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Abstract

This project is developed for improve the abilities of robot like Intelligence and can
response for costumer and This project focus Chaotic movement , This system can movement in
unknown area in limited time and do not spent time too much and Can command from Voice
Recognition . That System can be developed build Multi - Purpose Robot such Cleaner Robot ,
Security Robot for make comport for human life better. ~ This project developed education for
Intelligent Autonomous Robot and to powerful response to user by Voice control input by
microphone and sent to Wireless module pass to robot. A Chaotic Robot that is system will

continuous develop for built Security Robot or Vacuum Cleaner Robot. All of this create for

routine everyday of human.
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2.7 Voice Command Control

2.7.1 Properties
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RDIL401A Series

Maching lype Funchon
o AUTO SWITCH DISPLAY
s )
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H"‘w.,;,.ﬁé’i Rs2az | NN {
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To replace the RS-232 cable between Computer and Compuier | Terminal ) .
Remote contral

Remote monitoring

Data acquisition

Computer aided integrated manufaciuring

Paint-of-sake system

Data transmission of moweble station

POINT TO POINT COMMUNMICATION

MULTIPQINT COMMUNICATION

MASTER s

‘*\\
SLAVES RS232 .J

CN5-OTO006 — -



Configuration

ANTENNA RE.232 PORT OC JACK

1]

RESET PWR TXD OCD
SWITCH

- " CHANNEL Select Switch !
Switch 1 : ON: 433.02MHx

OFF : 424 33MHZx
Switch 2 @ ON ; 4800 BPS Disablo

: * OFF : 4800 BPS Enable
o Switeh 3 : ON: 5600 BFPS Enable
= OFF ; 19200 BPS Enablo
T Swilch 4 : Reserved

» L] -

RS-232 Port -- To be connectad with the Computer { Tenminal ) |

REST Switch ~ Press this REST switch 1o resat radio Channel (o the new setting .
Balore prasping this switch , tha radio Channal will nol change
shthough the CHANNEL Select Switch has been chisngad, { The
CHANNEL Salact Swilch is ocaled on the battom of the RDL401A unit )

Power Jack -- For DC 9V power input |

FWR Power indicator = Turn on when the power is applied .

TXD ndicator — Green LED tumns on when the data is sent from the conneclied Computer
{ Teminatl } o RDL301A unif.

DCD Indicator - Grean LED tyms gn when it datects a radic ransmiggion from the air
{ Data Carrier Detoct ).

CHANNEL Sslact Swilch — DiP switch located on the bottom of the RDLJOTA unh is for
changing radic channel 433.92MHz or 434.33MRz. Afler you
make Ghannel chenge , you must press RESET swilch or
pawer off and then reboot power . Then the RODLA0TA wilt be
raset 1o the new radia Channel .



Installation

1. Install the R3-232 cable betwean the ROL401A and Computer of Tarminal |
( The pin connechion is as PIN ASSIGNMENT )

2. 8t up ons pair of ROL4O1 , one for Master Computer {terminal) and the othes for
Remote Computer { terminal ) . Set both ROL401A units a1 tha same channal .

3. Connect Ihe DC power supply fo the DC Power Jack on RDL401A unit , the PWR LED
wll lum on. .

4, The DCD LED must light green constanty for the receiving unit when detecting a radio
transmission from the other unlt . if not relnstall them to have a constant grean DCO
light for he racaiving unit .

Please note that you must nol have toth units bacome transmitting af the same time
because ROL4D1A is for haif-dupiex communication only - At ona time you must have
one unit bacome transmitting and tha other unit become receiving ,

Note ;

To get toansction with ROLAQIA , you must set Computer {terminal) as the following
parameters under the operation software you are using :

Slandard;  Standard RS-232
Baud Rate:  4800/9600/19200 bps

Partly : None
DalaBits: B
StopBIT: 1

Flow conirol :  None



PIN ASSIGNMENT

B 9 Pin D Female Connact

Fin Number Signal
X
TXD{ Cut}
AXD {In)
X
Ground
X
X
RTS [ Out)
X

WIS W N -

[ CN5-OTT0008 Connect

Male A Pin Male 8 Pin
Mumbar MNumber

1 - -

4
1

f 3

h
¥

]

i i

Yve

&

4
¥

R~ | ] N
Di~N| @RI | D]

4




Fraquaency :

Antenna impedance :
Number of Channels
Frequency Stabillty :

Dats Rate ;
Data format :

It ALt

433.92/434 33MHZ

50 Ohms , unbsanced

2 (Frequency Synthesized]
+-10ppm{ a1 0~60Deg.C)

4300/960C/18200 Baud

None Perity , B Data Bils , 1 Stop Bit,
Hal-dupisx over a singla chamnal Asynchronous
. Seral

Communication Distanca : Apprex. 50~ 150 meters { prospective )

Pownr Supply -

Efvironment ;

Dimensions :

Yveight :

avpe

Operating Temperature 0 ~+50 Deg. C
Swrage Temparature -10 ~+70 Deg. C
Hurmidity : 10 % ~ 95 % , non-condensing
W07 "D 102 *H 2B mm

APPROX. 0.38 KGs

Transmitter Output Power:  SmW maxdmum

Hodulation Deviation :

A5 +-5KHz

FLL Programming Time : & m sec , maximum

Curent Drain :
Sanapivty :
Selactivity |
Recehver Curmrent .

60 mA maximun el 9 VOC nominal
- 102 dBm

85 KHz maximum

Typical 27 mA



PROMAG RDL20OT
REV.B

Radio Data Link RF Modute with UART Interfaca
INTROOLICTIONS:

" ROL200T {Radio Data Link) RF W\l‘lh is designed for wirdless RS232 sarial data communicalion. it
. I8 suitable for mosl of your wireless data link applications. RDL200T RF Module can be buslt into your
equipment through RE232 Interface (o replace the cabie to bacome wirsless communication. [t is

low cost and high quality radio dela communication sofution.

FEATURES:

15M fraquency 433.92MHZ / 434 33MHz

Two channel solaciable,

Low power consumption with 3.3vdc

RS232 interfaca (Serial TTL level)

Spead up o B800bS with autometic ow control.
Half-duplex with automatic: Recehving/Transmitting control.
Small package size,

Distance: 50~150 meters with aporopdate antkenna

L o

APPLICATION:

Hand-held terminals _
Computer 10 computer Typleal Application

Computer 10 terminal __ Y

Data cobacton lamminal N

Mobite-around dete communications ;
Mo ADLAOT | -
Remota contral Controler
Remota monitaring o
POS sysioms.

L I I o o

SPECIFICATIONS:

. Froquency; CH1 433 92MHz / CH2 434.3IMHzZ
. Moduiaion: FSK
_ Output power: 7dbm (Smw)
. Racaiving Sansibifty: - 102dbm
5. Oparaling volages: 2.7Vdc~3.3Vde .
8, Power congumption: Tx.B0mA / RcI0mA
" 7. Imterface ; RS232 (TTL Lavel: TXD/RXD)
8. Data Rale ; 16200bpa/8800bps / 4800bps , Helf-duplex »
* 9. Operating tempersiure: 0°C~55°C (Storage Tomperaiure; -10*C ~60°C) _

o I A3 A



PROMAG RDL200T

REV.B

QUICK REFEREMCE DATA

MHZ
KHz
dBm
dBm
UART Baudrite 19200/9600¢4800 bps
[Supply voltage _ B 27-33 Ve
IMax. Recelva currant 30 mA
el Transmit cument ) i 60 mA

BLOCK [HAGRAM

IF Controlier UART and Radio intartack unit

RF Transceiver: A lofg-range radio irsnsceiver for wirskess links operating in ha giohalty avaiabie 15M band.

- ke L
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PROMAG RDL20OT
'\ __ REV.B

ROL20OT APPLICATION

1. Poind to Point Radio Data Link
For point 1o point radio data Hink, just change your RSZ32 ranacetver IC to ROL20OT in your RS232 praduct,

You don’t need to chenge any rmeare. RDL200T serves as & invisibie RS232 cable in your product,

2. Mulg-Siation Radio Oata Link
For Mult-Station radio data fink, you have fo bulld & protocol for Mufti-Station that's simitar to RS485 Lo

assign machine 10 for aach station,

- Invisible Cable (Radio Signal}



PROMAG RDL260T
REV.B

PACKAGE QUYLINE (DIP2E)

I Terrr S
s

PIN ASSIGNMENT

2 mm _ e

1 ANT !} [ |*Marenna

2 TANTE | I |"Antenna Signal GND

34,5, 6,?,73-."3 N ‘ No Connect

19 {HET I hc_tive [ow Resgt

1 RXD T |UART Data Input

12 ¢ TXD O [UART Data Dutpus

13 GND I [GRD

14 ' TRD/CHC Reserved

13 BB3C 4800bps 0:diseble l:enable
14 BPS§1 a:9800bpa 1:19200bps (*short data pack)
17 cH I [o:433.92MHz 1:430.33Mi2

18 RLEC & |RRD Staktus LED

19 TTLED | O [YXD Statua LED

20 GHD GND

21 veo Power Input *373le:'-2..7'#ﬂ{:
22,23,24, 25,26 NC Ho Connect

Z7 LNy BND

28 GND GND

¥

_ *Antpnna Signal GND: Connect to snisnna cable GND.
*Anterna : 50 ohm | 430~435MHz [ -25db.
' #19200bps for shor! daia pack {max 70 bytes) only.
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PROMAG RDL20OT
REV.B

START &IT PACAAGE APPLUCATION
Exampe; Paint o Pont mdio dalg fink

PC

RDL200T
Stert Kit

R5232 } bavice

Koo your commumncalion way and easy ko Lpgrade your prodiict i decome mrales pro-duct with RO 00T

ASY-RELACATSK BLOCK DAGRAM

PR .
1. W : CH1¢433.92MHz) / OFF:CH2(434.33MHz)
2. W ; 4800 bpx DISADLE | OEF : 40D0 bps',_smm
3. 0N : 5300 bps EMABLE / OFF 2 19203 ops .EXRELE
- 4. Ressrved




PROMAG RDL206T
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ASY-RDL200TSK CIRCUIT DIAGRAM

v uf !
P
_’i]_....
24
i
!
gk
3 14
H—3 cho e
L ;3
K
:
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)
|- b -
S
. Il
1=l H.T‘.\‘
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RAYRELINTER BHLL Dr Mair#lhos
‘ﬂlﬂ'"l.!_.!ll " s ] a 's ::.'l..:“\ il'k‘ ) RN A ::;5‘,1 .‘ﬂ :Wﬂ, ‘ arrg
I

GTCLDII17+3.33 |3.3vde DC2DC Power supply [3

MR P RN RN N ICFE TS ETRA N PR

22 305ACA R5232 Transceiver IC i3 1
Ba516 DIODE ™! 1

OB5)04G  |DIODE BRIDGE SMT DB5104G s | |
10140 Variable Resister f.ﬂ":'l ;
CECAS~176D16R  [ATUF/L6V T

i WEIRE T TAY ks ke i

CHOSXTL2K50 HOOQARES SOV E'SS

1 23

CMCSX 181K 5 0., 21UF/ 50V 11,612,613 '
C201EXIRIHIOAK [0 IUF/EOV cies 12
CMCSKIBSKCE  JTUFF2aV Tloi,cs.co,c10 1 4
CMCGY106ZIE 10LF/ 29V Ce i
0905 5-4 738 470 akm o %2, R1 2
0805~ 5- 2200 220 ohm T R '
0805~5-108 12 akm T We R
NG D P

PR
J PN M

"PROVIDED BY GIGA-TMS INC.
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ORDERING INFQRMATION

ROLIVOT-00: (Radio Data Link Modute)
PMN: RDL200T-00
-

RDLZOOT Start Kit Package: (ASY-RDL.200TSK x 2PC3)
PM: RDL200T-SKE

E: Include 230VAC/HVDC Adaptor
U: Include 120VAC/SVDC Adaptor

RDLA01A-00 {Stand-Alone Radio Data Link)
PMN: RDLAOTAE

E: Include Z30VAC/SVDC Adapior
U: Include 120VACIVDC Adapior



PROMAG RDL200T
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CPTICNAL ANTENNA SOCKET AND ANTENKA

1. Antenng Sockel
Pii: CNS-OTGOO0T (Angle 180)

. ,
ke,
P il

PIN: CN3.0TGON08 (Angle 80)
N

BN {!iﬁ‘

Ao dhs.

oo
P

I

2. Antenna Extension Cable
P/N: WAS-1529

2 o ' pe s - . -
i Pl
. B i -
- i U

R e

3. Anlenna
PIN: ANT-T01 {50 chma, $34+-5 MHz)

LLC



INTEGRATED CIRCUITS

DATA SREET

89C51RB2/89C51RC2/89C51RD2

80C51 8-bit Flash microcontroller family
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM

Preliminary specification

|C28 Data Handbook

Phiips s
Semiconductors

1999 Sep 23

PHILIPS



Philips Semiconductors

Preliminary specification

80C51 8-bit Flash microcontroller family
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM

89C51RB2/89C51RC2/
89C51RD2

DESCRIPTION

The B8C51RB2/RC2/RD2 device contains a nan-volatile
16kB/32kB/64kB Flash program memgery that is both parallel
programmable and serial In-System and in-Application
Programmabie. In-System Programming (ISP} allows the userto
download new code while the microcontroller sits in the application.
In-Application Programming (IAP) means that the microcontroller
fetches new prograrmn code and reprograms itself while in the
systermn. This allows for remote programming over a madem link.

A default serial loader (boot loader) program in ROM allows serial
In-System programming of the Flash mermory via the UART without
the need for a loader in the Flash code. For in-Application
Pragramming, the user program erases and reprograms the Flash
memory by use of standard routines contained in ROM.

This device executes one machine cycle in 6 clock cycles, hence
providing twice the speed of a conventionat 80C51. An QTP
configuration bii lets the user sefect conventional 12 clock timing
if desired.

This device is a Single-Chip 8-Bit Microcontroller manufactured in
advanced CMOS process and is a derivative of the 80C51
micracontroller family. The instruction set is $00% compalible with
the BOCS1 instruction set.

The device also has four 8-bit /G ports, three 16-bit timer/event
counters, a muiti-source, four-priority-level, nested interrupt structure,
an enhanced UART and on-chip oscitlatar and timing circuits.

The added features of the PBSC51RB2/RC2/RD2 makes it a
powerful microcontroller for applications that require pulse width
modulation, high-speed I/O and up/down counting capabilities such
as motor cantrol.

1999 Sep 23

FEATURES
® 80C51 Cenfral Processing Unit

#® On-chip Flash Program Memory with In-Sysiem Programming
{ISP) and In-Application Programming {IAP) capability

® Boot ROM contains low level Flash pragramming roufines for
downloading via the UART

® Can be programmed by the end-user application (IAP)
® @ clacks per machine cycle operation (standard)
® 12 clocks per machine cycle operation {optional)

® Speed up to 20 MHz with 6 clock cycles per machine cycle
(40 MHz equivalent performance); up to 33 MHz with 12 clocks
per machine cycle

® Fully static operalion

® RAM expandable extemally {o 64 kB
® 4 |evel priority interrupt

# 3 interrupl sources

#® Four 8-bit IYO ports

® Fuli-duplex enhanced UART
- Framing error detection
- Automatic address recognition

® Power control modes
- Clock can be stopped and resumed
— Idle mode
— Power down mode

® Programmable clock out
® Second DPTR register
® Asynchronous port reset
® | ow EMI (inhibit ALE)

® Programmable Counter Aray (PCA)
- PWM
— Capture/compare



Phitips Semiconductars Preliminary specification

80C51 8-bit Fiash microcontroller family 89C51RB2/89C51RC2/
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM 89C51RD2
ORDERING INFORMATION
(Exclw#lﬁgnm PHILIPS MEMORY FREQUENCY {MHz)
AMERICA) A T%ZE‘;‘E“},%?E VOLTAGE DWG
PART ORDER FLASH | RAM RANGE B CLOCK | 12 CLOCK
NUMBER PART ORDER AND PACKAGE MODE MODE
PART MARKING NUMBER

1 | Peacs51RB2HBP | PBAC51RB2BP | 16kB |512B | 010470, PDIP | 45-5.5V |0to 20 MHz | 0to 33 MHz | SOT129-1
2 PBSC51RB2HFP PB9C51RB2FP 16kB | 512B —40 to +85, PDIP 45-55V {01020 MHz | 0to 33 MHz | SOT129-1
3 | PBOC5IRB2HBA | P8IC51RB2BA | 16KkB |512B | Oto+70,PLCC | 4.5-55V |0to20 MHz | 0to 33 MHz | SOT187-2
4 | PeacstrB2HFA | P8acs1RB2FA | 16kB [ 512B [ 4010 +85, PLCC | 4.5-55V |0 to 20 MHz | 0 to 33 MHz | SOT187-2
5 | PBSC51RB2HBB | PBOC51RB2BB | 16kB |512B | 0to+70, PQFP | 4.5-55V |0to20 MHz | 0 1o 33 MHz | SOT307-2
6 | PBOCS1RB2HFB | PBSC51RB2FB | 16kB | 512B | —40to +85, PQFP | 4.5-55Y | 0to 20 MHz | O to 33 MHz | SOT307-2
7 | peacsircaHeP | Peacs1Rc28P | 32kB 5128 | 0to+70,PDIP | 4555V |0to20 MHz | O to 33 MHz | SOT129-1
8 | PBSCSIRC2HFP | PBAC51RC2FP | 32kB | 512B | —40ta +85,PDIP | 4555V |01020 MHz | 0 to 33 MHz | SOT128-1
9 | PB9C51RC2HBA | P89C51RC2BA | 32kB [512B | 0to+70,PLCC | 4.5-55V [0to 20 MHz |0 to 33 MHz | SOT187-2
10 | PBOCSIRC2HFA | PSICS1RC2ZFA | 32kB |512B | —40to +85, PLCC | 4555V {0 to 20 MHz | 0 to 33 MHz | SOT187-2
11 P89C51RC2HBB P39C51RC2BB 32kB |512B 0to +70, PQFP 45-55V |0ta20MHz | 0to 33 MHz | S0OT307-2
12 | PBOCSIRC2HFE | PBOCSIRC2FE | 32kB | 512B | —40to +85 PQFP | 4.5-55V [0to 20 MHz | 0 to 33 MHz | SOTa07-2
13 | PBOCSIRDZHBP | PBOCSIRD2BP | 64kB | 1kB | O0to+70,PDIP | 4.5-55V |[0to 20 MHz [ 0to 33 MHz | SOT128-1
142 | PR9C51RDZHFP | PBOCS1RD2FP | 64kB | 1kB | —40t0+85 PDIP | 45-55V |Oto 20 MHz | Oto 33 MHz | SOT128-1
15 | PBOCSIRD2HBA | PBICSIRD2BA | 64kB | 1kB | Oto+70, PLCC | 4.5-55V |0to 20 MHz | 0to 33 MHz | SOT187-2
16 | PBIC51RD2HFA | PBICSTRD2FA | 64kB | 1kB | —401a+85 PLCC | 45-55V | 01020 MHz | 0 to 33 MHz | SOT187-2
17 | PBOC51RD2HBB | PB9C51RD2BB | 64kB | 1kB | Dio+70,PQFP | 45-55V |0to 20 MHz | 0 to 33 MHz | SOT307-2
18 | PBYCS1RD2HFB | PBICSIRD2FB | B4 kB | 1kB | —40to +85 PQFP | 4555V |0to 20 MHz [ 0to 33 MHz | SOT307-2
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80C51 8-bit Flash microcontroller family 89C51RB2/89C51RC2/
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM 898C5H1RD2
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Philips Semiconductors

Preliminary specification

80C51 8-bit Flash microcontroller family

89C51RB2/89C51RC2/
89C51RD2

16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM

LOGIC SYMBOL

Plastic Leaded Chip Carrier

<

-
0
1)

y| XTALY -]
A J_ bund e
° LADDRESS AND
= 4_..,_5._,: DATA BUS
l | L ——
| » - -y
RELEE T «—» >
= ] «— T2
[+ +— TZEX
—>
RST —» il
FANV @
PP —» +«—»! ©
PSEN &—| | &
w  ALEIPRCG<—>» -
z «—)
g RD—» =, 5 &
0| TsDe— i [—» >
Z|NT0 —» e ]| o~
LT — ~ | «—»|
2| To—» % . -l §_’ ADDRESS BUS
El MM—ed|—» > >
5 W« —» > —_
oLAbe— L] Je—el ]|
w
5Up1302

Plastic Dual In-Line Package

6

17

18
Pin  Function Pin
1 NIC 18
z P1QT2 17
3 P1.1/T2EX 18
4 P1.2/EC] 19
5 P1.3/CEXD 20
6 P1.4/CEX1 21
7 P1.5/CEX2 22
B P1.6/CEX3 23
g P1.7/CEX4 24
10 RST 25
11 P3.0sRxD 28
12 MNIC* 27
13 P3.1/TxD 28
14 P3.2/ANTG 29
15 P3.3/ANTT 3a

* NC INTERNAL CONKECTICN

1

8]

Function
P3.4TO
PAEM
P3.6/WR
P3.7/RD
XTALZ
NTAL1Y
Vs

HIC*

P2 QAR
P2.1/AR
P2.2/810
P2.3/A11
P2.4/A12
P2.5/A13
P2.6/A14

40

28

[ 139

20

Pin  Functlon

3 PLIAIS
32 PBEN
331 ALE/PRGG
34 NIC*
35  EANep
38 PO.7/ADY
3a?  PO.6/ADS
33 PO&ADS
39 P0.4/AD4
40 PD.A/AD3
41 PO.2ZAD2
42 PO.ADMY
43 PO.vADO
44 Veo
sU0p023

T2.'P1.0|I

TZEX/F1.1 |:"2_
ECIP1.2[3]
CEX(/P13 [Z
CEX1P14[5]
CEX21P1.5[ 8]
CEX3P16(7 ]
cEx4iP: 7[ 8]
RsT[3]
RxDiP3.0{ 1)
0P 1]
WTGPa.2[12
RTTiPa.a[13)

TONP34 E
TUP3S E

WR/P3.6|16
FEDfPa,:fE

XTALZ

XTAL1

Vss [20]

—

DUAL
IN-LINE
PACKAGE

E Vee

35} P0.0/ADO
28] Po.1/AD1
[57] Po.2iaD2
28] P0.3vAD3
38| PO.4/AD4
34] Po.siADS

[

3] Po.GIADS
32] Po.7/ADT
E EANEP
30 ALE/PROG
(28] PEER

E| P2.7A1G

[27] Pz aatd

[%3

[X)

[26] P2 5iaty
25] P2.iatz

A

[24] P2 211
23] P2.2a10
[22] Pz.1a9

Zl P2.O/AS

SU0e021

Plastic Quad Flat Pack

Pin  Functlon Pin
1 P1.5/CEX2 16
2  P1BICEX3 17
3 P1.7/CEX4 18
4  RST 19
5 P3.0/RxD 20
6 NIC* 21
7 P3.1TxD 22
8 Pa,2ANTO 23
9  PIIINTT 24

10 P3.4/TO 25

hal P51 26
T2 P1.6/WR 27

13 P1.7/RD 8

14 XTALZ 29

15 XTAL1 kli]

* NO INTERNAL CONNECTION

Function

Vag

NIC*
P2.0/AB
P2.1/A9
P2.2/A10
P2.3iANM
P2.4iA12
P2.5/A13
P26iA14
P2 TIA15
PSEN
ALE/PROG
NIC*
EANpp
PO.7:ADT

Pin  Function

3 PO.6/ADB
32 PO.5/ADS
33 PO4/ADA
34 PO.3/AD3
35 PO.2/aD2
36 POA/ADT
37 PO.O/ADD
3 veo

3@ NiCT

40  P107Z
41 P1.1/TZEX
42 P1.2/ECI

43 P1.3/CEX0
44 P14/CEX1

SUBDG24
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Philips Semiconductors Preliminary specification

80C51 8-bit Flash microcontroller family 89C51RB2/89C51RC2/
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM 89C51RD2

PIN DESCRIPTIONS

PIN NUMBER
MNEMONIC TYPE NAME AND FUNCTION
PDIP PLCC PQFP

Vss 20 22 16 | Ground: 0 V reference.

Vee 40 44 38 ] Power Supply: This is the power supply voltage for normal, idle, and power-down
operation.

P0.0-0.7 35-32 43-36 37-30 1o Port 0: Port O is an open-drain, bidirectional /O port. Port O pins Ihat have 1s
written lo them float and 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 internal putl-ups when emilting 1s.

P1.0-P1.7 1-8 2-9 4044, /0 | Port 1: Port 1 is an B-bit bidirectional /O port with intemal pull-ups on alf pins

1-3 except P1.6 and P1.7 which are open drain. Port 1 pins that have 1s written to them

are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 1
pins that are externally pulled low will source current because of the intemat
pull-ups. (See DC Electrical Characteristics: Iy }.
Alternate functions for 88C51RB2/RC2/RD2 Port 1 include:

1 2 40 I1e] T2 (P1.0): Timer/Counter 2 external count input/Clockout {see Programmabie

Clock-Out)

2 3 41 b T2EX {P1.1): Timer/Counier 2 Reload/Capture/Direction Control

3 4 42 t ECI (P1.2): External Clock Input to the PCA

4 5 43 f{e] CEX0 {P1.3): Capture/Compare External O for PCA module 0

5 6 44 o CEX1 {P1.4): Capiure/Compare Extemal /0 for PCA module 1

5 7 1 IO CEX2 (P1.5}: Capture/Compare Extemal I/O for PCA module 2

7 8 2 lle] CEX3 {P1.6): Capture/Cornpare Extemnal /O for PCA module 3

B 9 3 Qo CEX4 (P1.7): Capture/Compare Externat VO for PCA module 4

P2.0-P2.7 21-28 24-31 18-25 e} Port 2: Port 2 is an B-bit bidirectional I/O port with intemal pull-ups. Port 2 pins that
have 1s written to them are pulled high by the internal pull-ups and can be used as
inputs, As inputs, port 2 pins that are externally being pulled low will source current
because of the intemal pull-ups. (See DC Electrical Characteristics: | ). Port 2
emits the high-order address byte during fetches from external program memory
and during accesses to external data memory that use 16-bit addresses (MOVX
@DPTRY). In thiz application, it uses strong internal pull-ups when emitting 1s.
During accesses to extemal data memory that use 8-bit addresses (MOV @Ri}),

part 2 emits the contents of the P2 special function register.

P3.0-P3.7 10-17 1, 5, 7-13 10 Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that
13-19 have 1s written to them are pulled high by the internal pull-ups and can be used as
inputs. As inputs, port 3 pins that are externally being pulled low will source current
because of the pull-ups. {See DC Electrical Charactenistics: | ). Port 3 aiso serves
the special features of the 89C51RB2/RC2/RD2, as listed belaw:

10 11 5 | RxD {P3.0): Serial input port
11 13 7 0 TxD (P3.1): Serial output port
12 14 8 I INTO (P3.2): External interrupt
13 15 9 I INTT (P3.3): External inlerrupt
14 16 10 | T0 {P3.4): Timer 0 external input
15 17 1t | T1 (P3.5): Timer 1 external input
16 18 12 0 WR {P3.6): Exiernal data memory write strobe
17 19 13 0] RD (P3.7): External data memory read sirobe
R8T 9 10 4 | Resat: A high on this pin for two machine cycles while the oscillator is running,

resets the device. An internal diffused resistor to Vgg permits a power-on reset
using only an external capacitor to Vce.

ALE 0 3 27 6] Address Latch Enable: Cutput pulse for laiching the low byte of the address
during an access la external memory. In normal operation, ALE is emitted twice
every machine cycle, and can be used for external timing or cfocking. Note that one
ALE pulse is skipped during each access to external data memeory. ALE can be
disabled by setting SFR auxiliary.0. With this bit set, ALE will be active only during a
MOVX instruction.
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Phitips Semiconductors Preliminary specilication

80C51 8-bit Flash microcontroller family 89C51RB2/89C51RC2/
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM 89C51RD2

PIN NUMBER
MNEMONIC TYPE NAME AND FUNCTION
PDIP | PLCC | PaFP

FSEN 29 32 26 0 Program Store Enable: The read strabe to external pragram memory. When

executing code from the external program memory, P'SE%I is activated twice each
machine cycle, except that two PSEN activations are skipped during each access
to extenal data memary. PSEN is not activated during feiches from internal
program memary,

EANep 31 35 29 | External Access Enable/Programming Supply Voltage: EA must be externally
held low to enabte the device to fetch code from external program memory
locations. If EA is held high, the device executes from internal program memaory.
The value on the EA pin is latched when RST is released and any subsequent
changes have na effect. This pin also receives the programming supply vollage
{Vpp) during Flash pragramming.

XTAL1 19 21 15 | Crystal 1: input to the inverting oscillator ampiifier and input to the intemal clock
generator circuits.
XTAL2 18 20 14 O Crystal 2: Output from the inverting oscillator amgplifier.
NOTE:

To avoid “latch-up” effect at power-on, the voltage on any pin (other than Vpp) must not be higher than Ve + 0.5 V or less than Vgg — 0.5 V.
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Philips Semiconductors

Preliminary specification

80C51 8-bit Flash microcontroller family
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM

89C51RB2/89C51RC2/

89C51RD2

Table 1. Special Function Registers
DIRECT BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION RESET
SYMBOL DESCRIPTION
ADDRESS MSB LSB VALUE
Acct Accumulator EOH E7 E6 ES E4 E3 E2 E1 E0 |ooH
AUXRE | Auxiliary 8EH - - - - - - |earm | A0 | xooooctoB
AUXR1# Auxiliary 1 A2H - - ENBQOT - GF2 0 - DPS xxooox0B
B* B register FOH F7 F6 F§ F4 F3 F2 F1 Fo | OOH
CCAPOH# | Module 0 Capture High FAH XXX xxB
CCAP1H# | Module 1 Capture High FBH X0 XX
CCAP2H# | Module 2 Capture High | FCH MO0
CCAP3H# | Module 3 Capture High | FDH X000
CCAP4H# | Module 4 Capture High FEH X000xxB
CCAPOL# | Module O Capture Low EAH OB
CCAP1L# | Module 1 Caplure Low EBH 2000000 B
CCAP2L# | Moduie 2 Caplure Low ECH XOUD0DOHB
CCAP3L# | Module 3 Capture Low EDH XOOCoB
CCAP4L# | Module 4 Capture Low EEH OUCOOHB
CCAPMO# | Module 0 Mode DAH - | ecom | capp | capn | Mat | TOG | PwM | ECCF | xO000D00B
CCAPM1# | Module 1 Mode DBH - | ecom | capp | capn | mMaT | ToG | PwM | ECCF | x00000008
CCAPM2# | Module 2 Mode DCH - Ecom | capP | caPN | MaT | TOG | PwM | ECCF | x00000008
CCAPM3# | Module 3 Mode DDH - ECOM | CAPP | CAPN | MAT | TOG | PwM | ECCF | x00000008
CCAPMa# | Module 4 Mode DEH - ECOM | CAPP | CAPN | MAT | TOG | PwmM | ECCF | x00000008
DF DE DD DC DB DA D9 D8
CCON*# | PCA Counter Controf DaH cF | crR | - | ccre | ccr3 | ccr2 | ccFt | ccFo | ooxooooos
CH# PCA Counter High F9H 0OH
CL# PCA Counter Low E9H 00H
CMOD# | PCA Gounter Made peH | cioL |woTE | - - | - Jcps1| ceso | ECF j noxxxo00B
DPTR: Data Pointer (2 bytes)
DPH Data Pointer High 83H DOH
DPL Data Pointer Low 82H 00H
AF AE AD AC AB AA A9 AB
IE* Inerrupt Enable 0 ABH Ea | Ec | er2 [ es | Em [ Exs | Eo | Exo ]ooH
BF BE BD BC BB BA BY B
IP* Interrupt Priority B8H - Jeec J P2 | ps | pr1 | Px1 [ Pro | Pxo | 00000008
B7 B6 BS B4 B3 B2 B1 BO
IPH# Interrupt Priority High | B7H - 1pPpcH | PT2H | PSH | PT1H | Px1H | PTOH | PxoH | xoo0o0008
87 86 85 84 83 82 81 80
PO Port 0 soH | AD7 | ape | aD5 | aDa | ADa [ Ap2 | abt | apo |FFH
97 96 95 94 93 92 91 90
P1® Port 1 90H |[cExa [cExa |cexa | cex1 [ cexo | Ect | T2ex | T2 | FFH
A7 AB A5 A4 A3 A2 A1 AD
p2" Port 2 aoH [ ap1s | ap1a | aD13 | ap12 | AD11 [ AD10 [ AD9 | ADs | FFH
B7 B BS B4 B3 B2 B1 B0
P3* Port 3 BoH [ Ro [ WR [ 7 [ 70 [ w7 [ W6 [ mo | reD | FFH
PCON#' | Power Contral g7H | smwopr | smooo | - - 1 oft Jero ] po | oL [ooxo00s
*  SFRs are bit addressable.
# SFRs are modified from or added to the B0C51 SFRs.
- Reserved bits.
1. Reset value depends on reset source.
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Preliminary specification

80C51 8-bit Flash microcontroller family 89C51RB2/89C51RC2/
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM 89C51RD2
Table 1. Special Function Registers (Continued)
DIRECT BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION RESET
SYMBOL DESCRIPTION ADDRESS | msa Lse | VALUE
07 D6 D5 D4 D3 D2 D1 Do
PSW* | ProgramStatusword | DoH | cv | ac | Fo | mrst | Rso | ov | Ft | P |oooooocos
RCAP2H# | Timer 2 Capture High CBH 0OH
RCAP2L# | Timer 2 Capture Low CAH 00H
SADDR#¥ | Slave Address A9H 0OH
SADEN# | Slave Address Mask BOH 00H
SBUF Serial Data Buffer 99H AXXXAXXAXB
oF 9E 9D oc 9B 9A 99 98
SCON* | Seriat Control 9gH [smore | sm1 | sm2 fRen | TR [ RBE | T | RI|ooH
sP Stack Pointer 81H 07H
8F 8E 8D 8C 8B BA 89 88
TCON* | Timer Control gsH [ 7F1 [ Rt [ tro [ TRO | E4 [ im1 ] E0 | o Joom
CF CE cD cc CB CA o] c8
T2CON* | Timer 2 Control C8H TF2 | ExF2 | ROk | TCLK | EXEN2 | TR2 | €2 | CP/RIZ | OOH
T2MOD# | Timer 2 Made Contral CoH - - - - - T20E | DCEN | xxxxxx00B
THO Timer High 0 8CH 00H
TH1 Timer High 1 8DH 00H
TH24 Timer High 2 CDH 00H
TLO Timer Low 0 8AH 00H
Tit Timer Low 1 8BH 00H
TL2# Timer Low 2 CCH 00H
TMOD | Timer Mode gBoH | cate | cm M1 MO0 | GATE | o M1 Mo | 0OH
WDTRST | Watchdog Timer Reset ABH

* SFRs are bit addressable.
# SFRs are modified from or added to the BOC51 SFRs.
— Reserved bits.

QSCILLATOR CHARACTERISTICS

XTAL1 and XTAL2 are the input and output, respectively, of an
inverling amplifier. The pins can be configured for use as an
on-chip oscillalor.

To drive the device from an external clock source, XTAL1 should be
driven while XTALZ2 is left unconnected. Minimum and maximum
high and low times specified in the data sheet must be observed.

This device is configured at the factory to operate using 6 clock
periods per machine cycle, referred to in this datasheet as "6 clock
mode”. {This yields pedformance equivalent to twice that of standard
80C51 famity devices). lf may be optionally configured on
commercially-available EPROM programming equipment o operate
at 12 clocks per machine cycle, referred to in this datasheet as

“12 clock mode”. Once 12 clock mode has been configured, it
cannot be changed back to 6 clock mode.

1999 Sep 23

RESET

A reset is accomplished by holding the RST pin high for at least two
machine cycles (12 oscillator periods in 6 clock mode, or 24 oscillator
periods in 12 clock mode), white the oscillator is running. To ensure a
good power-on reset, the RST pin must be high long enough lo allow
the oscitlator time to start up {(normally a few milliseconds) plus two
machine cycles. At power-on, the voltage on V¢ and RST must
come up at the same time for a proper start-up. Ports 1, 2, and 3 will
asynchronously be driven fo their reset condition when a voltage
above V1 {min.) is applied to RESET.

The value on the EA pin is latched when RST is deasserted and has
no further effect.
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80C51 8-bit Flash microcontroller family

16KB/32KB/64KB ISP/IAP Flash with 512B8/512B/1KB RAM

89C51RB2/89C51RC2/
89C51RD2

LOW POWER MODES

Stop Clock Mode

The stalic design enabies the clock speed fo be reduced down to

0 MHz (stopped). When the oscillator is stopped, the RAM and
Special Function Registers retain their values. This mode aliows
step-by-step utilization and permits reduced system power
consumption by lowering the clock frequency down 1o any value. For
lowest power consumption the Paower Down mode is suggested,

Idie Mode

In the idle mode {see Tabie 2}, the CPU puls itself to sieep while all
of the on-chip peripherals stay active. The instruction to invoke the
idle made is the last instruction executed in the normal aperating
maode before the idle mode is activated. The CPU contents, the
on-chip RAM, and all of the special function registers remain intact
during this mode. The idle mode can be terminated either by any
enabled interrupt {at which time the process is picked up at the
interrupt service routine and continued), or by a hardwara reset
which starls the processor in the same manner as a power-on resel.

Power-Down Mode

To save aven more power, 2 Power Down made (see Table 2) can
be invoked by software. In this moade, the oscillator is stopped and
the instruction that invoked Power Down is the fast instruction
executed. The on-chip RAM and Special Function Registers retain
their values down 1o 2.0 V and care must be faken o return Ve to
the minimum spacified operaling voltages before the Power Down
Mode is terminated.

Either a hardware reset or external interrupt can be used to exit from
Power Down. Reset redefines all the SFRs but does not change the
on-chip RAM. An extemal interrupt altows both the SFRs and the
on-chip RAM ta retain their vaiues.

To properly terminate Power Down, the reset or extemal interrupt
should not be executed befare Ve Is restored to its normat
operating tevel and must be held aclive long enough for the
oscillator to restart and stabilize (normally less than 10 ms}.

With an external interrupt, INTO and INT1 mus! be enabled and
configured as level-sensilive. Holding the pin low restars the oscillator
but bringing the pin back high completes the exit. Once the interrupt
is serviced, the next instruction ta be execuled aler RETI will be the
one following the instruction that put the device into Power Down.

POWER OFF FLAG

The Power Of Flag (POF) is set by an-chip circuitry when the Vee
level on the 89C51RB2/RC2/RD2 rises from 0 to 5 V. The POF bit
can be set or cleared by software allowing a user to determine if the
reset is the result of a power-an or a warm start afler powerdown.
The Vi level must remain above 3 V for the POF fo remain
unaffected by the Vg level.

Design Consideration

® \When the idle mode is terminated by a hardware reset, the device
normally resumes program execution, from where it left off, up to
two machine cycles before the internal reset algorithm takes
contrai. On-chip hardware inhibils access to interat RAM in this
event, but access to the parl pins is not inhibited. To eliminate the
possibility of an unexpected write when Idle is terminated by reset,
the instruction following the one that invokes Idie should not be
ane that writes to a port pin or to extemal memaory.

ONCE™ Mode

The ONCE ("On-Circuit Emulation”) Mode facilitates testing and
debugging of systems without the device having to be removed from
the circuit. The ONCE Mode is invoked by:

1. Pull ALE low while the device is in reset and PSEN is high;

2. Hold ALE low as RST is deactivated.

While the device is in ONCE Mode, the Porl 0 pins ga into a float
stale, and the other por pins and ALE and FSEN are weakly pulled
high. The asclllator circuit remains active. While the device is in this
made, an emulator or test CPU can be used to drive the circuit.
Normal operation is restored when a normal reset is applied.

Programmable Clock-Out

A 50% duly cycte clock can be programmed to come out on P1.0.

This pin, besides being a regular /O pin, has twa alternate

fupctions. It can be programmed:

1. toinput the external clock for Timer/Counter 2, or

2. to output a 50% duty cycle clock ranging from 122 Hz to B MHz at
a 16 MHz operating frequency (61 Hz to 4 MHz in 12 dock mode).

To configure the Timer/Counter 2 as a clock generator, bit C/T2 {in
T2CON) must be cleared and bit T20E in T2MOD must be set. Bit
TR2 (T2CON.2) also must be set to start the timer.

The Clock-Cut frequency depends on the oscillator frequency and
the reload vatue of Timer 2 capture registers (RCAP2H, RCAP2L)
as shown in this equation:

Oscillator Frequency
n x (656536 — RCAP2H, RCAP2L)

2 in 6 clock mode
41in 12 clock mode

n=

Where {(RCAP2H,RCAP2L) = the content of RCAP2H and RCAP2L
taken as a 16-bit unsigned integer.

In the Clock-Qut mode Timer 2 roil-overs will not generate an
interrupt. This is similar to when it is used as a baud-rate generator.
It is possible to use Timer 2 as a baud-rate generator and a clock
generaior simultaneously. Note, however, thal the baud-rate and the
Clock-0ut frequency will be the same.

Table 2. External Pin Status During Idle and Power-Down Mode
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MODE PROGRAM MEMORY ALE PSEN PORT O PORT 1 PORT 2 PORT 3
Idle Internal 1 1 Data Data Data Data
Idle Externat 1 1 Float Data Address Data
Power-down Internal 0 0 Data Data Data Data
Power-down External 0 0 Floal Data Data Data

10
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TIMER 2 OPERATION

Timer 2

Tirner 2 is a 16-bit Timer/Counter which can operate as either an
event timer or an event counter, as selected by C/T2* in the special
functien register T2CON (see Figure 1). Timer 2 has three operating
modes: Caplture, Auto-reload (up or down counting), and Baud Rate
Generator, which are selected by bits in the T2CON as shown in
Table 3.

Capture Mode

In the capture mode there are two options which are selected by bit
EXENZ2 in T2ZCON. If EXEN2=0, then timer 2 is a 16-bit timer or
counter (as selected by C/T2* in T2CON) which, upon overflowing
sets bit TF2, the timer 2 overflow bit. This bit can be used to
generate an interrupt {by enabling the Timer 2 interrupt bit in the

|E register). If EXEN2= 1, Timer 2 operates as described above, but
with the added feature that a 1- to -0 {ransition at externat input
T2EX causes the current value in the Timer 2 registers, TL2 and
THZ, to be captured into registers RCAP2L and RCAP2ZH,
respectively. In addition, the transilion at T2ZEX causes bit EXF2 in
T2CON to be set, and EXF2 like TF2 can generate an interrupt
{which vectors to the same location as Timer 2 overflow interrupt.
The Timer 2 interrupt service routine can interrogate TF2 and EXF2
to determine which event caused the interrupt}. The capture mode is
illustrated in Figure 2 (There is no reload value for TL2 and TH2 in
this mode. Even when a capture event ogcurs from T2EX, the
counter keeps on counting T2EX pin fransitions or 0sc/6 pulses
(osc/12 in 12 clock mode).).

Auto-Reload Mode (Up or Down Counter}

In the 16-bit auto-reload mode, Timer 2 can be configured {(as either
a timer or counter [C/T2" in T2CON]) then programmed to count up
or down. The counting direction is determined by bit DCEN (Down

Counter Enable) which is located in the T2MOD register (see
Figure 3). When reset is applied the DCEN=0 which means Timer 2
will default to counting up. If DCEN bit is set, Timer 2 can count up
or dewn depending on the value of the T2EX pin.

Figure 4 shows Timer 2 which will count up automatically since
DCEN=0. In this mode there are two options selected by bit EXEN2
in T2ZCON register, If EXEN2=0, then Timer 2 counts up to OFFFFH
and sets the TF2 {Overflow Flag) bit upon overflow. This causes the
Timer 2 registers to be reloaded with the 16-bit value in RCAP2L
and RCAP2H. The values in RCAP2L and RCAP2H are preset by
software means.

If EXEN2=1, then a 16-bit reload can be triggered either by an
averflow or by a 1-10-0 transition at input TZEX. This transition aisc
sets the EXF2 bit. The Timer 2 interrupt, if enabled, can be
generated when either TF2 or EXF2 are 1.

In Figure 5 DCEN=1 which enables Timer 2 to count up or down.
This mode allows pin T2EX to control the direction of count. When a
logic 1 is applied at pin T2EX Timer 2 will count up. Timer 2 will
overflow at OFFFFH and set the TF2 flag, which can then generate
an interrupt, if the interrupt is enabled. This timer overflow also
causes the 16-bit value in RCAP2L and RCAP2H to be reloaded
into tha timer registers TL2 and TH2.

When a logic 0 is applied at pin TZEX this causes Timer 2 to count
down. The timer will underflow when TL2 and TH2 become equal to
the vaiue stored in RCAP2L and RCAPZ2H. Timer 2 underflow sets
the TF2 flag and causes OFFFFH to be reloaded into the timer
registers TL2 and TH2.

The external flag EXF2 toggles when Timer 2 underflows or overflows.
This EXF2 bit can be used as a 17th bit of resolution if needed. The
EXF2 flag does not generate an interrupt in this mode of operation.

on Timer 2 overflow.

(MSB) (LSB})
TF2 EXF2 RCLK TCLK EXEN2 TR2 (o7 CP/RLZ

Symbol Position  Name and Significance

TF2 T2CON.7  Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set
when either RCLK or TCLK = 1.

EXF2 T2CON.&  Timer 2 external flag sel when eilher a caplure or reload is caused by a negative transilion 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 T2CON.5  Receive clock lag. When set, causes the serial port to use Timer 2 overflow pulses for its receive clock
in modes 1 and 3. RCLK = 0 causes Timer 1 overflow to be used for the receive clock.

TCLK T2CON.4  Transmit clock flag. When set, causes the serial port to use Timer 2 overflow pulses for its transmit clock
in modes 1 and 3. TCLK = Q causes Timer 1 overflows to be used for the transmit clock.

EXENZ2 T2CON.3  Timer 2 external enable flag. When set, allows a capiure or reload 1o accur as a result of a negative
transition on T2EX if Timer 2 is not being used to clock the serial part. EXENZ = 0 causes Timer 2 to
ignore events at T2EX.

TR2 T2CON.2  Start/stop control for Timer 2. A logic 1 staris the timer.

cime T2CON.1  Timer or counter select, {Timer 2)

0 = Internal timer (QSC/6 in € clock mode or OSC/12 in 12 clock mode)
1 = Extemnal event counter (faliing edge triggered).
CPRLZ T2CON.0  Capture/Reload flag. When set, captures will occur on negative transitions at T2EX if EXEN2 = 1. When

cleared, auto-reloads will occur either with Timer 2 overflows or negaltive Iransilions at T2EX when
EXENZ2 = 1. When either RCLK = 1 or TCLK = 1, this bit is ignored and the timer is forced to auto-reload

SU01251

Figure 1. Timer/Counter 2 {T2CON] Control Register
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Table 3. Timer 2 Operating Modes

RCLK + TCLK CP/RLZ TR2 MODE
0 M 16-bit Auto-reload
o 1 1 16-bit Capture
1 X 1 Baud rate generator
X X 0 {off)
0sC +n
c/TI=0

TL2 TH2
¢ o-T5 (B-bits) (8-bils) TF2

Control

TR2 Captura
Transition Timer 2
Detectar Interrupt

l RCAPZL RCAPZH

T2EXPin — "\_ “{ EXFZP

—

Control

EXEN2 SU61282

*n=6in 6 clock mode, or 12 in 12 clack mode.

Figure 2. Timer 2 in Capture Mode

T2MOD Address = 0C9H Reset Value = XXXXX XX00B

Not Bit Addressable

— — — — T20E DCEN

Bit 7 6 5 4 3 2 1 0

Symbol Function

— Not implemented, reserved for future use.”
T20E Timer 2 Qutput Enable bit.
DCEN Down Count Enable bit When set, this allows Timer 2 to be configured as an up/down counter.

*  User software should not write 1s lo reserved bits. These bits may be used in future 8051 family products lo invoke new features.
In that case, the reset or inactive value of the new bit will be 0, and its active value will be 1. The value read from a reserved bit is

indeterminate. PR

Figure 3. Timer 2 Mode (TZMOD) Control Register
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0S¢ +n*
cTZ=0
oT% TL2 TH2
o il ™ eaTS) (B-BITS}
crz=1 |
T2PiN CONTROL.
E—
TR2  ReLoan ‘
TRANSITION
DETECTOR RCAP2ZL RCAPZH
l TF2
. TIMER 2
INTERRUPT
TEXPIN —a) /\ 7o w| EXF2
i
CONTROL
EXENZ SUD1283
*n=6Iin 6 clock mode, or 12 In 12 clock mode.
Figure 4. Timer 2 in Auto-Reload Mode (DCEN =0)
{DOWN COUNTING RELDAD VALUE}
FFH FFH —
>< — ExFz
=
OVERFLOW
o oo TLZ TH2 - TF2 INTERRUPT
i
|
T2 PIN —f CcZ=1 l
| CONTROL
TR2 COUNT
4 DIRECTION
1=UP
0=DOWN
RCAPIL RCAPZH
{UP COUNTING RELOAD VALUE} TZEX PIN
*n=6in6 clock mode, or 12 in 12 clock mode. SUDT264

Figure 5. Timer 2 Auto Reload Mode (DCEN = 1)
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Timer 1
Ovarllow
+ 2
0" 1
080G prm—
cZ=0 e SMOD
- T2 TH2
'T' =1 (8-bils) (B-bils) Y RCLK
l cTZ=1 Y
T2 Pin Controj
-—I- RX Clock
TR2
Raload . TCLK
Transition
Detactor RCAP2L RCAPZH
l + 18 TX Clock
T2EX Pint i ’\— 1o | EXFZI Timer 2
i I I Interuat
| Contral
EXEN2

L Mota availability of additional external inlerrupl.

Sue1213

Figure 6. Timer 2 in Baud Rate Generator Mode

Table 4. Timer 2 Generated Commonly Used

Baud Rates
Baud Rate Timer 2
12 clock 6 clock Osc Freq
mode mode RCAP2H RCAP2ZL
ar5k 750 k 12 MHz FF FF
96k 19.2k 12 MHz FF D9
28K 56k 12 MHz FF B2
24k 48k 12 MHz FF 54
12K 24k 12 MHz FE c8
300 600 12 MHz FB 1E
10 220 12 MHz F2 AF
300 600 6 MHz FD BF
110 220 6 MHz Fo 57

Baud Rate Generator Mode

Bits TCLK andfor RCLK in T2CON (Table 4) allow the serial port
transmit and receive baud rates 1o be derived from either Timer 1 or
Timer 2. When TCLK= 0, Timer 1 is used as the serial port fransmit
baud rate generator. When TCLK= 1, Timer 2 is used as the serial
port transmit baud rate generator. RCLK has the same effect for the
seral port receive baud rate. With these two bits, the serial port can
have different receive and transmit baud rates — one generated by
Timer 1, the other by Timer 2.

Figure 6 shows the Timer 2 in baud rate generaiion mode. The baud
rate generation mode is like the auto-reload mode,in that a rollaver in
TH2 causes the Timer 2 registers to be reloaded with the 16-bit value
in registers RCAP2H and RCAPZ2L, which are preset by software.

1988 Sep 23
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The baud rates in modes 1 and 3 are determined by Timer 2's
overflow rate given below:
Timer 2 Overflow_Rate

16
The timer can be configured for either "timer” or “counter” operatian.
In many applications, itis configured for "timer" operation (C/T2*=0).
Timer operation is different for Timer 2 when it is being used as a
baud rate generator.

Modes 1 and 3 Baud Rates =

Usually, as a timer it would increment every machine cycle (i.e.,

1/g the osciliator frequency in 6 clock mode, 142 the oscitlator
frequency in 12 clock mode). As a baud rate generator, it increments
at the osciilator frequency in B clock mode (95C/; in 12 clock mode).
Thus the baud rate formula is as follows:

Modes 1 and 3 Baud Rates =
Oscillator Frequency
{ n* x [65536 — (RCAP2H, RCAP2L)Y

-

16 in 6 clock mode
32 in 12 clock mode

Where: (RCAP2H, RCAP2L)= The content of RCAP2H and
RCAP2L taken as a 16-bit unsigned integer.

n=

The Timer 2 as a baud rate generator mode shown in Figure 6, is
vaiid only if RCLK and/or TCLK = 1 in T2CON register. Note that a
rallover in TH2 does not set TF2, and will not generate an interrupt.
Thus, the Timer 2 interrupt does not have to be disabled when
Timer 2 is in the baud rate generalor mode. Also if the EXEN2

(T2 external enable flag) is set, a 1-to-0 transition in T2EX
(Timer/counter 2 trigger input) witl set EXF2 (T2 external flag) but
will not cause a reload from {RCAPZH, RCAP2L) 1o (TH2,TL2).
Therefore when Timer 2 is in use as a baud rate generator, T2ZEX
can be used as an additional external interrupt, if needed.
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When Timer 2 is in the baud rate generator mode, one should not try
to read or writa TH2 and TL2. As a baud rate generator, Timer 2 is
incremented every state time (0sc/2) or asynchranausly from pin T2;
under these conditions, a read or write of TH2 or TL2 may not be
accurate. The RCAP2 registers may be read, bul should not be
written to, because a write might overlap a reload and cause write
and/or raload errors. The timer should be turned off {clear TR2)
before accessing the Timer 2 or RCAPZ registers.

Table 4 shows commanly used baud rates and how they can be
abtained from Timer 2.

Summary of Baud Rate Equations
Timer 2 is in baud rate generating mode. If Timer 2 is being clocked
through pin T2(P1.0} the baud rale is:

Timer 2 Overflow Rate

Baud Rate =

if Timer 2 is being clocked internally, (he baud rate is:

fDSC
[n* x [65536 — (RCAP2H, RCAPZL)]]

* 16 in 8 ctock mode
32 in 12 clock mode

Baud Rale =
n =

Where foge= Oscillator Frequency

To obtain the reload value for RCAP2H and RCAP2L, the above
equation can be rewritten as:

fOSC
RCAP2H, RCAP2L = 65536 — (m)

Timer/Counter 2 Set-up
Except for the baud rate generator mode, the values given for T2ZCON

16 do not include the setting of the TR2 bit. Therefore, bit TR2 must be
sel, separately, to tum the timer on. see Table 5 for set-up of Timer 2
as a timer. Also see Table 6 for set-up of Timer 2 as a counter.
Table 5. Timer 2 as a Timer
T2C0N
MODE INTERNAL CONTROL EXTERNAL CONTROL
{Note 1) (Note 2)
18-bit Auta-Reload 0oH 08H
16-bit Capture 01H 0gH
Baud rate generator receive and transmit same baud rate 34H 3I6H
Receive only 24H 26H
Transmit only 14H 16H
Table 6. Timer 2 as a Counter
TMOD
MODE INTERNAL CONTROL EXTERNAL CONTROL
(Note 1) {Note 2}
16-bit 0zH 0AH
Auto-Reload 03H 0BH
NOTES:

1. Caplurefreload occurs only on timer/counter overflow.

2. Caplure/reload occurs on timer/counter averflow and a 1-0-0 transition on T2EX (P1.1) pin except when Timer 2 is used in the baud rate

generator made.

1999 Sep 23
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Enhanced UART

The UART operates in ali of the usual modes that are described in
the first section of Data Handbook 1C20, 80C51-Based 8-Bit
Microcontrollers. In addition the UART can perform framing error
detect by looking for missing stop bits, and automatic addrass
recognition. The UART also fully supports multiprocessor
communicatian as does the standard 80C51 UART.

When used for framing error detect the UART fooks for missing stop
bits in the communication. A missing bit will set the FE bit in the
SCON register. The FE bit shares the SCON.7 bit with SMO and the
function of SCON.7 is determined by PCON.6 (SMODO0) (see
Figure 7). If SMODO is set then SCON.7 functions as FE. SCON.7
functions as SMO when SMODO is cleared. When used as FE
SCON.7 can only be cleared by software. Refer to Figure 8.

Automatic Address Recognition

Automatic Address Recognition is a feature which allows the UART
ta recognize certain addresses in the serial bit stream by using
hardware to make the comparisons. This feature saves a great deal
of software overhead by eliminating the need for the sofiware to
examine every serial address which passes by the serial port. This
feature is enabled by setting the SM2 bit in SCON. In the 9 bit UART
modes, mode 2 and mode 3, the Receive Interrupt flag (RI) will be
automatically set when the recsived byte contains either the “Given”
address or the “Broadcast” address. The 9-bit mode requires that
tha 9th information bit is a 1 to indicate that the received information
is an address and not data. Automatic address recognition is shown
in Figure 9.

The 8 bit mode is cailed Made 1. In this mode the RI flag will be set
if SM2 is enabled and the information received has a valid stop bit
following the B address bits and the information is either a Given or
Broadcast address.

Mode 0 is the Shift Register mode and SM2 is ignared.

Using the Automatic Address Recognition feature allows a master to
selectively communicate with one or more siaves by invoking the
Given slave address or addresses. All of the slaves may be
contacted by using the Broadcast address. Two special Funclion
Registers are used to define the stave's address, SADDR, and the
address mask, SADEN, SADEN is used to define which bits in the
SADDR are to b used and which bits are “don’t care”. The SADEN
mask can be logically ANDed with the SADDR to create the "Given”
address which the master will use for addressing each of the slaves.
Usa of the Given address aliows multiple slaves to be recognized
while excluding others. The following examples will help 1o show the
versatility of this scheme:

Slave 0 SADDR = 1100 0000
SADEN = 1441 1101
Given = 1100 0QXD

1999 Sep 23
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Slave 1 SADDR = 1100 0000
SADEN = 111 1110
Given = 1100 000X

In the above example SADDR is the same and the SADEN data is
used to differentiate between the two slaves. Stave 0 requires a 0in
bit O and it ignores bit 1. Slave 1 requires a 0 in bit 1 and bit O is
ignored. A unique address for Siave 0 would be 1100 00140 since
slave 1 requires a 0 in bit 1. A unique address for slave 1 would be
1100 0001 since a 1 in bit O will exclude slave 0. Both slaves can he
selected at the same time by an address which has bit 0 = 0 (for
slave 0) and bit 1 = 0 {for slave 1). Thus, both could be addressed
with 1100 0000.

In a more complex systemn the following could be used to select
slaves 1 and 2 while excluding slave 0.

Slave 0 SADDR = 1100 0000
SADEN = | 1001
Given = 1100 OXX0
Slave 1 SADDR 1110 0000
SADEN = 111010
Given 1110 OX0X
Slave 2 SADDR = 1110 0000
SADEN = 111 1100
Given = 1110 00XX

in the above example the differentiation among the 3 slaves is in the
lower 3 address bits. Slave 0 requires that bit 0 = 0 and it can be
uniguely addressed by 1110 0110. Slave 1 requires that bit 1 = 0 and
it can be umiquely addressed by 1110 and 0101. Slave 2 requires
that bit 2 = 0 and its unique address is 1110 0011. To select Slaves 0
and 1 and exclude Slave 2 use address 1110 0100, since itis
necessary to make bit 2 = 1 to exclude slave 2.

The Broadcast Address for each slave is created by taking the
logical OR of SADDR and SADEN. Zeros in this result are trended
as don’t-cares. In most cases, interpreting the don't-cares as ones,
the broadcasi address will be FF hexadecimal.

Upon reset SADDR {SFR address 0A9H) and SADEN (SFR
address 0B9H) are leaded with Os. This produces a given addrass
of all "don't cares” as well as a Broadcast address of all "don’t
cares”. This effectively disables the Automatic Addressing mode and
allows the microcontroller to use standard B0C51 type UART drivers
which do not make use of this feature.
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SCON Address = 98H Reset Value = 0000 00000
Bit Addressable
l SMO/FE l SM1 I SM2 l REN | TB8 ] RB3 I Tl | RI I
Bit: 7 6 5 4 3 2 1 0

{SMODO =01}

Symbol Function

FE Framing Errar bit. This bit is set by the receiver when an invalid stop bit is detecled. The FE bil is not cleared by valid
frames but should be cleared by software. The SMODO bit must be set to enable access to the FE bil.
SMO Serial Port Made Bit 0, (SMODO must = 0 to access bit SM0)
SM1 Serial Pott Mode Bit 1
SMD SM1 Mode Description Baud Rata™
0 0 0 shift register fosc/B (6 clock mads) or foge/12 (12 clock mode)
o 1 i 8-bit UART variable
t 0 2 9-hit UART Tosc/32 or foge/ 16 {6 clock mode) or
fosc/64 or fosc:'32 {12 clock mode)
1 1 3 9-bit UART variable
SMm2 Enables the Autoratic Address Recognition feature in Modes 2 or 3. If SM2 = 1 then Rl will not be set unless the

received 9ih data bit (RB8) is 1, indicating an address, and the received byte is a Given or Broadcast Address.
In Mode 1, if SM2 = 1 then Rl will not be activated unless a valid stop bit was received, and the received byte is a
Given or Broadcast Address. In Mode 0, SM2 should be 0.

REN Enables serial reception. Set by software to enable reception. Clear by software to disable reception.
TBB The Sth data bit that will be transmitted in Modes 2 and 3. Set or clear by software as desired.
RB8 In modes 2 and 3, the 9th data bit that was received. In Mode 1, if SM2 = 0, RB8 is the stop bit that was received.
In Mode 0, RBS is not used.
TI Transmit interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or at the beginning of the stop bit in the
other modes, in any serial transmission. Must be cleared by software,
RI Receive interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or halfway through the stop bit time in
the other modes, in any serial recaption {except see SM2). Must be cleared by software.
MNOTE:
*SMODD is Iocated al PCONG.
**fosc = oscillator frequency SU01255

Figure 7. SCON: Serial Port Control Register
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D €D € & & 6 O &), &, _]

g bt e gl
START DATA BYTE CNLY N STOP
BIT MCDE 2,3 BIT

)-— SET FE BIT IF STCP BIT IS 0 (FRAMING ERROR)
[+

% SMO0 TO UART MODE CDNTROL

SCON

SMOD/ FE SM1 SMm2 REN TB8 RB& Tl Rt (96H)
PCON

SMaD1 SMODO - POF LVF GFO GF1 DL (B7H)

0:SCON.7 = SMO
1:8CON.7=FE

SLDOO44
Figure B. UART Framing Error Detection
- SCON
SMO SM1 sM2 REN TBS RBS T RI 19871
1 1 1 1 X
1 0
— )
—./
RECEIVED ADDRESS D0 TQ D7 —————— o
PROGRAMMED ADDRESS ~————— CCMPARATO
IN UART MODE 2 OR MCDE 3 AND SM2 = 1:
EINTERRUPT IF REN=1, RB#=1 AND "RECEIVED ADDRESS" = "PROGRAMMED ADDRESS"
- WHEN OWN ADDRESS RECEIVED, CLEAR 5M2 TO RECEIVE DATA BYTES
~WHEN ALL DATA BYTES HAVE BEEN RECEIVED: SET SM2 TO WAIT FOR NEXT ADDRESS.
SU00045

Figure 9. UART Multiprocessor Communication, Automatic Address Recognition
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Interrupt Priority Structure
The 89C51RB2/RC2/RD2 has an 8 source four-level interrupt
structure (see Table 7).

There are 3 SFRs associated with the four-level interrupt. They are
the IE, IP, and IPH. (See Figures 10, 11, and 12.) The IPH (Interrupt
Priority High) register makes the four-level interrupt structure
possible. The IPH is located at SFR address B7H. The structure of
the IPH register and a description of its bits is shown in Figure 12.

The function of the !PH SFR is simple and when combined with the
IP SFR determines the priority of each interrupt. The priority of each
interrupt is determined as shown in the following table:

The priarity scheme for servicing the interrupts is the same as that
for the 80C51, except there are four interrupt levels rather than two
as on lhe 80C51. An interrupt will be serviced as long as an interrupt
of equal or higher priority is not already being serviced. If an
interrupt of equal or higher level priority is being serviced, the new
interrupt will wait until it is finished before being serviced. If a lower
priority level interrupt is being serviced, it will be stopped and the
new interrupt serviced. When the new interrupt Is finished, the lower
priarity level interrupt that was stopped will be completed.

PRIORITY BITS
INTERRUPT PRIORITY LEVEL
IPH.x iP.x
0 0 Level O (iowest priority)
0 1 Level 1
1 0 Level 2
1 1 Level 3 (highest priority)
Table 7. interrupt Table
SOURCE POLLING PRIORITY REQUEST BITS HARDWARE CLEAR? VECTOR ADDRESS
X0 1 IEQ Ny yme 03H
T0 2 TPO Y 0BH
X1 3 IE1 N{L) Y(T) 13H
T 4 TF1 1BH
PCA 5 CF, CCFn N 33H
n=0-+4
SP RI, Ti N 23H
T2 TF2, EXF2 N 2BH
NOTES:
1. L = Levei activated
2. T = Transition activated
7 6 5 4 3 2 1 0
IE {DABH) EA EC ET2 ES ET1 EX1 ETO EX0
Enable Bit = 1 enables the inferruplt.
Enable Bit = 0 disables it.
BIT SYMBOL FUNCTION
E.7 EA Global disable bit. if EA = 0, all interrupts are disabled. If EA = 1, each interrupt can be individually
enabled or disablad by setling or clearing its enable bit.
IE6 EC PCA interrupt enable bit
IE.5 ET2 Timer 2 interrupt enable bit.
IE.4 ES Serial Port interrupt enable bit.
IE.3 ET1 Timer 1 interrupt enable bit.
IE.2 EX1 External interrupt 1 enable bit.
IEA ETO Timer 0 interrupi enabie bit.
IE.0 EX0 External interrupt 0 enable bit. SLinize0

Figure 10. |IE Registers

1999 Sep 23

19



Ptilips Semiconductars

Preliminary specification

80C51 8-bit Flash microcontroller family 89C51RB2/89C51RC2/
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM 89C51RD2
7 6 5 4 3 2 1 0
IP (OB8H} - PPC PT2 PS PT1 PXx1 PTO PX0

Priority Bit = 1 assigns high priority
Priarity Bit = 0 assigns law priority

BIT SYMBOL FUNCTION

IP7 - -

IP.6 PPC PCA interrupt priority bit

IP.5 PT2 Timer 2 interrupt priority bit.

IP.4 PS Serial Port interrupt priority bit.

IP.3 PT1 Timer 1 interrupt priority bit.

IP.2 PX1 External interrupt 1 priority bit.

IP.1 PTO Timer O Interrupt priority bit.

IP.0 PX0 External interrupt O priority bil. SUB1291

Figure 11. IP Registers
7 B 5 4 3 2 1 0
IPH (B7H} - PPCH | PT2H | PSH | PTIH | PX1H | PTOH | PXOH

Priority Bit = 1 assigns higher priority
Priority Bit = 0 assigns lower priority

BIT SYMBOL FUNCTION

IPH.7 - -

IPH.6 PPCH PCA interrupt priarity bit

IPH.5 PT2H Timer 2 interrupt priority bit high.

IPH.4 PSH Serial Port interrupt priority bit igh.

IPH.3 PT1H Timer 1 interrupt priority bit high.

IPH.2 PX1H External interrupt 1 priority bit high.

IPH.1 PTOH Timer O interrupt pricrity bit high.

IPH.0 PX0H Externai interrupt O priority bit high. SLin1292

1989 Sep 23

Figure 12. IPH Registers
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80C51 8-bit Flash microcontroller family 89C51RB2/89C51RC2/
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM 89C51RD2
Reduced EMI Mode be quickly toggled simply by executing an INC AUXR1 instruction
The AD bit (AUXR.D) in the AUXR register when set disables the withouit affecting the GF2 bit.
ALE output. The ENBOOT bit detsrmines whether the BOOTROM is enabled
or disabled. This bit will automatically be set if the status byte is
Reduced EMI Mode non zerg during resel or PSEN is pulled low, ALE floats high, and
AUXR (BEH) EA > Vi on the falling edge of reset. Otherwise, this bit will be
cleared during reset.
7 6 5 ] 3 2 1 0
L-t-1-1-1-1/_ Joam] » |
AUXR.1 EXTRAM T~
AUXR.0 AD Turns off ALE output. m
BITO
AUXR+ oRTRT ™
DPTRO
Dual DPTR _ _ _ _ DP oL T
The dual DPTR structure (see Figure 13} is a way by which the chip (B3H)  (82H) EXTERNAL
will specify the address of an external data memory location. There DATA
are two 16-bit DPTR registers that address the external memory, MEMORY
and a single hit called DPS = AUXR1/bit0 that allows the program SUDOT45A
code o switch between them. Figure 13.
® New Register Name: AUXR1#
® SFR Address: AzH DPTR Instructions
® Reset Value: xxooxx(B The instructions that refer to OPTR refer lo the data pointer that is
currently selected using the AUXR1/bit D register. The six
AUXR1 (AZH} instructions that use the DPTR are as follows:
7 6 5 ] 3 2 1 0 .
I ~ [ " | TNEGOT l — | pe { ) l T I OFS I INC DPTR Ingrements the data pointer by 1
Where: MOV DPTR, #data16  Loads the DPTR with a 16-bit constant
DPS = AUXR1/bit0 = Switches between DPTRO and DPTR1. MOV A, @ A+DPTR  Move code byle relative to DPTR to ACC
Select Reg DPS MOVX A, @ DPTR Move external RAM (16-bit address) fo
ACC
DPTRO 0
DPTRA 1 MOVX @ DPTR A Mave ACC to extemal RAM (16-hit
address)
The DPS bit status shouid be saved by software when swiltching JMP @ A+ DPTR Jump indirect retative to DPTR

hetween DPTRO and DPTR1.

The data pointer can be accessed on a byte-by-byte basis by
specifying the low or high byte in an instruction which accesses the
SFRs. See Application Nofe AN458 for more details.

The GF2 bit is a general purpose user-defined flag. Note that bit 2 is
not writable and is always read as a zero. This allows the DPS bit to
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Preliminary specification

80C51 8-bit Flash microcontroller family
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM

89C51RB2/89C51RC2/
89C51RD2

Programmable Counter Array (PCA)

The Programmabie Counter Array available on the
BYCS51RBZ/RC2/RD?2 is a special 16-bit Timer that has live 16-bit
capture/compare modutes associated with it. Each of the modules
can be programmed to operate in one of four modes: rising and/or
falling edge capture, software timer, high-speed output, or pulse
width modulator. Each module has a pin associated with it in port 1.
Module 0 is connected to P1.3(CEX0), module 1 to P1.4(CEX1), etc.
The basic PCA configuration is shown in Figure 14.

The PCA timer is a cornmoen time base for all five medules and can
be programmed to run at: 1/6 the oscillator frequency, 1/2 the
ascillator frequency, the Timer 0 overflow, or the input on the ECI pin
(P1.2). The timer count source is determined from the CPS1 and
CPS0 bits in the CMOD SFR as follows (see Figure t7):

CP81 CPSO0 PCA Timer Count Source

0 0  1/6 oscillator frequency (6 clock mode),
1/12 oscillator frequency {12 ciock mode)

0 1 1/2 oscillator frequency (6 clock mode};
1/4 oscilialor frequency (12 clock mode)

1 0  Timer O overflow

1 1  External input at ECI pin

In the CMOD SFR are three additional bits associated with the PCA.
They are CIDL which allows the PCA to stop during idle mode,
WDTE which enables or disables the watchdog function on

moedule 4, and ECF which when set causes an interrupt and ihe
PCA overflow flag CF (in the CCON SFR) to be set when the PCA
timer overflows. These functions are shown in Figure 15.

The watchdog timer function is implemented in moduie 4 (see
Figure 24).

The CCON SFR contains the run contrat bit for the PCA and the
flags for the PCA timer {CF) and each module (refer to Figure 18).
To run the PCA the CR bit (CCON.6) must be set by software. The
PCA is shut off by clearing this bit. The CF bit (CCON.7} is set when

the PCA counter averflows and an interrupt will be generated if the
ECF bit in the CMQOD register is set, The CF bit can only be cleared
by software. Bits 0 through 4 of the CCON regisier are the flags for
the modules {bit 0 for medule 0, bit 1 for modute 1, etc.) and are set
by hargdware when either a match or a capture occurs. These flags
also can only be cleared by software. The PCA interrupt system
shown in Figure 16.

Each module in the PCA has a special function register associated
with it. These registers are: CCAPMO for module 0, CCAPM1 for
module 1, ete. {see Figure 18). The registers contain the bits that
control the mode that each module will operate in. The ECCF bit
(CCAPMN.0 where n=0, t, 2, 3, or 4 depending on the module)
enables the CCF flag in the CCON SFR to generate an interrupt
when a match or compare oceurs in the associated module. PWM
(CCAPMN.1) enables he pulse widlh modulation mode. The TOG
bit {CCAPMN.2) when set causes the CEX output associated with
the module to toggle when there is a match between the PCA
counter and the module'’s capture/compare register. The match bit
MAT (CCAPMn.3) when set will cause the CCFn bit in the CCON
register to be set whan there is a match between the PCA counter
and the module’s capture/compare register.

The nexi two bits CAPN (CCAPMnN.4) and CAPP (CCAPMnR.5}
determine the edge that a capture input will be active on. The CAPN
bit enables the negative edge, and the CAPP bit enables the positive
edge. If both bits are set both edges will be enabled and a capture will
oceur for either transition. The last bit in the register ECOM
(CCAPMnN.B} when set enables the comparator function. Figure 20
shows the CCAPMn seftings for the various PCA functions.

There are two additional registers associated with each of the PCA
modules. They are CCAPnH and CCAPRL and these are the
registers that slore the 16-bit count when a capture occurs or a
compare should occur. When a module is used in the PWM mode
these registers are used to controt the duty cycle of the output.

|_ 16 BITS """1

MCDULE ¢

o] P1LACEXD

MODULE 1

———D-D P1.4/CEX

MODULE 2

——————PD P1 5/CEX2

MODULE 3

-~~——>D P1.8/CEX3

l’—‘ 16 BITS A_:>
PCA TIMER/COUNTER :>
TIME BASE FOR PCA MODULES
MODULE FUNCTIONS: i’:
16-BIT CAPTURE
16-8IT TIMER
16-BIT HIGH SPEED OUTPUT 5
8-BIT PWM

MODULE 4

——— [ Pi7icena

WATCHDOG TIMER (MODULE 4 ONLY)

3U60032

Figure 14. Programmabie Counter Array (PCA)
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80C51 8-bit Flash microcontroller family 89C51RB2/89C51RC2/
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM 89C51RD2

J|> TO PCA
O8C/B (6 CLOCK MODE) MODULES
CR —-E 3—-————

08CH2 {12 CLOCK MODE}

D8CI2 (6 CLOCK MODER] L,/nl OVERFLOW

o
OSC/4 {12 CLOCK MODE) | ﬁ " o INTERRUPT
1 i ;]—_"
TIMER 0 OVERFLOW —E 16-BIT UP COUNTER

EXTERNAL INPUT
{P1.2/EC))

00
01
10 | DECODE
11
JOLE ===
CMOD
cioL | WDTE — — - CPS1 CPSa ECF | (oth
]
CCON
CF CR — CCF4 CCFa CCF2 CCF1 ocro | {eony
SU01256
Figure 15. PCA Timer/Counter
CF CR — CCF4 [olel] CCF2 CCF1 CCFo %ﬁ"‘,‘

>—i

PCA TIMER/COUNTER ——H'

MODULE 0 @——
IE.6 IE.7
EC EA
MODULE 1 : TQ
i INTERRUPT
PRIORITY
. DECODER
MODULE 2
MODULE 4 @__7
cmoD.o | ECF CCAPMn0 | ECCFn
SUM0s7

Figure 16. PCA Interrupt System
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80C51 8-bit Flash microcontroller family 89C51RB2/89C51RC2/

16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM 89C51RD2
CMOD Address =C1H Reset Value = 00XX X000B
CIDL WDTE - - - CPS1 CPS0 ECF
Bit: 7 6 5 4 3 2 1 0
Symbol Function
CiDL Counter Idle control; CIDL = ( programs the PCA Counter to continue functioning during idle Mode. CIDL = 1 programs
it to be gated off during idle.
WDTE Watchdog Timer Enable: WDTE = 0 disables Watchdog Timer function on PCA Module 4. WDTE = 1 enables it.
- Net implemented, reserved for future use.*
CP51 PCA Count Pulse Select bit 1.
CPS0 PCA Couni Pulse Select bit 0.
CP351 CP50 Selected PCA Input**
0 0 G Internal clock, fosc/6 in 6 clock mode (foge/12 in 12 clock mode)
&) 1 1 Internal clock, fogc/2 in 6 clock mode (fgscf4 in 12 clock mode)
1 0 2 Timer 0 overflow
1 1 3 External clock at ECI/P1.2 pin
{max. rate = fggc/4 in 6 clock mode, fueg/8 in 12 clock mode)
ECF PCA Enahle Counter Overflow interrupt: ECF = 1 enables CF bitin CCON to generate an interrupt. ECF = 0 disables
that function of CF.
NOTE:

*  User solware should not write 1s ta reservad bils. These bils may be used in future 8051 family products to invoka new featuras. In that casa, tha rasel or inactive valua of tha
naw bit will be O, and ilg aclive value will ba 4. The vale read fram a reserved bit is indeterminale.
** o5 = osdillator frequency

SUR1257
Figure 17. CMOD: PCA Counter Mode Register
CCON Address =0COH Reset Valug = 00X0 0000B
Bit Aodressable
CF CR - CCF4 CCF3 CCF2 CCF1 CCF0
Bit: 7 B 5 4 3 2 1 0
Symbol Function
CF PCA Counter Overflow flag. Set by hardware when the counter rolls over. CF flags an inferrupt if bit ECF in CMOD is
set. CF may be set by either hardware or software but can only be cleared by software.
CR PCA Counter Run corirol bit. Set by software to turn the PCA counter on. Must be cleared by software to turn the PCA
counter off.
-~ Not implemented, reserved for future use”.
CCF4 PCA Module 4 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software.
CCF3 PCA Module 3 interrupt Pag. Set by hardware when a match or capture oscurs. Must be cleared by software.
CCF2 PCA Madule 2 interrupt flag. Set by hardware when a match or capture nccurs. Must be cleared by software.
CCF1 PCA Module 1 interrupt Rlag. Set by hardware when a maich or capture occurs. Must be ¢leared by software.
CCFOD PCA Module 0 interrupt Rag. Set by hardware when a match or capture occurs. Must be cleared by software.

NGTE:
* User software should not write 15 ta reserved bils. These bits may be used in future 8051 family producls lo invoke new features. in that casa, the resel or inactive valua of the

naw bit will be 0, and ils active valua will ba 1. The vaiua read frorn a reserved bit is indetarminate.

5001699

Figure 18, CCON: PCA Counter Control Register
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89C51RB2/89C51RC2/
89C51RD2

CCAPMn Address CCAPMO  OCZ2H Reset Value = X000 0000B
CCAPM1  OC3H
CCAPMZ  (C4H
CCAPM3  QOCS5H
CCAPM4  OCEBH
Not Bit Addressable
- ECOMn | CAFPn | CAPNn | MATHh TOGn PWMn | ECCFn
Bit: 7 6 5 4 2 1 0
Symbol Function

- Not implemented, reserved for future use*.

Match, When MATR = 1, a match of the PCA counter with this module's campare/capture regisler causes the CCFn bit
Toggle. When TOGn = 1, a maich of the PCA counter with this module’s compare/capture register causes the CEXn

Pulse Width Modutation Mode. PWMn = 1 enables the CEXn pin o be used as a pulse width modulated output.

ECOMn Enabie Comparator, ECOMn = 1 enables the comparator function.
CAPPn Capture Positive, CAPPR = 1 enables positive edge capture.
CAPNn Capture Negative, CAPNn = 1 enables negative edge capture.
MATn
in CCON to be set, flagging an interrupt.
TOGn
pin o toggle.
PWMnN
ECCFn Enable CCF interrupt. Enables compare/capture flag CCFn in the CCON register to generate an interrupt.
NOTE:

*User sofftware shauld not writa 15 to resarved bits. These bits may be usad in future 8051 famity products to invoke naw fealures. In that cass, the raset or inactive valua of the new
bit will be 0, and ils acltve value will be 1. The value read from a reserved bit is indetarminata.

SuU01100

Figure 19. CCAPMn: PCA Modules Compare/Capture Registers

- ECOMn | CAPPn | CAPNn | MATn TOGn PWMn | ECCFn MODULE FUNCTION
X 0 0 0 0 0 0 0 No operation
X X 1 0 a o 0 X 16-bit capture by a positive-edge trigger on CEXn
X X 0 1 0 0 0 X 16-bit capture by a negative trigger on CEXn
X X 1 1 0 0 0 X 16-bit capture by a transition an CEXn
X 1 0 0 1 0 0 X 16-bit Software Timer
X 1 0 0 k] 1 0 X 16-bit High Speed Qutput
X 1 0 0 0 0 H 0 8-bit PWM
X 1 Q 0 1 X 0 X Waltchdog Timer
Figure 20. PCA Module Modes (CCAPMn Register)
PCA Capture Mode counter and the module’s capture registers. To activate this mode

To use one of the PCA modules in the capture mode either one or
both of the CCAPM bits CAPN and CAPP for that module must be
set. The external CEX input for the module (on port 1) is sampled for
a transition. When a valid transition occurs the PCA hardware loads
the vaiue of the PCA caounter registers {(CH and CL) into the
module’s caplure registers (CCAPnL and CCAPnH). If the CCFn bit
far the module in the CCON SFR and the ECCFn bit in the CCAPMn
SFR are set then an interrupt will be generated. Refer to Figure 21.

16-bit Software Timer Mode

The PCA modutes can be used as software timers by setting both
the ECOM and MAT bits in the moduies CCAPMn register. The PCA
timer will be compared to the medule’s capture registers and when a
match accwrs an interrupt will oceur if the CCFn (CCON SFR) and
the ECCFn (CCAPMn SFR) bits for the module are both set (see
Figure 22).

High Speed Qutput Mode
In this mode the CEX ouiput {on porl 1) associated with the PCA
mocdule wil toggle each time a match occurs between the PCA

1999 Sep 23 25

the TOG, MAT, and ECOM bits in the module's CCAPMn SFR must
be set (see Figure 23}.

Pulse Width Modulator Mode

All of the PCA modules can be used as PWM outputs. Figure 24
shows the PWM function. The fraquancy of the output depends on
the source for the PCA timer. All of the modutes will have the same
frequency of output because they all share the PCA timer. The duty
cycle of each module is independently variable using the module's
capture register CCAPLn. When the value of the PCA CL SFR is
less than the value in the module's CCAPLn SFR the output will be
low, when it is equal ta or greater than the output wiil be high. When
CL overflows from FF to 00, CCAPLn is reloaded with the value in
CCAPHN. the allows updating the PWM without glitches. The PWM
and ECOM bits in the module’s CCAPMn register must be setto
enable the PWM mode.
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ENABLE

16-BIT COMPARATOR

i

I

CH

cL

PCA TIMER/COUNTER

CcF cR - cCF4 | ccrs cerz | coRr | ccro gggﬁ,‘,
Iy
PCA INTERRURT
(TG CCFm PCA TIMER/ICOUNTER
GH oL
= - CAPTURE §U7
cexn [ J—4 » »
KN el — i
CCAPRH CCAPRL
CCAPMn, 1= 0o 4
- ecomn | capea| capnn | maTn | Toea | Pwmn | Eccrn syt
0 D o 0
SUe1101
Figure 21. PCA Capture Mode
CF CR - cors  |ccra fecrz | cort oo ‘fggﬁ,’;
WRITE TO
ccaPnH  RESET
WRITE TO CCAPnH CCAPnL (1O GCFny
CCAPIL
[v] 1

— El

COMn

CAPPn

CAPNn

MATR

TOGn

ECCFn

CCAPMNn, n=0to4
[C2H - CBH}

SU01102
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Figure 22. PCA Compare Mode

26



Pretiminary specification

89C51RB2/89C51RC2/
89C51RD2

Philips Semicanductors

80C51 8-bit Flash microcontroller family
16KB/32KB/B4KB ISP/IAP Flash with 512B/512B/1KB RAM

CF CR —_ CCF4 CCF3 CCF2 CCF1 CCFO %é.‘.DC:::
WRITE TO
CCAPnH  RESET

CCAPRH CCAPTL (TO CCFn)

WRITE TO

CCAPnL
] 1 J L J L
MATCH

ENABLE
16-BIT COMPARATCR

T T | o o

oH cL
PCA TIMER/COUNTER
|
- gcomn | capen | capnn | mam | Tosn | Pwmn | Eccra C?SQPHME'c"éSjA
L) 0 0 1 0

SUeTIN3

Figure 23. PCA High Spead Qutput Mode

CCAPnH

ﬂz

CCAPRL

u
l\/l CL <« CCAFNL

ENABLE
&-BIT
COMPARATOR CEXn

CL >= CCAPAL
i 1
OVERFLOW — CL

PCA TIMERCOUNTER

CCAPMN, n: 0.4
CAPNn MATR TGN PWMn ECCFn (C2H - CBH)

— ECOMn CAPPn

SUDT18S

Figure 24. PCA PWM Mode
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89C51RB2/89C51RC2/
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- — - £MDD
WRTE T ciDL WDTE CPS4 cPso EcF | i
I
ccapaL  RESET
WRITE TO CCAP4H CCAP4L MODULE 4
CCAP4H
1 0
ENABLE MATCH
16-BIT GOMPARATOR RESET
CH cL
PCA TIMER/COLINTER
]
— gcomn | cappn | capwn | wmatn | Tosn | Pwmn | Eeccen &%’:ﬁ"‘“
T 0 2 1 X 0 x
SUA05
Figure 25. PCA Watchdog Timer m{Module 4 only)
PCA Watchdog Timer The first two options are more reliable because the watchdog

An on-board watchdog timer is available with the PCA to improve the
reliability of the system without increasing chip count. Watchdog
timers are useful for systems that are susceptible 1o noise, power
glitches, or electrostatic discharge. Module 4 is the only PCA module
that can be programmed as a watchdeg. However, this module can
still be used for other modes if the watchdog is not needed.

Figure 25 shows a diagram of how the watchdog works. The user
pre-loads a 16-bit value in the compare registers. Just like the other
compare modes, this 16-bit value is compared to the PCA timer
value. If a match is allowed to occur, an internal reset witl be
generated. This wifl not cause the RST pin to be driven high.

In order to hold off the reset, the user has three oplions:

1. periodically change the compare value so it will never maich the
PCA timer,

periodically change the PCA timer value so it will never match
{he compare values, or

disable the watchdog by clearing the WDTE bit before a match
occurs and then re-enable it.

1999 Sep 23
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timer is never disabled as in option #3. If the program counter ever
goes astray, a match will eventually occur and cause an internal
reset. The second option is also not recommended if ather PCA
modules are being used. Remember, the PCA timer is the time
base for all modules; changing the time base for other modules
wouid not be a good idea. Thus, in most applications the first
solution is the best optian.

Figure 26 shows the code for initializing the watchdog timer.

Module 4 can be configured In either compare mode, and the WDTE
bit in CMOD must also be sel. The user's software then must
periodically change {CCAP4H,CCAPAL) to keep a match from
occurring with the PCA timer {CH,CL). This code is given in the
WATCHDOG routine in Figure 26.

This routine should not be part of an interrupt service routine,
because if the program counter goes astray and gels stuck in an
infinite loop, interrupts will still be serviced and the watchdog will
keep getting reset. Thus, the purpose of the watchdog would be
defeated. Instead, call this subroutine from the main program within
216 count of the PCA timer.
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16KB/32KB/64KB ISP/IAP Fiash with 512B/512B/1KB RAM 89C51RD2

INIT_WATCHDOG:

MOV CCRPM4, #4CH i Module 4 in compare mode
MOV CCAPAL, #OFFH i Write to low byte firsc
MOV CCARP4H, ®OFFH ; Before PCA timer counts up to

; FFFF Hex, these compare values
; must be changed
ORL CMOD, #a0H ; Set rhe WDTE bit to enable the
; warchdog timer without changing
; the other bits in CMCD
i
;*i0*1‘*“i**tit*t********tttt*ﬁi*****i’t*t**ttt'*t*tttit***it*i*itt*itt
; Main program goes here, but CALL WATCHDOG pericdically.
H
;i'veittttitt*titttt!tttitiiiitlii**i*t*k****i*t****i*t****t***i*t****t

i

WATCHDOG :
CLR EA ; Hold off interrupts
MOV CCAP42L, #00 ; Next compare value is within
MOV CCAP4H, CH ; 255 counts of the current PCA
SETB EA ; timer wvalue
RET

Figure 26. PCA Watchdog Timer Initialization Code
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L298

DUAL FULL-BRIDGE DRIVER

» OPERATING SUPPLY VOLTAGEUPTO 46 V

» TOTAL DC CURRENT UPTO4 A

v LOWSATURATION VOLTAGE

» OVERTEMPERATURE PROTECTION

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

PESCRIPTION

The L298 is an integrated monolithic circuit in a 15-
lead Multiwatt and PowerSO20 packages. It is a
high voitage, high current dual full-bridge driver de-
signedto acceptstandard TTL logiclevels anddrive
inductive loads such as refays, solenoids, DC and
steppingmotors. Two enableinputs are provided to
enableor disable the deviceindependentiyof thein-
put signals. The emitters of the lower transistors of
each bridge are connected togetherand the corre-
sponding external terminal can be used for the con-

BLOCK DiAGRAM

PowarS0O20

Multiwatt15

DRDERING NUMBERS : L298N (Multiwatt Vert.)
L298HN (Multiwatt Horiz. )
L298FP (PowerS020)

nection of an externalsensing resistor. An additional
supplyinput is provided so that the logicworks at a
lower voltage.

) og’rz + wonp I8 OuUTs
=
F] 3 [F] v
+us |,
L

h an @i
t 2 3 &
n4
o4 ) )
1'—':)—<¢>'_L..—4r -
In2 Ind
In ¥ 0 :5
EnA g " Eng
o ‘ m 3
SENSE Ao—ﬁ ) J_ p--—QOSENSE B s-3nur
Rga Rsp

Jenuary 2000
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L298

ABSOLUTE MAXIMUM RATINGS

Symbhbol Parameter Value Unit
Vg Power Supply 50 \
Vss Logic Supply Voltage 7 v
Y1, Ven Input and Enable Voltage -0.3t07 \
lo Peak Cutput Current (each Channel)
- Non Repetitive {t = 100us) 3 A
—Repettive (80% on —20% off; ton = 10ms) 25 A
-DC Operation 2 A
Vsens Sensing Voltage -1t02.3 v
Ptot Total Power Dissipation (Tcase = 75°C) 25 W
Top Junction Operating Temperature -2510 130 °C
Tsig Tj Storage and Junction Temperature -40 to 150 °C
PIN CONNECTIONS (top view)
/ l_ ~ s — CURRENT SENSING B
1w T oUTPUTS
'$ pEc ) S— OUTPUT 3
12 [T INPUT4
"/ ENABLE B
10— INPUT3
[ E— LOGIC SUPPLY VOLTAGE Vgg
Multiwatt1s Y
[ — INPUT 2
6 > ENABLEA
s INPUT 1
a 7D SUPPLY VOLTAGE Vs
K] M OuTPUT 2
@ 3 S— V) (T
\ |‘ —~ N CURRENT SENSING A
Z TAB CONNECTED TOPINB DOSN24D4
4
GND =3 1 20 £ GND
SenseA 3 2 19 ] SanseB
ne [/ 3 18 ] NC.
out1 ] 4 17 ] Out4
ouwz [ s PowerSO20 4 [ outs
Ve ] 6 15 0 Input4
Input1 1 7 14 [ Enable B
EnableA 3 8 13 1 Input3
Inputz —§ 9 12 ) vss
GND [—J 10 11 ] GND
DI5INZ39
THERMAL DATA
Symbol Parameter PowerS020 Multiwatt15 Unit
Rihjcase | Themal Resistance Junctioncase Max. - 3 °CIW
Rinjamn | Thermal Resistance Junciion-ambient Max. 13 (M) 35 “CIW

(* Mouried on aluminum substrate
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L298

PIN FUNCTIONS (referto the block diagram)

MW.15 PowerSQ Name Function
1;15 2,19 Sense A; Sense B [Between this pin and ground is connected the sense resistor to
control the current of the load.
2,3 4.5 Out1; Qut2 Outputs of the Bridge A; the current that flows through the load
connected between these two pins is monitored at pin 1.
4 6 Vs Supply Voitage for the Power Cutput Stages.
A non-nductive 100nF capacitor must be connected between this
pin and ground.
57 7.9 Input1; Input 2 TTL Compatible Inputs of the Bridge A.
6;11 814 Enable A; Enable B |TTL Compatible Enable Input: the L state disables the bridge A
{enable A) and/or the bridge B {enable B).
8 1,10,11,20 GND Ground.
9 12 V8§ Supply Voltage for the Logic Blocks. A100nF capacitor must be
connecled between this pin and ground
10; 12 13,15 Input 3; Input 4 TTL Compatible Inputs of the Bridge B.
13; 14 16,17 Out3; Out4 Qutputs of the Bridge B. The cumrent that flows through the load
conneded 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)

Symbol Parameter Test Conditions Min. | Typ. | Max. Unit
Vg Supply Voltage (pin4) QOperative Condition Vi +2.5 46 \'
Vss  |Logic Supply Voltage (pin 9) 4.5 5 7 \

Ig Quiescent Supply Current {pin4} [Ven=H;, L=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, &£ =0 V= 24 36 mA
Vi=H 7 12 mA
Ven =L V‘| =X 5] mA
ViL Input Low Voltage -0.3 1.5 \Y
{pins &, 7,10,12)
Vi Input High Voltage 23 VSS \
{pins 5,7,10,12)
i Low Voltage input Current Vi=L -10 pA
{pins 5,7, 10, 12}
fiH High Voltage Input Current Vi=H< Vgg 0.6V 30 100 pA
(pins 5,7, 10, 12)
Ven = L {Enable Low Voltage (pins 6, 11) -0.3 1.5 \
Ven = H ]Enable High Voltage (pins 6, 11} 2.3 Vss \
len =L {Low Voltage Enable Current Ven =L -10 pA
{pins B, 11)
len =H {High Voltage Enable Current Ven = H € Vg5 —0.6V 30 100 HA
{pins §, 11)
VeesagH) |Source Saturation Voltage IL=1A 0.95 1.35 1.7 A
IL=2A 2 2.7 V
Veesai) {Sink Saturation Voltage L=1A (5) 0.85 1.2 1.6 A
IL=2A (5) 1.7 2.3 \
Veesat | TotalDrop IL=1A (5) 1.80 32 \
IL=2A (5} 4.9 v
Vears {Sensing Voltage (pins 1, 15) -1 (1) 2 \
<7 an3
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ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. Typ. | Max. Unit
T1{V)) |Source Current Turn-off Delay 0.5Vito 0.91L  (2); (4) 1.5 is
T2 (M} |Source Current Fall Time 091 10011, (25{4) 0.2 ps
Ta (Vi) |Source Current Turn-on Delay 05Vito 0.1 (2); (4) 2 us
T, (Vi} [Source Current Rise Time 01l 1009) (2kx{4) 0.7 s
Ts (Vi |Sink Current Turn-off Delay 0.5Vito 091, (3% (4) 07 s
Ts (V) |Sink Current Fall Time 09l 01y (34 0.25 us
T7 (Vi) |Sink Current Tum-on Delay 0.5Vito 091 (3):{4) 16 us
Ta (VM) |Sink Current Rise Time 0.11L 10091 (3):{4) 0.2 us
fc (Vi) |Commutation Frequency IL=2A 25 40 KHz

T1 (Ven) |Source Current Turn-off Delay 0.5Vento 091 (2);{4) 3 ps
T2 (Ven) [Source Current Fall Time 09I to01IL  {2);(4) 1 us
Ta(Ven) |Source Current Turn-on Delay 0.5Vento 0.110,  {2) () 0.3 HS
T4 (Ven) |Source Current Rise Time 011 10091 {2);(4) 0.4 Hs
Ts (Ven) |Sink Current Tum-off Delay 0.5Vento 0.9 (3);(4) 2.2 us
Te (Ven) |Sink Current Fall Time G9Il. to0 11 {3);(4) 0.35 us
Tz (Ven} |Sink Current Turn-on Delay 0.5Vento 0.91L  (3);(4) 0.25 us
Tg (Ven) |Sink Current Rise Time 01l 10090 (3):(4) 0.1 ps

1) 1)Sensing voltage can ba —t V fort < 50 psec; in steady state Vsans min 2 ~0.5 V.

2) Seafig. 2,
3) See fig. 4.

4) The lcad must be a pure resistor.

Figure 1 : Typical Saturation Voltage vs. Qutput Figure 2 : Switching Times Test Circuits.
Current.
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o D& OB 12 18 20 24 Ig(A). Note : For INPUT Switching, setEN =H
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Figure 3 : Source Current Delay Times vs. input or Enable Switching.
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Figure 4 : Switching Times Test Circuits.
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Figure 5 : Sink Current Delay Times vs. Input C V Enable Switching.

Uy

Imax(ZA)
TN
ol IR TN 7 [
18 |18 L ™
Vi (aV)
0% - .
- —-
Imax(ZA)f — = = =t — t—p———— - — — — — - — >
0% - S
0% - t
(&¥)
WY |prm—————— e —————
‘._-.
S-WEE7 h
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 channel 4

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

1.1. POWER CUTPUT STAGE

TheL298integratestwo poweroutputstages(A; B).
The power output stage is a bridge configuration
and its outputs can drive an inductive load in com-
mon or differenzialmode, dependingon the state of
the inputs. The current that flows through the load
comes out from the bridge at the sense output: an
externalresistor {(Rsa ; Rse.) aliows todetect the in-
tensity of this current.

1.2. INPUT STAGE

Eachbridge is driven by means of four gates the in-
putof whichare In1; In2; EnAand In3; Ind ; EnB.
The Ininputs set the bridge state when The En input
is high; a lowstate of the En inputinhibits the bridge.
All the 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 fromthe 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 nearthe GND pin of the I.C.

&7

Each input must be connected to the source of the
driving signais by means of a very short path.

Turn-On and Turn-Off: Before to Tum-ONthe Sup-
plyVoltageand beforeto Turnit OFF, the Enablein-
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 outputvoltage can be used to controlthe
cumrent amplitude by chopping the inputs, or to pro-
vide overcument protection by switchinglow theen-
able input.

The brake function (Fast motor stop) requires that
the Absolute Maximum Rating of 2 Amps must
never be 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; Shottkydiodeswouid be preferred.

M3
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This solution can drive until3 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

OnFig8itis shownthe driving ofa two phasebipolar by the i.C. L6506.
stepper motor ; the needed signals to drive the in-

puts of the L298 are generated, in this example,

from the |C 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 motars 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 L6S06.
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DIM- MIN 1'":: MAX. | MIN iTr:(c: MAX OUTLINE AND
A - - 5 - - ' 0_197- MECHANICAL DATA
B 2.65 0.104
c 16 0.063
D 1 0.039
E | 049 055 | 0.019 0.022
F | 066 0.75 | 0.026 0.030
G | 102 | 127 | 152 | 0.040 | 0.050 | 0.060
G1 |17.53 | 17.78 | 18.03 | 0.680 | 0.700 | 0.710
Hi | 196 0.772
H2 20.2 0.795
L | 219 | 222 | 225 | 0.862 | 0.874 | 0.886
L1 | 217 | 221 | 22.5 | 0.854 | 0.870 | 0.886
L2 | 1765 18.1 | 0.695 0.713
L3 |17.25| 17.5 | 17.75 | 0.673 | 0.689 | 0.699
L4 | 103 | 107 | 109 |0.406 |0.421 | 0429
L7 | 265 29 |o0.104 0.114
M | 425 | 455 | 4.85 |0.167 | 0.179 | 0.191
M1 | 453 | 508 | 553 |0.182 [0.200 |0.218
s | 1.9 26 |0.075 0.102
s1 | 1.9 26 |0.075 0.102 Multiwattis5 Vv
Dial | 3.65 3.85 | 0.144 0.152
H
A -
e s —
s r lﬁ
] D 1 J
F |2
A 5 O ol I
N o - J R |
3
H2
J B 2+ Ulu U] U] U} (U
E s N il
L_‘_‘j}_l'__ F G
i M Gl —
10113 &7
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DIM. — et OUTLINE AND
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
- . e MECHANICAL DATA
B 2.65 0.104
C 1.6 0.063
E 0.49 0.55 | 0.019 0.022
F 0.66 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 20,57 0.810
L1 18.03 0.710
L2 2.54 0.100
L3 17.26 1 17.5 | 17.75 | 0.679 | 0.689 | 0.699
L4 10.3 10.7 10.9 | 0.406 [ 0.421 | 0.429
L5 528 0.208
L& 2.38 0.094
L7 2.65 2.9 0.104 0.114
S 1.9 2.6 0.075 0.102
s1 | 19 26 |0.075 0.102 Multiwatt15 H
Dia1 3.65 385 | 0144 0.152
H
- A » s >
_1.C 5 —'l_“‘ 8
. /_ 1
] :
B ! m1 X1/
—
I B
.
LLl
=t
\
N
L&
L5

4
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DIM mm inch
“{mIN. ] TYP. [MAX. | MIN. [ TYP. | MAX. OUTLINE AND
A 3.6 0.142 MECHANICAL DATA
al 0.1 0.3 | 0.004 0.012
a2 3.3 0.130
ad 0 0.1 | 0.000 0.004
b 0.4 0.63 | 0.016 0.021
[ 0.23 0.32 | 0.009 0.013
D({1) ] 158 16 0.622 0.630
D1 9.4 9.8 | 0.370 0.386
E 13.9 14.5 | 0.547 0.570
a 127 0.050
83 11.43 0.450
Ei(t)] 109 111 | 0.429 0.437
E2 2.9 0.114
E3 5.8 6.2 {0.228 0.244
G 0 0.1 ] 0.000 0.004
H 15.5 15.9 ] 0.610 0.628
h 1.1 0.043 JEDEC MO-166
L 0.8 1.1 10.031 0.043
N 10° {max.)
S 8° {max.)
I Lo | | [o3m] PowerS020
(1) "D and F” do not include mold flash or protrusions.
- Mold flash or protrusons shall not exceed 0.15 mm {0.006™}.
- Criticaldimensions "E", "G" and "a3"
N’ET"N R-—-\
a2 A - l' ] L\‘%
: al
2 ! ! DETAIL A -l—-ﬁ DETAIL B £
el I
H lead [ DETALA
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Information furnished is betieved to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the conse-
guences of use of such information nor far any infringement of patenis or ather sights of third parties which may result from its use. No
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