 mA

lg DC Qutput Source Sink Current Per Qutput Pin + 26 mA
cc or lenp | DC Vee or Ground Current + 50 mA
Pp Power Dissipation 500 (*) mw
Tstg Storage Temperature _ l -65 to +150 °c
T Lead Temperature (10 sec) E 300 °C

bsolute Maximum Ratings are those values beyond which damage to the device may occur. Functiona operation under these condition is nolimplied.
}500 mW: = 65 °C derate to 300 mW by 10mW/°C: 65 C b 85°C

'ECOMMENDED OPERATING CONDITIONS

Symbol Parameter . Value Unit
Vee Supply Voltage 2tc6 V
Vi Input Voltage 0 to Ve \'%
Vo Qutput Voltage o 0to Vee v
Top Operating Temperature: M54HC Series -55 to +125 °c
M74HC Series -40 to +85 °c
tr, t¢ input Rise and Fall Time Vee =2V 0 to 1000 ns
Vee =45V 0 to 500
Vee =6V 0 to 400
"2 .
657 sesmomon




M54/M74HC4094

)C SPECIFICATIONS

Test Conditions Value
Symbol|  Parameter |y Ta=25°C -40 t0 85 °C |55 10 125°C| ynit
) 54HC and 74HC 74HC _ 54HC
Min. | Typ. | Max. | Min. | Max. [ Min. | Max.
VIH High Level Input 2.0 1.5 1.5 1.5
' Voltage 4.5 3.15 3.15 3.15 Vv
6.0 42 42 4.2
ViL | Low Level Input | 2.0 0.5 0.5 0.5
Voltage 45 1.35 1.35 135 | V
6.0 1.8 1.8 1.8
Vou | High Level 20|, . 19 | 20 18 1.9
Output Voltage 45 | v lo=-20 pPA | 44 45 4.4 44 v
6.0 | or 59 | 6.0 59 5.9
45 | Vi [lg=40mA| 418 | 4.31 4.13 4.10
6.0 lo=-5.2 mA| 5.68 | 5.8 5.63 5.60
VoL Low Level Qutput | 2.0 Vi = 0.0 0.1 0.1 0.1
Voitage 45 | v, | 0= 200A 0.0 | 04 0.1 0.1
6.0 | or 00 | 04 0.1 o1 | V
45 | VL l1o= 4.0 mA 017 . 0.26 0.37 0.40
6.0 Io= 5.2 mA 018 , 0.26 0.37 0.40
h Input Leakage 6.0 Vi = Vce or GND +0.1 +1 +1 pA
Current ' _
loz | 3 State Output 60 | Vi=VmorVy +0.5 15.0 10 | pA
OQff State Current Vo = Vcc or GND
lee Quiescent Supply | 6.0 | V| = Vgc or GND 4 40 80 UA
Current
57 sgmoes




A54/M74HC4094

\C ELECTRICAL CHARACTERISTICS (CL = 50 pF, Input tr = tr = 6 ns)

Test Conditions Value _ .
Symbol Parameter Vee 54;:3 Z:f,’ ;ﬁHC -40-;::3 €1 tr:;:{? ¢ unit
V) Min. | Typ. | Max. | Min. | Max. | Min. | Max.
tny | Output Transition | 2.0 30 | 75 95 110
ta, | Time 45 8 15 19 22 ns
6.0 7 13 16 19
teLH Propagation 2.0 92 200 250 300
tpHL Delay Time 45 26 40 50 60 ns
(CLOCK-Qn) gy 20 | 34 43 51
tru | Propagation 20 65 | 150 190 225
ten. | Delay Time 45 19 30 38 45 ns
(@QOX-Q8,QS) gy 15 | 26 32 38
tpLH Propagation 2.0 75 160 200 240
teHL Delay Time 4.5 20 32 40 48 ns
(STROBE-Qm) g5 16 | 27 34 41
trz | 3 State Qutput 20 58 | 150 190 225
trzH Enable Time 45 16 ' 30 38 45 ns
6.0 13 26 32 38
tpz | 3 State Output | 2.0 35 | 150 190 225
trLz Disable Time 45 16 30 38 45 ns
6.0 13 | 26 32 38
fmax Maximum Clock 2.0 5] 16 4.8 4
Frequency 4.5 30 | 66 24 20 MHz
6.0 35 | 80 | 28 24
fway | Mimimum Pulse | 2.0 17 75 95 110
tww) | Width 45 7 | 15 19 22 | ms
6.0 6 13 16 19
twy | Minimum Pulse 20 28 | 75 85 110
Width 45 6 15 19 22 ns
6.0 6 13 16 19
ts Minimum Set-up 2.0 30 75 95 110
Time 45 P15 19 22 ns
(S 6.0 5 13 16 19
t | Minimum Set-up | 2.0 | e 100 125 145
Time 45 10 | 20 25 29 ns
(ST) 6.0 8 17 21 25
th Minimurn Hold 2.0 0 0 0
Time a5 0 0 0 ns
(. ST) 6.0 0 0 0
Cin Input Capacitance 5 10 10 10 pF
Cep (*) | Power Dissipation 140
Capacitance pF

) Cpp is defined as the value of the IC's internal equivalent capadtance which is caloulaled from the operating curent corsumption without load.
Refer fo Test Circuit). Average operting curent can be abtained by the following equation. lec{opr) = Cpp #Vee #fin + leef2 {per FLIPIFLOP)

- L7 SO




M54/M74HC4094

\WITCHING CHARACTERISTICS TEST WAVEFORM

_’H /- Yee
CLOCK L:tl. \ 1 0% \‘ oo
SERIAL IN 'Esn':. l / .Vcc
GND

- \ - YoH

Qn-Gs Isov. _‘Jt 3 — o
[; YOH

ay 50 \\_VOL

5 - %

Yoo p{=+
SERIAL IN X X ouTLT _\\501. ](
ty t GND GNB
vec — Vo
CLOCK 50% 50% ?nrk TA - LOW) _}“,_ /
\ GND [} YoL
- btz 'piz
YoH T YoH
STHORE o \ VoL kA - HiGH) 0% \
tPLH -t 1 Yo
You tpzn i tpyz
an 50%
"‘OL $-1024)
5-XR2
‘EST WAVEFORM Icc {Opr.) Cpp CALCULATION
ety o Yo
i ) Crp is to be calculated with the following for-
b mula by using the measured value of lcc
{Opr.) in the test circuit opposite.
st . _ fcc(Opn
L Vee o — finx Ve
SI GND 3 .. .
— Ve 1 In determining the typical vaiue of Cep, a
e L g [ ouTRuTS relatively high frequency of 1 MHz was ap-
o—|s - plied to fin, in order to eliminate any error
— caused by the quiescent supply current.
O—tcx —
5 1024 L
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MM54C922/MM74C922 16-Key Encoder
MM54C923/MM74C923 20-Key Encoder

General Description

Thesa CMOS key encodars provide all the necessary logic
to fully encode an array of SPST switches. The keyboard
scan can be implemented by either an external clock or
external capacitor. These encoders also have on-chip pull-
up devices which parmit switches with up to 50 k2 on resist-
ance o be used. No diodes in the switch array are noeded
to eliminate ghost switches. The internal debounce circuit
needs only a single extemnal capacitor and can be defeated
by omitting the cepacitor. A Data Available output goes to a
high level when a valid keyboard entry has been made. The
Data Available output returns to a low level when the en-
tered kay is released, oven if another key is depressed. The
Data Available will return high to indicate acceptance of the
new key after a normal debounce period; this two-key roll-
over is provided between any two switches.

An infernal register remembers the last key pressed &ven
after the kay is relvased. The TRI-STATE® outputs provide
for easy expansion and bus operation and are LPTTL com-
palible.

Features

50 k{t maximum switch on resistance

On or off chip clock

On-chip row pull-up devices

2 kay roll-over

Keybounce elimination with single capacitor

Last key register at oulputs

TRI-STATE outpust LPTTL compatible

Wide supp'y range avto 15V
Low poweT consumption

Connection Diagrams

Pin Assignment for Pin Assignment Pin Assignment for
Dual-In-Line Package for SOIC DIP and SOIC Package
s
w1 ot ) L vee kit b ngw ) 4 U L
. o [ RIE P [L] =Y AESIN N "
Kowvz — [ paTaouTA ROW 13— 3 B DATa 0wt 1 Raw ¥z = [T paTAOUTA
anw vy = HE oaraoura 0w Y4 =1 ¢ O] SYR A Row vy % oataours
A i s 185 |- uts o 0 ] i
o ve - L oaraomc A s
. . otcniaror = ¢ Y ROW ¥4 Catagutc
oaciLLAran = - oasa s e NLYBOUHEE Wask —d 7 ulbsirrti Rw vy =34 L oarsoutn
kevnouncs magx -4 12 gymrrrom COLUMH x4 = B 3| par avaname sseiaTon =4 LY oaranure
: u oLuun 3 {9 12 | ooLuuit k4
CoLwm [ anta avaLaste ? "
—.( - o e 11l covom vz KCYROUKCE Mtk oL | SUFRIT Twaite
COLIN X} =t }— CON UMM X1 corumm e L AL} CAVA SVAILABLE
o -4 KL T TL/F/8037-14 couumn xy o1 £ covLumm xt
View
op Vie ono 2] [ o umm xz
TU/F/6037-1 Order Number MM74C922
Top View TLIF/8037-2
Order Numbar MM54C922 or Top View
MM74C922 Order Number MM54C923 or
MM74C823

TALSTATE® I & rughwerad liademark 0! National Samiconducion Conporaton.

D 1995 Nalona) Bemiconductor Corporation  TL/F /6037
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Absolute Maximum Ratings (Note 1)

f Military/Aerospace specified devices are required,
slease contact the National
Mfice/Distributors for availability and specifications.

Joltage at Any Pin Voo — 0.8V to Vg + 0.3V

Dperating Temperature Range

MM54C922, MM54C923
MM74C922, MM74C923

Semiconductor Sales

—55°Cto +125°C
—40°C to +85°C

Storage Temperature Range
Power Dissipation {Pp)
Dual-In-Line
Small Outline

Operating Vg Range

Voo

Lead Temperature

(Scldering, 10 seconds)
DC Electrical Characteristics min/Max limits apply across temperature range unless otherwisa specified

-85°Cto +160°C

700 mW
500 mW

V1o 15V
18Y

260°C

iymbol | Parameter I Conditions Min 1 Typ | Max | Units
‘MOS TO CMOS
T+ Positive-Going Threshold Voltage Voo = 5Y, iy = 0.7 mA 3.0 38 43 V'
at Osc and KBM Inputs Voo = 10V, iy 2 1.4 mA 6.0 6.8 B.6 \'
Voo = 15V, Iy = 2.1 mA 9.0 10 12.8 \i
- Negative-Going Threshold Voltage Voc = 5V, Iy 2 0.7 mA Q7 1.4 2.0 v
at Osc and KBM Inputs Voo = 10V, |y 2 1.4 mA 14 3.2 4.0 A
Voo = 15V, Iy = 2.1 mA 2.1 5 6.0 \
IN(1} Logical "'1” Input Voltage, Voo = 5V 3.5 4.5 v
Except Csc and KBM Inputs Voo = 10V 8.0 9 V'
Vog = 15V 12.5 13.5 )
IN[) Logical "0'" input Voltage, Voo = 5V 0.5 1.5 v
Except Osc and KBM Inputs Voo = 10V 1 2 v
Voo = 16V 1.5 2.5 A
p Row Pull-Up Current at Y1, Y2, Voo = 5V, ViN = 0.1 Voo -2 -5 nA
Y3, Y4 and ¥5 Inputs Voo = 10V —10 -20 nA
Voo = 15V —22 —45 HA
‘OUT(Y) Logical 1" Qutput Voltage Voo =5V, g = —10pA 45 v
Voo = 10V, lg = —10 pA g v
Voo = 15V, g = —10 pA 135 v
ouT(O) Logical "'0"” Qutput Voltage Voo = 5V, g = 10 pA 0.5 Y
Voo = 10V, Ig = 10 pA 1 v
Voo = 15V, 1p = 10 pA 1.5 v
on Column "QN" Resistance at Voo = 5V, Vo = 0.5V 500 1400 o
X1, X2, X3 and X4 Outputs Veg = 10V, Vg = 1V 300 700 1}
Voo = 15V, Vo = 1.5V 200 500 0
Py Supply Current Voo = 5V Q.55 1.1 mA
Osc at 0V, (one Y low) Vep = 10V 1.1 1.9 mA
Voo = 16V 1.7 26 mA
() Logical "1" Input Current Voo = 15V, Viy = 15V
at Output Enable 0.005 10 rA
N(O} Legical 0" Input Current Voo = 168V, Vi = OV
at Output Enable —-10 —0.005 nA
MOS/LPTTL INTERFACE
IN{1) Logical *1” Input Voltage, 54C, Vo = 4.5V Voo — 1.6 "
Except Osc and KBM Inputs 74C, Voo = 4.75V Vog — 1.5 v
IN{0) Logical "'0" Input Voltage, 54C, Voo = 4.5V 0.8 v
Except Osc and KBM Inputs 74C, Voo = 4.75V 08 v
OUT(1) Logical "1 Cutput Voltage 54C, Voo = 4.5V 24
lo = —360 pA : v
74C, Vo = 4.75V
lg = —380 pA 24 v
DUT{0) Logicat “0" Qutput Voltage 54C, Vo = 4.5V
= 0.4 v
lg = —360 pA
74C, Voo = 4.75V
lg = —360 pA 0.4 v

ote 1: "Absolute Maximum Ratings" are thosa values bayond which the safety of tha device cannot be guarantsed. Except for "'Operating Temperatura Range”
ey are nol meant 1o imply thet the devices shoutd be cparated at these limits. The labls ¢ "Elecirical Characteristics” provides conditions for actual devica

peration.




DC Electrical Characteristics

Min/Manx limits apply across tamperature range unless otherwise spacified {Continued)

Symbol I Parameter I Conditions | Min l Typ Max Units
OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (Short Circult Current)
IsouRCE QOutput Source Current Voo = 5V, Yoyt = 0V, —175 a3 mA
(P-Channel) Ta = 25°C
Isounce Output Source Current Voo = 10V, Vout = 0V, —8 —15 mA
(P-Channel) Ta = 25°C
IsiNK Output Sink Current Voo = 5,V' VouT = Voo 1.75 16 mA
(N-Channel) Ta = 25C
IsinK Output Sink Current Voo = 1?\/, Vour = Ve 8 16 mA
(N-Channel) Ta = 25°C
AC Electrical Characteristics® 1. = 25°C, ¢, = 50 ¢F, unless otherwise noted
Symbol Parameter Conditions Min Typ Max Units
tpdor tpd Propagation Delay Time to CL = 50 pF (Figure 1)
Logical “0" or Logical “1" Voo = 5V 60 150 ns
from DA, Voo = 10V a5 80 ns
Ve = 15V 25 60 ns
toms tim Propagation Delay Time from AL = 10k, CL = 10 pF (Figure 2}
Logical 0" or Logical "1 Vec = 5V, R = 10k 80 200 ns
into High Impedance State Ve = 10V, G = 10 pF 65 160 ns
Voo = 15V 50 110 ns
o tH1 Propagation Delay Time from A = 10k, G| = 50 pF (Figure 2)
High Impedance State to a Voo = 5V, RL = 10k 100 250 ns
Legical “'0” or Logical “1” Voo = 10V, CL = 50 pF 55 125 ns
Vog = 15V 40 90 ns
Cin Irput Capacitance Any Input (Note 2) 5 7.5 pF
Cour TRI-STATE Qutput Capacitance Any Output (Note 2) 10 pF

*AG Parameters

are guaranieed by DC correlated testing,

Note 1: "Absalute Maximum Ratings™ ers those values beyand which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range”
they ara not meant to imply that the davices should be oparated at thesa limits. The table of 'Elactrical Characteristics” provides conditions tor acluat device

oparation.

Note 2: Capacitance is guaranteed by periodic testing.

Switching Time Waveforms

ANY KEY

ANY OTHER
KEY

DATA
AVAILABLE

DATA
ouTPUT

Voo Veo
0—! v
[=— tgH
ver e — v —
{170 y— DATA OUT (’ § TRISTATE
MM ’w Vo —1 1%
0 —
—-I T2
—e Ti ’—A -
Vee "
\ T
85 Vep 05 Ve GUTFOT 0EVge
0 ENABLE '
0
t:
tpdt tpd1 v 1"
o4 o0n
vec DATA OUT — . JaistaTe
08 ¥gg 0Svep v
P TL/FI6037 4
FIGURE 2

Tu/F/8037 -0

Tt = T2 = RC, T3 = 0.7 G, whara A = 1Dk and C is axtamal capacitor at KBM input.

FIGURE 1




Block Diagram

10k

AN
VWA
BATA AVAILASLE DATA
Ot O
AVAILABLE
OSC EXTC
OR CLOCK +
TRI-STATE
2817 o NHIBT KEY BOUNCE Kam CONTROL
COUNTER b ELIMINATION i GOTROT
EXTC ENABLE
1 j__ Dc,
;
L,__. [ ise
— A]
‘} X =1 0K
1704 DECODER
ACTIVE LOW OUTPUTS
KEY
Ve DETECT —Eﬂ—-—o "
p—{cx
INTERNAL
I_WV_‘.
]
g ]
I._M_“ —CQC ouTPuTS
p—{ £x
e ! ENCODING
SWITCH | WA LOGIC b
O—8 AND o
2HEY
r'vw—o ROLL OVER —0r
—{tx
-I D
F Vy
—Jcx wsE

lruth Table

TL/F/6037-5

witch [ 0 1 2 3 4 5 6
sition |¥1,X1 ¥1,X2 ¥1,X3 Y1,X4 Y2,X1 Y2,X2 ¥2,X3

7 8 ] 10 11 12 13 14 15 16 17 18 19
¥2,X4 ¥3,X1 ¥3,X2 Y3,X3 Y3,X4 Y4X1 Y4,X2 ¥4,X3 Y4X4 Y5-,Xt Y5"X2 Y5",X3 ¥5°X4

Al O 1 0 1 o 1 o 1 0 1 0 1 0 1 0 1 o 1 o 1
B| O o] 1 1 o 0 1 1 0 o 1 1 4] o] 1 1 o 4] 1 1
C| o o] 0 o] 1 1 1 1 0 o 0 o 1 1 1 1 o 0 o 0
[= 3 ] o] 0 o] o 0 o] o 1 1 4 1 1 1 1 1 o 4] o) 4]
E*l O 0 o] 0 o] o] 0 o] 0 0 0 0 o] 0 o] ] 1 1 1 1
Omit for MM54C322/MM74C922
4




Typical Performance Characteristics
Typical I, vs Viy at

Any Y Input
30
Ta=26°C
T % vep =16V
3
=
o 0 /
5 Vi
8 15
(-9
2 /
g T Ve =10v. |
Y //
g 6
Vee =5V
[
o 5 W 15
veo - ViN
TL/F/BOAT-8
Typical Fscan ve Cosc
10% ;3
= B
"=': S, 53
E 1L
2
100
10 Fﬁ
0.0 0.1 1 10
Cosc uF)

TL/F/G037 -8

Typical Applications

Synchronous Handshake (MM74C922)

ne

 {RESPONSE}

wMI4C8I2 =
x4 KBM
X3
[
EH ¢
I ——{xi ' TO DATA 8US
Jf2jo 1
A
HGED Y2 oA o
alalals Y3 > ac78
FlE]O]C AL
DATA AVAILABLE
ose a » unviTaTion)
SYSTEM
CLOCK b= EK
{SEE NOTE 3) -
-_—L- I 4 ENABLE QUTPUT

TL/F/6037-10

Typical Rgn v& Yoyt at
Any X Cutput

Ivcc-sv Ta=25C

3.: l
25 |
L
s [ 5v
L/

.5 ,/ e m—-""v

15V

COLUMN DYTPUT MPEDANCTE 0}

0
[ & 0 16

Vout ¥
TL/F/6037-7

Typical Debounce Period
vs CKBM
g =

pal

o

DEBOUNCE PERIOD (SECOMDS)

wn :
LA

10 100
Crem WF)
TL/F/G03A7-9

Synchronous Data Entry Onto Bus (MM74C922)
lmn

MMT4CO2?
%3 KSM

x2
I —{x

—>
—
|, TODATABUS
—

» @™ oo

DA DATA AVAILABLE

mlemfa]w
mlefe=ln
Qlefom] -
alejale
-
w

SYSTEM
CLOCK P
{SEENDTE 3)

';_J___._l:

TL/F/6037-11
Ou.puls are enabled whon valid entry is made and
g0 into TRI-STATE when key is released,

Note 3: The keyboard may be synchronously scanned by omitting the capacilor at osc. and driving osc. directly if the system clock rate is lower than 10 kHz,
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Typical Applications (continued)

Asynchronous Data Entry Onto Bus {(MM74C922)

MMY4COR2 -

10C

x4 KBM
X3
A-—-——'
Xz 5
_’
I —ix ¢ TO DATA 8US
e
1j2(1]0 ¥1 o
e
Tjejeis v2 nA DATA AVAILABLE
ElAajo] ¥i
FlEjD]C hid
nsc| QE
c
- 1/6 TACO4

TL/F/6037-12

Cutputs are in TA-STATE until key is pressed, then data s placed on bus.
When key is raleased, outputs return to TRI-STATE.

Expansion to 32 Key Encoder (MM74C922)

+5Y
| MM74C922
¥,
€ ko
X2 OSC:L
¢ :I-mc
xs I I
[\ X4 DA |0 DATA AVAILABLE
aj1]z]3 1 Nema'
IR Y2 el
[(HEREED KR ¥ f—n
3 ¢ 2 3 pana
12 [13 | 14 |15 14 b o 03 BUS
G
Y Y Y Yoou
16 |17 |18 |19 L
20)z1 |22 )23 -
D4
24§25 |28 |27
28 129 |30 | m L MM74C20
< - - -
$ 3 T Twoun
Ye£ TUL/F/6037-13

Fheory of Operation

‘he MM74C922/MM?4C923 Keyboard Encoders imple-
nent all the logic necessary to interlace a 16 or 20 SPST
ey switch matrix to a digital system. The encoder will con-
el a key switch closer to a 4(MM74C522) or
(MM74C923) bit nibble, The designer can control both the
eyboard scan rate and the key debounce period by altering
1e oscillator capagcitor, Cogg, and the key bounce mask
apacitor, Cygk. Thus, the MM74C922/MM74C923's per-
armance can be optimized for many keyboards.

‘he keyboard encoders connect to a swiich matrix that is 4
yws by 4 columns (MM74C922) or 5 rows by 4 columns
MM74C023). When no keys are depressed, the row inputs
re pulled high by internal pull-ups and the column outputs
equentially output a logic ""0”. These outputs are open
rain and are therefore low for 25% of the time and other-
fise ofi. The column scan rate is controlled by the oscillator
iput, which consists of a Schmitt trigger osciltator, a 2-bit
ountor, and a 2-4-bit decoder,

vhen a key is depressed, key 0, for example, nothing will
appen when the X1 input is off, since Y1 will remain high,
vhenthe X1 column is scanned, X1 goes low and Y1 will go
w. This disables the counter and keeps Xt low. Y1 going

low also initiates the key bounce circuit timing and locks out
the other Y inputs. The key code to be output is a combina-
tion of the frozen counter value and the decoded Y inputs.
Cnce the key bounce circuit times out, the data is latched,
and the Data Available (DAV) output goes high.

If, during the key closure the switch bounces, Y1 input witl
go high again, restarting the scan and resetting the key
bounce circuitry. The key may bounce several times, but as
socn as the swilch stays low for a debounce period, the
closure is assumed valid and the dala is latched.

A key may also bounce when it is released. To ensure that
the encoder does not recognize this bounce as another key
closure, the debounce circuit must time out before another
closure is recognized.

The two-key roll-over feature can be illustrated by assuming
a key is depressed, and then a second key is depressed.
Since all scanning has stopped, and &ll other Y inputs are
disabled, the second key is not recognized until the first key
is lifted and the key bounce circuitry has reset.

The output fatches feed TRI-STATE, which is enabled when
the Output Enable (OE} input is taken low.




General Description

The LM124 series consists of four independent, high gain,
infernally irequency compensated operational arnplifiers
which were designed specifically to operate from a single
power supply over a wide range of voltages. Operation from
split power supplies is also possible and the low power sup-
Ply current drain is independent of the magnitude of the
power supply voltage.

Application areas include transducer amplifiers, DG gain
blocks end all the conventional op amp clrcuits which now
can be more easily implemented in single powaer supply sys-
temas. For example, the LM124 saries c¢an be directly operat-
od off of tha standard + 5V power supply voltage which is
used in digital systems ang will easily provide the required
interface electronics without requiring the additional +15v
power supplies.

Unique Characteristics

® [n the finear mode the input common-mode voltage
range includes ground and the output voltage can also
swing to ground, even though operated from only a sin-
gle power supply vollage

B The unity gain cross frequency is temperature
compensated

B The input bias current is also ternpearaiure
compensated

ﬂNational Semiconductor

December 1994

LM124/LM224/LM324/L.M2902
Low Power Quad Operational Amplifiers

Advantages

® Eiminates need for duat supplies

® Four internally compensated op emps in a single
packags

m Allows directly sensing near GND and Vour also goes
fo GND

® Compatible with all forms of logic

& Power drain suitable for batiery operation

Features

® Intama.y frequency compensated for unity gain

B Large DC voltage gain 100 dB
& Wide bandwidth {unity gain) 1 MHz
(temperature compensated)
B Wide power supply range:
Single supply 3V {o 3zv
or dugl supplias +1.5Vto £16v

W Very low supply current drain (700 wA}—essentially in-
dependont of supply voltage

B Low input biasing current 45 nA
{temperature compansatad)

B Low input offset voltage 2 mv
and offset current 5 nA

® Input comman-mode vollage range includes ground
m Differential input voltage range equal to the power sup-
ply voltaga

B Large oulput voltage swing oV ilo vt — 15y

Connection Diagram

Dual-In-Line Packape
QUIPUT & INPUT & INPUT 4" [1.11] IWPUT 2" INPUT Y GuTPUT )

" 1] 12 " 18 L) L)

B

t 2 3 [] [ L] T

OUTPUT & NPT 1= aNeyT ) v INPUT 2° (NPUT 2™ QUTPUS 2
TL/H/9288-1

Top View

Order Number LM124., LM124AJ, LM1240/883*",
LM124AJ/8837, LM224J, LM224A, LM324.), LM324M,
LM324AM, LM2902M, LM324N, LM324AN or LM2802N

See NS Package Number J144, MT44A or N14A

"LM124A available par JM3B8510/11006
**LM1i24 avalabla par JM3B510/11005

NT 4
Hd-

H1

iN Ty r—— 1 INa+

123

N7

N2
[ LhS

IM3-
(LY

TL/H/8299-32
Order Number LM124AE/883 or LM124E/883
See NS Package Number E204,

T}
GUIKYT 4

ST e P
LU =z - YT 4=
L S ﬂ _‘2:’ INPUT 4%
v Uwzaw Pl
[T [ﬁ [LE THERY
ey 2. I 3~
Curpe’ ouIPyT s

Fl

TL/H/9288-33
Order Number LM124AW/883 or LM124W/883
See NS Package Number W14B

1935 Nations) Bemiconductor Corporation TL/H/3230
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Typical Performance Characteristics
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Typical Performance Characteristics (mze02 only)

input Current

100
3 i
g
£
g ¥ 1
2 —

T, =425%

I s T T
=

0

v} 10 20 3

v*= SUPPLY YOLTAGE (Vo)

Application Hints

Tha LM124 series are op amps which operate with only a
single power supply voltage, have tru.differential inputs,
and remain in the linear mode with an Input common-made
voitage of 0 Vpp. These amplifiers operate over a wide
range of power supply voltage with little change in parform-
ance characteristics. At 256°C amplifier operation is possible
down to a minimum supply voltage of 2.3 voo.

The pinouts of the package have been designed to simplity
PC board layouts. Inverting inputs are adiacent to outputs
for all of the amplifiers and the outputs hava also been
placed at tha corners of the packaga (pins 1, 7, 8, and 14).

Precautions should be taken to insure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed backwards in a
test sockat as an unlimited current surge through the rasult-
ing forward diode within the IC could cause fusing of the
internal conductors and resuli in a destroyed unit.

Large difierential input voltages can be easily accommo-
dated and, as input diffierential voltage protection diodes are
not needed, no large input currents result from large differ-
ential input voltages. The difierential input voltage may be
larger than ¥+ withou! damaging the device. Protaction
should be provided 1o prevent the input voltages from going
negative more than —0.3 Vpg (at 25°C). An input ¢lamp
diede with a resistor to the IC input terminal can be used.
To reduce the power supply drain, the amplitiars have a
class A output stage for small signal levals which converts
to ¢lass B in a large signal mode. This allows the amplifiers
to both source and sink large output cumrents. Tharefore
both NPN and PNP external current boost transistors can
be used to extend the power capability of the basic ampliti-
ers. The outpul voltage needs to raise approximately 1 di-
>de drop above ground to bias the on-chip verlical PNP
ransistor for output current sinking applications.

“or ac applications, where the load is capacitively coupled
© the output of the amplifier, a resistor should be used, from
he output of the amplifier to ground to increase the class A
dias current and prevent crossover distortion.

Voltage Gain

T ]
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= Ry =20 ki
g xf L .
3 R=20kD__|
g - 4.
g =
g L
[}
g «wp
-

0 i

0 10 20 %

¥*- SUPPLY VOLTAGE (¥pe)
TL/H/9299-4

Where the load is directly coupled, as in dc applications,
thera is no crossover distortion.

Capacitive loads which are applied diractly to the output of
the amplifier raduce the loop stability margin. Valves of
50 pF can be #ccommodated using the worst-case non-in-
verling unity ge:n connection. Large closed loop gains or
resistive isolation should be used if larger load capacitance
must be driven by the amplifier,

The bias network of the LM124 establishes a drain current
which is indapendent of the magnitude of the power supply
voltage over the rangs of from 3 Vpg to 30 Voo,

Cutput shorl circuits either 1o ground or to the positive pow-
er supply should be of shorl time duration. Units can be
destroyed, not as a result of ihe short circuit current causing
metal fusing, but rather due to the large increase in IC chip
dissipation wh:ch will cause eventual failure due 1o exces-
siva Junction temperatures. Putting direct short-circuits on
mora than one amplifier at a time will increase the total IC
power dissipaton to destructive levels, if not properly pro.
tected with external dissipation Rmiting resistors in series
with the output aads of the amplifiers. The larger vaiue of
oulput source cumant which is availabla at 25°C provides g
larger output current capability at elevated temperatures
(see typical performance characteristics) than a standard IC
op amp,

The circuits presented in the section on typical applications
emphasize operation on only & single power supply voltage.
If complementary power supplies are available, all of the
standard op amp circuits can be used. In ganeral, introduc-
ing a psaudo-ground {a bias voltage reference of V¥ /2) will
allow operation ebove and below this value in single power
supply systems. Many application circuits are shown which
laka advantags of the wide input common-moda vaoliage
range which includes ground. In most cases, input biasing is
not required and input voltages which ranga to ground can
aasily be accommodated.




National Semiconduc

General Description

The LM78XX series of three terminal regulators is available
with several fixed output voltages making thermn usetul in a
wide range of applications. Cne of these is local on card
regulation, aliminating tho distibution problems associated
with singla point regulation. The voltages available allow
these ragulators to be used in logic systems, instrumenta-
tion, HiFi, and other solid state slactronic equipment. Al-
though designed primarily as fixed voltage reguiators these
devices can be used with external components to obtain
adjustable voltages and currents.

The LM7BXX series is available in an aluminum TO-3 pack-
age which will allow over 1.0A load current if adequate heat
sinking is provided. Currant limiting is included to limit the
peak output current to a safe value. Safe area protection for
the output transistor is provided to limit internal power digsi-
pation. If internal power dissipation becomes too high for
the heat sinking provided, the therma! shutdown circuit
takes over preventing thae IC from overheating.

Considerable efforl was expanded {o make the LM78XX se-
res of regufators easy to use and mininize the number

LM78XX Series Voltage Regulators

February 1995
tor

of extermal components. It is not necessary to bypass the
oulput, although this does improve transient response. Input
bypassing is needed only if the regulator is located far from
the fitter capacitor of the powar supply.

Faor output vollage other than 5Y, 12V and 15V the LM117
sarie$ provides an output voltage range from 1.2V to 57V.

Features

m Output current in excess of 1A

® Interna! thermal overload protection

m No external componaents required

® Output transistor safe area protection

m Internal short circuit gurrent limit

& Avaiable i the aluminum TO-3 package

Voltage Range
LM7805C 5
Li7812C 12v
LM7815C 15V

Schematic and Connection Diagrams

C

INPYT

Metal Can Package
TO-3 (K)
Aluminum

OUTPUT =,

INPUT —

3 L1
pd "

AUTPUT

-
* A1y
4)

TL/H/TT4B-2
Bottom View

Order Number LM7B05CK,
LM7812CK or LM7815CK

<&

[+ ]

Vaer

L1t
5 1K
‘i

Se8 NS Package Number KC02A

Plastic Package
TO-220 (T)

[ —— outrur

::h GNo
— T

TL/H/7748-3

7]

Top View

Order Number LM7805CT,
LM7812CT or LM7815CT
See NS Package Number T03B

TL/H/7T46-1
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Input Voltage (Vg = 5V, 12V and 15v)
Internal Power Oissipation (Note 1)

a5V
Internally Limited

Maximum Junction Temperature

(K Package)
(T Package)

Storage Temperature Range
Lead Temperature (Soldering, 10 sec.)

150°C
150°C
-65"Cto +150*C

Operating Temparature Range (T 4) 0°C to +70°C TO-3 Package K 300°C
peraling Tamps g2 (Ta TO-220 Package T 230°C
Electrical Characteristics LM78XXC {Note 2) 0°C < Tj < 125°C uniess otherwise noted.
¥
Output Voltage 5V 2V 15V
Input Voitage (unless otherwise noted) 10v 19V 23V Units
1
ymbol Parameter Conditions Min | Typ [ Max | Min | Typ | Max | Min I Typ I Max
3 Output Voltage Tj=25C,5mA < Ip < 1A 48 5 52|15 12 125|144 15 158 v
Pp 5 15W,5mA < 1g < 1A 4.75 525 1.4 126 | 14.25 15.75 v
VMIN = VIN £ Viuax (F5SViNS 200 [ (145 s Viy s 27} (175 < Vin & 30} v
Vo Line Regulation Io = 500 mA[Tj = 25°C 3 50 4 120 4 150 | mv
AVin (FEViNs25) | 1452Vin<30) | (175 Vin<30) | v
0*C < Tj = +125°C 50 120 150 my
AViy 8<ViNs20) | (155 Vin<27) | (1B5<Vies30) | v
fo < 1A Tj = 25°C 50 120 150 mv
AViy (75 < Viy s 20} | {146 = Vin= 27) | (17.7 < Vi < 30) v
0C s Tj< +125°C 25 60 75 my
AViy BSViNE12) | (168 Viys22) | {20 < Viy < 26) v
/o |Load Regulation Ti=25C [5mAxigs 1.5A 10 50 t2 120 12 150 | mv
250 mA < Iy £ 750 mA 25 60 75 my
S5MASIg S 1ACPC < Tj < +125C 50 120 150 my
Quiescent Current  |Ig < 1A Tj = 25°C ] -] 8 mA
0°C < Tj< +125C 85 8.5 8.5 mA
) Quiescent Current |5 mA < Ig < 1A 05 0.5 05 | mA
Change T) = 25°C, I < 1A 1.0 10 10 | ma
Vmin € Vin € Vmax (7.5 £ iy = 20) | (14.8 & ViNs27) | (17895 Vi s 30 v
lo < 500mA, 0°C < Tj < +125°C 1.0 1.0 1.0 mA
ViiN £ Vin < Vidax {75 Viy <25 | (145 % ViN$ 30} | (175s vy = 30) v
Outtpu Noise Voltage| T4 =25°C, 10 Hz < f < 100 kHz 40 75 a0 uv
ﬂN_ Ripple Rajection lo S 1A, Tj = 25°C or 62 80 | 55 72 54 70 dB
out f=120Hz{ lg < 500 mA 82 56 54 dB
0C<Tjs +125°C
Vi < ViN < Vigax (8<Vys1B) | {15 = Vin< 25) [(185 < Viy < 285 v
Dropout Voltage Tj = 25°C, loyt = 1A 20 2.0 2.0 v
Qutput Resistance  [f = 1 kHz 8 . 18 19 mst
Short-Circuit Gurrent |Tj = 25°C 21 | 15 12 A
Peak Owitput Current Tj=25C 2.4 2.4 24 A
Average TC of Voyr [0°C < Tj s +125°C, lo = 5mA 0.6 1.5 18 mv/C
Input Voltage
Required to Maintain |Tj = 25°C, lo 1A 7.5 146 17.7 v
Line Regulation

lote 1: Thermal resistance of the TO-3 package (K, KC) is typically 4
achage (T) is typicalty 4°Cw junction 1o casa and 500

C/W |unction 1o case and 35:C/w
C/W case fo ambiont.

INDIR of 0.22 uF, and a capachor scroes tha output of 0.1uF. Al characiarisiics axcopt nolisa

caye 10 ambient. Therma! resistance of the TO-220

dage and ripple m{action ratic are measured using puise tachniques (L, < 10 ms, duty cycle ~. 5%) Culput volinge changes due 10 changaes in intarnal
mparature must ba iaken inte account separalely.




Typical Performance Characteristics

Maximum Average Power
Disslpation

Maximum Averaga Powar
Dissipation

Peak Output Current
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5IK40RGN-CWE / 5§GN50KA. AC Speed Control Motor

A< Speed Control Motor

Easy to use
Speed control function
Globat safety standard compliant

FICATIONS
ine ORIENTAL MOTOR &reg;
pe AC Motor
me Size - 3.54 in.5q.
wer HP (W) 119 HP (40W)
Ipply Singla-Phase 220/230 VAC
io (X:1) 501
ignetic Brake Not Equipped
rque (ib-in) 8s

81
ie Load Inertia 10250 0z-in2
ipeed Range (r/min) 1.8~32
to Ship 7 Business Days (1-5 pcs)
mplant No
indards UL

GE

CSA
EN
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onnection and Operation
imes and Functions of Speed Control Pack Paris

ternal power supply {24 VDC) is necessary. Speed Cantrol Pack Front Paned

_ LED Display W PREiLaT o g.:g:n 1), 12:Signal power supply terminals
Display o, _ Function ] Lighting Condition p o Caunec the 24 VDG oty sy (The cosamer s s iz powet gy
POWER fu| POWer | when poth the AC power and )
. .| fndicator :the OC power are on . Z-~a0Signal input/output terminals
Signa input | e Name Name of signal
cwW G| N When a signal is input to CW
—— Indeaor, | TERTRE PR oW Closowee rotaton mput
CCW 1 a’g{g‘t:ﬁ”m When a signal Is input to COW & oW Counterclockwise rotation ingut
— e " T 5 SPEED SET Speed Potentiometer Sefection Input
Whan a signal is inpit to = e . =
SET Er—m m%gi SPEED S pr % FREE . Brake release inpul ]
Signal input . ) BDEVVR _Speed control inpui
FREE (gl DO P! | When asignal s iput o FREE o ) s
] Speed outpid
Intemal speed potentiometer &, 70 SPEED DUT ! {Rategeneralor signal)
Thig is used when the internal speed potentiometer is set -
by speed controller switch inpu J2Connector for motor

AcceterationDeceleration time potentiometer
This is used when the acceleration/deceleration time is set

Do not usa his switch, Leave it 1 the faciory setting DN.

i3, ddCapacilar conneclion terminais

%, 15Power supply input terminals

1=
E—L 18Protective earth terminal {Screw slze: M4}

1ZFrame ground terminat

nnection Diagrams ‘

Extarnal DE Power Supply {The customes must furaish,) To chack the motor speed visually {the speed at the motor output shaft or at the

«d Control Pack ] ) gearhead cutput shaft), a speed indicator model SDMAPS (Sold separately) is
 CONTROLLER 541 ‘QDC_ avgilable. Motor Speed Indicator ~ Page A-263
N I ‘ T"' “How to connect a capacitor-s Page A-277
N
T @ 1 . ,

t =] i Clockwise Rotation Inpat (ON: CW Retation OFF: Stop) Cin the Connection diagram, the bold lines indicate the power line, and the other
CCW/||@ E—a Counterclockwise Rotation Input {ON: CCW Retation OFF: Stap) lines indicate signal fines. Large current run through the bald lines indicated in
SEEED @ —(B oo~ Sped Polentiometer Selection ipul {ON: katernal OFF: Extemal) the wicing diagram. Use wires with cross sectional area of 0.75mrm? or larger for

FREE] (P - —B——o"——— Brake Release Input (O FAEE OFF; Brake Stog) these fines.
bl [ ? 124 3]] External Speed Potenfiometer 20 kQ 174 W ~UIse one speed contro! pack per mator.
NG || {included) #3¥hen motors are running, a voltage of over the metor power supply voltage is
speep | @ apptied across the terminals of capacitor. So, be carsful of the connecting work.
D tf[ #*Replace the plastic cover over the power cord terminal btock after connection.
o0 Motor -Terminals
CHO) Junction Gable Rount Teemiral oith losubition Power Supply Terminal Protective Earth Terminal
[e]le) J Czpacitor Gonnecting Terminal  Size: for M4
A0 | Size: for M3
1210y $3.2 Min. ) 443 Min.
] z
= - o~ - wy —
Trom 6 Power Suply Connection = 9 mm Min. P 17 mm Min.
@ Capacitor | Single-Phase 110 VAC £ 10%, 60 Hz
Sinple-Phase 115 VAG=10%, 60 Hz { Signal Power Supply Input Terminal, InputOutput Signat Terminal 1
-N+ 83 g}:g’é::::ig ggg gﬁgﬂg:‘ gglsﬂé "z When a crimp terminat is used for connection, use such terminals as shown below.
s [ @ for 220/230 VAC (Specﬁimﬂu'n, A crimp terminat used varies with the size of cable, And, applicable cable size when
o the terminals below are used is AWG26-~18.

— Prutective earth

Manufacturer: Phoenix Gontact
Al 0.25-6 Applicable wire size: AWG26~24 {0.14~0.2 mm2)
Al 0.34-6  Applicabia wire slze; AWG22 (0.35 mm2)
Al 056  Apolicable wire size: AWG20 (0.5 mma)
Al 0.75-6 Appkcable wire size: AWG18 {0.75 mm2}

'+ Wiring Diagram for 4-Terminal Capacitor

Is of the capacitor are connected as shown in the figure, LN
wire connection, use one iead wire per terminal. ol e
e C N

MOTOA GEMERAL CATALORUE ASS=" . .
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