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CRD89C51RA2

8 bit microcontroller with 8KB program

Flash, 4KB ISP Flash and 1KB RAM

Product List

CRD89C51RA2-25, 5V 25MHz Flash MCU
CRD89L51RA2-25, 3V 25MHz Flash MCU

Description
The CRD89C51RA2 series product is an

8-bit single chip microcontroller with

8K bytes Flash, 4K bytes ISP
Flash/EEPROM and 1K byte RAM.
derivative of the 8052 micro-
controller family. 1Its instruction
set is fully compatible to the 8052
instruction set.

through an external programmer. The
unused part of the 4k bytes ISP
service program area, can be used as
EEPROM. After programming, the code
are can be protected to prevent
illegal read, or write. It provides
peripherals that can make many
applications more efficient, such as
dual DPTR, UART, WDT, Pulse Width
Modulation (PWM), capture and
compare Timers, PCA and EET.
are functionally compatible with
peripherals available in all popular
8052 derivatives.
(Idle, Stop) and low EMI
characteristics combine to the above
characteristics to form a powerful
microcontroller.

Ordering Information

It is a

It can be programmed
either through the ISP bootloader, or

These

Power saving modes

CRD89C51RA2-25-PG | 25MHz, PDIP, 4.5V~5.5V

CRD89C51RA2-25-LG | 25MHz, PLCC, 4.5V~5.5V

CRD89C51RA2-25-QG | 25MHz, PQFP, 4.5V~5.5V
CRD89L51RA2-25-PG | 25MHz, PDIP, 2.7V~3.6V
CRD89L51RA2-25-LG |25MHz, PLCC, 2.7V~3.6V
CRD89L51RA2-25-QG | 25MHz, PQFP, 2.7V~3.6V
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Features

Operating Voltage: 2.7V ~ 3.6V or
4.5V ~ 5.5V

General 8052 family compatibility
12 or 6 clocks per machine cycle
Frequency runs up to 25MHz

8K bytes on chip program Flash

4K bytes In-System Programming
Flash / EEPROM

768 Bytes on-chip expanded RAM with
disable

256 Bytes for standard 8052 RAM.
fully compatible instruction set.
External RAM address up to 64KB

Dual 16-bit Data Pointers (DPTRO &
DPTR1)

One channel UART

Three 16 bit Timers/Counters

Four 8-bit I/O ports for PDIP
package

Four 8-bit I/O ports + one 4-bit
I/0 port for PLCC or QFP package
Programmable Watchdog Timer (WDT)
Programmable Counter Array (PCA)

External interrupt 0, 1 with two
priority levels

Expanded External Interrupt (EEI)
interface for eight more external
interrupts.

ISP service program space
configurable in N*512 byte (N=0 to
8) size for IAP application

ALE output select for low EMI
Power Management (IDLE & STOP mode)
Code protection function

Flash Memory Endurance 100K erase
& write cycles each byte at TA=25"C

Flash Memory Data Retention :10
years
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T2/P1.0 [1]
T2EX/P1.1 [Z]
CCCI/P1.2 [T

CCO0/P1.3 4
CC1/P1.4 [T
CC2/P1.5 [
CC3/P1.6 [
CC4/P1.7 (&

RESET [T |
RXD/P3.0 [10]
TXD/P3.1 [1T]
INTO/P3.2 [OIZ]
INT1/P3.3 13

TO/P3.4 1]
T1/P3.5 (15}
WR/P3.6 [16]
RD/P3.7 [17]
XTAL2 (18]
XTAL1 [19]

VSS [20]

(40 ] VDD
(591 P0O.0/ADO
55 ] P0.1/ADI
[37] P0O.2/AD2
36 ] P0.3/AD3
(55 ] PO.4/AD4
(311 P0.5/ADS
(32 ] PO.6/AD6
[32] P0.7/AD7
[30] ALE
[79] PSEN
(28] P2.7/A15

[77] P2.6/A14
(36 ] P2.5/A13
(25 ] P2.4/A12
[24] P2.3/A11
(23] P2.2/A10
[27] P2.1/A9
[21] P2.0/AS8
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44
40 . 44
pin pin pin
FP Symbol |[I/O Names
PDIP gin PLCC /
Pin # Pin #
#
P10/T2/ . Bit 0 of port 1 & Timer 2 external input clock
! 40 2 EET0/ /0 & EEI interrupt 0 & ICP clock input
ICP_CLK P P
5 41 3 PlééiiEX/ i/o Bit 1 of port 1 & Timer 2 capture trigger & EEI
ICP_TRIG interrupt 1 & ICP Trigger (active low)
3 42 4 Péiﬁif%}/ i/o Bit 2 of port 1 & PCA External clock input & EEI
ICP DATA interrupt 2 & ICP data/command IO
4 43 5 PliﬁiSO/E i/o |Bit 3 of port 1 & PCA Channel 0 & EEI interrupt 3
5 44 6 Plgégil/ i/o |Bit 4 of port 1 & PCA Channel 1 & EEI interrupt 4
6 1 7 Pliﬁi§2/ i/o |Bit 5 of port 1 & PCA Channel 2 & EEI interrupt 5
7 2 8 Plgé§g3/ i/o |Bit 6 of port 1 & PCA Channel 3 & EEI interrupt 6
8 3 9 Pl;égg4/ i/o |Bit 7 of port 1 & PCA Channel 4 & EEI interrupt 7
9 4 10 RESET i Hardware reset input (active high)
10 5 11 P30/RXD |i/o |Bit 0 of port 3 & serial channel receive data
11 7 13 P31/TXD |i/o |Bit 1 of port 3 & serial channel transmit data
12 8 14 P32/INTO |i/o Bit 2 of port 3.& External interrupt 0 (low, or,
falling edge trigger)
13 9 15 P33/INT1 |i/o Bit 3 of port 3.& External interrupt 1 (low, or,
falling edge trigger)
14 10 16 P34/TO i/o |Bit 4 of port 3 & Timer 0 external input
15 11 17 P35/T1 i/o |Bit 5 of port 3 & Timer 1 external input
16 12 18 P36 /WR i/o |Bit 6 of port 3 & external memory write signal
17 13 19 P37/RD i/o |Bit 7 of port 3 & external memory read signal
18 14 20 XTAL 2 o |Crystal output
19 15 21 XTAL 1 i |Crystal input
20 16 22 Ground
21 18 24 P20/A8 i/o |Bit 0 of port 2 & external memory address Bit 8
22 19 25 P21/A9 i/o |Bit 1 of port 2 & external memory address Bit 9
23 20 26 P22/A10 | i/o |Bit 2 of port 2 & external memory address Bit 10
24 21 27 P23/A11 | i/o |Bit 3 of port 2 & external memory address Bit 11
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44
40 . 44
pin pin pin
FP Symbol |[I/O Names
PDIP gin PLCC /
Pin # Pin #
#
25 22 28 P24/A12 | i/o |Bit 4 of port 2 & external memory address Bit 12
26 23 29 P25/A13 | i/o |Bit 5 of port 2 & external memory address Bit 13
27 24 30 P26/A14 | i/o |Bit 6 of port 2 & external memory address Bit 14
28 25 31 P27/A15 | i/o |Bit 7 of port 2 & external memory address Bit 15
PSEN/ Program storage enable (active low) &
29 26 32 o |crystal/oscillator clock output as the clock
clk_out
source for the others
30 27 33 ALE o |Address Latch Enable
31 29 35 EA i |External Access with internal pull-up (active low)
32 30 36 P07/AD7 i/o Bit 7 of port 0 & Bit 7 of external memory
address/data
33 31 37 P06/AD6 | i/0 Bit 6 of port 0 & Bit 6 of external memory
address/data
34 32 38 P05/ADS i/o Bit 5 of port 0 & Bit 5 of external memory
address/data
35 33 39 P04/ADA i/o Bit 4 of port 0 & Bit 4 of external memory
address/data
36 34 40 P03 /AD3 i/o Bit 3 of port 0 & Bit 3 of external memory
address/data
37 35 41 P02 /AD2 i/o Bit 2 of port 0 & Bit 2 of external memory
address/data
38 36 42 P01 /AD1 i/o Bit 1 of port 0 & Bit 1 of external memory
address/data
39 37 43 £00/aD0 | i/o Bit 0 of port 0 & Bit 0 of external memory
address/data
40 38 44 vdd Power Supply
17 23 P40 i/o |Bit 0 of port 4
28 34 P41 i/o |Bit 1 of port 4
39 1 P42 i/o |Bit 2 of port 4
6 12 P43 i/o |Bit 3 of port 4
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Special Function Registers (SFR)

Address 80h to FFh is the location of CRD89C51RA2 special function register
(SFR) . These locations must be accessed by direct addressing mode only.

The following tables show the SFRs, their locations and their initial values.
Most of them are identically located and defined as the general 8052 series:

Table 1.1: CRD89C51RA2 SFR location

4/C 5/D
KBLS
ISPFAH | ISPFAL

T2MOD | RCAP2ZL | RCAP2H

IP1

RCON

IE1
PCAC1 CCOCON | CC1CON | CC2CON | CC3CON | CCA4CON
SBUF PCACL | CCODH | CCODL | CC1DH | CC1DL
CC2DH CC3DH | CC3DL | CC4DH | CC4DL
TMOD TLA1 THO TH1 WDTC WDTK

SP DPH DPL1 DPH1 DPS PCON

Table 1.2 : SFR description and initial wvalue

Register Location Initial Description
Value
PO 80h Ffh Port O
SP 81h 07h Stack Pointer
DPT, 82h 00h Data Pointer Low bvte
DPH 83h 00h Data Pointer Hiah bvte
DPT.1 84h 00h Data Pointer 1 Low bvte
DPH1 85h 00h Data Pointer 1 Hioh bvte
DPS 86h 00h Data Pointer select
PCON 87h 00h Power control reaister
TCON 88h 00h Timer control reaister
TMOD 89h 00h Timer Mode
TLO 8Ah 00h Timer 0 low bvte
TL1 8Bh 00h Timer 1 low bvte
THO 8Ch 00h Timer 0 hiach bvte
THI 8Dh 00h Timer 1 hiaoh bvte
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Register Location Initial Description
Value

DTC 8Eh 00h Watchdog timer control register
WDTK 8Fh 00h Watchdog timer refresh key
Pl 90h FFh Port 1
CC2DH 91h 00h Compare/Capture channel 2 data high byte
CC2DL 92h 00h Compare/Capture channel 2 data low byte
CC3DH 93h 00h Compare/Capture channel 3 data high byte
CC3DL 94h 00h Compare/Capture channel 3 data low byte
CC4DH 95h 00h Compare/Capture channel 4 data high byte
CC4DL 96h 00h Compare/Capture channel 4 data low byte
SCON 98h 00h Serial port channel (UART) control register
SBUF 99h XXh Serial port channel (UART) data buffer
PCACH 9Ah 00h PCA counter high byte
PCACL 9Bh 00h PCA counter low byte
CCODH 9Ch 00h Compare/Capture channel 0 data high byte
CCODL 9Dh 00h Compare/Capture channel 0 data low byte
CC1DH 9Eh 00h Compare/Capture channel 1 data high byte
CC1DL 9Fh 00h Compare/Capture channel 1 data low byte
P2 AQOh FFh Port 2
PCAC1 Alh 00h PCA control register 1
PCAC2 A2h 00h PCA control register 2
CCOCON A3h 00h Compare/Capture channel 0 control register
CC1CON A4dh 00h Compare/Capture channel 1 control register
CC2CON A5h 00h Compare/Capture channel 2 control register
CC3CON A6h 00h Compare/Capture channel 3 control register
CCA4CON AT7h 00h Compare/Capture channel 4 control register
IE A8h 00h Interrupt Enable

IEL A9h 00h Interrupt Enable 1 register
P3 BOh FFh Port 3

P B8h 00h Interrupt Priority

IP1 BSh 00h Interrupt Priority 1 register
SCONF BFh 00h System control flag
T2CON C8h COh Timer 2 control register
T2MOD C%h 00h Timer 2 mode
RCAP2L CAh 00h Reload/Capture data low byte
RCAP2H CBh 00h Reload/Capture data high byte
TL2 CCh FFh Timer 2 low byte
TH2 CDh FFh Timer 2 high byte
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Register | Location Initial Description
Value
PSwW DOh 00h Program Status Word register
P4 D8h xFh Port 4
ACC EOh 00h Accumulator
B FOh 00h B register
ISPFAH F4h 00h ISP address high byte
ISPFAL F5h 00h ISP address low byte
ISPFD Fé6h 00h ISP data register
ISPC F7h 00h ISP control register
KBLS FDh 00h EEI Level Selector Register
KBE FEh 00h EEI input Enable Register
KBF FFh 00h EEI Flag register
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Functional Description

1 General Features

CRD89C51RA2 is an 8-bit micro-controller. All of its functions and the detailed
meanings of the SFRs will be provided in the following sections.

1.1 Embedded Flash

The program can be loaded into the embedded 8K bytes Flash memory via an
external writer, an ICP (In-Circuit Programming) device, or the ISP (In-System
Programming) software.

The high-quality Flash is suitable for program reloading, data recording, or
EEPROM functionallity.

1.2 IO Pads

The IO pads are compatible to the 8052 series. PO is open-drain in the input or
output high condition, so an external pull-up resistor is required. Pl ~ P4 are
designed with internal pull-up resistors. The IO pad structure is given below:

VDD

1 CPU i very vgak w
Clock delay

PAD

Port laich [:

JC

Input dita oﬂ o@

Fig. 1-1 : 10 pad structure

All the pads for PO ~ P4 are slew rate controlled to reduce EMI. Another way to
reduce EMI is to disable the ALE output if unused. This is selected by its SFR.

In 3.3V applications, the IO pads are 5V tolerant except for XTALl and XTAL2.
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1.3 12T/6T Selection

The conventional 8052 series MCUs are 12T, i.e., 12 oscillator clocks are needed
for each machine cycle. If the machine cycle is changed to 6 clocks, then this
6T mode will double the running speed of 12T’s with the same oscillator source.
The choice of either 12T, or 6T, is configured in the information block. The
figures below illustrate the difference between the 12T mode and the 6T mode.

HTAL1 _J
ALE
FSEM

PORTO :>—< AT~ N instruction

i

instruction

el e

PORT Al5~A3 A15~45

%
%

Fig 1-2(a) : The signal waveform of external program (EA=0) in 12T mode

el D0 SR L L PR

ALE

FORTO @—{ AT =40 H instruction )—<A?~AD ] instruction )—{ﬁ?**ﬂﬂ] instruction )—{.E\T"*.ﬂ\ﬂ ] instruction )7
I

PORTZ X A15~A0 X Al 5-Ad

A15~48 X A15~A8

Fig 1-2(b) : The signal waveform of external program (EA=0) in 6T mode

The definition of “system clock”, or *“system frequency”, as used in the sections
to follow is:

6T: System clock frequency(Fosc) = crystal(FCRY), or oscillator frequency

12T: System clock frequency(Fosc) = crystal (FCRY), or oscillator frequency divided by 2

Take a 16MHz oscillator as an example, the system clock frequency is 16MHz in

6T. But in 12T mode, the system clock frequency is 8MHz.
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The CRD89C51RA2 uses the powerful 80C51 instruction set.
42 two-byte and 15 three-byte instructions.
instructions are executed in 1 machine-cycle,
instructions
instruction set is given in Table 2-1.

single-byte,

cycles

Instruction set

4 machine-cycles. A

compatible with standard 8052-series.

CRD89C51RA2

Data Sheet Rev 1.1

It consists of 49
Among them, 63

46 instructions in 2 machine-
summary of the

All of the instructions are fully

Table 2.1 Instruction Set

Mnemonic Operation Byte Cycle
Arithmetic Instructions

ADD A,Rn A = A + Rn 1 1
ADD A,direct A = A + direct 2 1
ADD A, @R1 A = A + <Q@Ri> 1 1
ADD A, #data A = A + #data 2 1
ADDC A, Rn A=A+ Rn + C 1 1
ADDC A, direct A = A + direct + C |1 1
ADDC A, @Ri A=A+ @QR1 + C 1 1
ADDC A, #data A = A + #data + C 1 1
SUBB A, Rn A=A -Rn - C 1 1
SUBB A, direct A = A - direct - C 2 1
SUBB A, @R1 A = A - <@Ri> - C 1 1
SUBB A, #data A = A - #data - C 2 1
INC A A=A+1 1 1
INC Rn Rn = Rn + 1 1 1
INC direct direct = direct + 1 |2 1
INC @Ri <@Ri> = <@Ri> + 1 1 1
DEC A A=A-1 1 1
DEC Rn Rn = Rn - 1 1 1
DEC direct direct = direct - 1 |2 1
DEC @R1i <@Ri> = <@Ri> -1 1 1
INC DPTR DPTR = DPTR + 1 1 2
MUL AB B:A =A *B 1 4
DIV AB A = INT (A/B) 1 4

B = MOD (A/B)
DA A Decimal adjust ACC |1 1
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Table 2.1 Instruction Set (continued)

Mnemonic Operation Byte Cycle
Logical Instructions
ANL A,Rn A.AND.Rn 1 1
ANL A,direct A.AND.direct 2 1
ANL A, @R1 A.AND.<@Ri> 1 1
ANL A, #data A.AND. #data 2 1
ANL direct,A direct.AND.A 2 1
ANL direct, #data direct.AND. #data 3 2
ORL A,Rn A.OR.Rn 2 1
ORL A,direct A.OR.direct 2 1
ORL A, @R1 A.OR.<@Ri> 1 1
ORL A, #data A.OR. #data 2 1
ORL direct,A direct.OR.A 2 1
ORL direct, #data direct.OR. #data 3 2
XRL A,Rn A.XOR.Rn 1 1
XRL A,direct A.XOR.direct 2 1
XRL A, @R1 A.XOR.<@Ri> 1 1
XRL A, #data A.XOR. #data 2 1
XRL direct,A direct.XOR.A 2 1
XRL direct, #data direct.XOR. #data 3 2
CLR A A =0 1 1
CPL A A = /A 1 1
RL A Rotate ACC Left 1 1 1
bit
RLC A Rotate Left through |1 1
Carry
RR A Rotate ACC Right 1 1 1
bit
RRC A Rotate Right 1 1
through Carry
SWAP A Swap Nibbles in A 1 1
Data Transfers Instructions
MOV A, Rn A = Rn 1 1
MOV A,direct A = direct 2 1
MOV A, @Ri A = <QRi> 1 1
MOV A, #data A = #data 2 1
MOV Rn, A Rn = A 1 1
MOV Rn,direct Rn = direct 2 2

© Cyrod Technologies Inc.

info@cyrod.com
WWW.Cyrod.com

2009

4261-A14 Highway #7 East,

Markham,

Unit 290
ON L3R 9W6 Canada

Specifications subject to change without notice.




Cyrod CRD89C51RA2

Technologies Inc. Data Sheet Rev 1.1

Table 2.1 Instruction Set (continued)

Mnemonic Operation Byte Cycle Mnemonic
MOV Rn, #data Rn = #data 2 1
MOV direct,A direct = A 2 1
MOV direct, Rn direct = Rn 2 2
MOV direct,direct direct = direct 3 2
MOV direct, @R1i direct = <@Ri> 2 2
MOV direct, #data direct = #data 2 1
MOV @Ri, A <@Ri> = A 1 1
MOV @Ri,direct <@Ri> = direct 2 2
MOV @Ri, #data <@Ri> = #data 2 1
MOV DPTR, #datal6 DPTR = #datalo 3 2
MOVC A, QA+DPTR A = code 1 2

memory [A+DPTR]

MOVC A, @A+PC A = code 1 2
memory [A+PC]

MOVX A, @Ri A = external 1 2
memory [Ri]
(8-bits address)

MOVX A, @DPTR A = external 1 2
memory [DPTR]
(l6-bits address)

MOVX @Ri, A external memory[Ri] |1 2
= A
(8-bits address)

MOVX @DPTR, A external 1 2
memory [DPTR] = A
(16-bits address)

PUSH INC SP: 2 2
MOV “Q@’SP’,<direct>

POP MOV <direct>, 2 2
“@SP”: DEC SP

XCH A, Rn ACC and <Rn> 1 1
exchange data

XCH A,direct ACC and <direct> 2 1
exchange data

XCH A, @Ri ACC and <@Ri> 1 1
exchange data

XCHD A, @R1 ACC and <@Ri> 1 1
exchange low
nibbles

Boolean Instructions

CLR C CcC =0 1 1
CLR bit bit = 0 2 1
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Table 2.1 Instruction Set (continued)

Mnemonic Operation Byte Cycle Mnemonic
SETB C c =1 1 1
SETB bit bit =1 2 1
CPL C c = /C 1 1
CPL bit bit = /bit 2 1
ANL C,bit C = C.AND.bit 2 2
ANL C,/bit C = C.AND./bit 2 2
ORL C,bit C = C.OR.bit 2 2
ORL C,/bit C = C.OR./bit 2 2
MOV C,bit C = bit 2 1
MOV bit,C bit = C 2 2
Jc rel Jump if C=1 2 2
JNC rel Jump 1if C=0 2 2
JB bit,rel Jump 1if bit=1 3 2
JNB bit,rel Jump 1if bit=0 3 2
JBC bit,rel Jump if bit=1 and 3 2
clear the bit
Jump Instructions
ACALL addrll Call Subroutine 2 2
only at 2k bytes
Address
LCALL addrlé6 Call Subroutine in |3 2
max 64K bytes
Address
RET Return from 1 2
subroutine
RETI Return from 1 2
interrupt
AJMP addrll Jump only at 2k 2 2
bytes Address
LJMP addrlé6 Jump to max 64K 3 2
bytes Address
SJMP rel Jump on at 256 2 2
bytes
JMP @A+DPTR Jump to A+DPTR 1 2
Jz rel Jump on at 256 2 2
bytes if A = 0
JINZ rel Jump on at 256 2 2
bytes if A <> 0
CJINE A, direct,rel Jump on at 256 3 2
bytes if A <>
<direct>
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Table 2.1 Instruction Set (continued)
Mnemonic Operation Byte Cycle Mnemonic
CJINE A, #data, rel Jump on at 256 3 2
bytes if A <>
<#data>
CJINE Rn, #data, rel Jump on at 256 3 2
bytes if Rn <>
<#data>
CJINE @Ri, #data,rel Jump on at 256 3 2
bytes if <QRi> <>
<#data>
DJNZ Rn,rel Decrement and jump |2 2
if Rn not zero
DJINZ direct,rel Decrement and jump |3 2
if direct not zero
NOP No Operation 1 1
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3 Memory Structure

The CRD89C51RA2 manipulates operands in three memory spaces. They are (1) 256
bytes standard RAM, (2) 768 bytes auxiliary RAM and (3) 8K bytes embedded Flash
as program memory.

3.1 Program Memory

As described in Section 1, the CRD89C51RA2 has 8K bytes on-chip Flash memory
which is used as general program memory, the address range for the 8K bytes is
0000h to 1FFFh. 1Its features are:

* READ: byte-wise

* WRITE: byte-wise in 30us (previously erased by a chip erase).

* ERASE: Full Erase (8+4K bytes) in 200 ms. Erased bytes contain FFh.
* Endurance : 100K erase and write cycles each byte at TA=25°C.

* Retention : 10 years

If ISP or IAP is required, there are up to 4K bytes of specific ISP service
program area, available. The address range is 3000h to 3FFFh. The ISP service
program size can be partitioned as N blocks of 512 bytes each (N=0 to 8). When
N=0, there will be no ISP service program space available, the total 8K + 4K
bytes memory are used as program memory. When N=1, the Flash from 3E00h to 3FFFh
is reserved for ISP service program. When N=2, the Flash from 3C00h to 3FFFh is
reserved for ISP service program, etc. Value N is set by the external programmer
in the information block during programming of the ISP code. Fig 3.1 illustrates
the ISP Flash reservation with different values of N.

Any unused Flash from the 4K bytes ISP service Program area can be used as
EEPROM memory space for general, or program use.

When programmed with an external writer, code in the CRD89C51RA2 can be
protected against unauthorised reading. If protection is activated, users can’t
read the program from the writer. Also, when the protect bit is set, the
hardware will disable any MOVC instructions attempting to read the internal
program from within a program running in external program mode (EA = 0). The
only way to reset the protection bit is to erase the entire Flash.

3.2 Data Memory

The CRD89C51RA2 has 256 + 768 bytes on-chip RAM, the 256 bytes are the same as
general 8052 internal memory structure while the expanded 768 bytes on-chip RAM
can be accessed by external memory addressing method, wvia MOVX instructions.
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OIFY

Expanded 768 Bytes
(Accessed by direct
= S external addressing mode
Higher 128 Bytes (Accessed by SFR (Accessed by dircet addressing b}' instruction MOVX}y
indirect addressing mode only) miode only’) I
80 &0

Lowe 128 Dytes (Accessed by
direct & indirect addressing mode »
o 0400

Fig. 3-2 : RAM architecture
3.2.1 Data Memory - Lower 128 byte ($00h to $7Fh)

Data Memory 0Oh to FFh is the same as defined in 8052. Addresses 00h to 7Fh can
be accessed via both direct and indirect addressing modes. Addresses 00h to 1Fh
are allocated to register pages. Addresses 20h to 2Fh are allocated to memory
bit variables, and 30h to 7Fh are available for general memory/stack use.

3.2.2 Data Memory - Higher 128 byte ($80h to $FFh)

Addresses 80h to FFh can only be accessed via indirect addressing mode. It is
data area.

3.2.3 Data Memory - Expanded 768 bytes ($0000h to $02FFh)

The on-chip expanded RAM area, a total of 768 bytes, can be found at addresses
0000h to O2FFh is. This area can be accessed via external direct addressing mode
with MOVX instructions.

If the address of instruction MOVX @DPTR is larger than 02FFh, then the
CRD89C51RA2 will generate the external memory control signal automatically. Bit
1 (OME) of SFR BFh (SCONF) can be used to enable or disable the expanded 768
bytes of RAM. The default setting of OME bit is 0 (disabled).
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4 CPU Engine.

The CRD89C51RA2 CPU engine allows fetching instructions from the program
memory, and accessing data from RAM or SFR. A description of the CPU engine
SFRs follows.

Mnemonic | Description | Direct | Bit7 | Biteé | Bits5 | Bit4 | Bita | Bit2 | Bit1 | Bit0 | RESET
8051 Core
ACC Accumulator EOh | ACC.7 | ACC6 | ACC5 | ACC4 | ACC3 | ACC2 | ACC1] ACCO| 00h
B B register FOh | B7 B6 B5 B4 B3 B2 B.1 BO 00h
PSW E{;ﬂgram status Doh | CY AC FO RS[1:0] oV = P 00h
SP Stack Pointer 81h SP[7:0] 07h
DPL Data pointer low 0 | 82h DPL[7:0] 00h
DPH Eata pointer high | g3y, DPH[7-0] 00h
DPL1 Data pointer low 1 | 84h DPL1[7:0] 00h
DPH] Data poiter gh | ggjy DPHA1[7:0] 00h
DPS Data pointer 86h | - - - - i ) | pPsao
select
SCONF ﬁ}:gstem control | gep | - - - - - ISPE | OME | ALEI | 00h

4.1 Accumulator

ACC is the Accumulator register. Most instructions use the accumulator to hold
the operand.

Mnemonic: ACC Address: EOh
7 (] 5 4 3 2 1 1] Reset
[ACC7 [ACCH | ACCS [ ACC4 [ ACC3 [ ACC2 [ ACC1 | ACC.O [ 00h |

ACC[7:0]: The A (or ACC) register is the standard 8052 accumulator.

4.2 B Register

The B register is used during multiply and divide instructions. It can also be
used as a scratch pad register to hold temporary data.

Mnemonic: B Address: FOh
7 (8] 5 4 3 2 1 0 Reset
[ B7 | B6 | B5 | B4 | B3 | B2 [ B1 | BO [ 00R |

B[7:0]: The B register is the standard 8052 register that serves as a second
accumulator.
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4.3 Program Status Word

Mnemonic: PSW Address: DOh
7 & 5 4 3 2 1 0] Reset
Y | AC | FO | RS[1:0] [ Oov | F1_ | P | 0OOh |

CY: Carry flag.
AC: Auxiliary Carry flag for BCD operations.
FO: General purpose Flag 0 available for user.

RS[1:0]: Register bank select, used to select working register bank.
RS[1:0] Bank Location
Selected
00 Bank O 00h — 0O7h
01 Bank 1 08h — OFh
10 Bank 2 10h — 17h
11 Bank 3 18h — 1Fh

OV: Overflow flag.
Fl: General purpose Flag 1 available for user.

P: Parity flag, affected by hardware to indicate odd/even number of “one” bits
in the Accumulator, that is, even parity.

4.4 Stack Pointer

The stack pointer is a l-byte register initialized to 07h after reset. This
register is incremented before PUSH and CALL instructions, causing the stack to
begin at location 08h.

Mnemonic: SP Address: 81h
7 8] 5 4 3 2 1 0 Reset
| SP[7:0] | 07 h |

SP[7:0]: The Stack Pointer stores the Scratchpad RAM address where the stack
begins. In other words, it always points to the top of the stack.
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4.5 Data Pointer

The data pointer (DPTR) is 2-bytes wide. The lower part is DPL, and the highest

is DPH. It can be

loaded as a 2 byte register (MOV DPTR, #datal6) or as two registers (for example
MOV DPL, #data8). It is generally used to access external code or data space (eg.
MOVC A, QA+DPTR or MOVX A, @DPTR respectively).

Mnemonic: DPL Address: 82h
7 ] 5 4 3 2 1 0 Reset
| DPL[7.0] [ 0oh |

DPL[7:0]: Data pointer Low O

Mnemonic: DPH Address: 83h
7 5] 5 4 3 2 1 0 Reset
| DPH[7:0] | 00h |

DPH[7:0]: Data pointer High O

4.6 Data Pointer 1

The use of the second data pointer may accelerate the manipulation of data
blocks. The standard DPTR is a 16-bit register that is used to address external
memory or peripherals. In the CRD89C51RA2, the standard data pointer is called
DPTRO, while the second data pointer is called DPTR1. The data pointer select
bit selects the active pointer. The data pointer select bit is located in bit 0
of the DPS register (DPS.0). The user switches between pointers by toggling this
bit. All DPTR-related instructions use the currently selected DPTR.

Mnemonic: DPL1 Address: 84h
7 §] 5 4 3 2 1 a Heset
| DPL1[7-0] | 00n |

DPL1[7:0]: Data pointer Low 1

Mnemonic: DPH1 Address: 85h
7 §] 5 4 3 2 1 a Reset
| DPHI[7:0] | 00h |

DPH1[7:0]: Data pointer High 1

Mnemonic: DPS Address: 86h

7 5] ) 4 3 2 1 0 Reset
. - - - 1 - [ - | - | - |DPSO[ 00h |
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Address: BFh
i 1 0 Heset

[ ISPE | OME | ALEl | 00h |

ISPE: ISP function enable bit.
ISPE = 1 enables the ISP function.
ISPE = 0 disables the ISP function.

OME: 768 bytes on-chip RAM enable bit.
OME = 1 enables the 768 bytes on-chip RAM.

OME = 0 disables the 768 bytes on-chip RAM.

ALEI: ALE output disable.
ALEI = 1 disables the ALE output.
ALEI = 0 enables the ALE output.
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5 Port 0 - Port 4

Port 0 ~ Port 4 are the general purpose I/0 ports of the controller. Port 4[3:0]
is available at the 44-pin PLCC and QFP packages only. Most of the port pins
have multiplexed functions assigned to them. For example, Port 3[0] is also
used as RXD in the UART application. Port0O pins are open-drained in the input
and output high conditions, so external pull-up resistors are required. Internal
pull up resistors are provided to all other ports.

For general purpose applications, all pins can be individually assigned to
either high or low as their SFRs are bit addressable.

Mnemonic: PO Address: 80h
T G 5 4 3 2 1 0 Reset
[ P07 | POB | P05 | P04 | PD3 [ P02 [ PO1 | POOD | FFh |

P0.7~ 0: PortO[7] ~ Port0[0]

Mnemonic: P1 Address: 90h
i G 5 4 3 2 1 0 Reset
P17 | P16 | P15 | P14 | P13 | P12 | P11 | P10 | FFh |

P1.7~ 0: Port1[7] ~ Port1[0]

Mnemonic: P2 Address: ADh
7 5 5 4 3 2 1 0 Reset
P27 [ P26 | P25 | P24 | P23 | P22 | P21 | P20 | FFh |

P2.7~ 0: Port2[7] ~ Port2[0]

Mnemonic: P3 Address: BOh
7 & 5 4 3 2 1 0 Reset
P37 | P36 | P35 | P34 | P33 | P32 | P31 | P30 | FFh |

P3.7~ 0: Port3[7] ~ Port3[0]

Mnemonic: P4 Address: D8h
7 5] 5 4 3 2 1 0 Heset
[ x | x | x [ x | Pa3 | P4z | P41 | P40 | xFh |

P4.3~ 0: Portd[3] ~ Port4[0]
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6 Timer 0 and Timer 1

These timer and counter functions are presented in the same module. The “timer”
or *“counter” function is selected by the control bits C/T in SFR TMOD. Timer 0
and Timer 1 have four operation modes, which are selected by bit-pairs (M1, MO)
in SFR TMOD. Mode 0, 1, and 2 are the same for both timer and counters. Mode 3

is different. The four operating modes are described below:

6.1 Mode 0

In this mode, the timer register is configured as a 13-bit register. Take Timer
1 for example. As the counter rolls over from all 1s to all 0s, it sets the
Timer 1 interrupt flag TF1l. The counter input is enabled when TR1 = 1 and either
GATE = 0, or INTl = 1. Setting GATE = 1 allows the timer to be controlled by
the external input INT1. This facilitates pulse width measurements. Bit TR1 is
located in TCON and GATE is located in TMOD.

The 13-bit register consists of all 8 bits of THl1 and the lower 5 bits of TL1.
The upper 3 bits of TL1l are indeterminate and should be ignored. Setting the run
flag (TR1l) does not clear the register contents.

Mode 0 operation is the same for both Timer 0 and Timer 1. Substituting TRO, TFO
and INTO for the corresponding Timer 1 signals in the above description, leads
us to the explanation of the operation of Mode 0 for Timer 0. Note that there
are two separate GATE bits available in TMOD. One is for Timer 1(TMOD.7) and
the other is for Timer 0 (TMOD.3).

- TL1 THL
(Shits) | {2hits) TFl [ Tntempt

<

T1pin

GATE—[>—
e

INT1

Fig. 6-1 : Mode 0 operation for Timer 1
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6.2 Mode 1

Mode 1 is the same as Mode 0, except that the timer register runs with all 16
bits.

0&C & 2
oT=0
— T TH1
0, ’j/ "| b | (abas o TR | —sIntamupt
T'||:1'n gr=t Cianral
TR1 N
vy
aw5—4}h———ﬁ -
I e

Fig. 6-2 : Mode 1 operation for Timer 1

6.3 Mode 2

For Timer 1, Mode 2 configures the timer register as an 8-bit counter (TL1l) with
automatic reload. Overflow from TL1 not only sets TF1l, but also reloads TL1l with
the contents of TH1, which is preset by software. The reload operation leaves
TH1 unchanged. Timer 0 Mode 2 operation is the same.

OSC iz
CT=0
—0 o o TR e inem
8. J {# bits) P
T=1 Fan
T pin TO Conind H
[ w—Reload
TRA \
- THA
(8 bas)
e
i ;

Fig. 6-3 : Mode 2 operation for Timer 1
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6.4 Mode 3

Timer 1 in Mode 3 acts as a simple counter. The effect is the same as setting
TR1 = 0.

Timer 0 in Mode 3 considers TLO and THO as two separate counters. TLO uses the
Timer 0 control bits: C/T , GATE, TRO, INTO, and TFO. THO is locked into a
timer function to count machine cycles and takes over the use of TRl and TF1
from Timer 1. In this mode, THO controls the trigger of “Timer 1” interrupt.

Mode 3 is provided for applications requiring an extra 8-bit timer or counter.
When Timer 0 is in Mode 3, Timer 1 can be turned on and off by switching it out
of and into its own Mode 3. Alternatively, it can be used by the serial port as
a baud rate generator, or by any application not requiring an interrupt.

Lt - 2
c/T=0
- —
() o - [E-l:_u:?i‘- » TRl |[—— = Inempt
et L
Tl pin Comtrol
TR _\'I
r
GATE [:}- i _>
N P 1
e TED .
'y _‘_"f {8 hits) B TF1 —— loemmt
Comtrol
TR

Fig. 6-4 : Mode 3 operation for Timer 0
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6.5 Timer/counter SFR description

Mnemonic | Description | Direct | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | RESET
Timer 0 and 1
TLO Timer 0, low byte | 8Ah TLO[7:0] 00h
THO o M| sen THO[7:0] oo
TL1 Timer 1, low byte | 8Bh TLA[7:0] 00h
Timer 1, high .
TH1 . 8Dh THI[7:0] 00h
TMOD g‘g;?rroﬂ"me 8oh | GATE | o/ | M1 MO | GATE | T | M1 Mo | ooh
TCON gg;?{g‘f"””ter 8sh | TF1 | TR1 | TEO | TRO | IE4 IT1 E0 | 1m0 | ooh

6.5.1 Timer/Counter Mode Control register (TMOD)

Mnemonic: TMOD
7 f 5

4 3 2 1

Address: 89h

Reset

0

GATE | /T M1

MO

GATE M1

C/T

MO

00h

Timer 1

GATE: If set,
0 or 1, respectively).
register),
Cc/T:
performed. When cleared to 0,
Timer.
M[1:0]:

the external gate control is enabled
When INTO or INT1 is high,
a counter 1is incremented at each falling edge on TO or Tl input pins.
a Counter operation is
the corresponding register will function as a

Selects Timer or Counter operation.

Timer 0

When set to 1,

Selects mode for Timer/Counter 0 or Timer/Counter 1.

Function

13-bit Counter/Timer, with 5 lower bits in TLO or
TL1 register and 8 bits in THO or TH1 register
(for Timer 0 and Timer 1, respectively). The 3
high order bits of TLO and TL1 are hold at zero.

16-bit Counter/Timer.

8 -bit auto-reload Counter/Timer. The reload
value is kept in THO or TH1, while TLO or TL1
is incremented every machine cycle. When
TLx overflows, a value from THx is copied to
TLx.

If Timer 1 M1 and MO bits are set to 1, Timer 1
stops. If Timer 0 M1 and MO bits are setto 1,
Timer 0 acts as two independent 8 bit Timers /
Counters.

M1| MO | Mode
0 0 | ModeO
0 1 | Mode1
1 0 | Mode2
1 1 | Mode3
© Cyrod Technologies Inc. 2009
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6.5.2 Timer/Counter Control register (TCON)

Mnemonic: TCON
T & 5 4 3

Address: 88h
2 1 ] Reset

[ TF1 [ TR1 [ TF0 [ TRO | IET

IT1 [ IE0 [ 110 | 00h |

TFl: Timer 1 overflow flag set by hardware when
can be cleared by software and is automatically
processed.

TR1l: Timer 1 Run control bit. If cleared, Timer
TFO0: Timer 0 overflow flag set by hardware when
can be cleared by software and is automatically
processed.

TRO: Timer 0 Run control bit. If cleared, Timer

Timer 1 overflows. This flag
cleared when interrupt is

1 stops.
Timer 0 overflows. This flag

cleared when interrupt is

0 stops.

IE1l: Interrupt 1 edge flag. Set by hardware, when falling edge on external pin
INT1 is observed. Cleared when interrupt is processed.
ITl: Interrupt 1 type control bit. Selects falling edge or low level on input

pin to cause interrupt.

IEO: Interrupt 0 edge flag. Set by hardware, when falling edge on external pin
INTO is observed. Cleared when interrupt is processed.
ITO: Interrupt 0 type control bit. Selects falling edge or low level on input

pin to cause interrupt.
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7 Timer 2

Timer 2 is a 16-bit timer/counter which can operate either as a timer or an
event counter. This is selectable by bit C/T2 in the SFR T2CON. It has three
operating modes: capture, auto-reload (up or down counting), and baud rate
generator. The modes are selected by bits in T2CON as shown below.

Timer 2 consists of two 8-bit registers, TH2 and TL2. In the timer function, the
TL2 register is incremented every machine cycle, thus one can think of it as

counting machine cycles. Since a machine cycle consists of a 12-clock period in
12T, the count rate is 1/12 of the oscillator clock frequency. In 6T, it is 1/6.

In the counter function, the register is incremented in response to every 1-to-0
transition at its corresponding external input pin, T2. In this function, the
external input is sampled during S5P2 of every machine cycle. When the samples
show a high in one cycle and a low in the next cycle, the count is incremented.
The new count value appears in the register during S3P1 of the cycle following
the one in which the transition was detected. Since it takes 2 machine cycles
(24 clock periods in 12T) to recognize a 1l-to-0 transition, the maximum count
rate is 1/24 of the oscillator frequency in 12T mode or 1/12 in 6T mode. To
ensure that a given level is sampled at least once before it changes, it should
be held for at least one full machine cycle.

Table 7-1 : 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

7.1 Capture mode

In the capture mode, there are two options selected by bit EXEN2 in T2CON. If
EXEN2 = 0, Timer 2 is a 16-bit timer or counter which upon overflow sets bit TF2
in T2CON. This bit can then be used to generate an interrupt. If EXEN2 = 1,
Timer 2 still does the above, but with the added feature that a 1-to-0
transition at external input T2EX causes the current value in TH2 and TL2 to be
captured into RCAP2H and RCAP2L, respectively. In addition, the transition at
T2EX causes bit EXF2 in T2CON to be set. The EXF2 bit, like TF2, can generate an
interrupt.
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D—T c/m= ®?
5 P CAPTURE
TRANSITION RCAP2H | RCAP2L TIMER 2
DETECTIOM INTERRUPT
: 2 pr—
r2ex pn — "% 1‘:" [ erz]
| conTROL
EXEN2

Figure 7-1 : Timer 2 in capture mode
7.2 Auto-reload (Up or Down Counter)

Timer 2 can be programmed to count up or down when configured in its 16-bit
auto-reload mode. This feature is invoked by bit DCEN (Down Counter Enable)
located in T2MOD. Upon reset, the DCEN bit is set to 0 so that Timer 2 will
default to count up. When DCEN is set, Timer 2 can count up or down depending on
the value of the T2EX pin.

Figure 7-2 shows Timer 2 automatically counting up when DCEN = 0. In this mode
there are two options selected by bit EXEN2 in T2CON. If EXEN2 = 0, Timer 2
counts up to FFFFh and then sets the TF2 bit upon overflow. The overflow also
causes the timer registers to be reloaded with the 16-bit value in RCAP2H and
RCAP2L. The values in RCAP2H and RCAP2L are preset by software.

If EXEN2 = 1, a 16-bit reload can be triggered either by an overflow or by a 1-
to-0 transition at external input T2EX. This transition also sets the EXF2 bit.
If enabled, both the TF2 and EXF2 bits can generate an interrupt.

Setting the DCEN bit enables Timer 2 to count up, or down, as shown in Figure 7-
3. In this mode, pin T2EX controls the direction of count. A logic 1 at T2EX
forces Timer 2 to count up. The timer will overflow at FFFFh and set the TF2
bit. This overflow also causes the 16-bit value in RCAP2H and RCAP2L to be
reloaded into the timer registers, TH2 and TL2, respectively.

A logic 0 at T2EX makes Timer 2 count down. The timer underflows when TH2 and
TL2 are equal to the values stored in RCAP2H and RCAP2L. The underflow sets the
TF2 bit and causes FFFFH to be reloaded into the timer registers.

The EXF2 bit toggles whenever Timer 2 overflows or underflows. If needed, this
bit can be considered to act as the 17th bit of the counter. In this operating
mode, EXF2 does not flag an interrupt.
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(DOWN COUNTING RELOAD VALUE) TOGGLE

| orru | oren | ){ j

05¢
TIMER 2
INTERRUPT
RCAP2H | rcapzL
(UP COUNTING RELOAD YALUE) T  count
DIRECTION
{=UP
|'_'| O=DOWHN
T2EX PIN

Figure 7-3 : Timer 2 in auto reload mode (DCEN=1)

7.3 Programmable clock out

Apart from being a regular I/0 pin, P1.0 may also be assigned to two alternate
functions. It can be set to be the input of the external clock of Timer/Counter
2, or the output of a clock with 50% duty cycle. In 12T mode and with a 16MHz
oscillator frequency, the output may vary from 61Hz to 4MHz.

To configure Timer/Counter 2 as a clock generator, bit C/T2(T2CON.1) must be
cleared and bit T20E (T2MOD.1l) must be set. Bit TR2 (T2CON.2) starts and stops
the timer.

The Clock-Out frequency depends on the oscillator frequency and the reload value
of Timer 2 capture registers (RCAP2H, RCAP2L) as follows:

Oscillator Frequency
Clock-Out Frequency = —————————————————————————————
4 * (65536 - RCAP2H,RCAP2L)

In the clock-out mode, Timer 2 roll-overs will not generate an interrupt. This
is similar to when Timer 2 is used as a baud-rate generator. It is possible to
use Timer 2 as a baud-rate generator and a clock generator simultaneously. Note,
however, that the baud-rate and clock-out frequencies can not be determined
independently from one another since they both use RCAP2H and RCAP2L.
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Figure 7-4 © Timer 2 in clock-out mode

7.4 Timer 2 SFR description

Mnemonic | Description | Direct | Bit7 | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bit1 | Bito | %5
Timer 0 and 1

TL2 Timer 2 | low byte | CCh TL2[7:0] 00h

TH2 Timer 2., high CDh TH2[7:0] 00h
byte
Reload and

RCAPZL capture data low CAh RCAPZL[7:0] 00h
byte
Reload and

RCAP2H | capture data high | CBh RCAP2H[7 0] 00h
byte

T2MOD | Timer 2 mode Coh } } - _ _ R T20E | DCEN | x0h
Timer 2 control — CP/

T2CON register Ceh | TF2 | EXF2 | RCLK | TCLK | ExeN2 | TR2 | C/T2 | zr5 | 00N

Mnemonic: T2CON Address: C8h

7 6 5 4 3 2 1 0 Reset
TF2 | EXF2 | RCLK | TCLK | EXEN2 | TR2 | /T2 | ce/RI2 | 0Oh

[ o

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

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

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

TCLK: Transmit clock enable. When set, causes the serial port to use Timer 2
overflow pulses as its transmit clock in serial port Modes 1 and 3. TCLK = 0
causes Timer 1 overflows to be used as the transmit clock.

EXEN2: Timer 2 external enable. When set, allows a capture or reload to occur as
a result of a negative transition on T2EX if Timer 2 is not being used to clock
the serial port. EXEN2 = 0 causes Timer 2 to ignore events at T2EX.

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

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

CP/RL2: Capture/Reload select. CP/RL2 = 1 causes captures to occur on negative
transitions at T2EX if EXEN2 = 1. CP/RL2 = 0 causes automatic reloads to occur
when Timer 2 overflows, or negative transitions occur at T2EX, when EXEN2 = 1.
When either RCLK, or TCLK = 1, this bit is ignored and the timer is forced to
auto-reload on Timer 2 overflow.

Mnemonic: T2ZMOD Address: C9h
7 § 5 4 3 i 1 0 Heset
I - | - 1 - | - | - | - | T20E | DCEN | x0Oh |

T20E: Timer 2 Output Enable bit.
DCEN: When set, this bit allows Timer 2 to be configured as an up/down counter.
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8 Watchdog timer

The watchdog timer is an 8-bit counter that is incremented once every WDTCLK
clock cycle. After a device reset is initiated by a stimulus from either the
external reset pin, or the the watchdog timer, the watchdog timer is disabled
and all its associated registers are cleared to zero. When the reset sequence is
complete, the CRD89C51RA2 reads bit WDTEN. If set, the watchdog timer function
will be enabled. Bits WDTM[2:0] determine the timer overflow period.

Table 8-1 Watchdog Timer Overflow Period :

WDTM[2:0] 000 001 010 011 100 101 110 111
OverFlow Period| 1.58ms 3.15ms 6.30ms | 12.60ms | 25.12ms | 50.41ms |100.82ms | 201.65ms

Both WDTEN and WDTM are set by the user, through the external writer, during the
initial loading of the application software.

Mnemonic | Description | Direct | Bit7 | Bit6 | Bit5 | Bitd | Bit3 | Bit2 | Bit1 | Bit0 | RESET
Watchdog Timer
Watchdog timer . , ] N ]
WDTC control register 8Eh | WDTE - CLEAR - - WDOTMZ | WDTM1 | WDTMO 00H
WDTK Watchdog timer | g, WDTKI7:0] 00H
refresh key

The watchdog timer will reset the system if the CLEAR bit of WDTC register is
not set before the timer overflows. Once the watchdog is started it cannot be
stopped. If WDTEN allows it, WDT is enabled by setting 1 to WDTE, bit 7 of WDTC.
The WDTE bit will be cleared to 0 automatically when the CRD89C51RA2 has been
reset, either through hardware, or WDT.

Resetting the WDT is done by setting 1 to CLEAR, bit 5 of WDTC, before the
counter overflows. This will clear the content of the counter and let it re-
start. 1In order to set the CLEAR bit, the user must first load register WDTK
with the value 1Eh, followed immediately with the wvalue Elh.

Mnemonic: WDTC Address: 8Eh
5] ] 4 3 2 1 0 Reset
[WDTE | - J[cCLEaAR] - ] _ [ woTm2 | woTm1 | woTmo | 00H |

WDTM[2:0] : Watchdog timer over flow period setting.

WDTE: Watchdog timer Enable.

WDTE=0: Disable the WDT function (if WDTEN was set from the external writer)
WDTE=1: Enable the WDT function (if WDTEN was set from the external writer)

This bit will be cleared to 0 automatically when MCU been reset, either hardware
reset, or WDT reset.

CLEAR: Setting this bit will clear and restart the Watchdog timer counter.

Mnemonic: WDTK Address: 8Fh
7 [&] 5 4 3 2 1 (0] Reset
| WDTK[7:0] [ oon |

WDTK: Watchdog timer refresh key.
A programmer must set it to 1Eh first, then Elh next. After these, CLEAR may be
set and the watchdog reset.
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9 ISP (In-System Programming)

A user may update the application software found in the CRD89C51RA2 if an ISP

service code is preloaded in the ISP code area as shown in Table 9-1.

of Flash memory is 512bytes.

There are three ways to invoke the code located at the ISP code area.

(1) Address 0000h is loaded with FFh. After reset,

Table 9-1 :

ISP code area

Lock-bit hnumber

ISP code area

512 bytes (from $3E00h to $3FFF)

1K bytes (from $3C00h to $3FFF)

1.5K bytes (from $3A00h to $3FFF)

2K bytes (from $3800h to $3FFF)

2.5K bytes (from $3600h to $3FFF)

3K bytes (from $3400h to $3FFF)

3.5K bytes (from $3200h to $3FFF)

Ol | k|| P —

4K bytes (from $3000h to $3FFF)

blank byte and jumps at the beginning of the ISP code.
(2) The application program executes an “LJMP” instruction to the beginning of

the ISP code.

One page

These are:

the controller identifies the

(3) The hardware invokes the ISP code if, after power on reset, either P2.6 and
P2.7 are both low, or Port4.3 is low.

P2.6 \ /
P27
RST —\
4 e L
10ms 1 Oms
Or
P4.3 \ )
kST ‘e
10ms 10ms
Fig 9-1 : ISP entering by hardware setting
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9.1 ISP SFR description

Mnemonic | Description [Direct | Bit7 | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | RESET
ISP
ISPC ISP control F7h | sTarT | - ] : ) ~ | 1spr1 | 1sPro | oon
reqister
ISP Flash .
ISPFAH address high byte F4h ISPFA[15:8] 00h
ISP Flash .

ISPFAL address low byte F5h ISPFA[7:0] 00h
ISPFD ISP Flash data F6h ISPED[7:0] 00h
Mnemonic: ISPFAH Address: F4h

7 5] 5 4 3 2 1 0 Reset
| ISPFA[15:8] [ 00h |
Mnemonic: ISPFAL Address: F5h

7 s} 5 4 3 2 1 0 Reset
| ISPEA[7:0] [ 00h |

ISPFA[15:0]: The ISPFAH and ISPFAL provide the 16-bit Flash memory address for
the ISP function. The Flash memory address should not include any part of the
ISP service program space address. If the Flash memory address indicated by
ISPFAH and ISPFAL registers overlaps with the ISP service program space, the
Flash write and page erase functions will be ignored.

Mnemonic: ISPFD Address: F6h
7 5] 5 4 3 2 1 0 Reset
| ISPFD[7:0] [ 00h |
Mnemonic: ISPC Address: F7h
7 § 5 4 3 p 1 0 Reset
[sTarT] - | - [ - ] | - ] 1sPFp1:0] | 00h |
ISPF[1:0] ISP function
00 Byte program
01 Chip Protect
10 Page erase( 512 Bytes)
11 Chip erase
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ISPFD[7:0]: The ISPFD contains the 8-bits data to be written.
ISPF[1:0]: ISP function select (see table above).

START: ISP START bit.

START = 1 : Start ISP function as indicated by ISPF[1:0].
START = 0 : no operation.

In order to activate the ISP mechanism, the application software must first load
the ISPFD register with values 55h, AAh and 55h in that sequence:

MOV ISPFD, #055h
MOV ISPFD, #0AAh
MOV ISPFD, #055h

Any attempt to set the START bit will be disregarded, unless preceded by the
above sequence. Following the setting of START to 1, the CRD89C51RA2 hardware
circuit latches the address and data bus and freezes the program counter until
the ISP function is finished and the START bit reset to 0 by the hardware. The
application does not need to monitor the status of the START bit.

To perform the byte program, or page erase, ISP function, the user needs to
first specify the Flash address concerned. When performing the page erase
function, the CRD89C51RA2 will erase the entire page indicated by the Flash
address in the ISPFAH register located within the page.

To perform the chip erase ISP function, the CRD89C51RA2 will erase all the Flash
program memory and data Flash memory except the ISP program space. Also, the
CRD89C51RA2 will unprotect the Flash memory automatically if it has been
protected by clearing the information block bit LOCK to 0. Note that if LOCK is
0, all the Flash memory contents will be read as zeros.

The following example shows how to use the ISP facility in order to write data
22h to address 1005h.

MOV ISPFD, #055h
MOV ISPFD, #0AAh
MOV ISPFD, #055h ; ISP function may now be enabled

MOV SCONF, #04h ; enable ISP function

MOV ISPFAH, #10h ; Set Flash address high byte

MOV ISPFAL, #05h ; Set Flash address low byte

MOV ISPFD, #22h ; Set Flash data to be programmed

MOV ISPFC, #80h ; Start programming 22h to the Flash address 1005h

; After programming is complete, START is reset
; and PC then points to the next instruction.
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10 Serial interface (UART)

The UART serial port is full duplex, meaning it can transmit and receive
simultaneously. It is also receive-buffered, meaning it can commence
reception of a second byte Dbefore a previously received byte has been
read from the receive register. (However, if the first byte still hasn’t been
read by the time reception of the second byte is complete, one of the bytes will
be lost). The serial port’s receive and transmit registers are both accessed
through SFR SBUF. SBUF is made up of two separate registers, a transmit buffer
and a receive buffer. Writing to SBUF loads the transmit register, and reading
SBUF accesses a physically separate receive register.

The serial port can operate in the following 4 modes:

Mode 0: Serial data enters and exits through RXD. TXD outputs the shift clock. 8
bits are transmitted or received with LSB first. The baud rate is fixed at 1/6
the system frequency as defined in Section 1.

Mode 1: 10 bits are transmitted through TXD and received through RXD with a
start bit (=0), then the 8 data bits with LSB first, finally a stop bit (=1). On
the receiving side, the stop bit is stored in RB8 in SCON. The baud rate is
variable.

Mode 2: 11 bits are transmitted through TXD and received through RXD with a
start bit (=0), then the 8 data bits with LSB first, then a programmable 9% data
bit, finally a stop bit (=1). On the transmitting side, the 9th data bit (TB8 in
SCON) can be assigned the value of 0 or 1, or, for example, the parity bit (P in
the PSW) could be moved into TB8. On the receiving side, the 9% data bit is
stored in RB8 in SCON. The baud rate is programmable to either 1/32, or 1/16, of
the system frequency.

Mode 3: 11 bits are transmitted through TXD and received through RXD with a
start bit (=0), then the 8 data bits with LSB first, then a programmable 9™ data
bit, finally a stop bit (=1). Mode 3 is the same as Mode 2 in all respects
except the baud rate. The baud rate in Mode 3 is variable.

In all four modes, transmission is initiated by any instruction that loads SBUF.
Reception is initiated in Mode 0 by the condition RI = 0 and REN = 1. Reception
is initiated in other modes by the incoming start bit if REN = 1.

10.1 Multiprocessor Communications

Modes 2 and 3 have a special provision for multiprocessor communications. In
these modes, 9 data bits are received. The 9" bit is stored in RB8. Then comes a
stop bit. The port can be setup so that if RB8 = 1, when the stop bit is
received, the serial port interrupt will be serviced. This feature is enabled by
setting bit SM2 in SCON. This feature is used in multiprocessor systems as
follows.

When the master processor wants to transmit a block of data to one of several
slaves, it first sends out an address byte which identifies the target slave. An
address byte differs from a data byte in that the 9™ bit is 1 in an address
byte and 0 in a data byte. With SM2 = 1, no slave will be interrupted by a data
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byte. An address byte, however, will interrupt all slaves, so that each slave
can examine the received byte and see if it is being addressed. The addressed
slave will clear its SM2 bit and prepare to receive the data bytes that will be
transmitted. The slave that weren’t being addressed leave their SM2s set and go
on their business, ignoring the transmitted data bytes.

SM2 has no effect in Mode 0, and in Mode 1 can be used to check the wvalidity of
the stop bit. In Mode 1 reception, if SM2 = 1, the receive interrupt will not
be activated unless a valid stop bit is received.

10.2 Baud rates

The baud rate in Mode 0 is fixed:

System Frequency
Mode 0 Baud Rate = ——————————————————

The baud rate in mode 2 depends on the value of bit SMOD in SFR PCON. If SMOD =
0 (which is the value on reset), the baud rate is 1/32 the system frequency. If
SMOD = 1, the baud rate is 1/16 the system frequency.

Mode 2 Baud Rate = ———————- * (System Frequency)

10.3 Using Timer 1 to Generate Baud Rates.

When Timer 1 is used as the baud rate generator, the baud rates in Modes 1 and 3
are determined by the Timer 1 overflow rate and the value of SMOD as follows:

Modes 1 & 3 Baud Rate = —————————-— * (Timer 1 overflow rate)

The Timer 1 interrupt should be disabled in this application. The timer itself
can be configured for either “timer” or “counter” operation, and in any
of its 3 running modes. In the most typical applications, it is
configured for “timer” operation, in the auto-reload mode (high nibble of TMOD =
0010B). In that case, the baud rate is given by the formula

System Frequency
Modes 1 & 3 Baud Rate = —————————- Ko

One can achieve very low baud rates with Timer 1 by leaving the Timer 1
interrupt enabled, and configuring the timer to run as a 16-bit timer (high
nibble of TMOD = 0001B), and using the Timer 1 interrupt to do a 16-bit software
reload.
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10.4 Using Timer 2 to Generate Baud Rates.

In the CRD89C51RA2, Timer 2 is selected as the baud rate generator by setting
TCLK and/or RCLK in T2CON. Note that the baud rates for transmit and receive can
be different.

The baud rate generator mode is similar to the auto-reload mode, in that a
rollover in TH2 causes Timer 2 registers to be reloaded with the 16-bit value in
registers RCAP2H and RCAP2L, which are preset by software.

Baud rates in Modesl and 3 are determined by Timer 2’s overflow rate as follows:

Timer 2 overflow rate
Modes 1,3: Baud Rate = -

The timer can be configured for either “timer” or *“counter” operation. In most
applications, it is configured as timer (C/T2 = 0). “Timer” operation is
slightly different for Timer 2 when it’s being used as a baud rate generator.
Normally, as a timer, it would increment every machine cycle (once every 12
oscillator cycles in 12T, and 6 cycles in 6T). In baud rate generation however,
it follows the system frequency. The baud rate is given by the formula:

System Frequency

Modes 1, 3: Baud Rate = —————————————————
16 * [65536 - (RCAP2H,RCAP2L)]

Where (RCAP2H, RCAP2L) is the content of RCAP2H and RCAP2L considered as a 16—
bit unsigned integer.

TIMER 1 OVERFLOW

l

[ NOTE: 0SC. FREQ. IS DIVIOED BY 2, NOT 12. -
L— ™\ - *suoo
osc = _:.. 2

| conTrOL
EXEN2

Figure 10-1 Timer 2 in Baud Rate Generator Mode
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Figure 10-1 illustrates Timer 2 being used as a baud rate generator. This
illustration is wvalid only if RCLK + TCLK = 1 in T2CON. Note that a rollover in
TH2 does not set TF2, and will not generate an interrupt. A Timer 2 interrupt
does not have to be disabled when Timer 2 is in the baud rate generator mode.
Also note that if EXEN2 is set, a 1-to-0 transition in T2EX will set EXF2 but
will not cause a reload from (RCAP2H, RCAP2L) to (TH2, TL2). Thus when Timer 2
is in use as a baud rate generator, T2EX can be used as an extra external
interrupt, if needed.

When Timer 2 is running (TR2 = 1) in “timer” function in the baud rate generator
mode, one should not try to read or write TH2 or TL2. The results of a read or
write may be inaccurate. The RCAP registers may be read, but shouldn’t be

written to, because a write might overlap with a reload operation and cause
write and/or reload errors. In this case, the timer should be turned off (clear
TR2) before accessing the Timer 2 or the RCAP registers.

10.5 Serial Port SFR description.

Mnemonic | Description | Direct | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | RESET
Serial port
PCON Power Caontrol 87h | SMOD - - - GF1 GFO PD IDLE 00h
Serial port 0 )
SCON control register 98h SMO SM1 SM2 REN TBS RB8& Tl RI 00h
Serila port 0 data i
SBUF buffer 99h SBUF[7:0] XXh
Mnemonic: PCON Address: 87h
7 5 5 4 3 2 1 0 Reset
[sMoD] - [ - T - T GFT | GFoO | PD [ IDLE [ 00n |
Mnemonic: SCON Address: 98h
7 ] 5 4 3 2 1 0 Reset
[ SMO | SM1T | SM2 | REN | TB8 | RB8 | TI | RI | 00h ]

SMOD: When set, the UART baud-rate is doubled.
SMO, SM1 SMO, SM1l specify the serial port mode as follows:

(Fosc is the system frequency)

SMO |SM1 |Mode |Description Baud Rate

0 0 0 Shift register |Fosc /6

0 1 1 8-bit UART variable

1 0 2 9-bit UART Fosc /16 or Fosc/32
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
9t 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.
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software to disable
TB8: In Modes 2 and
cleared by software

RB8: In Modes 2 and
SM2 = 0, RB8 is the
TI:

time in Mode O,

The transmit interrupt flag.
or at the beginning of the stop bit in the other modes.
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reception. Set by software to enable reception. Clear by
reception.
3, it is the 9 data bit that will be transmitted. Set or

as needed.

3, it is the 9% data bit that was received. In mode 1,
stop bit that was received. In Mode 0, RB8 is not used.
Set by hardware at the end of the 8" bit
It must

if

be cleared by software.

RI:
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11. Programmable Counter Array (PCA)

The PCA provides more timing capabilities with less CPU intervention
than the standard timer/counters. The PCA consists of a dedicated counter
which serves as the time base for an array of five compare/capture modules. Its
clock input can be programmed to count any one of the following signals:

- Fosc

- Fosc/4

- Fosc/12

- External clock input (CCCI pin at P1.2)

where Fosc is the system Frequency as defined in Section 1. Each compare/capture
module can be programmed in any one of the following modes:

- Positive edge capture mode

- Negative edge capture mode

- Both positive and negative edge capture mode
- Timer mode

- High Speed Output mode

- 8-bit PWM mode

- 16-bit PWM mode

When the compare/capture modules are programmed in the capture mode, timer mode,
or high speed output mode, an interrupt can be generated when the module
executes its function. All five modules share one interrupt vector.

11.1 PCA clock select.

The clock input can be selected from the following four modes:

11.1.1 CCCLK = 00, selected system clock.

The PCA counter increments once per system clock. For example, with a 16MHz
crystal, the counter increments every 62.5ns in 6T mode, or 125ns in 12T mode.

11.1.2 CCCLK = 01, selected system clock/4
The PCA counter increments once every 4 system clocks. For example, with a 16MHz
crystal, the counter increments every 250ns in 6T mode, or 500ns in 12T mode.

11.1.3 CCCLK = 10, selected system clock/12.

The PCA counter increments once every 12 system clocks. For example, with a
16MHz crystal, the counter increments every 750ns in 6T mode, or 1.5us in 12T
mode.

11.1.4 CCCLK = 11, selected external clock input.

The PCA counter increments when a 1-to-0 transition is detected on the CCCI pin.

NOTE: Irrespective of 12T or 6T, the frequency applied at the CCCI pin must not
exceed F(crystal)/8. So, for a 16MHz crystal, F(CCCI) must not exceed 2 MHz.
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Table 11-1 PCA clock sample period example

M:;:Ee {:ﬁ:z] CCCLKI[1:0] | PCA counter increment Div Sample period(ps)
6T 16 00 1 system clocks 1 0.0625
6T 16 01 2 system clocks 4 0.25
6T 16 10 12 system clocks 12 075
12T 16 00 1 system clocks 0.125
12T 16 01 2 system clocks 05
12T 16 10 12 system clocks 24 15
6T12T 16 1 Exteggfgjléllo;il:ﬂ:npui Exie;gazjléllc:;iir(ﬂ:nput

input, Sample period(us) =

© Cyrod Technologies Inc.
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Fig. 11-1: PCA clock selection
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11.2 PCA Compare/Capture mode

11.2.1 Positive edge capture mode:

The external input pins CCO through CC4 are sampled for a 0-to 1 transition.
When a positive edge transition is detected, the hardware loads the 16-bit wvalue
of the PCA counter (CCCH, CCCL) into the module’s capture registers (CCnDH,
CCnDL) . The resulting value in the capture registers reflects the PCA timer
value at the time a transition was detected on the CCn pin.

[(E"|———>Interrupt
F Y

PCA 16 bit

E countker

iﬁ? B B Shamn wa@————*K<;7

CCnD[i5:

i

Fig 11-2: PCA capture mode with positive edge

11.2.2 Negative edge capture mode:

The external input pins CCO through CC4 are sampled for a 1l-to 0 transition.
When a negative edge transition is detected, the hardware loads the 16-bit value
of the PCA counter (CCCH, CCCL) into the module’s capture registers (CCnDH,
CCnDL) . The resulting value in the capture registers reflects the PCA timer
value at the time a transition was detected on the CCn pin.

?E”f —— Interrupt
F

PCA 16 bit

counker
n
o Oy
pin

I

CCnO[1%:
i

Fig 11-3; PCA capture mode with negative edge
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11.2.3 Both positive and negative edge capture mode:

The external input pins CCO through CC4 are sampled for a 0-to-1 or 1-to-0
transition. When a positive edge or negative edge transition is detected, the
hardware loads the 16-bit value of the PCA counter (CCCH, CCCL) into the
module’s capture registers (CCnDH, CCnDL). The resulting value in the capture
registers reflects the PCA timer value at the time a transition was detected on

the CCn pin.

il -
[CE" }—>———» Interrupt
F 3
PCA 16 bit
E counlar

Caplure b

CCn
pin

CEnDH5:
CCnMOD =011 L

Fig 11-4: PCA capture mode with both negative and positive edge

11.2.4 Timer mode:

In the Timer mode. When the PCA counter rolls over, the CCnIF bit will be set
which can then generate an interrupt if CCnIE is enabled.

.~ CCCLK=00

Fose

- CCCLK =01
Fosge'd
=-_"-- ¥ PCA 165 comnter
Fose/]1 . CCCLK =10 y
AR -~ CCOCLE=11
CCCT pin overflow
Control l
coR —= CCnlF (———="——— Interrupt

=__J)__

oL —»f
Processor in idle mode “__,-"_F'-D
Fig 11-5: PCA Timer mode
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11.2.5 High speed output:

The high speed output mode toggles a CCn pin when a match occurs between the PCA
counter and a pre-loaded value (CCnD[15:0]) in a module’s compare registers.
When the PCA counter matches the CCnD register, the TOGn toggles and is output
on the CCn pin. Here is an example: If the TOGn register is set to one by
software, the hardware will clear the TOGn register and output low on the CCn
pin when the PCA counter matches the CCnD register. If software doesn’t set the
bit before the next match, the hardware will set the TOGn register and output
high automatically.

n .
CCnD{15:0] E‘ﬁj—w — Interrupt
n
-

PCA 16 bit : .
T ————4 16 bit comparator |——

CCn
|  TOGn register |— .
- pin

CCnMOD = 101
Update

Fig 11-6: PCA high speed output

11.2.6 8-bit PWM:

Any, or all, of the five PCA modules can be programmed to be a Pulse Width
Modulator (PWM). The PWM output can be used to convert digital data to an analog
signal through a simple external circuit. The frequency of the PWM depends on
the clock source for the PCA counter. The pulse width depends on the CCnDL[7:0]
register. CCnDH[15:8] is not used. When all the bits in CCnDL[7:0] are zero, the
CCn pin will always remain low. The PWM frequency is selected by SFR CCCLK as

When CCCLK = 00, PWM output frequency = Fosc/256.

When CCCLK = 01, PWM output frequency = (Fosc/4)/256.
When CCCLK = 10, PWM output frequency = (Fosc/12)/256.
When CCCLK = 11, PWM output frequency = (CCCI pin frequency )/256.

If users want to use the PWM mode, the software must set the CCR register and
always keep it high. If software clears the CCR register, the PWM will be
disabled and keep the CCn pin low.
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It is almost the same as 8-bit PWM. Any or all of the five PCA modules can be
programmed to be a 16-bit PWM.

source for the PCA counter.

When all the bits in
The PWM frequency is

When CCCLK = 00,
When CCCLK = 01,
When CCCLK = 10,

When CCCLK = 11,

PWM
PWM
PWM
PWM

Still, if users want

register and always keep it

CCnD[15:0]

The frequency of the PWM depends on the clock
The pulse width depends on the CCnD[15:0] register.
are zero, the CCn pin will always remain low.

selected by SFR CCCLK as

output frequency = Fosc/65536.

output frequency
output frequency

(Fosc/4)/65536.
(Fosc/12) /65536.

output frequency = (CCCI pin frequency )/65536.

to use this PWM mode, the software must set the CCR

high.

If software clears the CCR register, the PWM

will be disabled and keep the CCn pin to low.
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11.3 PCA SFR description

Mnemonic | Description Address Bit 7|Bit 6|Bit 5|Bit 4|Bit 3 |Bit 2|Bit 1|Bit 0 |Reset

PCAC1 PCA Control Alh CCR | CIDL | -- |CCA4IE|CC3IE|CC2IE|CC1IE|CCOIE| 00h
register 1

PCAC2 PCA Control A2h CCCLK[1:0] CCA4IF|CC3IF|CC2IF|CC1IF|CCOIF| 00h
register 2

PCA Counter

PCAH high byte 9Ah PCA[15:8] 00h
PCA Counter

PCAL Low byte 9Bh PCA[7:0] 00h

CCOCON CCO Control A3h - - - | Togo| - CCOMOD[2:0] 00h
register
CCO data

CCoDH high byce 9Ch CCOD[15:8] 00h

CCODL CCO data low 9Dh CCOD[7:0] 00h
byte

CC1CON CCL Control Adh - - - |T0G1| - CCIMOD[2:0] 00h
reglster
CC1l data

CC1DH nigh byce 9Eh CC1D[15:8] 00h

CC1DL CCl data low 9Fh CCID[7:0] 00h
byte

CC2CON cc2 Control ASh - - - |Tog2| - CC2MOD[2:0] 00h
reglster
CC2 data

CC2DH high byce 91h CC2D[15:8] 00h

CC2DL CC2 data low 92h CC2D([7:0] 00h
byte

CC3CON CC3 Control A6h - - - | ToG3 - CC3MOD[2:0] 00h
register
CC3 data

CC3DH high byce 93h CC3D[15:8] 00h

CC3DL CC3 data low 94h CC3D[7:0] 00h
byte

CCA4CON cC4 Control A7h - - - | ToG4 | - CC4MOD[2:0] 00h
reglster
CC4 data

CC4DH high byte 95h CC4D[15:8] 00h

CC4DL CCd data low 96h CC4D[7:0] 00h
byte
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11.3.1 PCA Control register 1

Mnemeonic: PCAC1 Address: A1h
7 6 5 4 3 2 1 0 Reset
CCR CIDL - CC4IE | CC3IE | CCZIE | CC1IE | CCOIE 00h
R/AW R/W - R/W R/W R/W R/W R/W

CCR: PCA Counter Run control bit. Set by software to turn the PCA counter on.
Must be cleared by software to turn the PCA counter off.

CIDL: Counter Idle control: CIDL = 0 sets the PCA counter to continue
functioning during idle mode. CIDL = 1 sets it to be gated off during idle mode.
CCnIE: CCO~CC4 interrupt enable. CCnIE = 1 to enable interrupt, 0 to disable it.

11.3.2 PCA Control register 2

Mnemonic: PCAC2 Address: AZh
7 6 5 4 3 2 1 0 Reset
CCCLK][1:0] - CC4IF | CC3IF | CC2IF | CC1IF | CCOIF 00h

R/W - R/W R/W R/W R/W R/W

CCCLK[1:0]: Compare/Capture clock source select

CCOCLK[1:0] | Clock source
00 Fosc
01 Fosc/4
10 Fosc/12
1 External clock input (CCClI pin)

CenIF: CCO ~ CC4 interrupt flag. Must be cleared by software.

11.3.3 PCA Counter register

Mnemonic: PCAH Address: 9Ah
7 6 5 4 3 2 1 0 Reset
PCA[15:8] 00h
R/W
Mnemonic: PCAL Address: 9Bh
7 6 5 4 3 2 1 0 Reset
PCA[7:0] 00h
R/W
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11.3.4 Compare/Capture channel 0 control register
Mnemonic: CCOCON Address: A3h
7 6 5 4 3 2 1 0 Reset
- - - TOGO - CCOMOD[2:0] 00h
- - - R/W - RIW

CCOMOD[2:0]: Compare/Capture channel 0 modes select.

CCOMOQODI[2:0] | Function
000 Disable PCA channel 0
001 Positive edge capture mode
010 Negative edge capture mode
011 Both positive and negative edge capture mode
100 Timer mode
101 High Speed Output mode
110 8-bit PWM
111 16-bit PWM

TOGO: CCO toggle register.

11.3.5 CCO Data register

Mnemonic: CCODH Address: 9Ch
7 6 5 4 3 2 1 0 Reset
CCODJ[15:8] 00h
R/W
Mnemonic: CCODL Address: 9Dh
7 6 5 4 3 2 1 0 Reset
CCO0D[7:0] 00h
R/W

11.3.6 Compare/Capture channel 1 control register

Mnemonic: CC1CON Address: Adh
7 B 5 4 3 2 1 0 Reset
- - - TOGH1 - CC1MODJ[2:0] 00h
- - - R/W - RW

CCIMOD[2:0]: Compare/Capture channel 1 modes select.
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CC1MOD[2:0] | Function
000 Disable PCA channel 1
001 Positive edge capture mode
010 Negative edge capture mode
011 Both positive and negative edge capture mode
100 Timer mode
101 High Speed Output mode
110 8-bit PWM
11 16-bit PWM

TOGl: CCl toggle register.

11.3.7 CC1l Data register

Mnemonic: CC1DH Address: 9Eh
7 6 5 4 3 2 1 0 Reset
CC1DJ[15:8] 00h
R/W
Mnemonic: CC1DL Address: 9Fh
7 6 5 4 3 2 1 0 Reset
CC1D[7:0] 00h
R/W

11.3.8 Compare/Capture channel 2 control register

Mnemonic: CC2CON Address: ASh
7 B 5 4 3 2 1 0 Reset
- - - TOG2 - CC2MODJ[2:0] 00h
- - - R/W - R/W

CC2MOD[2:0]: Compare/Capture channel 2 modes select.

CC2MOD[2:0] Function
000 Disable PCA channel 2
001 Positive edge capture mode
010 Negative edge capture mode
011 Both positive and negative edge capture maode
100 Timer mode
101 High Speed Qutput mode
110 8-bit PWM
111 16-bit PWM

TOG2: CC2 toggle register.
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11.3.9 CC2 Data register

Mnemonic: CC2DH Address: 91h
7 6 5 4 3 2 1 0 Reset
CC2DJ[15:8] 00h
R/W
Mnemonic: CC2DL Address: 92h
7 6 5 4 3 2 1 0 Reset
CC2D[7:0] 00h
R/W

11.3.10 Compare/Capture channel 3 control register

Mnemonic: CC3CON Address: ABh
7 6 5 4 3 2 1 0 Reset
- - - TOG3 - CC3MODJ[2:0] 00h
- - - R/W - R/W

CC3MOD[2:0]: Compare/Capture channel 3 modes select.

CC3MODJ[2:0] | Function
000 Disable PCA channel 3
001 Positive edge capture mode
010 Negative edge capture mode
011 Both positive and negative edge capture mode
100 Timer mode
101 High Speed Output mode
110 8-bit PWM
111 16-bit PWM

TOG3: CC3 toggle register.

11.3.11 CC3 Data register

Mnemonic: CC3DH Address: 93h
7 6 5 4 3 2 1 0 Reset
CC3D[15:8] 00h
R/W
Mnemonic: CC3DL Address: 94h
7 6 5 4 3 2 1 0 Reset
CC3D[7:0] 00h
R/W
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11.3.12 Compare/Capture channel 4 control register

Mnemonic: CC4CON Address: A7h
7 6 5 4 3 2 1 0 Reset
- - - TOG4 - CC4MODJ[2:0] 00h
- - - R/W - R/W

CC4MOD[2:0]: Compare/Capture channel 4 modes select.

CC4MOD[2:0] | Function
000 Disable PCA channel 4
001 Positive edge capture mode
010 Negative edge capture mode
o011 Both positive and negative edge capture mode
100 Timer mode
101 High Speed Output mode
110 8-bit PWM
111 16-bit PWM

TOG4: CC4 toggle register.

11.3.13 CC4 Data register

Mnemonic: CC4DH Address: 95h
7 6 5 4 3 2 1 0 Reset
CC4D[15:8] 00h
R/W
Mnemonic: CC4DL Address: 96h
7 6 5 4 3 2 1 0 Reset
CC4D[7:0] 00h
R/W
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12 Expanded External Interrupt (EEI) interface

CRDB89C51RA2 implements an EEI interface allowing the connection of an 8xn matrix
keyboard. It is based on 8 inputs with programmable interrupt capability for
either high or low levels. These inputs are available as an alternate function
of Pl and allow to exit from idle and power-down modes described in Section 14.

The EEI interfaces with the CPU core through 3 SFR: KBLS, the EEI Level
Selection register, KBE, the EEI Enable register, and KBF, the EEI Flag
register.

The EEI inputs are considered as 8 independent interrupt sources sharing the
same interrupt vector. Figure 12-1 shows that each EEI input has the capability
to detect a programmable level according to KBLS.x bit value. Level detection is
then reported in interrupt flags KBF.X that can be masked by software using
KBE.x bits. An interrupt enable bit (KBD in IEl) allows global enable or disable
of the keyboard interrupt as in Fig. 12-2.

This structure allows keyboard arrangements from 1lxn to 8xn matrix, and allows
usage of Pl inputs for other purpose. Pl inputs allow exiting from the idle and
power—-down modes.

Figure 12.1 EE! interface Block Diagram

T
-
o

Input Circuitry

1
=

Input Circuitry

T
i
b

880 Ao

Input Circuitry

Input Circuitry

KBDIT

EEI Interface
Interrupt Request

3
.

Input Circuitry T

P15 Input Circuitry

T
ey
o))

Input Circuitry

1
iy
~

Input Circuitry

Figure 12.2 EEIl input Circuitry
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Mnemonic | Description

[Direct | Bit7 | Bit6 | Bith | Bitd4 | Bit3 | Bit2 | Bit1 | Bit0 | RESET

Keyboard interface

KBLS

EEI level Selector
reqister

FDh

KBLS7

KBLSE

KBLSS

KBLS4

KBLS3

KBLS2

KBLST

KBLS0

00h

KBE

EEI Input Enable
register

FEh

KBET

KBEG

KBES5

KBE4

KBE3

KBEZ2

KBE1

KBEO

00h

KBF

EEI Flag register

FFh

KBET

KBEEG

KBES

KBE4

KBE3

KBF2

KBF1

KBFO

00h

12.1.1

EEI level

Mnemonic: KBLS

7

selector register

6

5

4

3

2

1

Address: FDh

0

Reset

KBLS7

KBLS6

KBLSS

KBLS4

KBLS3

KBLS2

KBLST

KBLSO

00h

R/IW

R/IW

R/W

R/W

RW

R/W

R/IW

R/W

KBLS7: EEI line 7 level selection bit
Cleared to enable a low level detection
Set to enable a high level detection on
KBLS6: EEI line 6 level selection bit
Cleared to enable a low level detection
Set to enable a high level detection on
KBLS5: EEI line 5 level selection bit
Cleared to enable a low level detection
Set to enable a high level detection on
KBLS4: EEI line 4 level selection bit
Cleared to enable a low level detection
Set to enable a high level detection on
KBLS3: EEI line 3 level selection bit
Cleared to enable a low level detection
Set to enable a high level detection on
KBLS2: EEI line 2 level selection bit
Cleared to enable a low level detection
Set to enable a high level detection on
KBLS1l: EEI line 1 level selection bit
Cleared to enable a low level detection
Set to enable a high level detection on
KBLSO: EEI line 0 level selection bit
Cleared to enable a low level detection
Set to enable a high level detection on
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on Port line
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on Port line
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12.1.2

Mnemonic: KBE

7 6 5

4

EETI input enable register

3

CRD89C51RA2

Data Sheet Rev 1.1

2

41

Address: FEh

0

Reset

KBE7 | KBE6 | KBES

KBE4

KBE3

KBEZ2

KBE1

KBEO

00h

R/W R/W R/W

R/W

R/W

R/W

R/W

R/W

KBE7: EEI line 7 Enable bit.
Cleared to enable standard I/O
Set to enable KBE.7 bit in KBE
KBE6: EEI line 6 Enable bit.
Cleared to enable standard I/O
Set to enable KBE.6 bit in KBE
KBES5: EEI line 5 Enable bit.
Cleared to enable standard I/O
Set to enable KBE.5 bit in KBE
KBE4: EEI line 4 Enable bit.
Cleared to enable standard I/O
Set to enable KBE.4 bit in KBE
KBE3: EEI line 3 Enable bit.
Cleared to enable standard I/0
Set to enable KBE.3 bit in KBE
KBE2: EEI line 2 Enable bit.
Cleared to enable standard I/0
Set to enable KBE.2 bit in KBE
KBEl: EEI line 1 Enable bit.
Cleared to enable standard I/0
Set to enable KBE.l bit in KBE
KBEO: EEI line O Enable bit.
Cleared to enable standard I/0
Set to enable KBE.O bit in KBE
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register

pin.
register

pin.
register

pin.
register
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register

pin.
register

pin.
register

to

to

to

to

to

to

to

to

generate

generate

generate

generate

generate

generate

generate

generate

an

an

an

an

an

an

an

an

interrupt

interrupt

interrupt

interrupt

interrupt

interrupt

interrupt

interrupt

request.

request.

request.

request.

request.

request.

request.

request.

4261-A14 Highway #7 East,

Markham,

Unit 290

ON L3R 9W6 Canada

Specifications subject to change without notice.



Cyrod

Technologies Inc.

12.1.3

Mnemonic: KBF
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EETI flag register

Address: FFh

7 6 5 4 3 2 1 0 Reset
KBF7 | KBF6 | KBF5 | KBF4 | KBF3 KBF2 | KBF1 | KBFO 00h
R R R R R R R R

KBF7: EEI line 7 flag.

Set by hardware when the
EEI interrupt request if
is read only access; the

KBF6: EEI line 6 flag.

Set by hardware when the
EEI interrupt request if
is read only access; the

KBF5: EEI line 5 flag.

Set by hardware when the
EEI interrupt request if
is read only access; the

KBF4: EEI line 4 flag.

Set by hardware when the
EEI interrupt request if
is read only access; the

KBF3: EEI line 3 flag.

Set by hardware when the
EEI interrupt request if
is read only access; the

KBF2: EEI line 2 flag.

Set by hardware when the
EEI interrupt request if
is read only access; the

KBFl: EEI line 1 flag.

Set by hardware when the
EEI interrupt request if
is read only access; the

KBFO: EEI line 0 flag.

Set by hardware when the
EEI interrupt request if
is read only access; the
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port line 7 detects a programmed level. It generates a
the KBE.7 bit in the KBE register is set. The register
flag is automatically cleared by reading the register.

port line 6 detects a programmed level. It generates a
the KBE.6 bit in the KBE register is set. The register
flag is automatically cleared by reading the register.

port line 5 detects a programmed level. It generates a
the KBE.5 bit in the KBE register is set. The register
flag is automatically cleared by reading the register.

port line 4 detects a programmed level. It generates a
the KBE.4 bit in the KBE register is set. The register
flag is automatically cleared by reading the register.

port line 3 detects a programmed level. It generates a
the KBE.3 bit in the KBE register is set. The register
flag is automatically cleared by reading the register.

port line 2 detects a programmed level. It generates a
the KBE.2 bit in the KBE register is set. The register
flag is automatically cleared by reading the register.

port line 1 detects a programmed level. It generates a
the KBE.l bit in the KBE register is set. The register
flag is automatically cleared by reading the register.

port line 0 detects a programmed level. It generates a
the KBE.O bit in the KBE register is set. The register
flag is automatically cleared by reading the register.
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13 Interrupts

The CRD89C51RA2 has a total of 8 interrupt vectors, they include two external
interrupts, three timer interrupts, one serial port interrupt, the EEI
interrupts, and a PCA interrupt.

Each of the interrupt sources can be individually enabled or disabled by setting
or clearing a bit in the IE, or the IEl register. This register also contains a
global disable bit, which must be cleared to disable all interrupts at once.

Interrupt Source Interrupt Vector Polling

sequence

External interrupt 0 0003h
Timer 0 000Bh o
External interrupt 1 0013h 5
Timer 1 001Bh ‘B
Serial Port 0023h 8
Timer 2 002Bh o
EEI 0033h 8

PCA interrupt 003Bh

13.1 SFR description

Mnemonic | Description | Direct | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | RESET
EEl interface
Interrupt Enable )
IE register A8h EA . ET2 ES ET1 EX1 ETO EX0 00h
) Interrupt Enable -
El 1 register A%h | - - - - . ~ | epca| k8D | oon
Interrupt Priority ,
IP register B8&h . . PT2 PS PT1 PX1 PTO PX0 00h
) Interrupt Priority
IP1 1 register B9h - - - - - - PPCA | PKBD | 00h
Mnemonic: |E Address: ABh
7 B 5 4 3 2 1 0 Reset
| EA \ - | ET2 \ ES | ET1 | EX1 \ ETO | EXO | 00h |

EA: Disable all interrupt. If EA = 0, no interrupt will be acknowledged. If EA =
1, each interrupt source is individually enabled or disabled by setting or
clearing its enable bit.

ET2: Timer 2 interrupt enable bit.

ES: Serial port interrupt enable bit.

ET1: Timer 1 interrupt enable bit.

EX1l: External interrupt 1 enable bit.

ETO: Timer 0 interrupt enable bit.

EX0: External interrupt 0 enable bit.
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Mnemonic: IE1 Address: ASh
7 6 5 4 3 2 1 0 Reset

. - 1 - 1 -1 - 1 - 1 - |EPCA| KBD | 00h |

EPCA: PCA interrupt enable bit.
KBD: EEI interrupt enable bit. Cleared to disable EEI interrupt. Set to enable
EEI interrupt.

Mnemonic: IP Address: B8h
7 6 5 4 3 2 1 0 Reset
\ - | - | PT2 | PS | PT1 | PX1 | PTO | PX0 \ 00h |

PT2: Timer 2 interrupt priority bit. PT2 = 1 is high priority.
PS: Serial port 0 interrupt priority bit. PS = 1 is high priority.
PT1l: Timer 1 interrupt priority bit. PT1 = 1 is high priority.
PX1l: External interrupt 1 priority bit. PX1 = 1 is high priority.
PTO: Timer O interrupt priority bit. PTO = 1 is high priority.
PX0: External interrupt 0 priority bit. PX0 = 1 is high priority.

Mnemonic: [P1 Address: BY9h
7 6 5 4 3 2 1 0 Reset
. - | - 1 - 1 - | - | - | PPCA| PKBD | 00h |

PPCA: PCA interrupt priority bit. PPCA = 1 is high priority.
PKBD: EEI interrupt priority bit. PKBD 1 is high priority.
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14 Power Management

14.1 1Idle Mode

Setting the IDLE bit of PCON register invokes the IDLE mode. During IDLE mode,
program execution is halted, leaving timers, serial ports and other clock
sources running. The CPU will exit idle mode when either an interrupt, or a
reset, occurs. Power consumption drops because the CPU is not active.

14.2 Power down mode
When the PD bit in the PCON register is set, the CPU enters the power-down mode

as idle mode does. But the peripherals are also stopped. To exit from power down
mode is done by a hardware reset or external interrupts.

14.3 SFR description

Mnemonic | Description [ Direct | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | RESET
Power Management
PCON | Power Control | 87h [SMOD| - | - | - | GF1 | 6F0 | PD | IDLE | 00h
Mnemonic: PCON Address: 87h
7 ] 5 4 3 P 1 0 Reset
|SMDD| - | | | GF1 | GFO | FD | IDLE | 00h |

GFl: General-purpose flag bit.

GF0: General-purpose flag bit.

PD: When set to “1”, the MCU will into Power-down mode.
IDLE: When set to “1”, the MCU will into IDLE mode.
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Operating Conditions
Symbol Description Min. Typ. | Max. | Unit. Remarks
TA Operating temperature -40 25 85 C Ambient temperature under bias
VCC5 Supply voltage 4.5 5.0 55 v
Fosc 25 Oscillator Frequency 2 25 25 MHZ

DC Characteristics

Symbol Parameter Valid Min. Max. Unit Test Conditions
VIL1 Input Low Voltage port 0,1,2,3,4 #EA -0.5 0.8 \%
VILZ Input Low Voltage RES, XTAL1 0 0.8 i
VIH1 Input High Voltage port 0,1,2,3,4 #EA 20| vecs0 5 \Y
VIH2 Input High Voltage RES, XTAL1 Jo%Vvee | Vec+05 Y
VOL1 Qutput Low Voltage port 0, ALE, #PSEN 0.45 W IOL=3.2mA
VoL2 Output Low Yoltage port 1,2,3,4 0.45 \% [OL=1.6mA
VOH1 Qutput High Voltage port 0 24 \Y IOH=-800UA
90%Vce W IOH=-B0uA
WOH2 | Qutput High Voltage port 1,2,3,4 ALE #PSEN 24 i IOH=-60uA
90%Vce v IOH=-T0uUA
I Logical 0 Input Current port 1,2,3,4 =75 uA Vin=0.45Y
ITL Logical Transition Current | port 1,2,3,4 -620 uA Vin=2.0v
IL1 Input Leakage Current port 0, #EA 10 uA 0.45V<Vin<Vcc
RRES | ReserPulldown RES 50 300 | Kohm
Clo Pin Capacitance 10 pF Freq=1MHz, Ta=25
| CC Power Supply Current Vdd 20 mA Active mode, 16MHz
6.5 maA Idle mode, 16MHz
50 uA Power down mode
Icc Active Mode Test circuit:
£
lcc
CRDBICHIRAZ -
VDD
PO
NC —XTAL2 EA
Clock Signal —XTAL1 RST
J__ Va5
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AC Characteristics

(16/25 MHz, operating conditions; CL for Port 0, ALE and PSEN Outputs=150pF; CL
for all Other Output=80pF)

Symbal Paramster Valid Cycle [ fosc=18MHz Variable fosc Unit | Remarks
Min, |Typ.| Max [ Mn. | Typ | Max
TLHLL  [ALE pulse width ROMRT | 115 26T -10 nS
TAVLL  |Address Valid to ALE low ROMRT 43 T-20 nS
TLLAYX  |Address Held afier ALE low ROMRT 53 T-10 nS
TLLW  |ALE low to Valid Instruction In RD 240 &T-10 | n5
TLLPL  [ALE low fo #PSEN low RO b3 T-10 ns
TPLPH  [#PSEN pulse width RO 173 3T -15 nS
TPLIV  [#PSEN low to Valid Instruction In - |RD 177 3T-10 | nS
TPXIX  |Instruction Hold after #PSEN RO 0 0 nS
TPXIZ nstruction Float afier #25EN RO g7 T+23 | nE
TAVIV  |Address fo Valid Instruction In RO 282 BT -20 | nS
TPLAZ  |[#PSEN low o Address Float RO 10 10 nS
TRLRH  [#RD pulse width RO 365 fxT - 10 nS
TWLWH [#WR pulse width WRT 205 BT - 10 nS
TRLDY R0 low to Valid Data In RD 302 fxT-10] nS
TRHCX  |Data Hold afier 250 RO 0 0 nS
TRHCZ  |Data Float afer #R0 RO 145 2eT+20 | nS
TLLEY  [ALE low fo Valid Data In RO 580 ExT-10] nS
TAVDY  |Address fo Valid Data In RO M2 BT -20] nS
TLLYL  |ALE low to #WR High or #R0 low |RDWRT | 178 197 | 3aT-10 J3kT+10 | nS
TAVYL  |Address Valid to #WR or#20 bow |RDWRT | 220 4xT-20 nS
TQVWH  |Data Valid 1o #WR High WRT 402 TaT-23 nS
TQVWX  |Data Valid to #WR transition WRT 38 T-25 ns
TWHQX |Data hold after #WR WRT T T+10 nS
TRLAZ  |ZRD low to Address Float RD 4] ns
TYALH  [#WR or#R0 high to ALE high ROMWRT a3 72| T-0 T+10 | nS
TCHCL  [clock fall tme nS
TCLZX  |chock low time ns
TCLCH  |clock rise time nS
TCHCE  |elock high time ns
T, TCLCL |clock pericd i 1ffose nS
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Application Reference

Valid for CRDBICH1RAZ
X'tal 2MHz EMHz 10MHz 12MHz
Cl | 47pF | 35pF 30 pF 30 pF
C2 | 47pF | 35pF WpF | 30pF
A'tal | 16MHz | 25MHz
C1 | 30pF | 25pF
C2 | 30pF | 25pF
NOTE:

resonators,
ceramic resonator,

The user should check with the crystal,
order to obtain advice on the appropriate values of the external components.
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C?_F[_\ {31/]\

gil CRDZAC5RAZ
o

XTALZ

A TALT

o
L)

The oscillation circuit may vary with different crystals,
in higher oscillation frequencies. This is due
having its own characteristics.

or ceramic
to each crystal, or

or ceramic resonator, manufacturer in
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T12 T 12 T3 T4 T TE T? ™ 1] TI0 ™ T3 T Ta T3
SRS o A 1 A 0 8 O 5
ALE 4 N\
H#HPSEN
#RD \\
PORT2 ADDRESS A15] A0 X
PORTO ( IMST | Flost ATEAD Flgat DATA i Float i
ADDRESS
or Float
Program Memory Read Cycle Timing
TIZqy Ti | T2 9| T4 | TE| TE [ T | TH TOo T TH (TIZ | T | T2
. = LI L gaglyRpepiy sy sss
ALE / Pa
#PSEN / N
#R D AANR
v/
FRIRL= ADDEESSA |5 - A ADDRESS A1E - A2 ).
AR Float A7 - Al Flaa] taTin | |Finatl SCak-an [T roat 3 ingTin  |] Fuoat
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Data Memory Write Cycle Timing

T2 Tl

TeoTao, T4 p TE O TE o TP TR TE O THOTH UM TEO TR TR
S =T 5 e e e e e A
ALE
#PSEN
#WR /
PORT? ACORESS A15 ] a8
PORTOD ( ) .II'J-".'—'I Float 4;.‘ . A0 CunTa .-I‘-:l[r'll"lcﬁl?aFt:ﬂr'%
I/0 Ports Timing
w |7 omw |m o |yt |[Mm T o™ T8 T W
e lpipiyipigipipipipipipipips
_________«c A
inputs PO.P1 rd
sa|'r|:|IE|:|
[
inputs P2,P3 < I3
Cutput by cumert data ){ next data
Mers P, Sre
RxD at Serial Port |
sr:flfl?‘:c::%‘} i-d—h sampled
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Critical Timing Requirement of External Clock (Vss=0.0V assumed)

I TELCL
dd-0. SV“J_%@G T
{1455 2% eld-0.7 ‘ -

— T

i |
|

TOLOH — - - TTHTE —
Ted oH

Tm.I External Program Memory Read Cycle

TPLPH
_)"" \4\‘ ¥ \‘\
#PSEN S
b _’J
ALE Fi TLHLL ._:l_-q— TLLEL

| TEVLL i TLLAX TPLAZ i
- g

. it i LI
PORT O ;-'—-{ Ad- AT '1} ’_‘Lmarunton. I 1}:}—:}%{ AL - AP /,_,:

TPLIY

|*._________1vw hﬂ
EQORT 2 % AB - A1S yi AR-ALS
Tm.II External Data Memory Read Cycle
#PSEN // " p
TYHLH
ALE S \ "I—P}-l’_ Y
o \1? J/I \\ /
TLLDV -
': TUYL ol oy TRLES -
\
#RD ‘ \‘
TeLL /
i-—I-H TLLAX - TRLDY— - TRHDZ

TRLAL  |-—
- AT VAV AV
FORT 0 j—{ from Fiof DFL *ﬁ A A

A oen-ar w7 mETRL
ANA YA /"' .. from BCL . IM
1AV YL -~
TAVDY -
LR
PORT 2 }L P20 - P27 or AB- A15 from DPH }& A3~ A5 from PCH
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Tm.IIT External Data Memory Write Cycle

I
/

- TLLYL _p.|..._ TWLNH  —— -

#PSEN  /
N
o\
ME =*
#WR TaVLL | A
|+|-- TLLAX |‘L‘L

k)

%

#

TWHX
- TOuwH _._*.-—-_

\’ e AD-aT |V A\ ,ffr ADAT \\’ < INSTAL
PORTO - fruan Mol DFL / DATA OUT \/“\ Framect s _':‘\‘ (]

Py il # NG

‘q— TESL -
L
i \f

PORT 2 / FZOLFZT or LH-A15 fram DR L 48415 Trom POH

Y L,
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40L PDIP (600mil) Package outline:

n

fh b b ch b bbb

fh oh ot o ch oo b oh

| |
e ¢
Sy L) | N
v
\._J___./) | /
| |
%u}#jL@-Lthwiuw Qr o7 7 7 Q1 7 47 o
s B | Bl : E
i — = 4 +
AAB f T Al >
| | | 1 l | 1 $ I
i I I l|
' El
I.
eB
Dimension in mm Dimension in inch
Symbol
Min Nom Max Min Nom Max
A 5.59 0.220
Al 0.25 0.010
A2 3.18 405 0.125 0.195
B (.36 0.58 0.014 0.023
Bl 0.76 1.78 0.030 0.070
C 0.20 0.38 0.008 0.015
D 50.20 53.21 1.980 2.005
E 14.99 15.88 0.590 0.625
El 12.32 14.73 0485 0.580
e 2.54 0.100
eB 15.24 17.78 0.600 0.700
L 2021 5.08 0.115 0.200
s 243 0.096
i ] 0= 15° 0= 15°
Note:

1. Dimensions D & EI1,

body dimensions,

2. Dimension Bl does not include dambar protrusion.

including mold mismatch.
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"fl-‘x ‘-I’C.l._l
o |__.'."\ Y
a5% F
3 (5] 1 g 40
‘-I\l_l ||:|"|"|'51|§|'§||5|
i = | --aa
=
= =)
= 3-
= = g =2 Bzl El
= =
_i 3..
1715 120
I;..EJ I|EI IIII II:LI éllél
LH 28
lil ]-i
i
J@ﬁ[ﬂ L\ Elrﬂ Iﬂ i
L ALE
i -
Dimension in mm Dimension in inch
Syvmbol
Min Nom Max Min Nom Max
A 419 — 470 0.165 — 0.185
Al 051 — 0.65 0.020 — 0026
A2 368 401 0.145 0.158
B 033 0.56 0013 0.022
Bl 0.66 081 0.026 0.032
C 018 033 0.007 0013
D 1727 17.78 0680 0.700
D1 16 46 16.71 0648 0.658
D2 1499 16.00 0.5300 0.630
E 1727 17.78 0680 0.700
El 16 46 16.71 0648 0.658
E2 1490 16.00 0.500 0.a30
e — 1.27 — 0.050
L 229 305 0,000 0120
¥ — 0.10 0.004

Note:

1. Dimensions D1 & El, do not include mold protrusion.
2. Dimension Bl does not include dambar protrusion.
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44L PQFP Package Outline:

| Panninn] |
g2 = B
— | =T ]
| Py

12 22
T | =T '_-r_"_!
awinnna e
mzf%_'l_fhlj;h:rll |||_|JLI_IEI_I|I_I|I:___JUL!_T_I:J_H_EIL_T_E
. -
| |

: (A
1 - — T --___J____._'_ __—_'_|_c.:5
J\.1—. _ _T_____E-‘_ - v
SEATING PLANE Iﬁ

Symbol Dimension in mm Dimens i_on in inch

Min Nom Max Min Nom Max
A 270 0.106
Al 0.05 — 0.50 0.002 0.020
Az 1.00 — 220 0.075 0.087
B 0.20 — 0.45 0.011 0.018
c 0.10 — 023 0.004 0.009
D 13.00 — 13.40 0.312 0.528
D1 900 — 10.10 0390 0.398
E 132.00 — 13 .40 0.512 0.528
E1l .00 — 10.10 0390 0.398
e — 0.80 — 0.031
L 0.73 — 1.03 0.029 0.041
L1 — 1.60 — 0.063
¥ — 0.10 — 0.004
g 0= — 7 o= — 7°

Note:
1. Dimensions D1 & El1, do not include mold protrusion.
2. Dimension Bl does not include dambar protrusion.
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