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Philips Semiconductors

Preliminary data

80C51 8-bit Flash microcontroller family

P89C51RA2/RB2/RC2/RD2xx

8KB/16KB/32KB/64KB ISP/IAP Flash with 512B/512B/512B/1KB RAM

LOGIC SYMBOL Plastic Leaded Chip Carrier
6 1 40
Vec Vss
<> <« @)
)I et «>| <« 7 [ ]39
l > ° > | ADDRESS AND
= <> Z<«—»| DATABUS Lcc
l <> O <>
)I o > <«>»| <«
1 XTAL2 <«—p| <> | 17 29
= <« <« T2
<> <— T2EX
<—> - u u
RST —>f | = 18 28
EAV, -
PP — <« > O
PSEN <« « > & Pin  Function Pin  Function Pin  Function
w  ALE/PROG <> 1 NIc* 16 P3.4/T0 31 P27/AL5
z <« | 2 PLOM2 17 P3.5/T1 32 PSEN
] RXD—> = 5 <> 5 3 PLIT2EX 18  P3.6/WR 33 ALE/PROG
Q| DD<— | —> «> 4 PL2/EC 19  P3.7RD 34 Nicr
SIINTO=> , | > |« > 5 5 PL3/CEX0 20 XTAL2 35  EAVpp
—> = | < »
SNk I~ Z—>|_ ADDRESS BUS 6  PL4/CEX1 21 XTALL 36  PO.7/AD7
R G A e | T 7 PLS5/ICEX2 22 Vs 37 P0.6/AD6
S WRe— |-—» <« > - 8  PL6/CEX3 23 NIC* 38  PO.5/AD5
Sl Roe— L= |« > 9 PL7ICEX4 24 P2.0IA8 39 P0.4/AD4
o - > 10 RST 25 P2.1/A9 40 PO.3/AD3
SU01302 11 P3.0/RxD 26 P2.2/A10 41 P0.2/AD2
12 NIC* 27 P2.3/ALL 42 PO.1/AD1
13 P3.1/TxD 28 P2.4/A12 43 PO.0/ADO
14 P3.2/INTO 29  P25/A13 44 Vee
15 P3.3/INTL 30  P2.6/AL4
PINNING *NO INTERNAL CONNECTION SU00023
Plastic Dual In-Line Package
—_ Plastic Quad Flat Pack

T2/P1.0 E

T2EX/P1.1|Z
ECIP1.2[ 3]
CEXO0/P1.3[ 4]
CEX1/P1.4[ 5]
CEX2/P1.5[ 6
CEX3/P1.6[ 7
CEX4/P1.7[ 8]
RST[9]
RXD/P3.0[10)

TxD/P3.1|11,

TO/P3.4[14
TUP3.5(15
WRIP3.6[16
RD/P3.7[17
XTAL2 [18}

XTALL [19)

Vss @

DUAL
IN-LINE
PACKAGE

El Vee

[39] Po.0/ADO
38] Po.1/AD1
37] Po.2/AD2
36] Po.3/AD3
35] Po.4/AD4
[34] Po.5/ADS
33] Po.6/AD6
32] Po.7/AD7
E EANpp
30] ALE/PROG
[29] PSEN
28] P2.7/A15
27] P2.6/A14
26] P2.5/A13
[25] P2.4/A12
[24] P2.3/A11
23] P2.21A10
[22] P2.1/n9

21] P2.0/a8

5000021

Pin  Function
1 P1.5/CEX2
2 P1.6/CEX3
3 P1.7/CEX4
4 RST
5 P3.0/RXD
6 NIC*
7 P3.1/TxD
8 P3.2/INTO
9 P3.3/INT1
10  P3.4/T0
11 P3.5/T1
12 P3.6/WR
13 P3.7/RD
14 XTAL2
15 XTAL1

*NO INTERNAL CONNECTION

Pin
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Function
Vss

NIC*
P2.0/A8
P2.1/A9
P2.2/A10
P2.3/A11
P2.4/A12
P2.5/A13
P2.6/A14
P2.7/A15
PSEN
ALE/PROG
NIC*
EANpp
P0.7/AD7

Pin
31
32
33
34
35
36
37
38
39
40
41
42
43
44

Function
P0.6/AD6
P0.5/AD5
P0.4/AD4
P0.3/AD3
P0.2/AD2
P0.1/AD1
P0.0/ADO
Vee

NIC*
P1.0/T2
P1.1/T2EX
P1.2/ECI
P1.3/CEX0
P1.4/CEX1

5001400
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Philips Semiconductors Preliminary data

80C51 8-bit Flash microcontroller family P89C51RA2/RB2/RC2/RD2xx

8KB/16KB/32KB/64KB ISP/IAP Flash with 512B/512B/512B/1KB RAM

PIN DESCRIPTIONS

PIN NUMBER
MNEMONIC TYPE NAME AND FUNTTION
PDIP PLCC LQFP

Vss 20 22 16 | Ground: 0V reference.

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

P0.0-0.7 39-32 43-36 37-30 110 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.

P1.0-P1.7 1-8 2-9 40-44, 110 Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pull-ups on all pins.

1-3 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:
h).

Alternate functions for PB9C51RA2/RB2/RC2/RD2xx Port 1 include:
1 2 40 110 T2 (P1.0): Timer/Counter 2 external count input/Clockout (see Programmable
Clock-Out)
2 3 41 | T2EX (P1.1): Timer/Counter 2 Reload/Capture/Direction Control
3 4 42 | ECI (P1.2): External Clock Input to the PCA
4 5 43 110 CEXO (P1.3): Capture/Compare External I1/0 for PCA module 0
5 6 44 110 CEX1 (P1.4): Capture/Compare External I/O for PCA module 1
6 7 1 110 CEX2 (P1.5): Capture/Compare External I1/0 for PCA module 2
7 8 110 CEX3 (P1.6): Capture/Compare External I/O for PCA module 3
8 9 3 110 CEX4 (P1.7): Capture/Compare External I1/0 for PCA module 4

P2.0-P2.7 21-28 24-31 18-25 1/0 | 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: I ). 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.

P3.0-P3.7 10-17 11, 5,7-13 110 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 Characteristics: I)_). Port 3 also serves
the special features of the PB9C51RA2/RB2/RC2/RD2xx, as listed below:

10 11 5 | RxD (P3.0): Serial input port
11 13 7 O TxD (P3.1): Serial output port
12 14 8 I INTO (P3.2): External interrupt
13 15 9 I INT1 (P3.3): External interrupt
14 16 10 | TO (P3.4): Timer 0 external input
15 17 11 | T1 (P3.5): Timer 1 external input
16 18 12 (@) WR (P3.6): External data memory write strobe
17 19 13 (0] RD (P3.7): External data memory read strobe
RST 9 10 4 | Reset: A high on this pin for two machine cycles while the oscillator is running,

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

ALE 30 33 27 O Address Latch Enable: Output pulse for latching the low byte of the address
during an access to external memory. In normal operation, ALE is emitted twice
every machine cycle, and can be used for external timing or clocking. Note that one
ALE pulse is skipped during each access to external data memory. 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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80C51 8-bit Flash microcontroller family P89C51RA2/RB2/RC2/RD2xx

8KB/16KB/32KB/64KB ISP/IAP Flash with 512B/512B/512B/1KB RAM

o/‘ TLn THn
: (5 Bits) (8 Bits) | TFn —» Interrupt
T CIT=1
Tn Pin Control
TRn

Timer n 4D07

Gate bit

INTn Pin I
*d=6in 6- d= i -
d =6 in 6-clock mode; d = 12 in 12-clock mode. SU01618

Figure 2. Timer/Counter 0/1 Mode 0: 13-Bit Timer/Counter

TCON Address = 88H Reset Value = 00H
Bit Addressable
7 6 5 4 3 2 1 0
TF1 TR1 TFO TRO IE1 IT1 IEO ITO
BIT SYMBOL FUNCTION
TCON.7 TF1 Timer 1 overflow flag. Set by hardware on Timer/Counter overflow.
Cleared by hardware when processor vectors to interrupt routine, or clearing the bit in software.
TCON.6 TR1 Timer 1 Run control bit. Set/cleared by software to turn Timer/Counter on/off.
TCON.5 TFO Timer 0 overflow flag. Set by hardware on Timer/Counter overflow.
Cleared by hardware when processor vectors to interrupt routine, or by clearing the bit in software.
TCON.4 TRO Timer 0 Run control bit. Set/cleared by software to turn Timer/Counter on/off.
TCON.3 IE1 Interrupt 1 Edge flag. Set by hardware when external interrupt edge detected.
Cleared when interrupt processed.
TCON.2 IT1 Interrupt 1 type control bit. Set/cleared by software to specify falling edge/low level triggered
external interrupts.
TCON.1 IEO Interrupt O Edge flag. Set by hardware when external interrupt edge detected.
Cleared when interrupt processed.
TCON.O ITO Interrupt O Type control bit. Set/cleared by software to specify falling edge/low level

triggered external interrupts.

SU01516

Figure 3. Timer/Counter 0/1 Control (TCON) Register

2002 Jul 18 14
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80C51 8-bit Flash microcontroller family P89C51RA2/RB2/RC2/RD2xx

8KB/16KB/32KB/64KB ISP/IAP Flash with 512B/512B/512B/1KB RAM

TLn
CA (8 Bits) »| TFn  [—» Interrupt

T ClT=1
Tn Pin Control

TRn _ Reload
Timer n |D o
Gate bit
THn
. f (8 Bits)
INTn Pin

*d = 6 in 6-clock mode; d = 12 in 12-clock mode. SU01619

Figure 4. Timer/Counter 0/1 Mode 2: 8-Bit Auto-Reload

OA TLO
' (8 Bits) »| TFO —» Interrupt

T CIT=1
TO Pin Control

TRO
Timer 0 |D o
Gate bit
INTO Pin I

THO
(8 Bits) TF1 — Interrupt

o
[%2]
O
1
%
Y

Control

TR1

d = 6 in 6-clock mode; d = 12 in 12-clock mode. SU01620

Figure 5. Timer/Counter 0 Mode 3: Two 8-Bit Counters
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80C51 8-bit Flash microcontroller family P89C51RA2/RB2/RC2/RD2xx

8KB/16KB/32KB/64KB ISP/IAP Flash with 512B/512B/512B/1KB RAM

Table 3. 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 > @BITS) @ BITS) TF2
cm2=1 X
T2 Pin Control
TR2 Capture
Transition Timer 2
Detector Interrupt
l RCAP2L RCAP2H
T2EX Pin  ——» oo ;I EXFZI
/\— : ° L1
Control
EXEN2

SU01252
*n =6 in 6-clock mode, or 12 in 12-clock mode.

Figure 7. 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 8. Timer 2 Mode (T2MOD) Control Register
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80C51 8-bit Flash microcontroller family P89C51RA2/RB2/RC2/RD2xx

8KB/16KB/32KB/64KB ISP/IAP Flash with 512B/512B/512B/1KB RAM

SCON Address = 98H Reset Value = 00H
Bit Addressable 7 6 5 4 3 2 1 0
SMO | SM1 | SM2 | REN | TB8 | RB8 Tl RI
Where SMO, SM1 specify the serial port mode, as follows:
SMO SM1 Mode Description Baud Rate

0 0 0 shift register fosc/12 (12-clock mode) or fogc/6 (6-clock mode)

0 1 1 8-bit UART variable

1 0 2 9-bit UART fosc/64 or fosc/32 (12-clock mode) or fogc/32 or fosc/16 (6-clock mode)

1 1 3 9-bit UART variable
SM2 Enables the multiprocessor communication feature in Modes 2 and 3. In Mode 2 or 3, if SM2 is set to 1, then RI will not be

activated if the received 9th data bit (RB8) is 0. In Mode 1, if SM2=1 then RI will not be activated if a valid stop bit was not
received. 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, is the 9th data bit that was received. In Mode 1, it SM2=0, RB8 is the stop bit that was received. In Mode 0,
RB8 is not used.
TI Transmit interrupt flag. Set by hardware at the end of the 8th bit time in Mode O, 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.
SU01626
Figure 12. Serial Port Control (SCON) Register
Baud Rate Timer 1
fosc SMOD —

Mode 12-clock mode 6-clock mode CIT Mode Reload Value
Mode 0 Max 1.67 MHz 3.34 MHz 20 MHz X X X X
Mode 2 Max 625 k 1250 k 20 MHz 1 X X X

Mode 1, 3 Max 104.2 k 208.4 k 20 MHz 1 0 2 FFH
Mode 1, 3 19.2 k 38.4k 11.059 MHz 1 0 2 FDH
9.6k 19.2 k 11.059 MHz 0 0 2 FDH
4.8k 9.6 k 11.059 MHz 0 0 2 FAH
2.4k 48k 11.059 MHz 0 0 2 F4H
1.2k 24k 11.059 MHz 0 0 2 E8H
137.5 275 11.986 MHz 0 0 2 1DH
110 220 6 MHz 0 0 2 72H

110 220 12 MHz 0 0 1 FEEBH

Figure 13. Timer 1 Generated Commonly Used Baud Rates
More About Mode 0 S6P2 of every machine cycle in which SEND is active, the contents

Serial data enters and exits through RxD. TxD outputs the shift
clock. 8 bits are transmitted/received: 8 data bits (LSB first). The
baud rate is fixed a 1/12 the oscillator frequency (12-clock mode) or
1/6 the oscillator frequency (6-clock mode).

Figure 14 shows a simplified functional diagram of the serial port in
Mode 0, and associated timing.

Transmission is initiated by any instruction that uses SBUF as a
destination register. The “write to SBUF” signal at S6P2 also loads a
1 into the 9th position of the transmit shift register and tells the TX
Control block to commence a transmission. The internal timing is
such that one full machine cycle will elapse between “write to SBUF”
and activation of SEND.

SEND enables the output of the shift register to the alternate output

function line of P3.0 and also enable SHIFT CLOCK to the alternate

output function line of P3.1. SHIFT CLOCK is low during S3, S4, and
S5 of every machine cycle, and high during S6, S1, and S2. At

2002 Jul 18
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of the transmit shift are shifted to the right one position.

As data bits shift out to the right, zeros come in from the left. When
the MSB of the data byte is at the output position of the shift register,
then the 1 that was initially loaded into the 9th position, is just to the
left of the MSB, and all positions to the left of that contain zeros.
This condition flags the TX Control block to do one last shift and
then deactivate SEND and set T1. Both of these actions occur at
S1P1 of the 10th machine cycle after “write to SBUF.”

Reception is initiated by the condition REN = 1 and R1 = 0. At S6P2
of the next machine cycle, the RX Control unit writes the bits
11111110 to the receive shift register, and in the next clock phase
activates RECEIVE.

RECEIVE enable SHIFT CLOCK to the alternate output function line
of P3.1. SHIFT CLOCK makes transitions at S3P1 and S6P1 of
every machine cycle. At S6P2 of every machine cycle in which
RECEIVE is active, the contents of the receive shift register are
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80C51 8-bit Flash microcontroller family P89C51RA2/RB2/RC2/RD2xx

8KB/16KB/32KB/64KB ISP/IAP Flash with 512B/512B/512B/1KB RAM

80C51 Internal Bus
TB8
Write
to —
SBUF S
D Q SBUF
TxD
CL
Phase 2 Clock ‘ ‘ ‘ ‘ ‘ ‘
1/2 f,
¢ osc) | Zero Detector |
v I
Mode 2 Stop Bit Shift Data
Start  Gen.
TX Control
SMOD =1 ——»| +16 TX Clock T1 Send
Serial
L Port
Interrupt
SMOD =0 +16
(SMOD is
PCON.7)
R1 Load | — p
Sample RX Clock SRUF
1-to-0 RX Control Shift
Transition | | Start
Detector 1FFH
A
i Bit Detector
Input Shift Register
(9 Bits)
RxD Load
SBUF
SBUF
Read
SBUF
80C51 Internal Bus
X
fl_Clock ] fl fl Ml 1 fl fl fl fl Ml fl fl fl
(| Write to SBUF
— Send | —
Data LSlPlI 1
N Transmit
Shift fl fl fl fl fl fl fl fl fl
™D NstartBit /oo Y b1 X p2 X ps X pa X s X o6 X b7 X 188 Y  SopBi
Tl I
Stop Bit Gen. | I
+ 16 Reset
RX
fl_Clock {] Ly 10 fl fl fl fl fl fl fl fl fl fl
Start
RxD |Bita /oo X b1 X b2 X b3 X b4 X bps X b X b7 X res Y stopBit
Bit Detector X
Sample Times | I— m m___m M m m |- Receive
Shift fl fl fl fl fl fl fl fl fl fl fl
RI I
SU00541

Figure 16. Serial Port Mode 2
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80C51 8-bit Flash microcontroller family P89C51RA2/RB2/RC2/RD2xx

8KB/16KB/32KB/64KB ISP/IAP Flash with 512B/512B/512B/1KB RAM

Timer 1 80C51 Internal Bus
Overflow
TB8
Write
to
SBUF S
Lo~ @ SBUF
= | XD
EEREEE
| Zero Detector |
Start Shift Data
TX Control
@—V TX Clock T1 Send
Serial
Port %
Interrupt
+ 16
R1 Load | — p
Sample RX Clock ook
1-t0-0 RX Control Shift
Transition Start
Detector
Bit Detector
Input Shift Register
(9 Bits)
RxD Load
SBUF
SBUF
Read
SBUF
80C51 Internal Bus
X
fl_Clock ) fl fl fl 1 fl fl fl fl fl fl fl fl
f| write to SBUF
— Sem | —
Data LSlPlI 1
N Transmit
Shift fl fl fl fl fl fl fl fl fl
™D StrtBit /po X b1 X b2 X b3 X b4 X ps X be X b7 X TB8 Y  StopBit
Tl I
Stop Bit Gen. | I
RX + 16 Reset
flClock ) Ly Nl fl fl fl fl fl fl fl fl fl fl
Start
RxD |Bna /oo X b1 X b2 X b3 X pa X ps X b6 X o7 X res Y stopsi
Bit Detector i
Sample Times m__m m || — m__m m m |/ — Recelve
Shift fl fl fl fl fl fl fl fl fl fl fl
RI I
SU00542

Figure 17. Serial Port Mode 3
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P89C51RA2/RB2/RC2/RD2xx

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

} | >l J
START

>l |
DATA BYTE ONLY IN STOP
BIT MODE 2, 3 BIT

l——— SET FE BIT IF STOP BIT IS 0 (FRAMING ERROR)

O™ SMO0 TO UART MODE CONTROL
SCON
SMO / FE SM1 SM2 REN TB8 RB8 Tl RI (98H)
SMOD1 SMODO - POF LVF GFO0 GF1 IDL Té%?_{;‘

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

SU00044
Figure 19. UART Framing Error Detection
DO D1 D2 D3 D4 D5 @ D7 D8_>/
SCON
SMO SM1 SM2 REN TB8 RB8 T RI (98H)
1 1 1 1 X
1 0
—
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.
5000045

Figure 20. UART Multiprocessor Communication, Automatic Address Recognition
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80C51 8-bit Flash microcontroller family P89C51RA2/RB2/RC2/RD2xx

8KB/16KB/32KB/64KB ISP/IAP Flash with 512B/512B/512B/1KB RAM

> TO PCA
0SC/6 (6 CLOCK MODE) MODULES
OR

0OSC/12 (12 CLOCK MODE)

0SC/2 (6 CLOCK MODE)
OR
0SCl4 (12 CLOCK MODE)

OVERFLOW

INTERRUPT
¢ CH CL

16-BIT UP COUNTER

TIMER 0 OVERFLOW

-IEEEIE%

EXTERNAL INPUT

:

(PL.2/EC))
00
o1
10 | pecope
11
IDLE —
coL | woTe — — — cps1 | cpso ECF ((3(';”1%[)’
]
cF CR - ccr4 | ccrs | cor2 | cerr | ccro ‘(:CCO%’;‘

SU01256
Figure 26. PCA Timer/Counter
CCON
CF CR — CCF4 CCF3 CCF2 CCF1 CCFO | (con)
PCA TIMER/COUNTER —‘-Oﬁ I
MODULE 0 @7
IE.6 IE.7
EC EA
MODULE 1 TO
INTERRUPT
PRIORITY
DECODER
MODULE 2 @
MODULE 3 @7

MODULE 4 @7

CMOD.0 | ECF CCAPMN.0 | ECCFn

SU01097

Figure 27. PCA Interrupt System
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80C51 8-bit Flash microcontroller family
8KB/16KB/32KB/64KB ISP/IAP Flash with 512B/512B/512B/1KB RAM

P89C51RA2/RB2/RC2/RD2xx

Expanded Data RAM Addressing

The P89C51RA2/RB2/RC2/RD2xx has 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 expanded RAM (ERAM) (768 bytes for the RD2xx).

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 256/768-bytes expanded RAM (ERAM, 00H — 1FFH/2FFH)
are indirectly accessed by move external instruction, MOVX, and
with the EXTRAM bit cleared, see Figure 38.

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 0AOH (which is P2). Instructions that
use indirect addressing access the Upper 128 bytes of data RAM.

For example:
MOV @RO0,acc

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

The ERAM 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 256/768 bytes of external
data memory in the PB9C51RA2/RB2/RC2/89C51RD2.

With EXTRAM = 0, the ERAM 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 ERAM 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 @RO0,acc

where RO contains 0AOH, accesses the ERAM at address 0AOH
rather than external memory. An access to external data memory
locations higher than the ERAM 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 39.

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 ERAM.

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/ the oscillator frequency (12-clock mode; /3 fosc
in 6-clock mode).
1 ALE is active only during off-chip memory access.
EXTRAM Internal/External RAM access using MOVX @Ri/@DPTR
EXTRAM Operating Mode
0 Internal ERAM access using MOVX @Ri/@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.
SU01613

Figure 38. AUXR: Auxiliary Register
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FF FF FFFF
UPPER SPECIAL EXTERNAL
128 BYTES FUNCTION DATA
INTERNAL RAM REGISTER MEMORY
ERAM 80 80
256 or 768 BYTES
LOWER
128 BYTES
INTERNAL RAM
100 00 00 0000
5001293

Figure 39. Internal and External Data Memory Address Space with EXTRAM = 0

HARDWARE WATCHDOG TIMER (ONE-TIME
ENABLED WITH RESET-OUT FOR
P89C51RA2/RB2/RC2/RD2xXx)

The WDT is intended as a recovery method in situations where the
CPU may be subjected to software upset. The WDT consists of a
14-bit counter and the WatchDog Timer reset (WDTRST) SFR. The
WODT is disabled at reset. To enable the WDT, the user must write
01EH and OE1H in sequence to the WDTRST, SFR location OAGH.
When the WDT is enabled, it will increment every machine cycle
while the oscillator is running and there is no way to disable the
WDT except through reset (either hardware reset or WDT overflow
reset). When the WDT overflows, it will drive an output reset HIGH
pulse at the RST-pin (see the note below).
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Using the WDT

To enable the WDT, the user must write 01EH and OE1H in sequence
to the WDTRST, SFR location OA6H. When the WDT is enabled, the
user needs to service it by writing 01EH and OE1H to WDTRST to
avoid a WDT overflow. The 14-bit counter overflows when it reaches
16383 (3FFFH) and this will reset the device. When the WDT is
enabled, it will increment every machine cycle while the oscillator is
running. This means the user must reset the WDT at least every
16383 machine cycles. To reset the WDT, the user must write 01EH
and OE1H to WDTRST. WDTRST is a write only register. The WDT
counter cannot be read or written. When the WDT overflows, it will
generate an output RESET pulse at the reset pin (see note below).
The RESET pulse duration is 98 x Togc (6-clock mode; 196 in
12-clock mode), where Tosc = 1/fosc. To make the best use of the
WODT, it should be serviced in those sections of code that will
periodically be executed within the time required to prevent a WDT
reset.
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BootROM that is shadowed over a portion of the user code memory
space. A user program simply calls the common entry point with
appropriate parameters in the BootROM to accomplish the desired
operation. BootROM operations include: erase block, program byte,
verify byte, program security bit, etc. The BootROM overlays the
program memory space at the top of the address space from FC00
to FFFF hex, when it is enabled. The BootROM may be turned off so
that the upper 1 kbyte of user program memory is accessible for
execution.

Clock Mode

The clock mode feature sets operating frequency to be 1/12 or 1/6 of
the oscillator frequency. The clock mode configuration bit, FX2, is
located in the Security Block (See Table 8). FX2, when programmed,
will override the SFR clock mode bit (X2) in the CKCON register. If
FX2 is erased, then the SFR bit (X2) may be used to select between
6-clock and 12-clock mode.

Table 8.
CLOCK MODE CONFIG BIT (FX2) X2 bitin CKCON DESCRIPTION
erased 0 12-clock mode (default)
erased 1 6-clock mode
programmed X 6-clock mode
NOTE:
1. Default clock mode after ChipErase is set to SFR selection.
FLASH MEMORY SPACES
Flash User Code Memory Organization
FFFF r— - FFFF
BLOCK 15 L BOOT ROM 1
————— < koo
BLOCK 14 (1 kB)
BLOCK 13
89C51RD2xx BLOCK 12
C000
BLOCK 11
BLOCK 10
PROGRAM BLOCK 9
ADDRESS
BLOCK 8
8000
BLOCK 7
BLOCK 6 Each block is
4 kbytes in size
BLOCK 5
89C51RC2xx
BLOCK 4
4000
T BLOCK 3
2000 BLOCK 2
89C51RB2xX
T BLOCK 1
89C51RA2XX
EEE N 0000 BLOCK 0
SU01614

Figure 40. Flash Memory Configurations

Power-On Reset Code Execution

The P89C51RA2/RB2/RC2/RD2xx contains two special Flash
registers: the BOOT VECTOR and the STATUS BYTE. At the falling
edge of reset, the PB9C51RA2/RB2/RC2/RD2xx examines the
contents of the Status Byte. If the Status Byte is set to zero,
power-up execution starts at location 0000H, which is the normal
start address of the user’s application code. When the Status Byte is
set to a value other than zero, the contents of the Boot Vector is
used as the high byte of the execution address and the low byte is
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set to 00H. The factory default setting is OFCH, corresponds to the
address OFCOOH for the factory masked-ROM ISP boot loader. A
custom boot loader can be written with the Boot Vector set to the
custom boot loader.

NOTE: When erasing the Status Byte or Boot Vector, both
bytes are erased at the same time. It is necessary to reprogram
the Boot Vector after erasing and updating the Status Byte.
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RECORD TYPE COMMAND/DATA FUNCTION

03 (Cont.) Subfunction Code = 07 (Full Chip Erase)
Erases all blocks, security bits, and sets status byte and boot vector to default values
ff =07

ss = don't care
dd = don't care
Example:
:0100000307F5 full chip erase

Subfunction Code = 0C (Erase 4K Blocks)
ff=0C
ss = block code as shown below:
Block 0, Ok~4k , 00OH
Block 1, 4k~8k , 10H

Block 2 , 8k~12k , 20H (only available on RD2 / RC2 / RB2)
Block 3, 12k~16k , 30H (only available on RD2 / RC2 / RB2)
Block 4 , 16k~20k , 40H (only available on RD2 / RC2)

Block 5, 20k~24k , 50H (only available on RD2 / RC2)

Block 6 , 24k~28k , 60H (only available on RD2 / RC2)

Block 7 , 28k~32k , 70H (only available on RD2 / RC2)

Block 8 , 32k~36k , 80H (only available on RD2)

Block 9 , 36k~40k , 90H (only available on RD2)

Block 10, 40k~44k , AOH (only available on RD2)

Block 11, 44k~48k , BOH (only available on RD2)

Block 12, 48k~52k , COH (only available on RD2)

Block 13, 52k~56k , DOH (only available on RD2)

Block 14, 56k~60k , EOH (only available on RD2)

Block 15, 60k~64k , FOH (only available on RD2)

Example:
:020000030C20CF (Erase 4k block #2)

04 Display Device Data or Blank Check — Record type 04 causes the contents of the entire Flash array to be sent out

the serial port in a formatted display. This display consists of an address and the contents of 16 bytes starting with that
address. No display of the device contents will occur if security bit 2 has been programmed. Data to the serial port is
initiated by the reception of any character and terminated by the reception of any character.

General Format of Function 04

:05xxxx04sssseeeeffcc
Where:
05 = number of bytes (hex) in record
XXXX = required field, but value is a “don’t care”
04 = “Display Device Data or Blank Check” function code
SSSS = starting address
eeee = ending address
ff = subfunction

00 = display data
01 = blank check
02 = display data in data block (valid addresses: 0001~0FFFH)

cc = checksum
Example 1:

:0500000440004FFF0069 display 4000-4FFF
Example 2:

:0500000400000FFF02E7 display data in data block
(the data at address 0000 is invalid)
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Security

The security feature protects against software piracy and prevents the contents of the Flash from being read. The Security Lock bits are located
in Flash. The PB9C51RA2/RB2/RC2/RD2xx has three programmable security lock bits that will provide different levels of protection for the
on-chip code and data (see Table 11).

Table 11.
SECURITY LOCK BITS?
PROTECTION DESCRIPTION
LEVEL LB1 LB2 LB3
1 0 0 0 MOVC instructions executed from external program memory are disabled from fetching code
bytes from internal memory.
2 1 0 0 Block erase is disabled. Erase or programming of the status byte or boot vector is disabled.
3 1 1 0 Verify of code memory is disabled.
4 1 1 1 External execution is disabled.
NOTE:

1. Security bits are independent of each other. Full-chip erase may be performed regardless of the state of the security bits.
2. Any other combination of lock bits is undefined.
3. Setting LBx doesn’t prevent programming of unprogrammed bits.
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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 lg, 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 Vsg unless otherwise noted.
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DC ELECTRICAL CHARACTERISTICS
Tamb = 0 °C t0 +70 °C or =40 °C to +85 °C; Ve = 5 V + 10%; Vgg = 0V

TEST LIMITS
SYMBOL PARAMETER CONDITIONS N Y VAX UNIT
ViU Input low voltage 45V <Vec <55V -0.5 0.2Vec-0.1 \%
ViH Input high voltage (ports 0, 1, 2, 3, EA) 0.2Vcc+0.9 Vcc+0.5 \Y
ViH1 Input high voltage, XTAL1, RST 0.7V¢ce Vccet0.5 \%
Vec =45V
8 cc
VoL Output low voltage, ports 1, 2, 3 oL = 1.6 A 0.4 \%
Seei Vec =45V
7.8 cc
VoL1 Output low voltage, port 0, ALE, PSEN loL = 3.2 A 0.45 Y
. Vec =45V
3 cc —
VoH Output high voltage, ports 1, 2, 3 o = -30 pA Vee-0.7 \Y
Output high voltage (port 0 in external bus mode), Ve =45V _
Vori ALES, PSEN3 lon =-3.2 mA Vec - 07 v
L Logical 0 input current, ports 1, 2, 3 ViN=0.4V -1 -75 HA
I Logical 1-to-0 transition current, ports 1, 2, 36 Vin=2.0V -650 HA
T : re See Note 4
I Input leakage current, port 0 0.45<V|N<Vcc-0.3 +10 HA
lcc Power supply current (see Figure 49): See Note 5
Active mode (see Note 5)
Idle mode (see Note 5)
Power-down mode or clock stopped (see Tamb =0°Cto 70 °C <30 100 HA
Figure 55 for conditions) Tamb = —40 °C to +85 °C < 40 125 PA
Programming and erase mode fosc = 20 MHz 60 mA
RRrsT Internal reset pull-down resistor 40 225 kQ
Cio Pin capacitancel0 (except EA) 15 pF

NOTES:

1. Typical ratings are not guaranteed. The values listed are at room temperature, 5 V.

2. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the Vg s of ALE and ports 1 and 3. The noise is due
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the
worst cases (capacitive loading > 100 pF), the noise pulse on the ALE pin may exceed 0.8 V. In such cases, it may be desirable to qualify
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. Io; can exceed these conditions provided that no
single output sinks more than 5 mA and no more than two outputs exceed the test conditions.

3. Capacitive loading on ports 0 and 2 may cause the Vo on ALE and PSEN to momentarily fall below the Vcc—0.7 specification when the
address bits are stabilizing.

4. Pins of ports 1, 2 and 3 source a transition current when they are being externally driven from 1 to 0. The transition current reaches its
maximum value when V| is approximately 2 V.

5. See Figures 52 through 55 for Ic¢ test conditions and Figure 49 for Icc vs Freq.

Active mode: lccmax) = (10.5 + 0.9 x FREQ.[MHz])mA in 12-clock mode
Idle mode: lccmax) = (2.5 + 0.33 x FREQ.[MHz])mA in 12-clock mode

6. This value applies to Tymp = 0 °C to +70 °C.

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

8. Under steady state (non-transient) conditions, o must be externally limited as follows:

Maximum g per port pin: 15 mA (*NOTE: This is 85 °C specification.)

Maximum |, per 8-bit port: 26 mA

Maximum total Ig_ for all outputs: 71 mA
If 1o, exceeds the test condition, Vo, may exceed the related specification. Pins are not guaranteed to sink current greater than the listed
test conditions.

9. ALE is tested to Von1, except when ALE is off then Vg is the voltage specification.

10. Pin capacitance is characterized but not tested. Pin capacitance is less than 25 pF. Pin capacitance of ceramic package is less than 15 pF

(except EA is 25 pF).
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AC ELECTRICAL CHARACTERISTICS (12-CLOCK MODE
Tamb = 0 °C t0 +70 °C or —40 °C to +85 °C; Ve = 5 V + 10%, Vgg = 0 V1 2.3

VARIABLE CLOCK 4 33 MHz CLOCK#4
SYMBOL | FIGURE PARAMETER MIN MAX MIN MAX UNIT
llitcLcL 42 Oscillator frequency 0 33 MHz
fLHLL 42 ALE pulse width 2tccL—40 21 ns
tavLL 42 Address valid to ALE low tcLcL—25 5 ns
tLLAX 42 Address hold after ALE low tcLcL—25 5 ns
tLLv 42 ALE low to valid instruction in Atc L —65 55 ns
tLpL 42 ALE low to PSEN low tcLcL—25 5 ns
tpLpH 42 PSEN pulse width 3tcLcL—45 45 ns
tpLv 42 PSEN low to valid instruction in 3tcLcL—60 30 ns
tpxix 42 Input instruction hold after PSEN 0 0 ns
tpxiz 42 Input instruction float after PSEN tcLcL—25 5 ns
taviv 42 Address to valid instruction in 5tcLcL—80 70 ns
tpLaz 42 PSEN low to address float 10 10 ns
Data Memory
tRLRH 43,44 | RD pulse width 6tcLcL—100 82 ns
twLwH 43,44 | WR pulse width 6tcLcL—100 82 ns
tRLDV 43,44 | RD low to valid data in 5tcLcL—90 60 ns
tRHDX 43,44 | Data hold after RD 0 0 ns
tRHDZ 43,44 | Data float after RD 2tc cL—28 32 ns
tLLDV 43,44 | ALE low to valid data in 8tcLc—150 90 ns
tavDV 43,44 | Address to valid data in tcLcL—165 105 ns
twL 43,44 | ALE low to RD or WR low 3tcLcL—50 3tc oL +50 40 140 ns
tavwiL 43,44 | Address valid to WR low or RD low dtcLcl—75 45 ns
tovwx 43,44 | Data valid to WR transition tcLcL—30 0 ns
twHOX 43,44 | Data hold after WR tcLcL—25 5 ns
tovwH 44 Data valid to WR high TtcLc—130 80 ns
tRLAZ 43,44 | RD low to address float 0 0 ns
twHLH 43,44 | RD or WR high to ALE high tcLcL—25 teLeLt25 5 55 ns
External Clock
tcHex 46 High time 17 tcLel—teLex ns
tcLex 46 Low time 17 teLeL—tcHex ns
tcLcH 46 Rise time 5 ns
tcHeL 46 Fall time 5 ns
Shift Register
txLXL 45 Serial port clock cycle time 12tcLcL 360 ns
tovxH 45 Output data setup to clock rising edge 10t 1 —133 167 ns
txHQX 45 Output data hold after clock rising edge 2tc cL—80 50 ns
tXHDX 45 Input data hold after clock rising edge 0 0 ns
txHDV 45 Clock rising edge to input data valid 10tc 1 —133 167 ns
NOTES:

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

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

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

4. Parts are tested to 3.5 MHz, but guaranteed to operate down to 0 Hz.
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Vee
Vee Vee

PBICSIRAX  po b
RST  P89C51RB2xx N\
P89C51RC2xx EA

YTAL2 P89C51RD2xx

(NC)

CLOCK SIGNAL —— > XTAL1

E Vss

sU01478

Figure 52. | c¢ Test Condition, Active Mode, T gmp = 25 °C.

All other pins are disconnected

Vee
lcc
Vee
RST Vee
= P89C51RA2xx
P89C51RB2xx  Po
— P89C51RC2xx
P89C51RD2xx
(NC) XTAL2
CLOCK SIGNAL — 3| XTAL1
Vss

sU01479

Figure 53. | c¢ Test Condition, Idle Mode, T gmp = 25 °C.
All other pins are disconnected
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Vcc05 -~ = -
0.5v

SU01297

Figure 54. Clock Signal Waveform for | ¢ Tests in Active
and Idle Modes.

tcLeL =tcneL =10ns

Vee
lcc
Vee
RST Ve
EA P89C51RA2xx
4 P89C51RB2xx Po
- P89C51RC2xx
P89C51RD2xx
(NC) XTAL2
XTALL
Vss
B SU01480

Figure 55. | c¢c Test Condition, Power Down Mode.
All other pins are disconnected; V. ¢cc=2Vto55V
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PLCC44: plastic leaded chip carrier; 44 leads SOT187-2
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DIMENSIONS (mm dimensions are derived from the original inch dimensions)
Aq Ag Zn(M| z=(1)
(1) (U] D E
UNIT| A min. Ag max. by by | D E e ep | ee | Hp | HE k Lp | v W Y | mae| menc. f
457 0.53 | 0.81 | 16.66|16.66 16.00|16.00|17.65(17.65| 1.22 | 1.44
mm | 449 | 051 0251 305 33| 066 |16.51|16.51| 127 |14.99|14.99|17.40| 17.40| 1.07 | 1.02 | 018|018 | 01 | 216 216 .
45
inches| 9180 0.021|0.032| 0.656 | 0.656 0.63 | 063 |0.695(0.695|0.048| 0.057
Inehes) o g5 | 002 | 0.01 | 012 | 4 h1310.026 | 0.650| 0.650| %% | 0.59 | 0.59 | 0.685|0.685 | 0.042| 0.040| 0-007| 0-007 | 0.004) 0.085 0.085
Note
1. Plastic or metal protrusions of 0.25 mm {0.01 inch) maximum per side are not included.
OQUTLINE REFERENCES EUROPEAN
ISSUE DATE
VERSION IEC JEDEC JEITA PROJECTION
Co-tpeT
S0OT187-2 112E10 MS-018 EDR-7319 g @ 011114
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