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Philips Semiconductors

Product specification

80C51 8-hit microcontroller family

8XC54/58

8K-64K/256-1K OTP/ROM/ROMless, low voltage (2.7V-5.5V), 8XC51FA/FB/FC/80C51FA

low power, high speed (33 MHz)

8XC51RA+/RB+/RC+/RD+/80C51RA+

DESCRIPTION
Three different Single-Chip 8-Bit Microcontroller families are
presented in this datasheet:

® 8XC54/8XC58
® 80C51FA/8XC51FA/8XC51FB/8XC51FC
® 80C51RA+/8XC51RA+/8XC51RB+/8XC51RC+/8XC51RD+

For applications requiring 4K ROM/EPROM, see the 8XC51/80C31
8-bit CMOS (low voltage, low power, and high speed)
microcontroller families datasheet.

All the families are Single-Chip 8-Bit Microcontrollers manufactured
in advanced CMOS process and are derivatives of the 80C51
microcontroller family. All the devices have the same instruction set
as the 80C51.

These devices provide architectural enhancements that make them
applicable in a variety of applications for general control systems.

ROM/EPROM RAM Size Programmable Hardware

Memory Size (X by 8) Timer Counter Watch Dog
(X by 8) (PCA) Timer

80C31/8XC51
0K/4K | 128 | No [ o
8XC54/58
owssk/eK/zaK | 256 | No | ™o
80C51FA/8XC51FA/FB/FC
OK/BK/16K/32K [ 256 | Yes [ o

80C51RA+/8XC51RA+/RB+/RC+

OK/BK/16K/32K | 512 | Yes | Yes
8XC51RD+
64K | 1024 | Yes | ves

The ROMless devices, 80C51FA, and 80C51RA+ can address up to

64K of external memory. All the devices have four 8-bit I/0O ports,
three 16-bit timer/event counters, a multi-source, four-priority-level,

nested interrupt structure, an enhanced UART and on-chip oscillator
and timing circuits. For systems that require extra memory capability

up to 64k bytes, each can be expanded using standard
TTL-compatible memories and logic.

Its added features make it an even more powerful microcontroller for

applications that require pulse width modulation, high-speed /0 and
up/down counting capabilities such as motor control. It also has a
more versatile serial channel that facilitates multiprocessor
communications.

2000 Aug 07

FEATURES
® 80C51 Central Processing Unit

® Speed up to 33 MHz

Full static operation

Operating voltage range: 2.7Vto 5.5V @ 16 MHz

Security bits:
— ROM -2 bits
— OTP-EPROM - 3 hits

Encryption array — 64 bytes
® RAM expandable to 64K bytes

4 level priority interrupt

6 or7 interrupt sources, depending on device

Four 8-bit I/O ports

® Full-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

® Low EMI (inhibit ALE)

853-2068 24292



Philips Semiconductors

Product specification

80C51 8-hit microcontroller family

8K-64K/256-1K OTP/ROM/ROMIless, low voltage (2.7V-5.5V),

low power, high speed (33 MHz)

8XC54/58
8XC51FA/FB/FC/80C51FA
8XC51RA+/RB+/RC+/RD+/80C51RA+

PIN DESCRIPTIONS

MNEMONIC

PIN NUMBER

DIP

LCC

QFP

TYPE

NAME AND FUNCTION

Vss
Vee
P0.0-0.7

P1.0-P1.7

P2.0-P2.7

P3.0-P3.7

RST

ALE/PROG

20
40
39-32

1-8

o ~No b wWwNRE

21-28

10-17

10
11
12
13
14
15
16
17

30

22
44
43-36

2-9

0N OB WDN

24-31

11,
13-19

11
13
14
15
16
17
18
19

10

33

16
38
37-30

40
41
42
43
44

18-25

27

110

110

110

110
110
110
110
110

110

110

O0O----0-

Ground: 0V reference.
Power Supply: This is the power supply voltage for normal, idle, and power-down operation.

Port 0: Port 0 is an open-drain, bidirectional I/O port. Port O pins that have 1s written to
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 pull-ups when emitting 1s. Port 0 also outputs the
code bytes during program verification and received code bytes during EPROM
programming. External pull-ups are required during program verification.

Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pull-ups. 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 internal pull-ups.
(See DC Electrical Characteristics: I ). Port 1 also receives the low-order address byte
during program memory verification.
Alternate functions for 8XC51FX and 8XC51RX+ Port 1 include:
T2 (P1.0): Timer/Counter 2 external count input/Clockout (see Programmable Clock-Out)

T2EX (P1.1): Timer/Counter 2 Reload/Capture/Direction Control

ECI (P1.2): External Clock Input to the PCA

CEXO (P1.3): Capture/Compare External I/O for PCA module 0

CEX1 (P1.4): Capture/Compare External I/O for PCA module 1

CEX2 (P1.5): Capture/Compare External I/O for PCA module 2

CEX3 (P1.6): Capture/Compare External I/O for PCA module 3

CEX4 (P1.7): Capture/Compare External I/O for PCA module 4
Port 2: Port 2 is an 8-bit bidirectional I/O port with internal 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 internal
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 @DPTR). In this application, it uses strong internal
pull-ups when emitting 1s. During accesses to external data memory that use 8-bit addresses
(MOV @Ri), port 2 emits the contents of the P2 special function register. Some Port 2 pins
receive the high order address bits during EPROM programming and verification.

Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that 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 Characteristics: 1j ). Port 3 also serves the special features of the 80C51
family, as listed below:

RxD (P3.0): Serial input port

TxD (P3.1): Serial output port

INTO (P3.2): External interrupt

INT1 (P3.3): External interrupt

TO (P3.4): Timer 0 external input

T1 (P3.5): Timer 1 external input

WR (P3.6): External data memory write strobe

RD (P3.7): External data memory read strobe

Reset: A high on this pin for two machine cycles while the oscillator is running, resets the
device. An internal diffused resistor to Vsg permits a power-on reset using only an external
capacitor to V.

Address Latch Enable/Program Pulse:  Output pulse for latching the low byte of the
address during an access to external memory. In normal operation, ALE is emitted at a
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking.
Note that one ALE pulse is skipped during each access to external data memory. This pin is
also the program pulse input (PROG) during EPROM programming. 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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Philips Semiconductors Product specification

8XC54/58
8XC51FA/FB/FC/80C51FA
8XC51RA+/RB+/RC+/RD+/80C51RA+

80C51 8-bit microcontroller family
8K—64K/256—1K OTP/ROM/ROMIless, low voltage (2.7V-5.5V),
low power, high speed (33 MHz)

8XC54/58 ORDERING INFORMATION

MEMORY SIZE MEMORY SIZE TEMPERATURE RANGE °C VOLTAGE FREQ. DWG.
16K x 8 32K x 8 AND PACKAGE RANGE (MHz) #
ROM | P80C54SBPN P80C58SBPN . . 27V to
0 to +70, Plastic Dual In-line Package 0to16 |SOT129-1
OTP | P87C54SBPN P87C58SBPN S5V
ROM | P8OC54SBAA P8OC58SBAA _ _ , 27V1to
0 to +70, Plastic Leaded Chip Carrier v 0to16 |SOT187-2
OTP | P87C54SBAA P87C58SBAA 5.5
ROM | P8OC54SBBB P80C58SBBB ] 27V1to
0 to +70, Plastic Quad Flat Pack Oto16 | SOT307-2
OTP | P87C54SBBB P87C58SBBB S5V
ROM | P8OC54SFPN P80C58SFP N _ , 27V1to
—40 to +85, Plastic Dual In-line Package v 0to16 |SOT129-1
OTP | P87C54SFPN P87C58SFP N 5.5
ROM | PBOC54SFA A P80OC58SFA A . . . 2.7Vto
—40 to +85, Plastic Leaded Chip Carrier 0to16 |SOT187-2
OTP | P87C54SFAA P87C58SFA A 535V
ROM | P8OC54SFBB P8OC58SFBB _ 27V1to
—40 to +85, Plastic Quad Flat Pack Oto 16 | SOT307-2
OTP | P87C54SFBB P87C58SFBB 535V
ROM | P8OC54UBAA P80C58UBAA . . .
0 to +70, Plastic Leaded Chip Carrier 5V 0to 33 |SOT187-2
OTP | P87C54UBAA P87C58UBAA
ROM | P80C54UBPN P80C58UBPN . .
0 to +70, Plastic Dual In-line Package 5V 0to33 |SOT129-1
OTP | P87C54UBPN P87C58UBPN
ROM | P80C54UBBB P80C58UBBB .
0 to +70, Plastic Quad Flat Pack 5V 0to 33 | SOT307-2
OTP | P87C54UBBB P87C58UBBB
ROM | P80C54UFAA P8B0OC58UFAA . . .
—40 to +85, Plastic Leaded Chip Carrier 5V 0to33 |SOT187-2
OTP | PB7C54UFAA P87C58UFAA
ROM | P80C54UFPN P80C58UFPN . .
—40 to +85, Plastic Dual In-line Package 5V 0to 33 | SOT129-1
OTP | P87C54UFPN P87C58UFPN
ROM | P80C54UFBB P80C58UFBB .
—40 to +85, Plastic Quad Flat Pack 5V 0to 33 | SOT307-2
OTP | P87C54UFBB P87C58UFBB

Note: For Multi Time Programmable devices, See P8BIC51RX+
Flash datasheet.
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87C51RA+/RB+/RC+/RD+ AND 80C51RA+ ORDERING INFORMATION

MEMORY SIZE | MEMORY SIZE | MEMORY SIZE | MEMORY SIZE ROMIess TEMPERATURE RANGE °C VOLTAGE |[FREQ.| DWG.
8K x 8 16K x 8 32K x 8 64K x 8 AND PACKAGE RANGE (MHz) #

ROM | P83C51RA+4N | P83C51RB+4N | P83C51RC+4N | P83C51RD+4N 010 +70

PBOCSIRA+AN | /0 o bistic Dual In-line Pk 2.7Vt0 5.5V | 0to 16 | SOT129-1
OTP | P87C51RA+4N | P87C51RB+4N | P87C51RC+4N | P87C51RD+4N in Flastic Dual In-line Fxg.
ROM | P83C51RA+4A | P83C51RB+4A | P83C51RC+4A | P83C51RD+4A 010 +70

PSOC51RA+4A . . A .| 27vto55v |0to 16 | SOT187-2
OTP | P87C51RA+4A | P87C51RB+4A | P87C51RC+4A | P87C51RD+4A 44-Pin Plastic Leaded Chip Carrier
ROM | P83C51RA+4B | P83C51RB+4B | P83C51RC+4B | P83C51RD+4B 010 +70

PSOC51RA+4B 44-Pin Plasti '\ Flat Pack 2.7Vt0 5.5V | 0to 16 | SOT307-2
OTP | P87C51RA+4B | P87C51RB+4B | P87C51RC+4B | P87C51RD+4B -Pin Plastic Quad Flat Pac
ROM | P83C51RA+5N | P83C51RB+5N | P83C51RC+5N | P83C51RD+5N 40 t0 485

PBOCSIRASN | /0 o b2 Dual Ih-line Pk 2.7Vt0 5.5V | 0to 16 | SOT129-1
OTP | P87C51RA+5N | P87C51RB+5N | P87C51RC+5N | P87C51RD+5N -Fin Flastic bual In-line PKg.
ROM | P83C51RA+5A | P83C51RB+5A | P83C51RC+5A | P83C51RD+5A 40 t0 485

PBOC5IRA5A | 14 b blastic Leaded Chip Carrier | 2-7V 10 5.5V [ 010 16 | SOT187-2
OTP | P87C51RA+5A | P87C51RB+5A | P87C51RC+5A | P87C51RD+5A -Fin Flastic Leaded Chip Larrier
ROM | P83C51RA+5B | P83C51RB+5B | P83C51RC+5B | P83C51RD+5B 4010 485

P8OC51RA+5B 44-Pin Plasti o Flat Pack 2.7Vt0 5.5V | 0to 16 | SOT307-2
OTP | P87C51RA+5B | P87C51RB+5B | P87C51RC+5B | P87C51RD+5B -Pin Plastic Quad Flat Pac
ROM | P83C51RA+IN | P83C51RB+IN | P83C51RC+IN | P83C51RD+IN 010 470

P8OC51RA+IN 40-Pin Plastic Dual In-line Pk 5V 0to 33 | SOT129-1
OTP | P87C51RA+IN | P87C51RB+IN | P87C51RC+IN | P87C51RD+IN -Fin Flastic Dual In-line Fkg.
ROM | P83C51RA+IA | P83C51RB+IA | P83C51RC+IA | P83C51RD+IA 010 470

P8OC51RA+IA . . o . 5V 0to 33 | SOT187-2
otP | ps7csira+ia | Ps7csirB+IA | Pe7csiRCHA | P87C51IRD+IA 44-Pin Plastic Leaded Chip Carrier
ROM | P83C51RA+IB | P83C51RB+IB | P83C51RC+IB | P83C51RD+IB 010 470

P8OC51RA+IB : . ’ 5V 0to 33 | SOT307-2
OTP | P87C51RA+IB | P87C51RB+IB | P87C51RC+IB | P87C51RD+IB 44-Pin Plastic Quad Flat Pack
ROM | P83C51RA+IN | P83C51RB+IN | P83C51RC+IN | P83C51RD+IN _40 10 485

PBOCSIRAIN | 40 o plastic Dual Ih-line Pk 5V 0to 33 | SOT129-1
OTP | P87C51RA+IN | P87C51RB+IN | P87C51RC+IN | P87C51RD+IN -Fin Flastic Dual In-line Fkg.
ROM | P83C51RA+JA | P83C51RB+JA | P83C51RC+IA | P83C51RD+IA _40 10 485

PBOCSIRAIA | 44 pin Plastic Leaded Chio Carrier 5V 0to 33 | SOT187-2
OTP | P87C51RA+JA | P87C51RB+JA | P87C51RC+JA | P87C51RD+JA -Fin Flastic Leaded Chip Larrie
ROM | P83C51RA+JB | P83C51RB+JB | P83C51RC+IB | P83C51RD+JB _40 10 485

P8OC51RA+JB i Plast o ‘ 5V 0to 33 | SOT307-2
oTp | ps7csira+IB | P87csirB+IB | P87cs1RC+IB | P87C51RD+IB 44-Pin Plastic Quad Flat Pac

Note: For Multi Time Programmable devices, See PB9C51RX+ Flash datasheet.
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Philips Semiconductors

Product specification

80C51 8-bit microcontroller family
8K—64K/256—1K OTP/ROM/ROMIless, low voltage (2.7V-5.5V),
low power, high speed (33MHz)

8XC54/58
8XC51FA/FB/FC/80C51FA
8XC51RA+/RB+/RC+/RD+/80C51RA+

Table 2. 8XC51FA/FB/FC, 8XC51RA+/RB+/RC+/RD+ Special Function Registers
DIRECT BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION RESET
SYMBOL DESCRIPTION ADDRESS | MSB LSB | VALUE
ACC* Accumulator EOH E7 E6 E5 E4 E3 E2 El EO | oOH
AUXR# Auxiliary 8EH - - - - - - EXTRAM AO XXXXxx00B
(RX+ only)
AUXR1# | Auxiliary 1 A2H - - - LPEP3 | GF3 0 - DPS | xxx0xxx0B
B* B register FOH F7 F6 F5 F4 F3 F2 F1 Fo | ooH
CCAPOH# | Module 0 Capture High FAH XXXXXXXXB
CCAP1H# | Module 1 Capture High FBH XXXXXXXXB
CCAP2H# | Module 2 Capture High FCH XXXXXXXXB
CCAP3H# | Module 3 Capture High FDH XXXXXXXXB
CCAP4H# | Module 4 Capture High FEH XXXXXXXXB
CCAPOL# | Module 0 Capture Low EAH XXXXXXXXB
CCAP1L# | Module 1 Capture Low EBH XXXXXXXXB
CCAP2L# | Module 2 Capture Low ECH XXXXXXXXB
CCAP3L# | Module 3 Capture Low EDH XXXXXXXXB
CCAPA4L# | Module 4 Capture Low EEH XXXXXXXXB
CCAPMO# | Module 0 Mode DAH - ecom | capp | capn | maT | Toc | Pwm | ECcF | x00000008
CCAPM1# | Module 1 Mode DBH - ecom | capp | capn | maT | Toc | Pwm | ECccF | xo0000008
CCAPM2# | Module 2 Mode DCH - ecom | capp | capn | maT | Toc | pwm | ECccF | xo0000008
CCAPM3# | Module 3 Mode DDH - ecom | capp | capn | maT | Toc | Pwm | ECcF | x00000008
CCAPM4# | Module 4 Mode DEH - ecom | capp | capn | maT | Toc | Pwm | ECcF | xo0000008
DF DE DD DC DB DA D9 DS
CCON*# | PCA Counter Control D8H ck | crR | - [ ccra [ ccrs |ccrz | ccri | ccro | ooxooooos
CH# PCA Counter High FOH OOH
CL# PCA Counter Low E9H 00H
CMOD# | PCA Counter Mode D9H co. [wote| - | - [ - |cpsi] cpso | ECF | ooxxxo00B
DPTR: Data Pointer (2 bytes)
DPH Data Pointer High 83H 00H
DPL Data Pointer Low 82H O0H
AF AE AD AC AB AA A9 A8
IE* Interrupt Enable A8H EA | Ec [ Em2 [ Es [ emt | Ext | ETO EX0 | OOH
BF BE BD BC BB BA B9 B8
1P Interrupt Priority B8H - | pec [ P2 [ ps | P2 | Px1 | PTO | Pxo [ xo000000B
B7 B6 B5 B4 B3 B2 B1 BO
IPH# Interrupt Priority High B7H - | ppcH | Pr2n | PsH | PTiH | Px1H [ PTOH | PxoH | xo000000B
87 86 85 84 83 82 81 80
PO* Port 0 80H AD7 | AD6 | ADs | ap4a | Ap3 | ap2 | Ap1 ADO | FFH
97 96 95 94 93 92 91 90
P1* Port 1 9oH | cexa | cexs | cex2 | cext | cexo | Ect [ T2ex [ T2 | FFH
A7 A A5 A4 A3 A2 Al AO
p2x Port 2 AOH AD15 | AD14 | AD13 | AD12 | AD1L [ AD10 | AD9 AD8 | FFH
B7 B6 B5 B4 B3 B2 B1 BO
p3* Port 3 BOH RO [ WrR [ 11 | 1o | W7z [NTO [ T*D RxD | FFH
PCON#L | Power Control g7H | smopi [swobo | - | Por2 | Gr1 [ Gro | PD iDL | ooxxo0008
*  SFRs are bit addressable.
# SFRs are modified from or added to the 80C51 SFRs.
— Reserved bits.
1. Reset value depends on reset source.
2. Bit will not be affected by Reset.
3. LPEP — Low Power OTP—EPROM only operation.
2000 Aug 07 11




Philips Semiconductors Product specification

80C51 8-bit microcontroller family 8XC54/58
8K-64K/256-1K OTP/ROM/ROMIless, low voltage (2.7V-5.5V), 8XC51FA/FB/FC/80C51FA
low power, high speed (33MHz) 8XC51RA+/RB+/RC+/RD+/80C51RA+

Table 4. Timer 2 Operating Modes

RCLK + TCLK CP/RL2 TR2 MODE
0 0 1 16-bit Auto-reload
0 1 1 16-bit Capture
1 X 1 Baud rate generator
X X 0 (off)
TL2 TH2
oo (8-bits) (8-bits) TF2
cr2=1 1
T2 Pin Control
TR2 Capture
Transition Timer 2
Detector Interrupt
i RCAP2L RCAP2H
T2EX Pin  — /\J o— o ﬁi
Control
EXEN2

SU00066

Figure 2. Timer 2 in Capture Mode

T2MOD Address = 0C9H Reset Value = XXXX 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 Output 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 to reserved bits. These bits may be used in future 8051 family products to 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.

SU00729

Figure 3. Timer 2 Mode (T2MOD) Control Register
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Philips Semiconductors Product specification

80C51 8-bit microcontroller family 8XC54/58
8K-64K/256-1K OTP/ROM/ROMIless, low voltage (2.7V-5.5V), 8XC51FA/FB/FC/80C51FA
low power, high speed (33MHz) 8XC51RA+/RB+/RC+/RD+/80C51RA+

TL2 TH2
oo (8-BITS) (8-BITS)
CONTROL
—
TRZ  RELOAD
TRANSITION
DETECTOR RCAP2L RCAP2H
i e TF2
’ TIMER 2
INTERRUPT
T2EXPIN —»] /\k o—o I EXF2
CONTROL
EXEN2 SU00067
Figure 4. Timer 2 in Auto-Reload Mode (DCEN = 0)
(DOWN COUNTING RELOAD VALUE)
FFH FFH TOGGLE
—| Exr2
OosC +12 CcM2=0
OVERFLOW
Oﬁ TL2 TH2 INTERRUPT
T2 PIN J Cm2=1 :
CONTROL
TR2 ‘

DIRECTION

1=UP

0=DOWN

RCAP2L RCAP2H
(UP COUNTING RELOAD VALUE) T2EX PIN SU00730

Figure 5. Timer 2 Auto Reload Mode (DCEN = 1)
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Philips Semiconductors

Product specification

80C51 8-hit microcontroller family

8K-64K/256-1K OTP/ROM/ROMIless, low voltage (2.7V-5.5V),

low power, high speed (33MHz)

8XC54/58
8XC51FA/FB/FC/80C51FA
8XC51RA+/RB+/RC+/RD+/80C51RA+

NOTE: OSC. Freq. is divided by 2, not 12.

Timer 1
Overflow

‘ Control

EXEN2

“0” 1
—»\ -
————— SMOD
“Q"
TL2 TH2
oo (8-bits) (8-bits) M SR RCLK
ClT2=1 .
T2 Pin Control |
> —® RX Clock
=2 aqn o
Reload X - TCLK
Transition
Detector RCAP2L RCAP2H
i —— | +16 |—® TX Clock
T2EX Pin ——»] o— o | EXF2 Timer 2
| Interrupt

L Note availability of additional external interrupt.

SU00068

Figure 6. Timer 2 in Baud Rate Generator Mode

Table 5. Timer 2 Generated Commonly Used
Baud Rates
Timer 2
Baud Rate Osc Freqy
RCAP2H RCAP2L
375K 12MHz FF FF
9.6K 12MHz FF D9
2.8K 12MHz FF B2
2.4K 12MHz FF 64
1.2K 12MHz FE cs
300 12MHz FB 1E
110 12MHz F2 AF
300 6MHz FD 8F
110 6MHz F9 57

Baud Rate Generator Mode

Bits TCLK and/or RCLK in T2CON (Table 5) allow the serial port
transmit and receive baud rates to be derived from either Timer 1 or
Timer 2. When TCLK= 0, Timer 1 is used as the serial port transmit
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
serial 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 generation mode. The baud
rate generation mode is like the auto-reload mode,in that a rollover
in TH2 causes the Timer 2 registers to be reloaded with the 16-bit
value in registers RCAP2H and RCAP2L, which are preset by
software.
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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” operation.
In many applications, it is 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., 1/12
the oscillator frequency). As a baud rate generator, it increments
every state time (i.e., 1/2 the oscillator frequency). Thus the baud
rate formula is as follows:

Modes 1 and 3 Baud Rates =
Oscillator Frequency
[32 x [65536 — (RCAP2H, RCAP2L)]]

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

The Timer 2 as a baud rate generator mode shown in Figure 6, is
valid only if RCLK and/or TCLK = 1 in T2CON register. Note that a
rollover 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 generator mode. Also if the EXEN2

(T2 external enable flag) is set, a 1-to-0 transition in T2EX
(Timer/counter 2 trigger input) will set EXF2 (T2 external flag) but
will not cause a reload from (RCAP2H, RCAP2L) to (TH2,TL2).
Therefore when Timer 2 is in use as a baud rate generator, T2EX
can be used as an additional external interrupt, if needed.
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SCON Address = 98H

Reset Value = 0000 0000B

Bit Addressable
| SMO/FE | SM1 | SM2 | REN | TB8 | RB8 | Tl | RI |
Bit: 7 6 5 4 3 2 1 0

(SMODO = 0/1)*

Symbol Function
FE Framing Error bit. This bit is set by the receiver when an invalid stop bit is detected. The FE bit is not cleared by valid
frames but should be cleared by software. The SMODO bit must be set to enable access to the FE bit.
SMO Serial Port Mode Bit 0, (SMODO must = 0 to access bit SMO0)
SM1 Serial Port Mode Bit 1
SMO SM1 Mode Description Baud Rate**
0 0 0 shift register fosc/12
0 1 1 8-bit UART variable
1 0 2 9-bit UART fosc/64 or fosc/32
1 1 3 9-bit UART variable
SM2 Enables the Automatic Address Recognition feature in Modes 2 or 3. If SM2 = 1 then RI will not be set unless the

received 9th 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 RI 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.
TB8 The 9th 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, RB8 is not used.
Tl 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 reception (except see SM2). Must be cleared by software.
NOTE:
*SMODO is located at PCONG6.
**fosc = oscillator frequency SU00043

Figure 7. SCON: Serial Port Control Register
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> —»‘
START DATA BYTE ONLYIN  sTOP
BIT MODE 2, 3 BIT
l————— SET FE BIT IF STOP BIT IS 0 (FRAMING ERROR)
Of——® SMO0 TO UART MODE CONTROL
SCON
SMO / FE SsM1 SM2 REN B8 RB8 Tl RI (98H)
SMOD1 SMODO - POF GF1 GFO PD IDL Té%?_";‘
0:SCON.7 = SMO
1:SCON.7 =FE
SU01191
Figure 8. UART Framing Error Detection
DO D1 D2 D3 D4 D5 @ D7 D8_>/
SMo sM1 sm2 REN TB8 RBS T RI ?;78?4')“
1 1 1 1 X
1 0
—J
RECEIVED ADDRESS DO TO D7 —————>
PROGRAMMED ADDRESS ————— & COMPARATOR
IN UART MODE 2 OR MODE 3 AND SM2 = 1:
INTERRUPT IF REN=1, RB8=1 AND “RECEIVED ADDRESS” = “PROGRAMMED ADDRESS"
— WHEN OWN ADDRESS RECEIVED, CLEAR SM2 TO RECEIVE DATA BYTES
— WHEN ALL DATA BYTES HAVE BEEN RECEIVED: SET SM2 TO WAIT FOR NEXT ADDRESS.
SU00045
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7 6 5 4 3 2 1 0
IP (OB8H) — PPC PT2 PS PT1 PX1 PTO PX0

Priority Bit = 1 assigns high priority
Priority Bit = 0 assigns low priority

BIT SYMBOL FUNCTION
IP.7 — Not implemented, reserved for future use.
IP.6 PPC PCA interrupt priority bit for FX and RX+ only, otherwise it is not implemented.
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 bit. SU00841
Figure 11. IP Registers
7 6 5 4 3 2 1 0
IPH (B7H) — PPCH | PT2H PSH PT1H | PX1H | PTOH | PXOH

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

BIT SYMBOL FUNCTION

IPH.7 — Not implemented, reserved for future use.

IPH.6 PPCH PCA interrupt priority bit high for FX and RX+ only, otherwise it is not implemented.
IPH.5 PT2H Timer 2 interrupt priority bit high.

IPH.4 PSH Serial Port interrupt priority bit high.

IPH.3 PT1H Timer 1 interrupt priority bit high.

IPH.2 PX1H External interrupt 1 priority bit high.

IPH.1 PTOH Timer 0 interrupt priority bit high.

IPH.O0 PX0H External interrupt O priority bit high.

SU00881

Figure 12. IPH Registers
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cMoD
cibL WDTE — — — cPs1 CPSO ECF | oon)
WRITE TO
CCAP4H RESET
WRITE T0 CCAP4H CCAPAL MODULE 4
CCAPAL
0 1
ENABLE MATCH
16-BIT COMPARATOR RESET
CH cL
PCA TIMER/COUNTER
|
— ECOMn [ cAPPn | cAPNn [ MaTn | ToGn PWMn | ECCFn &%ﬁ”‘“
T 0 0 1 X 0 X
5U00832

Figure 25. PCA Watchdog Timer m(Module 4 only)

PCA Watchdog Timer

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 to noise, power
glitches, or electrostatic discharge. Module 4 is the only PCA
module that can be programmed as a watchdog. 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 will be
generated. This will not cause the RST pin to be driven high.

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

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

2. periodically change the PCA timer value so it will never match
the compare values, or

3. disable the watchdog by clearing the WDTE bit before a match
occurs and then re-enable it.
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The first two options are more reliable because the watchdog 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 other PCA modules
are being used. Remember, the PCA timer is the time base for all
modules; changing the time base for other modules would not be a
good idea. Thus, in most applications the first solution is the best
option.

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 set. The user’s software then must
periodically change (CCAP4H,CCAPA4L) 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 gets 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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(8XC51FX and 8XC51RX+ ONLY)

INIT_WATCHDOG:

MOV CCAPM4, #4CH ; Module 4 in compare mode
MOV CCAPAL, #0FFH ; Write to low byte first
MOV CCAP4H, #0FFH ; Before PCA timer counts up to

; FFFF Hex, these compare values
; must be changed
ORL CMOD, #40H ; Set the WDTE bit to enable the
; watchdog timer without changing
; the other bits in CMOD

; Main program goes here, but CALL WATCHDOG periodically.

WATCHDOG:

CLR EA ; Hold off interrupts

MOV CCAPA4L, #00 ; Next compare value is within
MOV CCAP4H, CH ; 255 counts of the current PCA
SETB EA ; timer value

RET

Figure 26. PCA Watchdog Timer Initialization Code
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Expanded Data RAM Addressing
(BXC51RX+ ONLY)

The 8XC51RX+ have internal data memory that is mapped into four
separate segments: the lower 128 bytes of RAM, upper 128 bytes of
RAM, 128 bytes Special Function Register (SFR), and 256 bytes
(768 for RD+) expanded RAM (EXTRAM).

The four segments are:
1. The Lower 128 bytes of RAM (addresses 00H to 7FH) are
directly and indirectly addressable.

2. The Upper 128 bytes of RAM (addresses 80H to FFH) are
indirectly addressable only.

3. The Special Function Registers, SFRs, (addresses 80H to FFH)
are directly addressable only.

4. The 256-bytes (768 for RD+) expanded RAM ((EXTRAM
(256-bytes) 00H-FFH)) and ((EXTRAM (768-bytes for RD+)
00H — 2FFH)) are indirectly accessed by move external instruction,
MOVX, and with the EXTRAM bit cleared, see Figure 27.

The Lower 128 bytes can be accessed by either direct or indirect
addressing. The Upper 128 bytes can be accessed by indirect
addressing only. The Upper 128 bytes occupy the same address
space as the SFR. That means they have the same address, but are
physically separate from SFR space.

When an instruction accesses an internal location above address
7FH, the CPU knows whether the access is to the upper 128 bytes
of data RAM or to SFR space by the addressing mode used in the
instruction. Instructions that use direct addressing access SFR
space. For example:

MOV 0AOH #data

accesses the SFR at location OAOH (which is P2). Instructions that
use indirect addressing access the Upper 128 bytes of data RAM.

For example:
MOV @RO,#data

where RO contains 0AOH, accesses the data byte at address 0AOH,
rather than P2 (whose address is 0AOH).

The EXTRAM can be accessed by indirect addressing, with
EXTRAM bit cleared and MOVX instructions. This part of memory is
physically located on-chip, logically occupies the first 256-bytes (768
for RD+) of external data memory.

With EXTRAM = 0, the EXTRAM is indirectly addressed, using the
MOVX instruction in combination with any of the registers RO, R1 of
the selected bank or DPTR. An access to EXTRAM will not affect
ports PO, P3.6 (WR#) and P3.7 (RD#). P2 SFR is output during
external addressing. For example, with EXTRAM =0,

MOVX @RO,#data

where RO contains 0AOH, access the EXTRAM at address 0AOH
rather than external memory. An access to external data memory
locations higher than FFH (2FF for RD+) (i.e., 0100H to FFFFH) will
be performed with the MOVX DPTR instructions in the same way as
in the standard 80C51, so with PO and P2 as data/address bus, and
P3.6 and P3.7 as write and read timing signals. Refer to Figure 28.

With EXTRAM = 1, MOVX @Ri and MOVX @DPTR will be similar
to the standard 80C51. MOVX @ Ri will provide an 8-bit address
multiplexed with data on Port 0 and any output port pins can be
used to output higher order address bits. This is to provide the
external paging capability. MOVX @DPTR will generate a 16-bit
address. Port 2 outputs the high-order eight address bits (the
contents of DPH) while Port O multiplexes the low-order eight
address bits (DPL) with data. MOVX @Ri and MOVX @DPTR will
generate either read or write signals on P3.6 (#WR) and P3.7 (#RD).

The stack pointer (SP) may be located anywhere in the 256 bytes
RAM (lower and upper RAM) internal data memory. The stack may
not be located in the EXTRAM.

AUXR Address = 8EH Reset Value = xxxx xx00B
Not Bit Addressable
— — — — — — EXTRAM AO
Bit: 7 6 5 4 3 2 1 0
Symbol Function
AO Disable/Enable ALE
AO Operating Mode
0 ALE is emitted at a constant rate of 1/6 the oscillator frequency.
1 ALE is active only during a MOVX or MOVC instruction.
EXTRAM Internal/External RAM access using MOVX @Ri/@DPTR
EXTRAM Operating Mode
0 Internal ERAM (O0H-FFH) (OOH-2FFH for RD+) access using MOVX @RiI/@DPTR
1 External data memory access.
— Not implemented, reserved for future use*.
NOTE:
*User software should not write 1s to reserved bits. These bits may be used in future 8051 family products to 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.
SU01003

Figure 27. AUXR: Auxiliary Register (RX+ only)
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ABSOLUTE MAXIMUM RATINGS 1.2.3

PARAMETER RATING UNIT
Operating temperature under bias 0to +70 or —40 to +85 °C
Storage temperature range —65 to +150 °C
Voltage on EA/Vpp pin to Vgg 0to +13.0 Y,
Voltage on any other pin to Vgg -0.5t0 +6.5 \%
Maximum lp per I/O pin 15 mA
Power dissipation (based on package heat transfer limitations, not device power consumption) 15 w

NOTES:

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section
of this specification is not implied.

2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maximum.

3. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vgg unless otherwise

noted.

AC ELECTRICAL CHARACTERISTICS
Tamb = 0°C to +70°C or —40°C to +85°C

CLOCK FREQUENCY
RANGE —f
SYMBOL FIGURE PARAMETER MIN MAX UNIT
litc el 33 Oscillator frequency
Speed versions : 4:5:S (16MHz) 0 16 MHz
1:J:U (33MHz) 0 33 MHz
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80C51 8-bit microcontroller family 8XC54/58
8K—64K/256—1K OTP/ROM/ROMIless, low voltage (2.7V-5.5V), 8XC51FA/FB/FC/80C51FA
low power, high speed (33MHz) 8XC51RA+/RB+/RC+/RD+/80C51RA+

AC ELECTRICAL CHARACTERISTICS
Tamb = 0°C t0 +70°C or —40°C to +85°C, Ve = +2.7V 10 +5.5V, Vgg = 0VL: 2.3

16MHz CLOCK VARIABLE CLOCK
SYMBOL FIGURE PARAMETER MIN MAX MIN MAX UNIT
llitcLcL 29 Oscillator frequency®
Speed versions : 4;5;S 3.5 16 MHz
tLHLL 29 ALE pulse width 85 2tcLcL—40 ns
tavLL 29 Address valid to ALE low 22 tcLcL—40 ns
tLLax 29 Address hold after ALE low 32 tcLcL—30 ns
tLuv 29 ALE low to valid instruction in 150 4tc c—100 ns
tLpL 29 ALE low to PSEN low 32 tcLc—30 ns
tpLPH 29 PSEN pulse width 142 3tcLcL—45 ns
tpLIv 29 PSEN low to valid instruction in 82 3tcLcL—105 ns
tpxix 29 Input instruction hold after PSEN 0 0 ns
tpxiz 29 Input instruction float after PSEN 37 tcLeL—25 ns
taviv ® 29 Address to valid instruction in 207 5tcLcL—105 ns
tpLAZ 29 PSEN low to address float 10 10 ns
Data Memory
tRLRH 30,31 | RD pulse width 275 6tcLcL—100 ns
twiLwH 30,31 | WR pulse width 275 6tc L —100 ns
tRLDV 30,31 | RD low to valid data in 147 S5tcLcL—165 ns
tRHDX 30,31 | Data hold after RD 0 0 ns
tRHDZ 30,31 | Data float after RD 65 2tcLcL—60 ns
tLLDv 30,31 | ALE low to valid data in 350 8tcLcL—150 ns
tavDV 30,31 | Address to valid data in 397 9tcLcL—165 ns
twL 30,31 |ALE lowto RD or WR low 137 239 3tcLcL—50 3tcLcL+50 ns
tavwiL 30,31 | Address valid to WR low or RD low 122 4t c1—130 ns
tovwx 30, 31 Data valid to WR transition 13 tcLcL—50 ns
twHOX 30,31 | Data hold after WR 13 tcLcL—50 ns
tovwH 31 Data valid to WR high 287 TtcLcL—150 ns
tRLAZ 30,31 | RD low to address float 0 0 ns
twWHLH 30,31 |RD or WR high to ALE high 23 103 tcLcL—40 teLcL+40 ns
External Clock
tcHexX 33 High time 20 20 tcLeL—teLex ns
tcLex 33 Low time 20 20 tcLeL—tcHex ns
tcLcH 33 Rise time 20 20 ns
tcHeL 33 Fall time 20 20 ns
Shift Register
txxL 32 Serial port clock cycle time 750 12tc oL ns
tovxH 32 Output data setup to clock rising edge 492 10t —133 ns
txHQX 32 Output data hold after clock rising edge 8 2t o117 ns
txHDX 32 Input data hold after clock rising edge 0 0 ns
txHDV 32 Clock rising edge to input data valid 492 10t 1 —133 ns
NOTES:

1. Parameters are valid over operating temperature range unless otherwise specified.

2. Load capacitance for port 0, ALE, and PSEN = 100pF, load capacitance for all other outputs = 80pF.

3. Interfacing the microcontroller to devices with float times up to 45ns is permitted. This limited bus contention will not cause damage to Port 0
drivers.

4. See application note AN457 for external memory interface.

5. Parts are guaranteed to operate down to OHz.
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Table 9. EPROM Programming Modes

MODE RST PSEN ALE/PROG EANpp P2.7 P2.6 P3.7 P3.6
Read signature 1 0 1 1 0 0 0 0
Program code data 1 0 (0 Vpp 1 0 1 1
Verify code data 1 0 1 1 0 0 1 1
Pgm encryption table 1 0 0* Vpp 1 0 1 0
Pgm security bit 1 1 0 0* Vpp 1 1 1 1
Pgm security bit 2 1 0 0* Vpp 1 1 0 0
Pgm security bit 3 1 0 0* Vpp 0 1 0 1

NOTES:

1. ‘0’ = Valid low for that pin, ‘1’ = valid high for that pin.

2. Vpp =12.75V +0.25V.

3. Ve =5V+10% during programming and verification.

* ALE/PROG receives 5 programming pulses for code data (also for user array; 5 pulses for encryption or security bits) while Vpp is held at
12.75V. Each programming pulse is low for 100us (+10ps) and high for a minimum of 10us.

Table 10. Program Security Bits for EPROM Devices
PROGRAM LOCK BITS 1.2

SB1 SB2 SB3 PROTECTION DESCRIPTION

1 U U U No Program Security features enabled. (Code verify will still be encrypted by the Encryption Array if
programmed.)

2 P U U MOVC instructions executed from external program memory are disabled from fetching code bytes
from internal memory, EA is sampled and latched on Reset, and further programming of the EPROM
is disabled.

3 P P U Same as 2, also verify is disabled.

4 P P P Same as 3, external execution is disabled.

NOTES:

1. P —programmed. U — unprogrammed.
2. Any other combination of the security bits is not defined.
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ROM CODE SUBMISSION FOR 64K ROM DEVICE (83C51RD+)

When submitting ROM code for the 64K ROM devices, the following must be specified:

1. 64k byte user ROM data
2. 64 byte ROM encryption key
3. ROM security bits.

ADDRESS CONTENT BIT(S) COMMENT
0000H to FFFFH DATA 7:0 User ROM Data
10000H to 1003FH KEY 7:0 ROM Encryption Key
FFH = no encryption
10040H SEC 0 ROM Security Bit 1
0 = enable security
1 = disable security
10040H SEC 1 ROM Security Bit 2
0 = enable security
1 = disable security

Security Bit 1: When programmed, this bit has two effects on masked ROM parts:
1. External MOVC is disabled, and
2. EAis latched on Reset.

Security Bit 2: When programmed, this bit inhibits Verify User ROM.
NOTE: Security Bit 2 cannot be enabled unless Security Bit 1 is enabled.

If the ROM Code file does not include the options, the following information must be included with the ROM code.

For each of the following, check the appropriate box, and send to Philips along with the code:

Security Bit #1: [J Enabled [J Disabled
Security Bit #2: [J Enabled [J Disabled
Encryption: J No O Yes If Yes, must send
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QFP44: plastic quad flat package; 44 leads (lead length 1.3 mm); body 10 x 10 x 1.75 mm SOT307-2
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DIMENSIONS (mm are the original dimensions)

A
UNIT [ P | Ay [ Az | A3 [ bp | e [DV|EM| e | Hp | HE| L | Lp | v w y |zpM|zeM| o
0.25 | 1.85 0.40 | 0.25 | 10.1 | 10.1 129 | 12,9 0.95 12 | 12 | 10°
mm 12101 505 | 1.65 | %% | 020| 0.14 | 99 | 99 | OB | 123 | 123 ' | o055 | 213|013 O1 | 58 | 08 | o°
Note

1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.

OUTLINE REFERENCES EUROPEAN
VERSION IEC JEDEC ElAd PROJECTION

80T307-2 E @ 97-08-01

ISSUE DATE
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NOTES
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