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to study, design and devise a robot which can be controlled via a wireless computer. It helps solve
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Spraed Spectrum Narrow Microwave Infrared

Frequency 902MHz - 928MHz 18.825GHz -19.205GHz | 3x 10" Hz
2.4GHz - 2.4385

5.725GHz - 5.825GHz

Maximum Coverage 105 - 800 feet 40 to 130 feet 30 - 80 feet
Line of sight required No No Yes
Transmit power Less thanl W 25 mW N/A

Rated speed 20% - 50% 33% 50% - 100%

(10%.of Mbps)
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- Operate in the 2.56 GHz ISM band which is globally available
- Uses FHSS
- Can support up to 8 devices in a piconet
- Omni-directional, non line of sight transmission through walls
- 10m to 100m range

- Extended range with external power amplifier (100 meters)

A13197 2.4 (S ouisunIAs g [EEE AU Bluetooth

1IEEE 802.11 Bluetooth
Speed 11 Mbps 30 - 40 Kbps
Use Office or campas LAN Personal Area Network

Typical Configuration Multiple clients per access point | Point - to - point, Multiple device

per access point

Range 50 - 300 feet 30 feet

Frequency Sharing Direct sequence spread spectrum | Narrow Frequency hopping
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TEMP

TEMP_DIS

TEMP_DIS?

FLAG
BUSY

1 EQU

ONEWIRE DATA

ONEWIRE
EN1 BIT
EN2 BIT
INA BIT
INB BIT
INC BIT
IND BIT
BL_DATA
BR_DATA
FL_DATA

FR_DATA

P2.5

P24

BIT
BIT

o
r—
"

BIT

EQU

P1.0
P1.1

"o
—
o

P13

EQU
341
35H

EQU

BIT

EQU

BIT

36H

o
o

W
~l

38H
39H

ORG
LIMP MAIN

ORG 0023H

33H

02FH ; User FLAG

FLAG.0 ; Define BUSY as bit

032H ; For keep ONEWIRE Data

P3.5 ; 1-Wire Interface (DS 1820 Temp. Sensor)

0000H

JNB = RLEXIT INT



CLR RI

CLR ES

;PUSH ACC

MOV  ASBUF
LCALL DO_RS232

.POP  ACC
SETB ES
EXIT INT: .CLR TI
RETI
MAIN: MOV P2.4#00

MOV  THI1,#0FDH
MOV TL1#0FDH
MOV SCON#01010000R ;50H
MOV TMOD #20H
SETB TR1 ;TIMER STA
SETB EA
SETB ES

LOOP:

LCALL READ_SENSOR

MOV A,BL DATA
LCALL SEND
MOV A,BR DATA
LCALL SEND
MOV AFL DATA
LCALL SEND
MOV AJFR _DATA

LCALL SEND

LCALL MIX_TEMP



MOV  A,TEMP _DIS?2
LCALL SEND
MOV  A,TEMP_DISI
LCALL SEND

LCALL DELAY 1S

i
DO _RS232: CINE A#'L"RR

TOOATT
| LAY &\ 53 )

g
¢
£
t

RET
RR:  CINE & A#'R"FT
LCALL TURN R
RET
FF: CINE A#'F"BB
LCALL = FRONT
RET
BB: CINE A#B"TT
LCALL  BACK
RET
TT: CINE A#'T".EER
LCALL STOP
EER: RET

ST T

READ_SENSOR: JB  BL,AI
MOV BL DATA#"0"
AJMP A2

Al: MOV BL DATA#"1"



A2 JB  BRA3

MOV BR_DATA#"0"

AJMP A4
A3: MOV BR_DATA#"1"
Ad: JB  FL,AS

MOV FL DATA#"'0"

AJMP A6
AS: MOV FL DATA#'1"
Ab: JB  FR,A7

MOV  FR DATA#"0"

AJMP A8
AT MOV  FR DATA #"1"
AS:
RET
ST T
MIX TEMP: ACALLDS1820 RST ; DS1820 Reset
ACALLDS1820 PRES ; DS1820 Presence
MOV ONEWIRE DATA,#0CCH ; Write Skip ROM
ACALLDS1820_WR 3
MOV ONEWIRE DATA #044H ; Write Convert
Command
ACALLDS1820 WR ;
SETB BUSY ; Set bit BUSY
PRES CHK_LOOP: ACALLDS1820 RST ; DS1820 Reset
ACALLDS1820_PRES ; DS1820 Presence
JB BUSY,PRES CHK LOOP ; Wait for Busy

_NOP
NOP

; Delay

87



Scra‘:upad Command

RET

FINE_ASCII_TEMP:

MOV

88

NOP ;

NOP ;
ACALLDSI1820 RST ; DS1820 Reset
ACALLDS1820_PRES ; DS1820 Presence

MOV ONEWIRE_DATA #0CCH ; Write Skip ROM

ACALLDS1820 WR

MOV ONEWIRE DATA #0BEH ; Write Read.

ACALLDS1820, WR

ACALLDS1820 RD ; Read DS1820
MOV TEMP,ONEWIRE DATA ; Get First Byte as
ACALLDS1820 RST ; DS1820 Reset
ACALLDS1820 PRES ; DS1820 Presence

MOV A, TEMP

MOV SBUF,A

;JJNB TL$

;CLR TI

:ACALL . DELAY Is

LCALL - FINE ASCII TEMP

PUSH 02H

MOV  TEMP_DIS1,#00

TEMP_DIS2,#00

MOV A TEMP
MOV  Bj#2
DIV AB



MOV R2,A
LOOP_INC: INC TEMP DISI
MOV  A,TEMP DISI
CINE A#OAH,0UT
MOV  TEMP _DIS1,#00
INC TEMP_DIS2

OUT: DINZ R2,LOOP_INC

;MOV  TEMP_DIS1,#09

;MOV  TEMP_DIS2,#03

MOV A TEMP DIS2
ADD - A#30H
MOV TEMP DIS2,A

POP 02H
RET
; DS1820 Data Read
DS1820 RD: MOV R4 ,#8 ; Set loop 8 times
CLR A ; Clear ACC.
DS1820 RD L OOP: CLR ONEWIRE ; Clear ONEWIRE
NOP ; Delay
NOP ;
; PROC51RD2 addition
NOP

NOP
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; End

SETB ONEWIRE ; Set ONEWIRE

; PROCS1RD? addition
NOP
NOP
NOP
NOP
; End

NOP ;'Del
NOP
NOP
NOP
MOV C,ONEWIRE ; Get
ONEWIRE to Carry Flag
ACALLONEWIRE DELAY = ;Delay 75 us
RRC A i

DINZ R4,DS1820 RD LOOP ; Do until 8 times

MOV ONEWIRE DATA,A ; Move ACC. to
ONEWIRE DATA
RET ; Return
; DS1820 Data Write
DS1820 WR: MOV R4 #8 ; Set loop & times
MOV A,ONEWIRE DATA ;GetONEWIRE DATA
DS1820 WR_LOOP: RRC A ; Rotate ACC. with Carry

Flag



set ?

high

DS1820 WR_L:CLR

91

INC DS1820 WR L ; Carry Flag was

CLR ONEWIRE ; Set =>TX

NOP ; Delay
NOP ;

NOP
NOP

; PROCS51RD?2 addition

SETB ONEWIRE ; Set ONEWIRE
ACALLONEWIRE DELAY ; Delay 75 us

AJMP DS1820 WR NX ; Jump to next write
ONEWIRE ; Clear => TX Low
ACALLONEWIRE DELAY = ;Delay 75us
SETB ONEWIRE ; Set ONEWIRE

NOP » ; Delay

NOP B

; PROCS1RD2 addition
NOP
NOP
NOP
NOP



DS1820 WR_NX:

; End

92

DINZ R4,DS1820 WR_LOOP ; Do until 8 times

RET

3

; DS1820 Reset

DS1820 RST:

CLR

ONEWIRE

ACALLDELAY 1ms

2

3

; Return

; Clear ONEWIRE
; Delay
; Set ONEWIRE

; Delay

; Set Loop wait 1

; Set Loop wait 2

ONEWIRE,DS1820 PRES 3 ; Check ONEWIRE was

R3,DS1820 PRES 2 ; Wait loop check 2

R4,DS1820 PRES 1 ; Wait loop check 1

SETB ONEWIRE
MOV R4#16
DINZ R4,$
RET
; DS1820 Receive Presence Pulse
DS1820 PRES: MOV R4.#16
DS1820 PRES 1: MOV R3.#0
DS1820 PRES 2: JNB
clear?
DINZ
DINZ
RET
DS1820 PRES 3: JNB ONEWIRE,S
MOV R4,£16
DINZ R4,5
CLR BUSY
RET
Wil
ONEWIRE DELAY: MOV R6,#012H

; Retumn

; Wait until ONEWIRE set

; Delay

; Clear BUSY Flag

; Return

; Each loop =75 us



ONEWIRE_DELAY_1: NOP

DELAY 50us:

DELAY 50us_1:

DELAY_100us: MOV

DELAY_100us_1:

MOV

NOP

NOP

NOP

; PB9CS51RD?2 addition
NOP
NOP
NOP
NOP
; End

'DINZ - R6,0NEWIRE DELAY _1

RET

R6,#00CH ; Each loop =50 us
NOP

» P8OCS51RD2 addition
NOP
NOP
NOP
NQOP
; End

DINZ R6,DELAY 50us 1

RET
R6,#017H ; Each loop = 100 us

NOP

93



DELAY_Ims:

DELAY Ims I:

DELAY 10ms:
DELAY 10ms 1:

DELAY 10ms 2:

MOV

NOP

MOV
MOV
NOP

94

; PRIC51RD2 addition
NOP
NOP
NOP
NOP

; End

DINZ R6,DELAY_100us 1
RET

R6,#0E6H ; Eachloop = 1 ms

Z,
o)
!

; PROCS51RD2 addition
NOP
NOP
NOP
NOP
:End

DINZ -R6,DELAY_lms_l

RET
R7,#010 ; Do 10 times
R6,#0E6H ; Each loop =1 ms
NOP
; PROCS1RD2 addition

NOP



DELAY_ 100ms:

DELAY 100ms_l:

DELAY_100ms_2:

DELAY _1S:

DELAY 1Is I:

ST

FRONT: SETB

INA
CLR

NOP
NOpP
NOP

; End

DINZ R6,DELAY 10ms 2

DINZ R7,DELAY_10ms_1

RET
MOV R7,#100 ; ; Do 100 times
MOV R6,#0E6H ;> Each loop = 1 ms
NOP

NOP

: PROCSIRD2 addition

NOP

NOP

NOP

NOP

3 End

DINZ R6,DELAY 100ms 2

DINZ R7,DELAY 100ms_1

RET
MOV R5,#50 ; Do 100 times

ACALLDELAY 10ms
DINZ RS5.DELAY Is 1

RET

INB

95



CLR INC

SETB IND

SETB ENI
SETB EN2
RET
N
BACK: SETB INB

CLR INA

CLR IND

SETB INC

TB ENI
SETB EN2
RET
ST
TURN_L: SETB INB

CLR INA

CLR INC
SETB IND

SETB ENI
SETB EN2
RET
ST
ST
TURN R: SETB INA

CLR INB
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CLR IND
SETB INC

SETB ENI
SETB EN2
RET
ST
STOP: CLR INA
CLR INB

CLR IND
CLR INC

7
Z
=

CLR EN2
RET
ST T
SEND: MOV SBUF,A
JNB TIL$
CLR TI
RET
ST
DELAY: PUSH O02H
PUSH 03H
MOV R2#00H
DLY: MOV R3,#00H
DINZ R3,$
DINZ R2DLY
POP O03H
POP 02H
RET

END
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T8ICS1AC2

8-bit MCU with 32K byte Flash, 10 bit A/D and EEPROM

1. Description

The T8ICSIAC2 is a high performance FLASH version
of the 80CS51 single chip 8-bit microcontrollers. It
contains a 32Kbyte Flash memory block for program
and data.

The 32K byte FLASH memory can be programmed
either in parallel mode or in serial mode with the ISP
capability or with software. The programming voltage
is internally generated from the standard V¢ pin.

The T89C51AC2 retains all features of the 80C52 with
256 bytes of internal RAM, a 7-source 4-level interrupt
controller and three timer/counters.

In addition, the T89C51AC2 has a 10 bit A/D converter,
a 2Kbytes Boot Flash memory, 2 Kbyte EEPROM for
data, a Programmable Counter Array, an XRAM of 1024
bytes, a Hardware Watchdog Timer and a more versatile
serial  channel  that facilitates  multiprocessor
communication (EUART).

2. Features

e 80C52 core architecture-
e Double Data Pointer
e 256 bytes of on-chip RAM
e 1Kbytes of on-chip XRAM
e 32 Kbytes of on-chip Flash memory
® 2 Kbytes of on-chip Flash for Bootloader
e 2 Kbytes of on-chip EEPROM
® 14 interrupt sources with 4 priority level
‘e Three 16-bit timer/counters
e Full duplex Enhanced UART
e High speed architecture
¢ 40 MHz in standard mode
e 20 MHz in X2 mode (6 clocks'machine cycle)
® Five ports: 32 + 2 digital I/O lines
e Programmable Counter Array with 5 16-bit channels :
¢ High-speed output
e Compare / Capture

The fully static design of the T89C51AC2 allows to
reduce system power consumption by bringing the clock
frequency down to any value, even DC, without loss of
data.

The T89C51AC2 has 2 software-selectable modes of
reduced activity and an 8 bit clock prescaler for further
reduction in power consumption. In the idle mode the
CPU is frozen while the peripherals and the interrupt
system are still operating. In the power-down mode the
RAM is saved and all other functions are inoperative.

The added features of the T8IC51AC2 make it more
powerful for applications that need A/D conversion,
pulse width modulation, high speed I/O and counting
capabilities such as industrial control, consumer goods,
alarms, motor control, ...

While remaining fully compatible with the 80CS2 it
offers a superset of this standard microcontroller. In X2
mode a maximum external clock rate of 20 MHz reaches
a 300 ns cycle time.

¢ Pulse Width Modulator
o Watchdog Timer (Channel 4)

e Hardware watchdog timer (One-time enabled with
Reset-out)

® A 10-bit resolution analog to digital converter (ADC)
with 8 multiplexed inputs

e 20 microsecond conversion time
e Two conversion modes
® Asynchronous port reset
e Low EMI (inhibit ALE)
¢ Power control modes:
e Idie mode
e Power down mode
¢ Power supply: 4.5V to 5.5V
e Temperature range: Industrial (-40 to +835C)
e Packages: VQFP44 1.4 mm, PLCC44, CA-BGA64*

* on request

Rev.A - 11-Apr-01

Preliminary



T8ICS1AC2

ATMEL

(]
WIRELESS & puC

3. Block Diagram
- = < 7
2 28 &,
Z = = =
'y 1 A
Y * \ A
XTAL1 ‘
hi KRAM
XTAL? - UART ;2{; X PCA || Timer2
ALE =
PSEN
CPU
EA
RD INT | Parallel I/O Ports & Ext. Bus ] Watch 10 bit
Timer1| | Ctrl ! T N Dog ADC
WR - | Port 0|Portl Port2 POI‘!3|P0rt4”
\ 14444

RESET

1= 1=

=<
=

e =
&=

.‘_.

P2

(1): 8 analog Inputs / 8 Digital /O
(2): 2-bit I/O Port

Preliminary
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T89ICS1AC2

4. Pin Configuration

A b
Z5 5
528e
P
Z 7 T Z e a -
fEZEZE 23
mN e 20 Y <
-t o A 2 B2 ¥ DO
B B B B o o A A
ononoonnoonn
N W TN TN e D
® b - - R R o
P1.4/AN4 /CEX1 17 39JALE
P1.5/ANS/CEX2 []8 380 PSEN
P1.6/AN6/CEX3 ]9 37[1P0.7/AD7
P1.7/AN7/CEX4 []10 36 [ P0.6 / AD6
EAC 11 35[0 P0.5/AD5
P3.0/RxD O 12 341 P0.4/ AD4
P3.1/TxD {13 PLCC44 331 P0.3/AD3
P3.2/INTO ] 14 3211 P0.2/AD2
P3.3/INT1 O 15 311 P0.1/AD1
P3.4/TO] 16 301 P0.0/ADO
P3.5/T1 0117 291P2.0/A8
- — T o I s T T - - -]
- AN NN NN
N I N
Ple T g S o
I?E§E<<<<<<f
e R R RS
o 2 NI IS S ™
-9 B B B B B B
2. I
%o &
(&) o
C28E
AL
Z 7z ZZ e a8 T
EIXZE G S8
78 TEEC R SRS
EEEESSRIS R K
4 44 43 42 41 40 39 38 37 36 35 34
P1.4/AN4/CEX1[[|1 33{ ] ALE
P1.5/ANS/CEX2[I}2 32 [T ] PSEN
P1.6/ AN6/CEX3 1|3 31 [T7] P0.7/ AD7
P1.7/AN7/CEX4[T|4 30 IT_1P0.6/AD6
EA[I1s 29T ] P0.5/AD5
P3.0/RxD [T]6 VQFP44 28 [T_] P0.4/AD4
p3.1/Txp 17 27T p0.3 /AD3
p3.2/INTO (I]8 26 [T7] po.2 /AD2
p33/INTI L9 25 [T73 p0.1 /AD1
p3.4/10 (L]0 24111 P0.0 /ADO
p3s/T1COn 2 [T 1 p2.0/A8
)i L
1EFEEEEEEE
IBE;_*_'_._'<<<<<<§
< 5 e wwaa g
) 2 AEABARA R AR
- [~ - - T V-
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Table 1. Pin Description

Pin Number

Pin Name Type Description
PLCC44 | VQFP44
P0.0-P0.7 30-37 24-31 /0O | Port 0:
Port 0 is an 8-bit open drain bi-directional I/O port. Port O pins that have 1’s written to
them float, and in this state can be used as high-impedance inputs. Port 0 is also the
multiplexed low-order address and data bus during accesses to external Program and Data
Memory. In this application it uses strong intemal pull-ups when emitting 1’s. Port 0 also
outputs the code bytes during program validation. External pull-ups are required during
program verification. In the T89CS1AC2 Port 0 can sink or source SmA. It can drive
CMOS inputs without external pull-ups.
P1.0-P1.7 3-10 41-44, 14 /O | Port 1:
Port 1 is an 8-bit bi-directional I/O port with internal pull-ups. Port 1 pins can be used
for digital input/output or as analog inputs for the Analog Digital Converter (ADC). Port
I pins that have 1’s written to them are pulled high by the'internal pull-up transistors and
can be used as inputs in this state. As inputs, Port 1 pins that are being pulled low externally
will be the source of current (IIL, on the datasheet) because of the internal pull-ups. Port
1 pins are assigned to be used as analog inputs via the ADCCF register.
As a secondary digital function, port | contains the Timer 2 external trigger and clock
input; the PCA external clock input and the PCA module I/O.
Port 1 receives the low-order address byte during FLASH programming and program
verification. [n the T89C51AC2 Port 1 can sink or source 5mA. It can drive CMOS inputs
without external pull-ups.
3 41 /O | P1.0 : Input / Output
I ANO : Analog input channel 0
1 T2 : External clock input for Timer/counter2
4 42 /O {P1.1 : Input / Output
I ANI : Analog input channel 1
I T2EX : Trigger input for Timer/counter2
5 43 /O | P1.2 : Input / Output
I AN2 : Analog input channel 2
I ECI : PCA external clock input
6 44 I/O | P1.3 : Input / Output
1 AN3 : Analog input channel 3
O CEXO0 : PCA module 0 Entry of inpu/PWM output
7 1 /O {P1.4 : Input / Output
1 AN4 : Analog input channel 4
O CEX1 : PCA module 1 Entry of input/PWM output
8 2 /O | PLS5 : Input/ Output
I ANS5 : Analog input channel 5
(@] CEX2 : PCA module 2 Entry of input/PWM output
9 3 IO | PL1.6 : Input / Output
I ANG : Analog input channel 6
O CEX3 : PCA module 3 .Entry of input’ PWM output
10 4 /0 |PL.7 : Input / Output
I AN7 : Analog input channel 7
(0] CEX4 : PCA module 4 Entry of input/PWM output

Rev.A - 11-Apr-01
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WIRELESS & pC

T89CS1AC2

Pin Number
Pin Name Type Description
PLCC44 | VQFP44
P2.0:7 29-22 23-16 1’0 Port 2:
Port 2 is an 8-bit bi-directional I/O port with internal pull-ups. Port 2 pins that have 1’s
written to them are pulled high by the internal puli-ups and can be used as inputs in this
state. As inputs, Port 2 pins that are being pulled low externally will be a source of current
(IIL, on the datasheet) because of the internal pull-ups. Port 2 emits the high-order address
byte during accesses to the external Program Memory and during accesses to external Data
Memory that uses 16-bit addresses (MOVX @DPTR). In this application, it uses strong
internal pullups when emitting 1°s. During accesses to external Data Memory that use 8
bit addresses (MOVX @Ri), Port 2 transmits the contents of the P2 special function register.
It also receives high-order addresses and control signals during program validation.
In the TBICS1AC2 Port 2 can sink or source 5mA. It can drive CMOS .:iputs without
external pull-ups.
P3.0 - P3.7 12-19 6-13 1/0 | Port 3:
Port 3 is an 8-bit bi-directional /O port with internal pull-ups. Port 3 pins that have 1’s
written to them are pulled high by the internal pull-up transistors and can be used as inputs
in this state. As inputs, Port 3 pins that are being pulled low externally will be a source
of current (IIL, on the datasheet) because of the internal pull-ups.
The output latch corresponding to a secondary function must be programmed to one for
that function to operate (except for TxD and WR).
In the T8ICSTAC2 Port 3 can sink or source SmA. It can drive CMOS inputs without
extemal pull-ups.
The secondary functions are assigned to the pins of port 3 as follows:
12 6 /O | P3.0 : Input / Output '
I Rxd :
Receiver data input (asynchronous) or data input/output (synchronous) of the serial interface
13 7 /O | P3.1 : Input / Output
(6] Txd :
Transmitter data output (asynchronous) or clock output (synchronous) of the serial interface
14 8 /O | P3.2 : Input / Output
I INTO: External interrupt O input / timer O gate control input
15 9 /O |P3.3 : Input / Qutput
I INTI1: External interrupt 1 input / timer 1 gate control input
16 10 /0. | P3.4 : Input / Output
1 TO: Timer O counter input
17 11 /O | P3.5 : Input / Qutput
I Tt: Timer 1| counter input
18 12 /O | P3.6 : Input / Output
O |WR
External Data Memory write strobe; latches the data byte from port 0 into the external
data memory
i9 13 I'0 :P3.7 : Input / Output
O RD:
i External Data Memory read strobe; Enables the external data memory. In the T89C51AC2
. Port 3 can sink or source 5SmA. It can drive CMOS inputs without extemnal puli-ups.
| [ Port 4:
1‘ | Is an 2-bit bi-directional I/O port with intemal pull-ups. Port 4 pins that have I's
i P4.0-P4.1 MO written to them are pulled high by the internal pull-ups and can be used as inputs in
I

i this state. As inputs, Port 4 pins that are being pulled low externally will be a source
| of current (IIL, on the datasheet) because of the internal pull-up transistor.

Rev.A - 11-Apr-01
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ATMEL
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WIRELESS & pC

Pin Name

Pin Number

PLCC44

VQFP44

Type

Description

RESET

44

38

/O

Reset:
A high level on this pin during two machine cycles while the oscillator is running
resets the device. An internal pull-down resistor to VSS permits power-on reset using
only an external capacitor to VCC.

ALE

39

33

ALE:
An Address Latch Enable output for latching the low byte of the address during
accesses to the external memory. The ALE is activated every 1/6 oscillator periods
(173 in X2 mode) except during an external data memory access. When instructions
are executed from an intemal FLASH (EA = 1), ALE generation can be disabled by
the software.

PSEN

38

32

PSL:
The Program Store Enable output is a control signal that enables the external program
memory of the bus during external fetch operations. It is activated twice each machine
cycle during fetches from the external program memory. (However, when executing
outside of the external program memory two activations of PSEN are skipped during
each access to the external Data memory). The PSEN is not activated during fetches
from the intemal data memory.

EA:
When External Access is held at the high level, instructions are fetched from the
internal FLASH when the program counter is less then 8000H. When held at the low
level, T8IC51AC2 fetches all instructions from the external program memory.

XTALI

41

35

XTALI:
Input of the inverting oscillator amplifier and input of the intemnal clock generator
circuits.
To drive the device from an external clock source, XTAL1 should be driven, while
XTAL2 is left unconnected. To operate above a frequency of 16 MHz, a duty cycle
of 50% should be maintained.

XTAL2

40

34

XTAL2: Output from the inverting oscillator amplifier.

VAGND

39

Reference Ground for ADC

vCC

42

36

Supply voltage during normal, idle, and power-down operation.

VSS

43

37

Circuit ground potential.

VAREF

40

Reference Voltage for ADC

Rev.A - 11-Apr-01
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DUAL FULL-BRIDGE DRIVER

n OPERATING SUPPLY VOLTAGEUP TO 46V
» TOTALDC CURRENTUP TO4 A

= LOW SATURATION VOLTAGE

= OVERTEMPERATURE PROTECTION

= LOGICAL "0" INPUT VOLTAGE UP TO 1.5 V ) ¥ 4

(HIGH NOISE IMMUNITY) SR y
=

DESCRIPTION

The L298is an integrated monolithic circuit ina 15-
lead Multiwatt and PowerS020 packages. It is a
high voltage, high current dual full-bridge driver de- )
signed to accept standard TTL logiclevels and drive ~ [PRDERING NUMBERS : L298N (Multiwatt Vert.)
inductive loads such-as relays; solenoids; DC and ll:g;g;?P(xvueltrgoatzto?onZ.)
stepping motors. Two enableinputs are provided to :

enable or disable the device independentlyofthe in-
put signals. The emitters of the lower transistors of nectionof anexternal sensing resistor. An additional
each bridge are connected togetherand the corre- supply input is provided so that the logic works at a
sponding external terminal can be used for the con- lower voltage.

BLOCK DIAGRAM

Multiwatt15 PowerS0O20
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vs Power Supply 50 V
Vss Logic Supply Voltage 7 \'

Vi, Ven Input and Enable Voltage ~-0.3t07 \'
lo Peak Output Current (each Channel)
— Non Repetitive (t = 100us) 3 A
—Repetitive (80% on —20% off; ton = 10ms) 2.5 A
—DC Operation 2 A
Vsens Sensing Voltage -1t02.3 \
Prot Total Power Dissipation (Tcase = 75°C) 25 w
Tstg, Tj Storage and Junction Temperature -40to 150 °C
PIN CONNECTIONS (top view)
/ l| i s — CURRENT SENSING B
14 [————"3 OouTPUT4
‘$’ 1B bt 7 1 OUTPUT 3
122 3 INPUTH4
| e el B ENABLE B
10 0 T T T INPUT 3
Multiwattis ¢ ——= LOGIC SUPPLY VOLTAGE Vgg
S Se—— R Y}
7APR T A INPUT 1
6 ) ENABLEA
5 [ ¥ APAY INPUT 1
4T3 SUPPLY VOLTAGE Vg
_@_ 3\ ey OUTPUT 2
1 25 ouTRUTH
\ il 1D CURRENTSENSINGA
Z TAB CONNECTED TO PIN 8 DB5INZ40
4
GND [ 1 20 ] GND
SenseA [ 1 2 19 || SenseB
NC. 13 18 1 N.C.
out1 1 4 17 {7} Out4
ou2 s PowerSO20 16 ] out3
vs ] 6 15 1 Input4
Inputt T4 7 14 —__1 Enable B
EnableA {__] 8 13 7 Input3
Input2 1 9 12 T vss
GND [ 10 11 [ GND
DI5IN239
THERMAL DATA
Symbol Parameter PowerS020 Multiwatt15 Unit
Rinj-case | Thermal Resistance Junction-case Max. - 3 °C/W
Rijamb | Thermal Resistance Junction-ambient Max. 13 () 35 °C/W
(*) Mounted on aluminum substrate
2/12 o
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PIN FUNCTIONS (refer to the block diagram)

MW.15 PowerSO Name Function
1;15 2,19 Sense A; Sense B | Between this pin and ground is connected the sense resistor to
control the cumrent of the load.
2:3 4;5 Out 1; Out 2 Outputs of the Bridge A; the cumrent that flows through the load
connected between these two pins is monitored at pin 1.
4 6 Vs Supply Voltage for the Power Output Stages.
A non-inductive 100nF capacitor must be connected between this
pin and ground.
5;7 7.9 Input 1; Input 2 TTL Compatible Inputs of the Bridge A.
6;11 8,14 Enabie A; Enable B {TTL Compatible Enable Input: the L state disables the bridge A
{enable A) and/or the bridge B (enabke B).
8 1,10,11,20 GND Ground.
9 12 VSS Supply Voltage for the Logic Blocks. A100nF capacitor must be
connected between this pin and ground.
10; 12 13;15 Input 3; Input 4 1Tl Compatibie inputs of the Bridge B.
13; 14 16;17 Out 3; Out 4 Outputs of the Bridge B. The cument that flows through the load
connected between these two pins is monitored at pin 15.
— 3;18 N.C. Not Connected

ELECTRICAL CHARACTERISTICS (Vs =42V; Vss = 5V, Tj = 25°C; unless otherwise specified)

57 S5 momson

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vs Supply Voltage (pin 4) Operative Condition Vig +2.5 46 V
Vss Logic Supply Voltage (pin 9) 4.5 5 7 \4
Is Quiescent Supply Current (pin4) |Ven=H; IL=0 Vi=L 13 22 mA
Vi=H 50 70 mA
Ven=L Vi=X 4 mA
Iss Quiescent Current from Vss (pin 9) |Ven=H; IL=0 Vi=L 24 36 mA
Vi=H 7 12 mA
Ven=L Vi=X 6 mA
ViL Input Low Voltage -0.3 1.5 \"
(pins 5, 7, 10, 12)
Vin Input High Voltage 23 VSS \4
(pins 5, 7, 10, 12)
liL Low Voltage Input Current Vi=L -10 HA
(pins 5, 7, 10, 12)
li High Voltage Input Current Vi= H< Vgs-0.6V 30 100 LA
(pins 5, 7, 10, 12)
Ven =L ]Enablke Low Voltage (pins 6, 11) —0.3 1.5 V
Ven =H | Enable High Voltage (pins 6, 11) 23 Vss v
len =L [Low Voltage Enable Current Ven=L -10 LA
(pins 6, 11)
len = H [High Voltage Enable Current Ven = H < Vss 0.6V 30 100 pA
{pins 6, 11)
Vcesat(H) | Source Saturation Voltage IL=1A 1.35 1.7 \Y
L =2A 2 27 \
Vcesat) | Sink Saturation Voltage L=1A (5) 12 16 v
IL=2A (5) 1.7 2.3 \'
Vcesat | Total Drop iL=1A (5) 3.2 Y
I =2A (5) 4.9 \
Vsens | Sensing Voltage (pins 1, 15) -1 (1) 2 \
3/12
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ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. Typ. | Max. Unit
T1 (Vi) |Source Current Tum-off Delay 05Vito0.91IL  (2);(4) 15 us
T2 (Vi) |Source Current Fall Time 091k toO1IL  (2);(4) 0.2 us
T3 (Vi) |Source Current Turmn-on Delay 05Vito 0.1 (2);(4) 2 us
Ta (Vi) ]Source Current Rise Time 011 to 09I (2);(4) 0.7 us
Ts (Vi) |Sink Current Turmn-off Delay 0.5Vito 091  (3);(4) 0.7 us
Ts (Vi) |Sink Current Fall Time 091L to0.11L  (3);(4) 0.25 us
T7 (Vi) |Sink Current Tum-on Delay 05Vito0.91L  (3);(4) 1.6 us
Ts (Vi) |Sink Current Rise Time 01l 0091 (3);(4) - 0.2 ps
fc (Vi) |Commutation Frequency L=2A 25 40 KHz

T1 (Ven) |Source Current Tum-off Delay 0.5Vento 0.9 1L - (2); (4) 3 us
T2 {(Ven) [Socurce Current Fall Time 081l to0. 1l (2);(4) A 1 us
T3 (Ven) |Source Current Tum-on Delay 0.5Ven t00.1 1. (2); (4) 0.3 us
Ta (Ven) |Source Current Rise Time 0.1l 10091, (2);(4) 0.4 JIE
Ts {Ven) |Sink Current Turn-off Delay 05Vento 091t (3);(4) 22 us
Te {Ven) 1Sink Current Fall Time 0.91L to0.11L (3);(4) 0.35 us
T7 {Ven) 1Sink Current Turn-on Delay 0.5Vent00.9 1. (3);(4) 0.25 us
Ts (Ven) |Sink Current Rise Time 0.1k to0.9IL  (3):(4) 0.1 us
fc (Ven) | Commutation Frequency IL=2A 1 KHz

1) 1)Sensing voltage can be —1 V fort < 50 psec; in steady state Vsens min=2—0.5V.

2) Seefig. 2.

3) Seefig. 4.

4) The load must be a pure resistor.
5) PIN 1 and PIN 15 connected to GND.

Figure 1 : Typical Saturation Voltage vs. Output
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Figure 2 : Switching Times Test Circuits.
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Figure 3 : Source Current Delay Times vs. Input or Enable Switching.
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Figure 5 : Sink Current Delay Times vs. input 0V Enable Switching.
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Figure 6 : Bidirectional DC Motor Control.
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Figure 7 : For higher currents, outputs can be paralleled. Take care to parallel channel 1 with channel4

and channel 2 with channel 3.
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APPLICATION INFORMATION (Refer to the block diagram)

1.1. POWER OUTPUT STAGE

The L298integratestwo power outputstages(A; B).
The power output stage is a bridge configuration
and its outputs can drive an inductive load in com-
mon or differenzial mode, depending on the state of
the inputs. The current that flows through the load
comes out from the bridge at the sense output: an
external resistor (Rsa ; Rss.) allows to detect the in-
tensity of this current.

1.2. INPUT STAGE

Each bridge is driven by means of four gates the in-
put of which are In1; [n2; EnAand In3 ; In4 ; EnB.
The Ininputs set the bridge state when The Eninput
is high ; alow state of the En input inhibits the bridge.
Allthe inputs are TTL compatible.

2. SUGGESTIONS

A non inductive capacitor, usually of 100 nF, must
be foreseen between both Vs and Vss, to ground,
as near as possible to GND pin. When the large ca-
pacitor of the power supply is too far from the IC, a
second smaller one must be foreseen near the
L298.

The sense resistor, not of a wire wound type, must
be grounded near the negative pole of Vs that must
be near the GND pin of the I.C.

THOMSON
ELECTROMICS

o7~

Eachinput must be connectedto the source of the
driving signals by means of a very short path.

Turn-On and Tum-Off : Before to Turn-ON the Sup-
ply Voltage and before to Turn it OFF, the Enable in-
put must be driven to the Low state.

3. APPLICATIONS

Fig 6 shows a bidirectional DC motor control Sche-
matic Diagram for which only one bridge is needed.
The external bridge of diodes D1 to D4 is made by
four fast recovery elements (trr < 200 nsec) that
must be chosen of a VF as low as possible at the
worst case of the load current.

The sense':output voltage can be used to control the
current amplitude by chopping the inputs, or to pro-
vide overcurrent protection by switching low the en-

_able input.

The brake function (Fast motor stop) requires that
the Absolute Maximum Rating of 2 Amps must
neverbe overcome.

When the repetitive peak current needed from the
load is higher than 2 Amps, a paralleled configura-
tion can be chosen (See Fig.7).

An extemal bridge of diodes are required when in-
ductive loads are driven and when the inputs of the
IC are chopped; Shottky diodes would be preferred.

M2
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This solution can drive until 3 Amps In DC operation Fig 10 shows a second two phase bipolar stepper
and until 3.5 Amps of a repetitive peak current. motor control circuit where the current is controlled
On Fig 8itis shown the driving of a two phase bipolar Y the1.C. L85086.

stepper motor ; the needed signals to drive the in-

puts of the L298 are generated, in this example,

from the IC L297.

Fig 9 shows an example of P.C.B. designed for the
application of Fig 8.

Figure 8 : Two Phase Bipolar Stepper Motor Circuit.

This circuit drives bipolar stepper motors with winding currents up to 2 A. The diodes are fast 2 A types.
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Figure 9 : Suggested Printed Circuit Board Layout for the Circuit of fig. 8 (1:1 scale).
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Figure 10 : Two Phase Bipolar Stepper Motor Control Circuit by Using the Current Controller L6506.
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MULTIWATT15 (VERTICAL) PACKAGE MECHANICAL DATA

DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 5 0.197
B 2.65 0.104
c 1.6 0.063
D 1 0.039
E 0.49 0.55 0.019 0.022
F 0.6R. 0.75 0.026 0.030
G 1.14 1.27 1.4 0.045 0.050 0.055
G1 17.57 17.78 17.91 0.692 0.700 0.705
H1 19.6 ‘ 0.772 '
H2 20.2 . 0.795
L 22.1 22.6 0.870 0.850
L1 22 225 0.866 0.886
L2 17.65 18.1 0.695 0.713
L3 17.25 175 17.75 0.679 0.689 0.699
L4 10.3 10.7 10.9 408 0.421 0.429
L7 2.65 2.9 0.104 0.114
M 42 43 46 0.165 0.169 0.181
M1 45 5.08 5.3 0477 0.200 0.209
S 1.9 2.6 0.075 0.102
S1 1.9 26 0.075 0.102
Dia1 3.65 3.85 0.144 0.152
Hi
A - >
C P _s.|_<
-4 1
i S 7 o
B - 4 Dia 1 /
r|2
B 5 O OH
a |
o
H2
!
B ¢ XU
E _
F E_L
M M Gl N
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PowerS020 PACKAGE MECHANICAL DATA

57 SEs;aomson

DIM mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 3.60 0.1417
at 0.10 0.30 0.0039 0.0118
a2 3.30 0.1299
a3 0 0.10 0 0.0039
b 0.40 0.53 0.0157 0.0209
c 0.23 0.32 0.009 0.0126
D (1) 15.80 16.00 0.6220 0.6299
E 13.90 14.50 0.5472 0.570
e 1.27 0.050
e3 11.43 0.450
E1 (1) 10.90 11.10 0.4291 0.437
E2 2.90 . 0.1141
G 0 0.10 0 0.0039
h 1.10 .
L 0.80 1.10 0.0314- 0.0433
N 10° (max.)
S 8° (max.)
T 10.0 | 0.3937
(1) "D and E1" do nat include mold flash or profrusions
- Mold flash or protrusions shal notexceed 0.15mm (0.0067)
N N R —\
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Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsibility for
the consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from its
use. No license is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics. Specifica-
tions mentioned in this publication are subject to change without notice. This publication supersedes and replaces all information pre-
viously supplied. SGS-THOMSON Microelectronics products are not authorized for use as critical components in life support devices or
systems without express written approval of SGS-THOMSON Microelectronics
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