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Abstract

This thesis concerns a design and construction for Robot Arm. The report
proposes mechanism of Robot Arm such as base, hand, tool and electronic parts such as
microprocessor circuit and drive control hardware. All parts are assembled and controlled

by MCS - 51 microcontroller.
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d & a
wamsnaaed (1WestdunanuEanaa)

1. LUUNDUAN
ﬂgﬂﬁ Y3 300971 | % Error | yu6009e | % Eror | iy 9009f | % Error

1 32 6.66 67 11.66 98 8.88
2 32 £.66 67 11.66 97 7.77
3 33 10 67 11.66 97 7.7
4 34 1:3.38 69 19 100 19::14
9 32 6.66 67 11.66 97 VETAT
6 32 6.66 68 13.33 98 8.88
7 30 0 65 8.33 96 6.66
8 31 3.33 66 10 97 1
9 29, 388 65 8.33 97 Tall
10 29 8.88 65 8.33 96 6.66

'ﬂ'uﬂéﬂ 31.4 5.996 66.6 10.996 97.3 8.1

2. LUUNBUVY
ﬂ%ﬁ‘ﬁl NN 3029A1 | % Error | HN 6089AT % Error HH 9089A | % Error

1 31 3.33 60 0 93 3:33
2 30 0 61 3:33 92 2.22
3 31 3.33 61 3.33 92 2.22
4 31 3.33 60 0 93 3.33
5 30 0 60 0 93 3:33
6 32 6.66 62 6.66 92 2.22
fs 32 6.66 61 3.33 92 2.22
8 31 3.33 62 6.66 91 1.1
9 31 3.33 62 6.66 94 4.44
10 30 0 62 6.66 92 2.22

ARt 30.9 2.997 61.1 3.663 92.4 2.664




3.n5Ues

(35]

AT NN 3029AN | % Error | yu 6089A | % Error HN 9089AN | % Error
1 32 6.66 64 6.66 85 555
2 84 9.99 62 3.33 85 5.55
3 33 9.99 66 10 85 555
4 35 16.66 63 5 84 6.66
5 32 6.66 63 5 85 555
6 33 9.99 64 6.66 84 6.66
7 32 6.66 64 5 85 5.55
8 38 9.99 63 5 85 §.55
9 34 48133 64 6.66 84 6.66
10 35 16.66 65 8.33 84 6.66
FLede 33.2 10.659 63.8 6.164 84.6 5.994
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LPORT
MPORT
INTBIT

LOFF
LIM1
LIM2
LIM3

MOFF
MIF
M2F

MIFG
M2FG

GON
GOFF

AlH
AlLL
A2H1
A2L1
A2H2
A2L2
A3H
A3L
AIH 2
AlL 2
A2H1 2
A2L1 2

EQU
EQU
EQU

EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

Tusunsuaruaunsieu

0AOH
80H
00H

80H
00H
10H
20H

00H
01H
04H
10H
41H
44H
50H
02H
08H
20H
42H
48H
60H

40H
00H

59H
5AH
5BH



A2H2 2 EQU  5CH
A2L2 2 EQU  5DH
A3H 2 EQU  SEH
A3L 2 EQU  5FH
COUNT EQU  60H
START EQU  61H
ORG ~ 0000H
LIMP  MAIN
ORG  0003H JINTERRUPT 0
JMP INO
ORG ~ 000BH TIMER 0
LIMP  TOINT
ORG ~ 001BH “TIMER 1
LIMP  TIINT
ORG ~ 002BH “TIMER 2
LIMP  T2INT
ORG ~ MAIN
MAIN
MAIN: MOV SP#62H
CALL  DELAY2
INI_SR: MOV SCON.#32H
MOV TMOD.#20H SETT1
MOV THL#3H
SETB  TRI
CALL  SEND
MOV PO#00H
MOV COUNT.#00H
LOOP: CALL  RECV
INC COUNT
MOV~ A,COUNT
CINE  A#I0HLOOP



LCALL MOTOR

MOV~ COUNT.#00H
CALL  SEND
LIMP  INI SR

--------------------- MOTOR

MOTOR: SETB  IE7 ;ENABLE ALL INTERRUPT
MOV IE#81H :SET INT
SETB  IT0 :START INTERRUPT
MOV TMOD#55H :SET TO T1
MOV TCON#05H :SET INTERRUPT
MOV T2CON.#03H
MOV LPORTHLOFF
MOV MPORT.A#MOFF
LCALL INITIAL
LCALL  POINTI
LCALL  INITIAL2
LCALL POINT2
LCALL  INITIAL3
MOV LPORTALOFF
MOV MPORT./#MOFF
RET

SEND

SEND: INB TLS
CLR I
MOV A#00H
MOV SBUF.A
RET

RECIVE

RECV: MOV A#50H
ADD A, COUNT
MOV ROA



WAITI: JNB RLS
CLR RI
MOV  @RO.SBUF

RETIN: RET
oo INITIAL —-ormmememememememeeee
INITIAL: LCALL LIMIT11

LCALL DELAY
LCALL LIMITI12
LCALL DELAY
LCALL LIMIT13
LCALL DELAY

RET
LIMIT 1
LIMIT11: SETB INTBIT
MOV P2.#01H :SELECT L1 SET M1
MOV PO#M1B :START M1 RE

LCALL  WAIT
MOV PO.#MOFF:STOP M1

MOV P2.4#80H :NOT SELECT
RET
LIMIT 2
LIMIT12: SETB INTBIT
MOV P2.#12H :SELECT L2 SET M2
MOV P0,#M2B ;START M2 RE

LCALL WAIT

MOV PO.#MOFF.STOP M2

MOV P2.#80H ;NOT SELECT
RET

E LIMIT 3




LIMIT13: SETB INTBIT
MOV P2,#24H :SELECT L3 SET M3
MOV PO #M3B START Mj RE
LCALL WAIT
MOV PO,#MOFF;STOP M3

MOV P2,#80H NOTSELECT
RET

e N ) 7N T

INITIAL2: MOV AA2H2

CINE A #OFFH.BANG22
MOV AA212
CINE A #OFFH.BANG22

IN2: LCALL LIMIT21
LCALL"\ DELAY.
LCALL LIMIT22
LCALL DELAY
LCALL LIMIT23
LCALL DELAY
RET

e INITIAL 3 ~-rmrmmmmemeommmenee

INITIALZ: MOV AA2H2 2
CINE A#0FFH.BANG22 2
MOV AA212 2

CJNE  AH#OFFH.BANG22 2

IN4: LCALL LIMIT11
LCALL DELAY
LCALL LIMITI2
LCALL DELAY
LCALL LIMIT13
LCALL DELAY
RET



rmmmmermemem—- BANG 22

BANG22: MOV THI,A2H2
MOV TL1.A2L2
SETB  INTBIT
SETB  ETI
SETB  TRI
MOV~ MPORT#M2BG
LCALL WAIT
MOV~ MPORTGON
LCALL DELAY
LIMP  IN2
SREENN BANG 22 2
BANG22_2: MOV THLA2H2 2
MOV TL1.A2L2 2
SETB  INTBIT
SETB  ETI
SETB  TRI
MOV~ MPORT.#M2B
LCALL ~ WAIT
MOV MPORT#GOFF
LCALL DELAY
LIMP N4
RN LIMIT 21
LIMIT21: SETB  INTBIT
MOV P2#01H SELECT L1 SET M1
MOV P0.ZMIBG START M1 RE WITH GIP
LCALL  WAIT
MOV P0sGON :STOP M1
MOV P2#80H :NOT SELECT
RET
mmmeemmemmmmmmeeeee LIMIT 22
LIMIT22: SETB  INTBIT
MOV P2#12H :SELECT L2 SET M2



MOV P0#M2BG .START M2 RE WITH GRIP
LCALL WAIT
MOV POAGON STOP M2
MOV P2#80H :NOT SELECT
RET
PIDYERESS— LIMIT 23
LIMIT23: SETB  INTBIT
MOV P2#24H .SELECT L3 SET M3
MOV POAM3BG .START M3 RE
LCALL WAIT
MOV POAGON STOP M3
MOV P2480H NOTSELECT
RET
POINT 1
POINTI: MOV TH1,A2HI;MOVE M2
MOV TL1.A2L1
SETB  INTBIT
SETB  ETI
SETB TRl
MOV MPORT.#M2F
LCALL ~ WAIT
LCALL DELAY
MOV THO.A1H :MOVE M1
MOV TLO.AIL
SETB  INTBIT
SETB  ETO
SETB  TRO
MOV~ MPORTAMIF
LCALL WAIT
LCALL DELAY
MOV TH2.A3H "MOVE M3
MOV TL2A3L
SETB  INTBIT
SETB  ET2



MOV T2CON #07H
MOV MPORT #M3F
LCALL WAIT

LCALL DELAY

MOV A.A2H2 ;:CHECK ANG22
CINE A#OFFH.ANG22

MOV AA2L2

CINE A #OFFH,ANG22

IN1: MOV MPORT,#GON
LCALL DELAY
RET

POINT 1

POINT2: MOV TH1.A2H1 2 :MOVE M2
MOV TL1.A2L1 2
SETB INTBIT
SETB (= THL
SETB TR1
MOV MPORT.#M2FG
LCALL WAIT
MOV MPORT.ZGON
LCALL DELAY

MOV THO.AIH 2 MOVE M1
MOV TLOAIL 2

SETB  INTBIT

SETB  ETO

SETB  TRO

MOV~ MPORT#MIFG

LCALL ~ WAIT

MOV~ MPORTAGON

LCALL DELAY

MOV TH2.A3H_2 MOVE M3
MOV TL2.A3L2

SETB  INTBIT

SETB  ET2



MOV T2CON.#07H
MOV MPORT.#M3FG
LCALL WAIT

MOV MPORT #GON
LCALL DELAY

MOV~ AA2H2 2 .CHECK ANG22
CINE  A#OFFH,ANG22_1

MOV  AA2L2 2

CINE  A#OFFH,ANG22_1

IN3: MOV MPORT #GOFF
LCALL DELAY
RET

ANG22 =

ANG22: MOV TH1.A2H2
MOV TL1.A2L2
SETB INTBIT
SETB Bl
SETB TRI
MOV MPORT.#M2F
LCALL  WAIT
LCALL DELAY

LIMP  INI
TO
TOINT: MOV MPORT#MOFF
CLR  TRO
CLR ETO

CLR INTBIT
RETI

TIUNT: MOV MPORT #MOFF



CLR TRI
CLR ET1
CLR INTBIT
RETI
T2

T2INT: MOV~ MPORT#MOFF
MOV T2CON#03H
CLR ET2
CLR INTBIT
RETI

PR ANG22_1

ANG22_1: MOV THI.A2H2 2
MOV TL1.A2L2 2
SETB  INTBIT
SETB  ETIL
SETB  TRI
MOV MPORT#M2FG
LCALL ~ WAIT
MOV MPORT#GON
LCALL DELAY
MOV MPORT#GOFF
LCALL DELAY
LIMP N3

WAIT

WAIT: B INTBIT,WAIT
RET

; INTO

INO: CLR INTBIT
RETI

DELAY



DELAY: MOV R2 #30H

DDD: MOV R3.#179H
DD: MOV R4 #00H
DINZ R4.3

DINZ R3.DD
DINZ R2,DDD

RET

e DELAY 2

DELAY?2: MOV R3#0FFH

DEY: MOV R4#0FFH
DINZ R4S

DINZ R3.DEY

RET
oo DELAY 3
DELAY3: MOV R3#0FFH
DINZ . R3S
RET

END
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Public dataout, check, X, y, z
Private Sub Commandl_Click()

Labell.Caption = "PLEASE WAIT ,SYSTEM IS OPERATING"

If check <> "ready" Then
MsgBox "Not Ready"
GoTo endd

End If

x = Val(X_axis.Text)

y = Val(Y_axis.Text)

z =Val(Z_axis.Text)

Ify>123Ory<0Orx>123 Orx<00rz>900rz<0 Then
MsgBox "ERROR"
GoTo endd

End If

Call process

x = Val(X_axis2.Text)

y = Val(Y_axis2.Text)

z = Val(Z_axis2.Text)

Ify>1230ry<00rx>1230rx<0O0rz>900rz<0 Then
MsgBox "ERROR"
GoTo endd

End If

Call process

check = "Not ready"

endd:



End If

End Sub

Private Sub process()
dataout = Int(x * 2.74)
Call send
Ify <=33 Then
dataout = Int(y * 2.62)
Call send
dataout=0
Call send
Else
dataout = Int(33 * 2.62)
Call send
dataout = Int((y - 33) * 2.62)
Call send
End If
dataout = Int(z * 1.21)
Call send
End Sub
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Features

s Compatible with MCS-51™ Products

* 8K Bytes of In-System Reprogrammable Downloadable Flash Memory
— SPI Serial Interface for Program Downloading
— Endurance: 1,000 Write/Erase Cycles

2K Bytes EEPROM
— Endurance: 100,000 Write/Erase Cycles

4V to 6V Operating Range

Fully Static Operation: 0 Hz to 24 MHz

Three-level Program Memory Lock

256 x 8-bit Internal RAM

32 Programmable I/O Lines

Three 16-bit Timer/Counters

Nine Interrupt Sources

Programmable UART Serial Channel

SPI Serial Interface

Low-power Idle and Power-down Modes

Interrupt Recovery From Power-down

Programmable Watchdog Timer

Dual Data Pointer

Power-off Flag

% ® o o © ©o o 9o o o e O o o

Description

The AT89S8252 is a low-power, high-performance CMOS 8-bit microcomputer with
8K bytes of downloadable Flash programmable and erasable read only memory and
2K bytes of EEPROM. The device is manufactured using Atmel’s high-density nonvol-
atile memory technology and is compatible with the industry-standard 80C51
instruction set and pinout. The on-chip downloadable Flash allows the program mem-
ory to be reprogrammed in-system through an SPI serial interface or by a
conventional nonvolatile memory programmer. By combining a versatile 8-bit CPU
with downloadable Flash on a monolithic ciip, the Atmel AT89S8252 is a powerful
microcomputer which provides a highly-flexible and cost-effective solution to many
embedded control applications.

The AT89S8252 provides the following standard features: 8K bytes of downloadable
Flash, 2K bytes of EEPROM, 256 bytes of RAM, 32 |/O lines, programmable watch-
dog timer, two data pointers, three 16-bit timer/counters, a six-vector two-level
interrupt architecture, a full duplex serial port, on-chip oscillator, and clock circuitry. In
addition, the AT89S8252 is designed with static logic for operation down to zero fre-
quency and supports two software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters, serial port, and interrupt sys-
tem to continue functioning. The Power-down mode saves the RAM contents but
freezes the oscillator, disabling all other chip functions until the next interrupt or hard-
ware reset.

The downloadable Flash can be changed a single byte at a time and is accessible
through the SPI serial interface. Holding RESET active forces the SPI bus into a serial
programming interface and allows the program memory to be written to or read from
unless Lock Bit 2 has been activated.

AIMEL

8-bit
Microcontroller
with 8K Bytes
Flash

AT89S8252

Rev. 0401E-02/00
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Pin Configurations

PDIP
T2yP1o |1 40[3vee
(T2EX) P11 []2 390 P0.0 (ADO)
P12[]|3 38 [1 P0.1(AD1)
P1.3C]4 37 [1 P0.2 (AD2)
(SS)P1.4]5 36 [ P0.3 (AD3)
(MOSI) P15 []6 35 (1 P0.4 (AD4)
{MISO) P1.6 (|7 34 [ P0.5 (AD5)
(SCK) P1.7[]8 331 P0.6 (AD6)
RST (]9 32 [1 P0.7 (AD7)
(RXD) P30 {10 31 [ EAVPP
(TXD) P3.1 C| 11 30 [ ALE/PROG
(INTO) P3.2 (] 12 29 [ PSEN
(INT1) P3.3 [ 13 28 [0 P2.7 (A15)
(TO) P3.4 (|14 27 [1 P26 (A14)
(T1)P35 |15 26 [1 P2.5 (A13)
(WR) P3.6 (|16 25[71 P2.4 (A12)
(RDyP3.7 (|17 24 [ P2.3 (A1)
XTAL2 (|18 231 P2.2 (A10)
XTAL1 (] 19 22 [1P2.1(A9)
GND []20 21 E P2.0 (AB)
PQFP/TQFP
_ o] St 55
3 &g 222%
Tema-o go-a9
iacaazsceee
nonnonnoonnn
3IY52385883
(MOSI) P1.5 3 1 331 P0.4 (AD4)
(MISO) P1.6 [ 2 32{3 P0.5 (AD5)
(SCK)P1.7 (|3 311 P0.6 (AD8)
RST []4 30 [2 P0.7 (AD7)
(RXD) P3.005 29 [ EAVPP
NG []6 28[JNC
(TXD)P3.1 07 27 [J ALE/PROG
(INTO)P3.2008 26 [1 PSEN
(NT1)P3.3C[9 251 P2.7 (A15)
(TO)P3.4 ] 10 24 [1 P26 (A14)
(T1)P35C 11 23] P2.5 (A13)
veozxeR_2ZA Y
COoUoooouoUoogg
©crnq4-—Q0QO=qN®Y
PgzEgsasedd
ER™" '22:zz%

Pin Description

vccC
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bit open drain bbi-didirectional /O port. As an
output port, each pin can sink eight TTL inputs. When 1s
are written 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

~ o et
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rr - -QOcOo oo
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(MOSI) P15 7 o 39|73 PO.4 (AD4)
(MISO) P1.6 (|8 38 [2 P0.5 (AD3)
(SCK) P1.7 ]9 37 [2 P0O.6 (AD6)
RST |10 36 [1 P0O.7 (AD7)
(RXD) P3.0 T] 11 35 [ EAVPP
NC ] 12 34[INC
(TXD) P3.1 ] 13 33 (7] ALE/PROG
(INTO) P3.2C| 14 a2 [1 PSEN
(INTT) P33 |15 31[1 P27 (A15)
(T0) P3.4 ] 16 30 [1 P26 (A14)
MHPASTT, o o - o« 1@ o o P P25 (A1)
- NN NN NN
uOoddoulddu U
e~ 40T YR
oo ZzgZZyaoad
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g x* Isd5°a
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program and data memory. In this mode, PO has internal
pullups.

Port 0 also receives the code bytes during Flash program-
ming and outputs the code bytes during program
verification. External pullups are required during program
verification.

Port 1

Port 1 is an 8-bit bi-directional 1/O port with internal pullups.
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 pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (1) because of the internal pullups.

2 AT89S8252 mmmremmeemm T S ]
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Block Diagram
P0.0 - PO.7 P20 - P2.7
AAAAAAAA AAAAAAAA
U —— 0 B A O W e e A
! | | | | | | S A
Vee ! YYVYVYVVYY VVYVVYYVYY
! PORT 0 DRIVERS J F PORT 2 DRIVERS J
GND ! 4 A A A
T a | |
e | \ \ 4
= RAM ADDR. PORT 0 ‘
! | eePrOM REGISTER |—»| RAM LATCH Sl FLASH [———]
i A A A ? f ;
' : | i
: | \ ‘s | l
! v \ 4 A 4 A 4 \ A
. A A 1 \ i
| | | | | | |
| | | | | [
' A 4 h 4 A 4 |
' ' - PROGRAM
‘ B STACK
; REGISTER ACC POINTER égggﬁéi
| - BUFFER [«
. TMP2 TMP1
: T
PC
; ALU INCREMENTER [
INTERRUPT, SERIAL PORT,
! AND TIMER BLOCKS
' 4
! 4 A PROGRAM
i PSW COUNTER
PSEN <4——— !
ALEPROG <4——— TIMING | |NSTRUCTION L
EA/ vV ! »| coNTRoL | PEGISTER 2 2 BFR
PP '
RST — P T
i T A 3 A Y
| 1_ WATCH PORT 3 PORT 1 SPI g PROGRAM
: | DOG LATCH LATCH PORT LOGIC
2 4
: 0sc A Y Y
: PORT 3 DRIVERS PORT 1 DRIVERS
‘ | e e X |
i i g i
¥ i*i v vyvvyYy

P3.c - P3.7
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Some Port 1 pins provide additional functions. P1.0 and
2>1.1 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.

Pin Description

Furthermore, P1.4, P1.5, P1.6, and P1.7 can be configured
as the SPI slave port select, data input/output and shift
clock input/output pins as shown in the following table.

| Port Pin | Alternate Functions
i P1.0 T2 (external count input to Timer/Counter 2),
‘ ! clock-out
i P1.1 | T2EX (Timer/Counter 2 capture/reload trigger
1 and direction control)
| P1.4 SS (Slave port select input)
P1.5 MOSI (Master data output, slave data input pin
for SPI channel)
P1.6 MISO (Master data input, slave data output pin
for SPI channel)
P1.7 SCK (Master clock output, slave clock input pin
for SPI channel)

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

Port 2

Port 2 is an 8-bit bi-directional I/O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current (I, ) because of the internal pullups.

2ort 2 emits the high-order address byte during fetches
from external program memory and during accesses 1o
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, Port 2 uses strong internal pul-
lups when emitting 1s. During accesses to external data
memory that use 8-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

Port 3 is an 8 bit bi-directional /O port with internal pullups.
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 pullups and can be used as inputs. As inputs,

Port 3 pins that are externally being pulled low will source
current (1, ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89S8252, as shown in the following table.

Port 3 also receives some control signals for Flash pro-
gramming and verification.

PortPin | Altenate Functions
P3.0 | RXD (serial input port)
P3.1 TXD (serial output port)
P32 INTO (external interrupt 0)
P3.3 | INTT (external interrupt 1)
733.4 ¥O (timer 0 external input)
P3.5 T1 (timer 1 external input)
P3.6 WR (external data memory write strobe)
P3.7 RD (external data memory read strobe)
RST

Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable is an output pulse for latching the
low byte of the address during accesses to external mem-
ory. 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 tim-
ing 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 O of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN

Program Store Enable is the read strobe to external pro-
gram memory.

When the AT89S8252 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

EA/VPP

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-

4 ATB89S8252 mrmmrrrm s o e S R



gram 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 execu-
tions. This pin also receives the 12-volt programming
enable voltage (Vyp) during Flash programming when 12-
volt programming is selected.

Table 1. AT89S8252 SFR Map and Reset Values

OF8H

OFOH

OE8H

OEOH

0D8H

0DOH

0C8H

0COH

0B8H

0BOH

0A8H

OAOH

98H

90H

88H

80H

XTAL1

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

XTAL2

Output from the inverting oscillator amplifier.

B
00000000

ACC
00000000

PSW
00000000

SPCR
000001XX

T2CON
00000000

T2MOD
XXXXXX00

RCAP2L
00000000

RCAP2H
00000000

L2
00000000

TH2
00000000

IP
XX000000

P3
11111111

IE
0X000000

SPSR
00XXXXXX

P2
11111111

SCON
00000000

SBUF
XXXXXXXX

P1
11111111

WMCON
00000010

TCON
00000000

TMOD
00000000

TLO
00000000

T
00000000

THO
00000000

TH1
00000000

PO
11111111

SP
00000111

DPOL
00000000

DPOH
00000000

DP1L
00000000

DP1H
00000000

SPDR
XXXXXXXX

PCON
0XXX0000

AIMEL

OFFH

OF7H

OEFH

OE7H

ODFH

0D7H

OCFH

0C7H

0BFH

0B7H

OAFH

0A7H

9FH

97H

8FH

87H
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Special Function Registers

A map of the on-chip memory area called the Special Func-
tion Register (SFR) space is shown in Table 1.

Note that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general return
random 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 in-
voke 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 9) for Timer 2. The register pair (RCAP2H, RCAP2L)
are the Capture/Reload registers for Timer 2 in 16 bit cap-
ture mode or 16-bit auto-reload mode.

Table 2. T2CON—Timer/Counter 2 Control Register

| T2CON Address = 0C8H Reset Value = 0000 0000B
Bit Addressable
E TF2 EXF2 RCLK TCLK EXEN2 TR2 ‘ c/2 CP/RL2
|

Bit ‘ 7 6 5 4 3 \ 2 ;} 1 | 0

Symbol Function

TF2 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.

EXF2 Timer 2 external flag set when either a capture or reload is caused by a negative transition on T2EX and EXEN2 = 1.
When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2 interrupt routine. EXF2 must be
cleared by software. EXF2 does not cause an interrupt in up/down counter mode (DCEN = 1).

RCLK Receive clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its receive clock in serial port
Modes 1 and 3. RCLK = 0 causes Timer 1 overflows to be used for the receive clock.

TCLK 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 transmit clock.

EXEN2 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 port. EXEN2 = 0 causes Timer 2 to ignore events at T2EX.

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

C/T2 Timer or counter select for Timer 2. C/T2 = 0 for timer function. C/T2 = 1 for external event counter (falling edge triggered).

CP/RL2 | Capture/Reload select. CP/RL2 = 1 causes captures to occur on negative transitions at T2EX if EXEN2 = 1. CP/RL2 =0
causes automatic reloads 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.




to select the 2K bytes on-chip EEPROM, and to enable
byte-write. The DPS bit selects one of two DPTR registers

Watchdog and Memory Control Register The WMCON
register contains control bits for the Watchdog Timer

(shown in Table 3). The EEMEN and EEMWE bits are.used available.
Table 3. WMCON—Watchdog and Memory Control Register
' WMCON Address = 96H Reset Value = 0000 0010B
i 1 S
,‘ ‘ PS2 I PS1 PSO EEMWE EEMEN DPS WDTRST [ WDTEN
l Bt | 7 | s | 5 | a4 | s | 2 | 1 | -0
Symbol Function
pPS2 Prescaler Bits for the Watchdog Timer. When all three bits are set to “0”, the watchdog timer has a nominal period of
PS1 16 ms. When all three bits are set to “1”, the nominal period is 2048 ms.
PSO ‘
EEMWE | EEPROM Data Memory Write Enable Bit. Set this bit to “1” before initiating byte write to on-chip EEPROM with the
MOV X instruction. User software should set this bit to “0” after EEPROM write is completed.
' EEMEN Internal EEPROM Access Enable. When EEMEN = 1, the MOVX instruction with DPTR will access on-chip EEPROM
instead of external data memory. When EEMEN = 0, MOVX with DPTR accesses external data memory.
DPS Data Pointer Register Select. DPS = 0 selects the first bank of Data Pointer Register, DP0, and DPS = 1 selects the
second bank, DP1
WDTRST | Watchdog Timer Reset and EEPROM Ready/Busy Flag. Each time this bit is set to “1” by user software, a pulse is
RDY/BSY generated to reset the watchdog timer. The WDTRST bit is then automatically reset to “0” in the next instruction cycle.
The WDTRST bit is Write-Only. This bit also serves as the RDY/BSY flag in a Read-Only mode during EEPROM write.
RDY/BSY = 1 means that the EEPROM is ready to be programmed. While programming operations are being executed,
the RDY/BSY bit equals “0” and is automatically reset to “1” when programming is completed.
WDTEN Watchdog Timer Enable Bit. WDTEN = 1 enables the watchdog timer and WDTEN = 0 disables the watchdog timer.

SPI Registers Control and status bits for the Serial Periph-
eral Interface are contained in registers SPCR (shown in
Table 4) and SPSR (shown in Table 5). The SPI data bits
are contained in the SPDR register. Writing the SPI data
register during serial data transfer sets the Write Collision
bit, WCOL, in the SPSR register. The SPDR is double buff-
ared for writing and the values in SPDR are not changed by
Reset.

Interrupt Registers The global interrupt enable bit and the
individual interrupt enable bits are in the |E register. In
addition, the individual interrupt enable bit for the SPI is in
the SPCR register. Two priorities can be set for each of the
six interrupt sources in the IP register.

AIMEL

Dual Data Pointer Registers To facilitate accessing both
internal EEPROM and external data memory, two banks of
16 bit Data Pointer Registers are provided: DPO at SFR
address locations 82H-83H and DP1 at 84H-85H. Bit DPS
= 0 in SFR WMCON selects DP0O and DPS = 1 selects
DP1. The user should always initialize the DPS bit to the
appropriate value before accessing the respective Data
Pointer Register.

Power 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 up. It can be set and reset under software control
and is not affected by RESET.
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Table 4. SPCR—SPI Control Register

| SPCR Address = D5H Reset Value = 0000 01XXB

i
|
|
|
|
|

MSTR

|

SPIE SPE ‘ DORD CPOL : SPR1 SPRO
Bit 7 6 5 4 3 | 2 1 0
Symbol Function
SPIE SPI Interrupt Enable. This bit, in conjunction with the ES bit in the IE register, enables SPI interrupts: SPIE = 1 and ES
= 1 enable SPIl interrupts. SPIE = 0 disables SPI interrupts.
SPE SPI Enable. SPI = 1 enables the SPI channel and connects SS, MOSI, MISO and SCK to pins P1.4, P1.5, P1.6, and
P1.7. SP1 = 0 disables the SPI channel.
DORD Data Order. DORD = 1 selects LSB first data transmission. DORD = 0 selects MSB first data transmission.
| MSTR Master/Slave Select. MSTR = 1 selects Master SP1 mode. MSTR = 0 selects Slave SPI mode.
CPOL Clock Polarity. When CPOL = 1, SCK is high when idle. When CPOL = 0, SCK of the master device is low when not
transmitting. Please refer to figure on SPI Clock Phase and Polarity Control.
CPHA Clock Phase. The CPHA bit together with the CPOL bit controls the clock and data relationship between master and
slave. Please refer to figure on SPI Clock Phase and Polarity Control.
SPRO SPI Clock Rate Select. These two bits control the SCK rate of the device configured as master. SPR1 and SPRO have
SPR1 no effect on the slave. The relationship between SCK and the oscillator frequency, Fgc, is as follows:
SPR1SPR0O SCK = Fys divided by
0 0 4
0 1 16
1 0 64
1 1 128

Table 5. SPSR — SPI Status Register

SPSR Address = AAH

Reset Value = 00XX XXXXB

SPIF woR &, .- - - - = -
[ |
Bit 7 6 | 65 4 3 2 | 1 L0
Symbol Function
SPIF SPI Interrupt Flag. When a serial transfer is complete, the SPIF bit is set and an interrupt is generated if SPIE = 1 and
ES = 1. The SPIF bit is cleared by reading the SPI status register with SPIF and WCOL bits set, and then accessing
the SPI data register.
WCOL Write Collision Flag. The WCOL bit is set if the SPI data register is written during a data transfer. During data transfer,
the result of reading the SPDR register may be incorrect, and writing to it has no effect. The WCOL bit (and the SPIF
bit) are cleared by reading the SPI status register with SPIF and WCOL set, and then accessing the SPI data register.

Table 6. SPDR — SPI Data Register

SPDR Address = 86H

Reset Value = unchanged

Bit

SPD7

SPD6

SPD5

SPD4

SPD3

SPD2

SPD1

SPDO

7

1

.0




Data Memory — EEPROM and RAM

The AT89S8252 implements 2K bytes of on-chip EEPROM
for data storage and 256 bytes of RAM. The upper 128
bytes of RAM occupy a parallel space to the Special Func-
tion Registers. That means the upper 128 bytes have the
same addresses as the SFR space but are physically sepa-
rate from SFR space.

When an instruction accesses an internal 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 that use direct
addressing access SFR space.

For example, the following direct addressing instruction
accesses the SFR at location 0AQH (which is P2).

MOV OACH, #data
Instructions that use indirect addressing access the upper
128 bytes of RAM. For example, the following indirect
addressing instruction, where RO contains 0AOH, accesses
the data byte at address OAOH, rather than P2 (whose
address is 0AOH).

MOV @RO, #data
Note that stack operations are examples of indirect
addressing, so the upper 128 bytes of data RAM are avail-
able as stack space.

The on-chip EEPROM data memory is selected by setting
the EEMEN bit in the WMCON register at SFR address
location 96H. The EEPROM address range is from 000H to
7FFH. The MOVX instructions are used to access the
EEPROM. To access off-chip data mernory with the MOVX
instructions, the EEMEN bit needs to be set to “0”.

The EEMWE bit in the WMCON register needs to be set to
“1” before any byte location in the EEPROM can be written.
User software should reset EEMWE bit to “0” if no further
EEPROM write is required. EEPROM write cycles in the
serial programming mode are self-timed and typically take
2.5 ms. The progress of EEPROM write can be monitored
by reading the RDY/BSY bit (read-only) in SFR WMCON.
RDY/BSY = 0 means programming is still in progress and
RDY/BSY = 1 means EEPROM write cycle is completed
and another write cycle can be initiated.

In addition, during EEPROM programming, an attempted
read from the EEPROM will fetch the byte being written
with the MSB complemented. Once the write cycle is com-
pleted, true data are valid at all bit locations.

Programmable Watchdog Timer

The programmable Watchdog Timer (WDT) operates from
an independent oscillator. The prescaler bits, PS0, PS1
and PS2 in SFR WMCON are used to set the period of the
Watchdog Timer from 16 ms to 2048 ms. The available
timer periods are shown in the following table and the

actual timer periods (at Vo = 5V) are within £30% of the
nominal.

The WDT is disabled by Power-on Reset and during
Power-down. It is enabled by setting the WDTEN bit in SFR
WMCON (address = 96H). The WDT is reset by setting the
WDTRST bit in WMCON. When the WDT times out without
being reset or disabled, an internal RST pulse is generated
to reset the CPU.

Table 7. Watchdog Timer Period Selection

WDT Prescaler Bits |
PS2 | PS1 i PSO | Period (nominal)
0 0 0 16 ms
0 0 } 1 | 32ms
0o | | o 64 ms
O~ L 1N\ 1 128 ms
1 o N\\© 256 ms
S P~Ddo [ \\ 512 ms
1 Tee~, | R\ | 1024 ms
1 1 | 1 2048 ms

Timer 0 and 1

Timer 0 and Timer 1 in the AT89S8252 operate the same
way as Timer 0 and Timer 1 in the AT89C51, AT89C52 and
AT89C55. For further information, see the October 1995
Microcontroller Data Book, page 2-45, section titled,
“Timer/Counters.”

Timer 2

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 8.

Timer 2 consists of two 8-bit registers, TH2 and TL2. In the
Timer function, the TL2 register is incremented every
machine cycle. Since a machine cycle consists of 12 oscil-
lator periods, the count rate is 1/12 of the oscillator
frequency.

In the Counter function, the register is incremented in
response to a 1-to-0 transition at its corresponding external
input pin, T2. In this function, the external 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
register during S3P1 of the cycle following the one in which
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the transition was detected. Since two machine cycles (24
oscillator periods) are required to recognize a 1-t0-0 transi-
tion, 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 full machine cycle.

Table 8. Timer 2 Operating Modes

Capture Mode

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 I-
to-0 transition at external input T2EX also causes the cur-
rent value in TH2 and TL2 to be captured into RCAP2H and

! 1 —
| RCLK+TCLK | CP/RL2 l TR2 l MODE RCAP2L, respectively. In addition, the transition at T2EX
| 0 ‘ 0 | 1 ‘ 16-bit Auto-reload causes bit EXF2 in T2CON to be set. The EXF2 blt, like
\L_‘,, - - TF2, can generate an interrupt. The capture mode is illus-
i 0 ! 1 | #6-bi Capiure trated in Figure 1.
1 1 X 1 | Baud Rate Generator
é X X | 0 | (off
Figure 1. Timer 2 in Capture Mode
0sC »> =12 o
CMm2 =0
40// o—t—— e T2 | TR
i e\ OVERFLOW
- T { TR2
T2 PIN CAPTURE
RCAP2H| RCAP2L
TRANSITION
TIMER 2
DETECTOR INTERRUPT
TEX PN [ — X __ T o » EXF2
| conTROL

EXEN2
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Auto-reload (Up or Down Counter)

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 T2MOD (see Table 9). 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.

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 RCAP2L. The values in
RCAP2H and RCAP2L are preset by software. If EXEN2 =
1, a 16 bit reload can be triggered either by an overflow or

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

by a 1-to-0 transition at external input T2EX. This transition
also sets the EXF2 bit. Both the TF2 and EXF2 bits can
generate an interrupt if enabled.

Setting the DCEN bit enables Timer 2 to count up or down,
as shown in Figure 3. 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 also causes the 16 bit value in
RCAP2H and RCAP2L to be reloaded into the timer regis-
ters, TH2 and TL2, respectively.

A logic 0 at T2EX makes Timer 2 count down. The timer
underflows when TH2 and TL2 equal the values stored 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.

0OSC »> +12 L
oo TH2 TL2
[ conTROL QegrdY
T e TR2
D Grg = RELOAD Y
T2 PIN TIMER 2
INTERRUPT
l RCAP2H | RCAP2L
< > TF2
TRANSITION
DETECTOR
T2EX PIN [:]———J o o J Exee
A\ Vil
| conTROL
EXEN2
Table 9. T2MOD - Timer 2 Mode Control Register
T2MOD Address = 0C9H Reset Value = XXXX XX00B
Not Bit Addressable
| - - - - - - | T20E DCEN
Bit | 7 6 5 4 3 2 | 1 | o0
Symbol Function
- Not implemented, reserved for future use.
T20E Timer 2 Qutput Enable bit.
DCEN When set, this bit allows Timer 2 to be configured as an up/down counter.
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Figure 3. Timer 2 Auto Reload Mode (DCEN = 1)

(DOWN COUNTING RELOAD VALUE) TOGGLE
|
OFFH 1 OFFH ‘ _ i I
: ‘ oA
N AN

0sGC | =12 +——

]
. / OVERFLOW )
/XL ‘
'\-Y‘,\ 7 - i A\
T~ > O ﬂ!iTHz TL2 ‘» >—e e TF2

| CONTROL §
|

-
=
nN

|
o

4 . TR2 /\4 Z y,,,,,, _,,4,_} v
[}— _ e =l B TIMER 2
B INTERRUPT
T2 PIN t >
RCAP2H | RCAP2L s
COUNT
(UP COUNTING RELOAD VALUE) ' ?ITJ,E:C“ON
0=DOWN
T2EX PIN

Figure 4. Timer 2 in Baud Rate Generator Mode
TIMER 1 OVERFLOW
|

—— NOTE: OSC. FREQ. IS DIVIDED BY 2, NOT 12 ‘»4-——5\

osc | =2 \
Y<:fr2 £
\\Q——JJ//Q———{ TH2 | TL2

N
5 ) O Rx
| CONTROL | ; o] cocK
s TR2 5 o + >
crm2 =1 . \
e T
T2 PIN s e
RCAP2H | RCAP2L \?TCLK Tx
TRANSITION [ [ e |erock
DETECTOR
. TIMER
ToEX PIN[J——> 4 O/W EXF2 |~ INTERRUPT
| CONTROL
EXEN2
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Baud Rate Generator

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 Fig-
ure 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 RCAP2L, 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 equation.

Timer 2 Overflow Rate
16

Modes 1 and 3 Baud Rates =

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 2when itis 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 fre-
quency). The baud rate formula is given below.

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

where (RCAP2H, 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 T2CON. Note
that a rollover in TH2 does not set TF2 and will not gener-
ate an interrupt. Note too, that if EXEN2 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, TH2 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.

Programmable Clock Out

A 50% duty cycle clock can be programmed to come out on
P1.0, as shown in Figure 5. This pin, besides being a regu-
lar 1/0 pin, has two alternate functions. It can be
programmed to input the external clock for Timer/Counter 2
or to output a 50% duty cycle clock ranging from 61 Hz to 4
MHz at 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 fre-
quency and the reload value of Timer 2 capture registers
(RCAP2H, RCAP2L), as shown in the following equation.

Oscillator Frequency
4 x 65536 — (RCAP2H,RCAP2L)]

Clock Out Frequency =

In the clock-out mode, Timer 2 rollovers 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 simulta-
neously. Note, however, that the baud-rate and clock-out
frequencies cannot be determined independently from one
another since they both use RCAP2H and RCAP2L.

AIMEL 1



Figure 5. Timer 2 in Clock-out Mode

P1.0
(12

P1.1
(T2EX)

__ TRANSITION
Y DETECTOR

Figure 6. SPI Block Diagram
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UART

The UART in the AT89S8252 operates the same way as
the UART in the AT89C51, AT89C52 and AT89C55. For
further information, see the October 1995 Microcontroller
Data Book, page 2-49, section titled, “Serial Interface.”

Serial Peripheral Interface

The serial peripheral interface (SP!) allows high-speed syn-
chronous data transfer between the AT8958252 and
peripheral devices or between several AT89S58252
devices. The AT89S8252 SPI features include the
following:

« Full-Duplex, 3-Wire Synchronous Data Transfer

o Master or Slave Operation

e 1.5 MHz Bit Frequency (max.)

e LSB Firstor MSB First Data Transfer
» Four Programmable Bit Rates

e End of Transmission Interrupt Flag

Figure 7. SP| Master-slave Interconnection

e Write Collision Flag Protection
+ Wakeup from Idle Mode (Slave Mode Only)

The interconnection between master and slave CPUs with
SP| is shown in the following figure. The SCK pin is the
clock output in the master mode but is the clock input in the
slave mode. Writing to the SPI data register of the master
CPU starts the SPI clock generator, and the data written
shifts out of the MOSI pin and into the MOSI pin of the
slave CPU. After shifting one byte, the SPI clock generator
stops, setting the end of transmission flag (SPIF). If both
the SPI interrupt enable bit (SPIE) and the serial port inter-
rupt enable bit (ES) are set, an interrupt is requested.

The Slave Select input, SS/P1.4, is set low to select an
individual SP! device as a slave. When SS/P1.4 is set high,
the SPI port is deactivated and the MOSI/P1.5 pin can be
used as an input.

There are four combinations of SCK phase and polarity
with respect to serial data, which are determined by control
bits CPHA and CPOL. The SPI data transfer formats are
shown in Figure 8 and Figure 9.

MSB MASTER LSB o MISO MSB SLAVE LSB
FE BIT SHIFT REGISTER F l 8-BIT SHIFT REGISTER Fﬁ
‘ Ny ! :MOSI MOSI% 3 *
SPI {SCK  SCK:
CLOCK GENERATOR| (s B
Voo
Figure 8. SPI transfer Format with CPHA =0
(FOR REFERENCE) \ ‘ | } ; | | e
SCK (CPOL=0) _/4\#/1—\ e O /\_\ e\
| l . Lo
SCK (CPOL=1) _\L Sl A 1J\l N\ s i
| | N
MOSI msB < 6 3 1 < LsB ~ -
IFROHMASIER) I l | 1 l i L
MISO  MsB 6 X IS8 < x4
(FROM SLAVE) 1‘ T ‘ . .i . l 'i i \[
SS(TOSLAVE) ‘ h ‘ l l ‘ 1 I 1 1 | ] ] | /.
| | | | |

*Not defined but normally MSB of character just received

AIMEL
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Figure 9. SPI Transfer Format with CPHA =1

SCK CYCLE #
(FOR REFERENCE)

SCK (CPOL=0)
sck(cPoL=1) |

MOSI :
(FROM MASTER) T T

MISO

iz 8]

(FROMSLAVE) ~ "~ | T |

ssostave) | |

*Not defined but normally LSB of previously transmitted character

Interrupts

The AT89S8252 has a total of six interrupt vectors: two
external interrupts (INTO and INT1), three timer interrupts
(Timers 0, 1, and 2), and the serial port interrupt. These
interrupts are all shown in Figure 10.

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

Note that Table 10 shows that bit position |IE.6 is unimple-
mented. In the AT89C31. bit position IE.5 is also
unimplemented. User sottware should not write 1s to these
bit positions, since they 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 vectored
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.

16

Table 10. Interrupt Enable (IE) Register

(MSB)(LSB)
EA !—— lETZ!ES EET1 iEX1 ]ETO

EX

Enable Bit = 1 enables the interrupt.

Enable Bit = 0 disables the interrupt.

Symbol Position | Function
Disables all interrupts. If EA = 0, no interrupt
EA E7 is acknowledged. If EA = 1, each interrupt
’ source is individually enabled or disabled by
setting or clearing its enable bit.
y IE.6 Reserved.
ET2 =" Timer 2 interrupt enable bit.
ES IE.4 SPI and UART interrupt enable bit.
ET1 IE.3 Timer 1 interrupt enable bit.
EX1 IE.2 | External interrupt 1 enable bit.
ETO IE.1 Timer 0 interrupt enable bit.
EXO0 IE.O External interrupt O enable bit.

User software should never write 1s to unimplemented bits, because
they may be used in future AT89 products.
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Figure 10. Interrupt Sources Figure 11. Oscillator Connections
. ._,D;,guf c2
04 ‘ — == KTAL2
INTO —-r N L-fn IEO |—» i i
| ‘ | Mangul
. a —J | Lot
| C1 \‘
o )}———e—— XTAL1
TFO ————— > !

-
oy |
INTY — 1A > IE1 > ——1 GND
| |
‘ |
: 5. |
Fet e Note:  Note: C1, C2= 30 pF + 10 pF for Crystals
S = 40 pF + 10 pF for Ceramic Resonators
T
Rl AR >
T N

Figure 12. External Clock Drive Configuration
TF2
oz I Fr——5}

NC —— | XTAL2

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,

of an inverting amplifier that can be configured for use as EXTERNAL
an on-chip oscillator, as shown in Figure 11. Either a quartz OSCILLATOR ——— XTAl
crystal or ceramic resonator may be used. To drive the SIGNAL
device from an external clock source, XTAL2 should be left

unconnected while XTAL1 is driven, as shown in Figure 12. GND
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 maxi-
mum voltage high and low time specifications must be
observed.

|
I
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Figure 13. Programming the Flash/EEPROM Memory

A0 - A7
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Figure 14. Verifying the Flash/EEPROM Memory

+5V
AT8958252 j)
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Figure 15. Flash/EEPROM Serial Downloading

+4.0V to 6.0V
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Flash Programming and Verification Characteristics — Parallel Mode
T, = 0°Cto 70°C, Vg = 5.0V + 10%

| Symbol | Parameter . Min | Max | Units
| Vep | Programming Enable Voltage 15 | 125 | Vv
glpp Programming Enable Current 1.0 mA
1/VI;L;L ] Oscillator Frequency - ‘ 3 24 | MHz
3' t;\\;(;L Address Setup to PROG Low » - 4BtooL |
tam | Address Hold after PROG | 48t |
tye | DataSetupto PROG Low A - 48t |
| Frin Data Hold after PROG - - 48tc oL ‘
| fepey P2.7 (ENABLE) High to Vpp | dfftopr
‘i tariaL Vep Setup to PROG Low .10 us
| taiaH PROG Width | 1 110 us
oy Address to Data Valid | 4800
teLav ENABLE Low to Data Valid : 4810 o0
' tenaz Data Float after ENABLE : 0 48tc oL
- PROG High to BUSY Low 1.0 us
twe Byte Write Cycle Time Ay | § 2.0 ms
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Absolute Maximum Ratings*

i Operating TEMPerature .............oooveveereureenns -55°C to +125°C *NOTICE:  Stresses beyond those listed under “Absolute

@ Maximum Ratings” may cause permanent dam-
Storage TemMPeratiure ... vusssressmesissvassanssans -65°C to +150°C age tothe device. This is a stress rating only and
| functional operation of the device at these or any
i Voltage on Any Pin other conditions beyond those indicated in the

1‘ with Respectto Ground ..., -1.0V to +7.0V operational sections of this specification is not

| implied. Exposure to absolute maximum rating

| Maximum Operating VORAge ........cccoonvimiiini 6.6V conditions for extended periods may affect device
| reliability.

| DC Output CUITBNL. i:ucsmvammssmmsisimsssssmosaminn caverssetas 15.0 mA

DC Characteristics
The values shown in this table are valid for T, = -40°C to 85°C and V¢ = 5.0V + 20%, uniless otherwise noted.

Symbol | Parameter Condition J Min Max Units
Vi Input Low-voltage | (Except EA) -0.5 0.2 Ve - 0.1
Vi, | InputLow-voltage (EA) i 05 02Vee-03 | V
Vi Input Hith-voltage \ (Except XTAL1, RST) 0.2V +0.9 Vee +0.5 \%
Viui Input Hifh-voltage (XTAL1, RST) 0.7 Ve Vee +0.5 \%
Output Low-voltage (" 7 \ i
VoL (Ports 1,2,3) [l =1.6 MA 0.5 Y
Output Low-voltage ") ) N
Vous (Port 0, ALE, PSEN) 5857 S A 03 ¥
. lon=-60 uA, Vee =5V £ 10% 2.4 v
Qutput Hith-voltage . h %
Vou (Ports 1,2,3, ALE, PSEN) Pl SORER UyiS)Moo L ¥
loy =-10 pA 0.9 Ve \Y
| lon=-800 pA, Voo =5V £10% 24 \Y
Output Hifh-voltage I NY
Vont (Port 0 in External Bus Mode) lon = -300 pA 0.75 Veo L
loy = -80 LA 0.9 Ve \Y
I Logical 0 Input Current (Ports 1,2,3) Vin = 0.45V -50 LA
I Logical 1to 0 Transition Current (Ports 1,2,3) | V,y =2V, Ve =5V £ 10% -650 UA
Input Leakage Current
i (P%rt 0. ﬁ)g 0.45 < Vy < Vg +10 uA
RRST Reset Pull-down Resistor | I 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF
Active Mode, 12 MHz 25 mA
Power Supply Current
; Idle Mode, 12 MHz 6.5 mA
c6
Vee =6V 100 uA
Power-down Mode @ &
| Vec =3V | 1 40 | uA
Notes: 1. Under steady state (non-transient) conditions, Iy, Maximum total I, for all output pins: 71 mA
must be externally limited as follows: If 1o, exceeds the test condition, Vo may exceed the
Maximum I, per port pin: 10 mA related specification. Pins are not guaranteed to sink
Maximum l,_per 8-bit port: current greater than the listed test conditions.
Port 0: 26 mA 2. Minimum V. for Power-down is 2V-

Ports 1, 2, 3: 15 mA



Packaging Information

AT8958252

44A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad
Flatpack (TQFP)

Dimensions in Millimeters and (Inches)*

JEDEC STANDARD MS-026 ACB

12:21(0.478) ¢

PNIID— | 11.75(04%8)

0.45(0.018)

0.80(0.031) BSC — [ 0.30(0.012)

| ) ©10.10(0.394)
! I | 9.90(0:386)
| |
|

sQ

1 — 1.20(0.047) MAX
1

020108 7 {LWTWW
0.09(003) L_w/L7_ﬁ 11 O

J
[

i

|| 075(0030) 0.15(0.006) | '
~— = 5.45(0018) 0.05(0.002)

444, 44-lead, Plastic J-leaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters)
JEDEC STANDARD MS-018 AC

.045(1.14) X 45°  PINNO. 1 -045(1.14) X 3‘01 45°  012(.308)
' /IDENTIFY [ 3
| P oS =T —r .008(-203)
/ (A Al ———
ig b = b
i' | t‘SSG(E‘Z)SQ: ‘ f;.__i:“‘, .630(16.0)
—q 0.650(16.5) ‘ ;jb 1 .590(15.0)
032(813) 1 = T . T -021(.533)
026(860) 4 © b | 895077 | (= 7013(330)
14 0| .685(17.4) ==
TD; ] Y [ S
.050(1.27) TYp —orwroe trooco=—— E‘f—l (. 043(1 09)
—~1 s00(127)REFSQ | 7| [ 1020(508)
| 1 .120(3.05)
| 7090(2.29)
| .180(4.57)
165(4.19)

_.022(.559) X 45° MAX (3X)

Controlling dimension: millimeters

| 40P6, 40-lead, 0.600" Wide, Plastic Dual Inline
| Package (PDIP)
E Dimensions in Inches and (Millimeters)

2.07(52.6)
2.04(51.8) PN

a0,\OO0nNOnams ﬂf_l

f

566(14.4)
1530(13.5)

A.L
}—— .090(2.29)

1.900(48.26) HEF

20052 59) 005(.127)
MIN
w2 T Tt
I:’LAN:E 61(4.09) ot g
015(:381
H1258: 15’ 022(.55(9) s
-085(1.65) 014(.356)
110(2. 79) 041(1.04)
1090(2.29) I
[".590(1 5.0)
O REF
.012(.305) 15
1008(.203) es0i1z5)
B10(15.5)

44Q, 44-lead, Plastic Quad Flat Package (PQFP)
Dimensions in Millimeters and (Inches)*
JEDEC STANDARD MS-022 AB

13.45 (0.525) 5Q-el
12.95 (0.506)

N1ID—
Pl D N

//

0.50 (0.020
r 0.35 (0.014)

|

T ¢

10.10 (0.394)
9.90 (0.386) sa

= 2.45 (0.096) MAX

0

0.17 (0.007)

0.13 (0.005) _“L /_v J _‘T
\ 4! L 1.03 (0.041) L— 0.25 (0.010) MAX

0.78 (0.030)
Controlling dimension: millimeters

AMEL
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DM74LS151
Data Selector/Multiplexer

General Description

This data selector/multiplexer contains full on-chio decoding
to select the desired data source. The 'LS151 selects
one-of-eight data sources. The 'LS151 has a strobe input
which must be at a low logic level to enable these devices. A
high level at the strobe forces the W output high, and the Y
output low.

The 'LS151 features complementary W and Y outputs.

Parforms parallel-to-seria: conversion

Permits multiplexing from N lines to one line

Also for use as Boolean function generator

Typical average propagation delay time data input to W
output 12.5 ns

Typical power dissipation 30 mW

Features

= Select one-of-sight data lines

Connection Diagram

Dual-In-Line Package

DATA INPUTS DATA SELECT
vee Da D5 D6 D7 A B o
llC 15 14 1804 12 11 10 9
—
1 2 3 4 3 I 6 I 7 'e
03 D2 D1 DO Y W STROBE GND
DATA INPUTS ouTPUTS

DS006332-1
Order Number 54LS151DMQB, 54LS151FMQB, 54LS151LMQB,

DM54LS151J, DM54LS151W, DM74LS151M or DM74LS151N
See Package Number E20A, J16A, M16A, N16E or W16A

@© 1998 Fairchild Semicenductor Corperation DS006392 www fairchildsemi.com

Jaxajdnny/10303]8g eled LSISTYLING



Truth Table

Inputs Outputs

Select Strobe Y w
c B A s
X X X H I H
L L L L DO DO
L L H L D1 D1
L H L L D2 D2
L H H L D3 D3
H L I L D4 D4
H L H L D5 D5
H H L L D6 D6
H H H L D7 o7 |

H = High Level, L = Low Level, X = Don't Care
DO, D1...D7 = the level of the respective D input

www fairchildsemi.com




Absolute Maximum Ratings (Note 1)

Supply Voltage

Input Voltage

Operating Free Air Temperature Range

A

Recommended Operating Conditions

DM54LS and 54LS
DM74LS
Storage Temperature Range

-55°C to +125°C
0°C to +70°C
-65C to +150°C

Symbol Parameter DM54LS151 DM74LS151 Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \
Vin High Level Input Voltage 2 2 \%
Vie Low Level Input Voltage 0.7 0.8 \%
lon High Level Output Current -0.4 -0.4 mA
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature -55 125 0 70 C

Note 1: The “Absolute Maximum Ratings” are those values beyond which the safety
limits. The parametric values defined in the “Electrical Charactenstics” table are not guarantee

Conditions” table will define the conditions for actual device operation

Electrical Characteristics

over recommended operating free air temperature range (unless otherwise noted)

of the device cannot be guaranteed. The device should not be operated at these

J at the absolute maximum ratings. The “Recommended Operating

Symbol Parameter Conditions Min Typ Max Units
(Note 2)
A Input Clamp Voltage Vee = Min, || = =18 mA ~{lsd Vv
Vou High Level Output Vee = Min, loy = Max DM54 2.5 3.4 \%
Voltage VL = Max, V;y = Min DM74 478 3.4
Vou Low Level Output Vee = Min, g = Max DM54 0.25 0.4
Voltage VL = Max, Viy = Min DM74 0.35 0.5 Vv
lor =4 mA, Ve = Min DM74 0.25 0.4
I Input Current @ Max Vee = Max, V= 7V 0.1 mA
Input Voltage
i High Level Input Current Vee = Max, V, = 2.7V 20 HA
I Low Level Input Current Vee = Max, V| = 0.4V -0.4 mA
los Short Circuit Vee = Max DM54 =20 -100 mA
Qutput Current {Note 3) DM74 -20 -100
lee Supply Current Ve = Max (Note 4) 6 10 mA
Note 2: Al typicals are at Voo = 5V. Tp = 25°C
Note 3: Not more than one output should be shorted at a time, and the duration should not exceed one second
Note 4: Igc is measured with all outputs open, strobe and data select inputs at 4.5V, and all other inputs open
Switching Characteristics
atVee =5V and T, = 25°C
From (Input) R = 2kQ
Symbol Parameter To (output) C_=15pF C_ = 50 pF Units
Min Max Min Max
toLn Propagation Delay Time Select 43 46 ns
Low to High Level Output (4 Levels) to Y
tenL Propagation Delay Time Select 30 36 ns
High to Low Level Output (4 Levels) to Y
teLn Propagation Delay Time Select 23 25 ns
Low to High Leve! Output (3 Levels) to W

www fairchildsemi.com




Switching Characteristics continved)
at Voo =5V and Tp= 25C

From (Input) R.=2kQ
Symbol Parameter To (output) C, =15 pF C, = 50 pF Units
Min Max Min Max

teHL Propagation Delay Time Select 32 40 ns
High to Low Level Output (3 Levels) to W

teLH Propagation Delay Time Strobe 42 44 ns
Low to High Level Output toY

toHL Propagation Delay Time Strobe 32 40 ns
High tc Low Level Output toY

teLm Propagation Delay Time Strobe 24 27 ns
Low to High Level Output tow

tenL Propagation Delay Time Strobe 30 36 ns
High to Low Level Output to W

teLH Propagation Delay Time DO thru D7 32 35 ns
Low to High Level Output toY

toHL Propagation Delay Time DO thru D7 26 33 ns
High to Low Level Output toY

toLH Propagation Delay Time DO thru D7 21 25 ns
Low to High Level Output to W

tomL Propagation Delay Time DO thru D7 20 27 ns
High to Low Level Output to W

www fairchildsemi.com 4




Locic Diagram

strose (7)
(ENABLE)
(@

Do

LS151

D1

(2)

D2

(1)

03

DATA
INPUTS

(15)
D4

(14)
D5

(13

(12)

b7

AABBCEC
S e,

See Address Buffers to the Right

Address Buffers for 54LS151/74LS151
AaBBCC

at
A
DATA (10)
SELECT { B
(BINARY)
(E]
c

OUTPUT Y

OUTPUT W

DS0063%2:2

www fairchildsemi.com



PhYSlcal Dimensions inches (millimeters) unless otherwise not d
0.200 £0.005
(5.080£0 127)
e agey 001520010
¥ / (0.381 70 254)
0.35040.008 0.015 o~
YT e e ” . 0.007 -0.011
{6.890 20 203) gl g 008320075 038 — l\\\ B
o {1.600—1.97% MIN TYP y / ;
X oo RIYP
¢ 0.022-0.026
T (0.553 -0 711)
0.077-0093 % e
(1.959-2.362)
L v 0.045-0055 & | X
e Vi W — g
A i e PEUITEY N Y BV P Y
/y/ (1702-2.108) L te 1367
Top View Side View ) L TYP
y;,yx 0.04040.010
{1.0160.25¢)
3PLCS
Bottom View
0.015
om
minTYP Y2y - A% O
0g22 A "y
(0.559)——> |<—— 0,006
MAX TYP ——(0.152)
MINTYP
iy
Gam
Detail A
Ceramic Leadless Chip Carrier Package (E)
Order Number 54LS151LMQB
Package Number E20A
0.785 ..
[19.94] VAX
16 Q
P oo S g Wy 3
i
0.220-0.310
[5.58-7.87]
Y
0.025 PRIV VAR RS
g 0.025 d
[0.64] ! & \
g 0.005-0.C201yp
" 0:43-0.54]
oYL omas o
ooos TN R [0.94£83] 1% 0 3%0=0.320
.005 I, ==
to.43 0.055 [7.37-8.13]
[0.13] M+ | [Fe0 GLASS SEALANT
e i
0.020-0.060 1yp
9.200 . [0.51-1.52] 0.180 yax
[5.08) H | [#.Ba] 7"
vAX TYP L Wt 3
: 0.150 wiN TY
! | I H | r3 g TN T
L il '
0.123-0.200 ] T &
Tre — 90° 4 4° 950150
[3.18-5.08] ‘ | ~Tve ! e
0.080 ol
:vi{%ﬂns ‘ I 0.018£0.003 | 0310-0.410 |
e ~— [o.46£c.08] 117 (7.87-10.41] es (R U
100£0.010 ~yp
2.54 £ 0.25]
Ceramic Dual-In-Line Package (J)
Order Number 54LS151DMQB or DM54LS151J
Package Number J16A

www.fairchildsemi.com



DM74L.8151 Data Selector/Multiplexer

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.050-0.080 . 0.371-0.390
-z nsz)"‘ - {9.423-9.506)
0.00¢—0.005 | 0.007 -0.018 | 00500005
Wi " T‘* 0.176-0.857) Ean B‘* (zm Lo
e }—,— ~—0.000 MIN TY?
P 0.250-0.370
(6.350—9.398)
L 1
O Y 1
[} 151413121110 [} -
i
(':_ggim 0.245-0.275
MAX GLASS r (6.223 -6.985) 1
Y :2 3 4 g Lok * 0.008-0.012
1 ! pEALA > L7 4 =" {0203 0.305)
| §4
PINNOD. 1 0.250-0.370
02500970 DETAIL A
‘ IDENT || 16.350-9.3%)
| WL
'
0.026-0.0¢6 e : 0.015-0.019
e 10.381-0.482)
TYp CEA LY

16-Lead Ceramic Flat Package (W)
Order Number 54LS151FMQB or DM54LS151W
Package Number W16A

LIFE SUPPORT POLICY

EAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DE-
VICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMI-
CONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or sys- 2. A critical component in any component of a life support

tems which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, and (c) whose
failure to perform when properly used in accordance

device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

National Semiconductor
Japan Ltd.

Tel: 81-3-56206175
Fax: 81-3-5620-6179

Fairchild Semiconductor
Hong Kong Ltd.

13th Floor, Straight Block,
Ocean Centre, 5 Canton Rd
Tsimshatsui, Kowloon
Hong Keng

Tel: +852 2737-7200

Fax: +852 2314-0061

Fairchild Semiconductor Fairchild Semiconductor

Corporation Europe

Americas Fax: +49 (0) 1 80-530 85 86

Customer Response Center Email: europe.supper@nsc.com

Tel: 1-888-522-5372 Deutsch Tel: +49 (0) 8 141-35-0
English Tel: +44 (0} 1 793-85-68-56
haly Tel: +39 (0) 2 57 5631

www fairchildsemi.com

Fairchild does not assume any responsibilty for use of any creuitry described, no circult patert licenses are impliec and Fairchid reserves the right at any time without nolice to change saig drculry and spacifications.



Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

 0385-03m
[* 9.809-10.00) >
+15 5 14 13 12 11 10 8
v BARRAAAS
0.228- 0.244 -
(5791 -6.15¢) TYe
il FRERTE

>s
Bt b

16-Lead Molded Dual-In-Line Package (N)
Order Number DM74LS151N
Package Number N16E

ju}
v _FOOTUU0Y
LEAD NO.1 /A 2 3 4 5 6 7 8
I0ENT 0.010 pax
{0.254)
ﬁ 150 —0.157
{3.810—3.988)
0.010-0020 .. 0.053 ZTh0G9
10254 -0.508) {1.346—1.753) 0004 0018
B® MAX TYP (0.102 - 0.254)
l ALL LEADS T Bl
_Y__. J%Qm f = SEATING
T A‘ * ? PLANE
nms 0.010 L1, 0.050 0.016-0.020 1.
{0.205—0.259) % 0:355), i {8.356-0.508) 4
TYP ALL LEADS 0.004 o g L'EA,JS’ g 0.008
(0.102) a2y W ey 4
ALL LEAD TIPS
16-Lead Small Outline Molded Package (M}
Order Number DM74LS151M
Package Number M16A
X 0.740 - 0.780 o
18.80 - 19.81 |
r { ) = l*(z 286)
e INDEX
AREA
QME
(6.350£0.254)
PIN NO. 1 PIN NO. 1
oent— O 2] (3] (4] (s [ef 2] 8 IDENT
OPTION 01 OPTION 02 0065
0.13040.005
0.130£0.005 0.060 40 TYP 0.300 - 0.320
| (3.302%0.127) 1 |* (1528 TP ,\ o _.l S ooel ) t._
0.145 = 0.200 f i
(3.683-5.080) { d f
T 1 ¥ /
/ 95°15° 0.008-0.016
G Y
0.020 WN_‘ pogted {0:203-0.406)
©508) 0.280
0.125-0.150 1-— 0.030£0.015 (7.112)
(3.175- 3.810) ! {0.762£0.331) MIN
0.014-0.023 0.100£0.010 +0.040
{0.356-0.584) ‘ 0.050£0.010 (2540£0.254) 325515 N{6E (REV F)
TP T T TYP +1.016
{1.270£0.254) (8255 1%18)
TYP

www. fairchildsemi.com



SN54L.S07, SN74LS07, SN74LS17
HEX BUFFERS/DRIVERS WITH
OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS

SDLS021A, D3517, MAY 1990-REVISED AUGUST 1991

SN54LS07 ... J PACKAGE
® -
EonvansTTlValtage Levets to e SN74LS07, SN74LS17 ... D OR N PACKAGE

Levels (TOP VIEW)

© High 3ink-Current Capability
1A V
e |nput Clamping Diodes Simplify System 1v[ ;_ :; % 6/§C
Design 2A] 3 12f] 6Y
® Open-Collector Driver for Indicator Lamps 2Y[} 4 11[] 5A
and Relays 3A[l 5 10[] 5Y
. . 3Y[] 6 9] 4A
e Package Options Include “Small Outline” aND[] 7 8f] 4Y
Packages, Ceramic Chip Carriers, and

Standard and Ceramic 300-mil DIPs
SN54LS07 . .. FK PACKAGE

description (TOP VIEW)

These monolithic hex buffers/drivers feature Oy P
high-voltage open-collector outputs to interface - Z>0
with high-level circuits or for driving high-current 4 l;'“z—“T’Z“T;
loads. They are also characterized for use as 2A [J 4 18] 6Y
buffers for driving TTL inputs. The 'LS07 has a NC []5 17[] NC
rated output voltage of 30 V and the ‘LS17 has a 2Y e 18] A
rated output voltage of 15 V. The maximum sink NC []7 15[] NC
current is 30 mA for the SN54L.S07 and 40 mA for 3A [l 8 14[] 5Y
the SN74LS07 and SN74LS17. Gl T 13

{ el
These circuits are compatible with most TTL e ot Bk
families. Inputs are diode-clamped to minimize O

transmission-line effects, which simplifies design.
Typical power dissipation is 140 mW and average
propagation delay time is 12 ns.

The SN54LS07 is characterized over the full military temperature range of -55°C to 125°C. The SN74LS07 and
SN74LS17 are characterized for operation from 0°C to 70°C.

NC - No internal connection

logic symbolt logic diagram (positive logic)
2
1A 1 > o 2Y ekl L % 1Y
2a 3 4 9y ¥4
4
B ] g ay 1\ Vo AL 2Y
an 2 8 4y a8
sa M| 10 sy O ® sy
6A 13| | 12 gy
9 8
TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 8 > e
|IEC Publication 617-12.

Pi b f . E 10
in numbers shown are for D, J, and N packages 5A 1 5y

6Y

PRODUCTION DATA information is current as of publication date. i

Products cogfom to Specifications per the l(’mms of Toxas o Copyright © 1991, Texas Instruments Incorporated
Instrurments standard warranty. Production processing does not

necessarily include testing of all parameters. TEXAS

POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 1



SN54L.S07, SN74LS07, SN74LS17
HEX BUFFERS/DRIVERS WITH
OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS

schematic (each gate)

Input Output

—e— GND

Resistor values shown are nominal.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T

Supply voltage, Via e - ] .o Tovmmed N2 - TRl - AN e, . e, (.. 37 R R 7V
Input voltage, Vy (see Note 1) % iiauiaaas i b il b st e e 55V
Output voltage, Vg (see Notes 1 and 2): SN54LS07, SN74LSO7 ...t 30V
SN7ALSHIOAANAAN 2. MUV . 0P = .0 F ... 15V

Operating free-air temperature range: SN54LS07 ........ ... ... ... —55°C to 125°C
SNSAPSOTTSNTAESTHTEY 4 ¢ - | LA . . . 0 . 0°C to 70°C

Storage temperatuielrange . .. .ol ey - . e b - oS o bkl L Do LS —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under ‘recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Voltage values are with respect to network ground terminal.

2. This is the maximum voltage that should be applied to any output when it is in the off state.

recommended operating conditions

SN74LS07
SN54LS07 SN74LS17 UNIT
MIN NOM MAX| MIN NOM MAX
Vce Supply voltage 4.5 5 55| 475 5 525 \
ViH High-level input voltage 2 2 \
ViL Low-level input voltage 0.8 0.8 V
'LS07 30 30
VOoH High-level output voltage ‘LS17 15 v
loL Low-level output current 30 40 mA
TA Operating free-air temperature -55 125 0 70 °C

j
Texas '&f
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN54LS07, SN74LS07, SN74LS17
HEX BUFFERS/DRIVERS WITH
OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

SN74LS07
PARAMETER TEST CONDITIONST SNS4LSO0F SN74LS17 UNIT
MIN TYPE MAX| MIN TYPT MAX
ViK Vee =MIN, l|==12mA -15 -1.5 \Y
'LS07, Voy =30V 0.25 0.25
IoH Vge =MIN, ViH=2V - mA
LS17, VoH =15V 0.25 0.25 N
VoL Ve = MIN V)L =08V 0L 210 TG i 04 Vv
' loL = MAXS 0.7 0.
Iy Ve = MAX, V=7V 1 1 mA
liH Ve = MAX, V=24V 20 20 uA
L Vce = MAX, V=04V -0.2 -0.2 mA
lccH Ve = MAX 14 14 mA
lcoL Ve = MAX 45 45 mA
T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
1Al typical values are at Voo = 5V, Ta = 25°C.
§ loL = 30 mA for SN54 series parts and 40 mA for SN74 series parts.
switching characteristics, Vcc =5V, Ta = 25°C (see Note 3)
FROM TO
PARAMETER (INPUT) (OUTPUT) TEST CONDITIONS MIN TYP MAX| UNIT
tPLH 6 10
- A Y R =110 Q, CL=15pF 9 30 ns

NOTE 3: Load circuit and voltage waveforms are shown in Section 1 of TTL Logic Data Book, 1988.

*p

Texas
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



IMPORTANT NOTICE

Texas Instruments and its subsidiaries (Tl) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the |atest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tldeems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by govermnment requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PROLUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS"). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TIPRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tlassumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express orimplied, is granted under any patentright, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party's products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright © 1998, Texas Instruments Incorporated
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 L293D
L293DD

PUSH-PULL FOUR CHANNEL DRIVER WITH DIODES

s 600mA OUTPUT CURRENT CAPABILITY
PER CHANNEL

s 1.2A PEAK OUTPUT CURRENT (non repetk
tive) PER CHANNEL

s ENABLEFACILITY

» OVERTEMPERATURE PROTECTION

s LOGICAL "0" INPUT VOLTAGE UP TO 1.5V
(HIGH NOISE IMMUNITY)

s INTERNAL CLAMP DIODES

DESCRIPTION

The Device is a monolithic integrated high volt-
age, high current four channel driver designed to
accept standard DTL or TTL logic levels and drive
inductive loads (such as relays solenoides, DC
and stepping motors) and switching power tran-
sistors.

To simplify use as two bridges each pair of chan-
nels is equipped with an enable input. A separate
supply input is provided for the logic, allowing op-
eration at a lower voltage and internal clamp di-
odes are included.

This device is suitable for use in switching appli-
cations at frequencies up to 5 kHz.

BLOCKDIAGRAM

SO(12+4+4)

Powerdip (12+2+2)
ORDERING NUMBERS:

L293DD L293D

The L293D is assembled in a 16 lead plastic
packaage which has 4 center pins connected to-
gether and used for heatsinking

The L293DD is assembled in a 20 lead surface
mount which has 8 center pins connected to-
gether and used for heatsinking.

Us OUT1 OUT3

) '

Nn92L 293D1-81

4.5.6.7
14.15.16 .17
OUT2 OUT4 J

June 1996

17




L293D - L293DD

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vs Supply Voltage 36 Vv
Vss Logic Supply Voltage 36 \
Vi Input Voltage 7 )
Ven Enable Voltage 7 \
ls Peak Output Current (100 us non repetitive) 1.2 A
Piot Total Power Dissipation at Tpins = 90 °C 4 W
Tstg: Tj Storage and Junction Temperature —401to0 150 °C
PIN CONNECTIONS (Top view)
aaN
ENABLE {1 )] Vss
ENABLE 1 T 1 Y, 2 [DOV
ss INPUT? 2 15]] INPUT &
INPUT 1 2 19 13 INPUT 4
DUTPUT 1 (] 3 18 [IJ OUTPUT 4 outPUTY |13 1] OUTPUT 4
END 4 17 GND
— = GND : il ono
END T3 S5 16 13 GND
6ND (T} 6 i5 [T GND GND 5 12ll ono
GND (T4 7 14 [T GND
OUTPUT 2 T} 8 13 [T OUTPUT 3 ouTPUTZ I8 1] output3
INPUT 2 (T] 8 12 INPUT 3
- INPUT 2 7 10 INPUT 3
us (T} 18 11 ENABLE 2
N92L293D1-82 Vs 8 9f] ENaBLE 2
$.657%
SO(12+4+4) Powerdip(12+2+2)
THERMAL DATA
Symbol Decription DIP SO Unit
Rihi-pins Thermal Resistance Junction-pins max. — 14 °C/W
Rih j-amb Thermal Resistance junction-ambient max. 80 50 (%) °C/W
Rith j-case Thermal Resistance Junction-case max. 14 .
(*) With 6sg. cm on board heatsink.
27 G55 SGS-THOMSON
7’ RICRCELECTRORICS




L293D - L293DD

ELECTRICAL CHARACTERISTICS (for each channel, Vs =24V, Vss=5V, Tamb =25 °C, unless
otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vs Supply Voltage (pin 10) | Vss 36 \
Vss Logic Supply Voltage (pin 20) 4.5 36 \
Is Total Quiescent Supply Current | Vi=L; lo=0; Ven=H 2 6 mA

(pin 10) Vi=H: lo=0; Ven=H 16 24 | mA
Ven =L 4 mA
Iss Total Quiescent Logic Supply Vi=L; lo=0; Ven=H 44 60 mA
Current (pin 20) Vi=H: lo=0: Ven=H 16 22 mA
Ven =L 16 24 mA
ViL %p)ut Low Voltage (pin2, 9, 12, -0.3 15 Y
Vin Input High Voltage (pin2, 9, Vgs< 7V 2.3 Vss Vv
12, 19) Vss > 7V 2.3 7 v
s Low Voltage Input Current (pin ViL=15V -10 HA
2, 9,12,19)
I+ High Voltage Input Current (pin | 2.3V < ViH < Vss - 06V 30 100 A
2,9, 12, 19)
Ven L Enable Low Voltage -0.3 15 \
(pin1, 11)
VenH Enable High Voltage Vss<7V 2.3 Vss Vv
(pin 1, 11) Vgs > 7.V 2.3 7 v
len L Low Voltage Enable Current VenL =15V - 30 -100 A
(pin1, 11)
len H High Voltage Enable Current 23V<Venn<Vss—06V + 10 uA
(pin 1, 11)
Vce(saH Source Output Saturation lo=-—06A 1.4 1.8 \
Voltage (pins 3, 8, 13, 18)
VeE(sat)iL Sink Output Saturation Voltage | lo =+ 0.6 A 1.2 1.8 \
(pins 3, 8, 13, 18)
VE Clamp Diode Forward Voltage lo = 600nA J=8 \
tr Rise Time (*) 0.1t0 0.9 Vo 250 ns
t Fall Time (*) 0.9t0 0.1 Vo 250 ns
ton Turn-on Delay (%) 0.5V,;t0 0.5 Vo 750 ns
toff Turn-off Delay (*) 0.5V;t0 0.5 Vg 200 ns
(*) See fig. 1.
3/7
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L293D - L293DD

TRUTH TABLE (one channel) Figure 1: Switching Times
Input Enable (*) Output
H H H oSV, /_ S 3
L H L v, 7 <
H L z .
L L Z
Z = High outputimpedance 17, I - 0.9Y
(*) Relative to the considered channel v A ______ B \' 0.5Yp
2 FE——— - —— +¥c 0avp
1r Q'
y g
S2371 on tot

Figure 2: Junctionto ambient thermal resistance vs. area on board heatsink (SO12+4+4 package)

Rth- jamb M921293D1-83
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L293D - L293DD

POWERDIP16 PACKAGE MECHANICAL DATA

&7

MICROELECTROEICS

mm inch
DIM.
MIN. TYP. MAX. MIN. . TYP. MAX.
al 0.51 0.020
B 0.85 1.40 0.033 0.055
b 0.50 0.020
b1 0.38 0.50 0.015 0.020
D 20.0 0.787
E 8.80 0.346
e 2.54 0.100
e3 17.78 0.700
F 7.10 0.280
| 5.10 0.201
L 3.30 0.130
74 127 0.050
T | | |
\ N E
i
A
3
o bi
b B l e E
4
i |
O rri1riririnr
[y
% 9
_) "
1 8
\ 4
| I [N AN N N N I AN B O
5/7
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L293D - L293DD

$020 PACKAGE MECHANICAL DATA

DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 2.65 ' ) 0.104
al 0.1 0.2 0.004 0.008
a2 245 0.096
b 0.35 0.49 0.014 0.019
b1 0.23 0.32 0.009 0.013
C 0.5 0.020
cl 45 1.772
D 1 12.6 0.039 0.496
E 10 10.65 0.394 0.419
e 1627 0.050
el 11.43 0.450
1 7.4 0.039 0.291
G 8.8 9415 0.346 0.360
0.5 27 0.020 0.050
0.75 0.030
8° (max.)

—

o]l SR HE
<t 83 > £ >l
. M
nnnnooonofi]
20 11
\1 ° J
To0o0o0oOo
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+5V-Powered, Multichannel RS-232

General Description

The MAX220-MAX249 family of line drivers/receivers is
intended for all EIA/TIA-232E and V.28/V.24 communica-
tions interfaces, particularly applications where £12V is
not available.

These parts are especially useful in battery-powered sys-
tems, since their low-power shutdown mode reduces
power dissipation to less than 5uW. The MAX225,
MAX233, MAX235, and MAX245/MAX246/MAX247 use
no external components and are recommended for appli-
cations where printed circuit board space is critical.

Applications

Portable Computers

Low-Power Modems

Interface Translation
Battery-Powered RS-232 Systems
Multidrop RS-232 Networks

Drivers/Receivers

Features

Superior to Bipolar

¢ Operate from Single +5V Power Supply
(+5V and +12V—MAX231/MAX239)

¢ Low-Power Receive Mode in Shutdown
(MAX223/MAX242) ‘

¢ Meet All EIA/TIA-232E and V.28 Specifications

4 Muitiple Drivers and Receivers

¢ 3-State Driver and Receiver Outputs

4 Open-Line Detection (MAX243)

Ordering Information

[ PART TEMP. RANGE PIN-PACKAGE |
MAX220CPE 0°C to +70°C 16 Plastic DIP
MAX220CSE 0°C to +70°C 16 Narrow SO
MAX220CWE 0°C to +70°C 16 Wide SO
MAX220C/D 0°C to +70°C Dice*

MAX220EPE -40°C to +85°C 16 Plastic DIP

| MAX220ESE -40°C to +85°C 16 Narrow SO
MAX220EWE -40°C to +85°C 16 Wide SO
MAX220EJE -40°C to +85°C 16 CERDIP
MAX220MJE -55°C to +125°C 16 CERDIP

Ordering Information continued at end of data sheet.
*Contact factory for dice specifications.

Selection Table

Power No. of Nominal SHDN Rx

Part Supply RS-232 No. of Cap. Value & Three- Activein Data Rate

Number V) Drivers/Rx _Ext. Caps (pF) State SHDN (kbps)  Features

MAX220 +5 22 4 0.1 Nec — 120 Ulra-low-power, industry-standard pinout

MAX222 +5 2/2 4 0.1 Yes — 200 Low-power shutdewn

MAX223 (MAX213) +5 4/5 4 1.0(C1) Yes v 120 MAX241 and receivers active in shutdown

MAX225 +5 5/5 0 — Yes 4 120 Available in SO

MAX230 (MAX2CC) +5 5/0 4 1.6(C.1) Yes — 120 5 drivers with shutdewn

MAX231 (MAX201) +5 and 2/2 2 1.0(C.1) No — 120 Standard +5/+12V or battery supplies;
+7.51t0+13.2 same functions as MAX232

MAX232 (MAX202) +5 22 4 1.6(C.1) Ne - 120 (64)  Industry standard

MAX232A +5 2/2 4 C1 No — 200 Higher slew rate, small caps

MAX233 (MAX203) +5 2/2 o] = No — 120 No external caps

MAX233A +5 2/2 0 — No . 200 No external caps, high slew rate

MAX234 (MAX204) +5 4/0 4 1.0(C.1) No — 120 Replaces 1488

MAX235 (MAX205) +5 5/5 o] — Yes — 120 No external caps

MAX236 (MAX206) +5 4/3 4 1.0{C.1) Yes - 120 Shutdewn, three state

MAX237 (MAX2C7) +5 5/3 4 1.0(C.1) No — 120 Complements 1BM PC serial pert

MAX238 (MAX208) +5 4/4 4 1.0(C.1) No — 12C Replaces 1488 and 1489

MAX233 (MAX209) +5 and 3/5 2 1.C{C.1) Ne — 120 Standard +5/+12V or battery supplies;
+7.51+13.2 single-package solution for IBM PC serial port

MAX240 +5 5/5 4 1.0 Yes - 120 DIP . flatpack package

MAX241 (MAX211) +5 4/5 4 1.0 (0.1) Yes — 120 Complete IBM PC serial port

MAX242 +5 22 4 C1 Yes v 200 Separate shutdewn and enable

MAX243 +5 2/2 4 [oR No - 200 Open-line detection simplifies cabling

MAX244 +5 8/10 4 1.0 Ne e 120 High slew rate

MAX245 +5 8/10 C — Yes v 120 High slew rate, int. caps, two shutdown modes

MAX246 +5 8/10 o] — Yes [ 120 High slew rate, int. caps, three shutdown modes

MAX247 +5 8/9 0 Yes 4 120 High slew rate, int. caps, nine cperating modes

MAX248 +5 8/8 4 Yes v 120 High slew rate, selective half-chip enables

MAX249 +5 6/10 4 Yes 4 120 Available in quad flatpack package

MAXI Maxim Integrated Products 1

For free samples and the latest literature, visit www.maxim-ic.com or phone 1-800-998-8800.

For small orders, phone 1-800-835-8769.
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+5V-Powered, Multichannel RS-232

20-Pin Plastic DIP (derate 8.00mW/°C above +70°C) ..440mW
16-Pin Narrow SO (derate 8.70mW/°C above +70°C)...696mW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
18-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
20-Pin Wide SO (derate 10.00mW;/°C above +70°C)....800mW
20-Pin SSOP (derate 8.00mW/°C above +70°C) .......... 640mwW
16-Pin CERDIP (derate 10.00mW/°C above +70°C).....800mW
18-Pin CERDIP (derate 10.53mW/°C above +70°C).....842mW
Operating Temperature Ranges

Drivers/Receivers
ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243
Supply Voltage (VCC) «eveverereereerieeeeeceieeienens -0.3V to +6V
Input Voltages
T T — -0.3V to (Ve - 0.3V)
RIN (EXCept MAX220) ... +30V
RITRL LTI 0, €272 6 ) S — .£25V
Tout (Except MAX220) (NOte 1) ..ceveeeveeeeeeeeeeeeee e +15V
TOUT (MAX220) .....uveeuriecreenreisnenieessssesssssesesese s sessenens +13.2V
Output Voltages
TOUT veeeneeeereementsteststst et et e ettt s st s s s sesnse e seeaeanns +15V
ROUT s ssisersisvommmmmmeansareamims -0.3Vto (Vcc + 0.3V)

Driver/Receiver Output Short Circuited to GND......... Continuous
Continuous Power Dissipation (Ta = +70°C)
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)....842mW
18-Pin Plastic DIP (derate 11.11mW/°C above +70°C)....889mW

MAX2_ _AC_ _, MAX2_ _C_ .o 0°C to +70°C
....-40°C to +85°C

MAX2_ _AE__ MAX2_ _E__ ...
MAX2_ _AM_ _,MAX2__M_ _ ..-55°C to +125°C
Storage Temperature Range............. ..-65°C to +160°C
Lead Temperature (soldering, 10S€C) .......cccovvvveeveenenn. +300°C

Note 1: Input voltage measured with Toyr in high-impedance state, SHDN or Vg = OV.
Note 2: For the MAX220, V+ and V- can have a maximum magnitude of 7V, but their absolute difference cannot exceed 13V.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243

(Vee = +8V £10%, C1-C4 = 0.1uF, MAX220, C1 = 0.047uF, C2-C4 = 0.33uF, Ta = TMIN to Tumax, unless otherwise noted.)

i PARAMETER ‘ CONDITIONS ’ MIN TYP MAX l UNITS
| RS-232 TRANSMITTERS
Output Voltage Swing } All transmitter outputs loaded with 3kQ to GND f 5 +8 \
| Input Logic Threshold Low ; J 1.4 0.8 Vv
| Input Logic Threshold High | All devices except MAX220 2 1.4 Y
| MAX220: Vg = 5.0V 2.4
LEgiEPUIMYBRYt Curent élle_xcept MAX220, normal operation | 5 40 A
SHDN = 0V, MAX222/242, shutdown, MAX220 | +0.01 +1
. Output Leakage Current ilcc = 5.5V, SHDN = 0V, VouT = 15V, MAX222/242 | +0.01 +10 "
I Voo = SHDN = 0V, Voyt = £15V +0.01 +10
' DataRate 200 116 kb/s
. Transmitter Output Resistance Vee = V+ = V- =0V, Vout = £2V 300 10M Q
Output Short-Circuit Current VouT = OV [ x7 +22 mA
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range | ‘ +30 v
All except MAX243 R2|y | 08 1.3
RS-232 Input Threshold Low Vee = 5V TMAX243 R2py (Note 2) 3 Y
| ) All except MAX243 R2|y 1.8 2.4
| RS-232 Input Threshold High Vee = 5V : ; \
| | MAX243 R2)n (Note 2) | -0.5 -0.1
RS-232 Input Hysteresis All except MAX243, Ve = 5V, no hysteresis in shdn. : 0.2 0.5 1 "
! MAX243 | 1
| RS-232 Input Resistance 3 5 7 kQ
| TTL/CMOS Output Voltage Low louT = 3.2mA 0.2 0.4 \Y
TTL/CMOS Output Voltage High lout =-1.0mA 35 Vcc-02 Y
‘ TTL/CMQOS Output Short-Circuit Current 222:::19 vour =_ e 2 10 mA
‘ g Vourt = Vce 10 30
2 AW AN AN




+5V-Powered, Multichannel RS-232
Driver_s/Receivers

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)
(Ve = +5V £10%, C1-C4 = 0.1puF, MAX220, C1 = 0.047uF, C2-C4 = 0.33uF, Ta = Tmin to Timax, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
SHDN = V¢ or EN = Vg (SHDN = 0V for MAX222),
TTL/CMOS Output Leakage Current 0V <Vout £ Vce +0.05 +10 UA
EN Input Threshold Low MAX242 1.4 0.8 %
EN Input Threshold High MAX242 20 1.4 v
Operating Supply Voltage 4.5 5.5 \
MAX220 0.5 2
No load
Ve Supply Current (SHDN = Vce), MAX222/232A/233A/242/243 4 10 -
Figures 5,6, 11, 19 3kQ load MAX220 12
both inputs MAX222/232A/233A/242/243 15
Ta = +25°C 0.1 10
Ta =0°C to +70°C 2 50
hutd Supply Current MAX222/242 A
Shiutdewrt Supply Curre = TA = -40°C to +85°C 2 s0 | ¥
TA =-55°C to +125°C 35 100
SHDN Input Leakage Current MAX222/242 +1 HA
SHDN Threshold Low MAX222/242 1.4 0.8 \%
SHDN Threshold High MAX222/242 2.0 1.4 \Y
CL = 50pF to 2500pF,|
RL = 3kQ to 7k, MAX222/232A/233A/242/243 6 12 30
Transition Slew Rate Voo =5V, Ta = +25°C, Vius
measured from +3V | pmax220 15 3 30
to -3V or -3V to +3V
MAX222/232A/233A/242/243 | 1.3 315
Transmitter Propagation Delay {PHLT MAX220 2 10
TLL to RS-232 (normal operation), us
Figure 1 Py MAX222/232A/233A/242/243 | 15 3.5
L MAX220 ! 5 10
MAX222/232A/233A/242/243 | 0.5 1
Receiver Propagation Delay PHLR MAX220 T 06 3
RS-282 to TLL (normal ration), g s
Hgurme \nammal eperation \ MAX222/232A/233A/242/243 06 1 H
| @ MAX220 0.8 3
Receiver Propagation Delay tPHLS MAX242 0.5 10 .
RS-282 to TLL (shutdown), Figure 2 | tp g MAX242 25 0 | M
Receiver-Output Enable Time, Figure 3 | teg MAX242 125 500 ns
Receiver-Output Disable Time, Figure 3 | tpr MAX242 160 500 ns
Transmitter-Output Enable Time i MAX222/242, 0.1uF caps 250 &
i (SHDN goes high), Figure 4 ET (includes charge-pump start-up) H
Transmitter-Output Disable Time
| (SHDN goes low), Figure 4 toT MAX222/242, 0.1uF caps 600 ns
Transmitter + to - Propagation " ; MAX222/232A/233A/242/243 300
Delay Difference (normal operation) PHLT - IPLHT MAX220 2000 ns
Receiver + to - Propagaﬁon t i MAX222/232A/233A/242/243 100
Delay Difference (normal operation) PHLR = [PLHR MAX220 205 A

Note 3: MAX243 R2pyrT is guaranteed to be low when R2jy is = OV or is floating.

MAXIVI
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+5V-Powered, Multichannel RS-232

- -
Drivers/Receivers
SVINPUT g3
TOP VIEW C [k
A ::E 16
¢ ) Vo 1 Ve 2
+E E Y C1£—3_ Cl+ +5VT0 +10V Vi +10v
v 2] [15] 6D “D71C1- VOLTAGE DOUBLER
Cor - 6§ -0V
c-[3 n N ANTO-V
] amman [ Ton C2 5[co. VOLTAGEINVERTER | == cé
c 2] Mmaxeo [ A = T
MAX232 .
(5] wmaxoses |12 At 0%
v-[6] mu w11 Ty |14,
T2ou1 [7 ] [10] T2 TILICMOS RS232
INPUTS QUIPUTS
RZ\NE ERZO‘JT
DIP/SO
CAPACITANCE (uF) TUoNOS = 522
DEVICE _ ¢1 G2 (3 CC ¢ AT e |, Y
MAX220 47 47 101047 ol ni8
MAX232 10 10 10 1.0 10 .
MAX232A 01 01 01 01 04
GND =
_i_15

Figure 5. MAX220/MAX232/MAX232A Pin Configuration and Typical Operating Circuit

#0VINPUT G301 CAPACITORS = 0.100F

TOPVIEW
Ci[? Ik

= 17
B Hers @!%%Cnov R
1N . L & +
o NCYEN [1] [20] SHON "= 4101~ VOLTAGE DOUBLER
e) B[] 1z SN o [2] [19] Ve Sac g? aovTo-1v [ I
o 2] e w3 a] oo T8 C2- VOLTAGE INVERTER 1:04
[ G 5V -
Vi [3] 16 GNC -] amam |17 Mo 200 < {EXCEPT MAX220)
C1-14] aamam |15 Ton C2¢E 7}2%42?5 E N.C. L 12 TN {>JOUT 15
cae[5]  MAX222 12 3y c2- 5] [15] 21y 45y
MAX242 = TILCMOS S (BHCEPT MAX220) RS-232
c2- 5| 131 Alor v-[7 [12] Rlour INFUTS 4004 OUTPUTS
— 11| 12N 8
V- E 12 Ty T20u1 E EI N.C. » N
— —
T20u1 18] |11 12N R2N E _T_E] TN 13| R1ouT RN _1_4<
A2 9] 10] 20 R2out [10] 1] T2w
> TIUCMOS 5 RS-232
ouTPUTS INPUTS
DIP/SO SSOP - 10| R2guT
1|iN.C)ENS
{ ) ARE FOR MAX222 ONLY.
PIN NUMBERS IN TYPICAL GPERATING CIRCUIT ARE FOR DIP/SO PACKAGES ONLY.

Figure 6. MAX222/MAX242 Pin Configurations and Typical Operating Circuit
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