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Revision History

Version Revision

1.0 The first-time released.

(1) Update AUXR reset value in Section 2.
1.1 (2) Add OSCDN=0 condition in Section 16.
(3) Modify OSCDN description in Section 17.

(1) Modify Section 0 to “Features”.

(2) Update part no in Section 1.

(3) Add more description for in Section 12.

(4) Add short introduction to ISP in Section 14.

1.2 (5) Add reference index to Section 15.

(6) Re-arrange the sequence from Section 16 to Section 21.
(7) Change “(Invalid)” to “(for IAP)” in Section 18.

(8) Add a new section, Section 20, “Power Consumption”.
(9) Add a new section, Section 21, “How to reduce EMI".

(1) Modify the contents in Section 13.

(2) Refine Section 14, and add new Section 14-7.

(3) Update the attached file for “ISP technical support” in Section 14.
1.3 (4) Release “FZWDTCR?” bit in OR1, Section 17.

(5) Modify HWBS description in Section 17.

(6) Add new Section 19-2.

(7) Add a new section, Section 22, “UART Baudrate Setting”.

1.4 (1) Correct XICON description in Section 2.

(1) Add “ISP Mode Select Table” and remove attached “ISP Technical Support” in Section 14.

15 (2) Revise test lpwdn to be < 1.0 uA, in Section 20
(3) Add a new section, Section 23.
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0. Features

e Compatible with Standard 8051 MCU
e Flash Program Memory with In-System-Programming (ISP) Capability

* Including All the 8052 Features, and New Powerful Features Are Added:
- Extended General Purpose I/O Port, P4
- On-chip eXpanded RAM (XRAM)
- Second DPTR
- Up/Down Counting of Timer 2
- Programmable Clock-Out
- Enhanced UART
- Eight Interrupt Sources
- Four-Priority-Level Nested Interrupt Structure
- Wake-up from Power-down by External Interrupt
- One-time Enabled Watchdog Timer (WDT)
- Reduced EMI Mode
- Non-volatile Data Application using In-Application-Programming
- Power-ON Flag

e 12T-mode and 6T-mode Operation

» Operation Speed: up to 48 MHz @12T-mode or 24MHz @6T-mode
» Security Bits (LOCK, SB and MOVCL)

» EMI Reduction Bit (OSCDN)

* Endurance: 10,000 Write/Erase Cycles

» 3.3V (L-series) and 5V (E-series) Available

» Packages: 40-pin DIP, 44-pin PLCC and 44-pin QFP
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Pin Assignment
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2. Special Function Reqgisters

The Traditional 8052 SFRs

SYMBOL DESCRIPTION ADDRESS SE BIT ADDRESS, SYMBOL, OR ALTERNATE PORT FUNCTION - SEEEE
ACC* |Accumulator EOH 00H
B* B Register FOH 00H
pPSwW* |Program Status Word DOH %7\? I?fc';l DF50H Bg‘: gg‘; %ZVH D:}H DgH 000000x0B
SP Stack Pointer 81H 07H
DPH [Data Pointer High 83H O00H
DPL |Data Pointer Low 82H O0H
po*  |Porto 80H 87H 86H 85H 84H 83H 82H 81H 80H FEH

P0.7 P0.6 P0.5 P0.4 P0.3 P0.2 PO0.1 P0.0

91H 90H
97H 96H 95H 94H 93H 92H
*
p1* |Portl 90H P17 P16 P15 PlL4 P13 P12 1?21& PTléO FFH

A7TH  A6H _ ABH _ A4H _ A3H _ A2H _ AIH __ AOH
*
p2* |Port2 AOH P27 P26 P25 P24 P23 P22 P21 P20 FFH

B7H B6H B5H B4H B3H B2H B1H BOH

p3* Port 3 BOH P3.7 P3.6 P3.5 P3.4 P3.3 P3.2 P3.1 P3.0 FFH
RD WR T1 TO /INT1 /INTO TXD RXD
e BFH BEH BDH BCH BBH BAH B9H B8H
*
IP Interrupt Priority B8H ) _ PT2 PS PT1 PX1 PTO pxo |X0000000B
AFH AEH ADH ACH ABH AAH A9H A8H
*

IE Interrupt Enable A8H EA _ ET2 ES ET1 EX1 ETO EX0 O0H
TMOD [Timer Mode 89H GATE C/-T M1 MO GATE C/-T M1 MO OOH
. 8FH 8EH 8DH 8CH 8BH 8AH 89H 88H

*
TCON* |Timer Control 88H TF1 TR1 TFO TRO IEL IT1 IEO ITO O0H
. CFH CEH CDH CCH CBH CAH C9H C8H
*

T2CON* |Timer 2 Control Cc8H TF2  EXF2 RCLK TCLK EXEN2 TR2 cCiT2 cpl-riz2| O0H
THO |Timer 1 High 8CH O0OH
TLO |Timer O Low 8AH OOH
TH1 |Timer 1 High 8DH O00H
TL1 Timer 0 Low 8BH O0OH
TH2 |Timer 2 High CDH O0OH
TL2 Timer 2 Low CCH OOH

RCAP2H [Timer 2 Capture High CBH O0H

RCAP2L [Timer 2 Capture Low CAH O00H

«F . 9FH 9EH 9DH 9CH 9BH 9AH 99H 98H
SCON?*" |Serial Port Control 98H SMO/FE  SM1 SM2 REN TBS RBS TI RI O00H
SBUF |Serial Data Buffer 99H XXXXXXXXB
PCON+ Power Control 87H SMOD SMODO - POF GF1 GFO PD IDL 00xx0000B
Notes:

*: bit addressable
"+ modified from the 8052 SFRs
-: reserved bit
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The New-added SFRs for MPC89L51/52/53/54/58/515 & MPC89E51/52/53/54/58/515

BIT ADDRESS, SYMBOL, OR ALTERNATE PORT FUNCTION RESET
SYMBOL DESCRIPTION ADDRESS MSB LSB VALUE
AUXR# Auxiliary 8EH - - - - - - EXTRAM  AO XXxxxx00B
AUXRl# Auxiliary 1 A2H - - - - GF2 - - DPS XXXXXXX0B
IPH# Interrupt Priority High B7H - PADCH PT2H PSH PT1H PX1H PTOH PX0OH |x0000000B
+H EFH EEH EDH ECH EBH EAH E9H E8H
P4 Port 4 E8H ) _ _ _ P43 P42 P41 P4.0 XXxx1111B
SADEN” [Slave Address Mask |  B9H 00H
SADDR’ |Slave Address A9H 00H
T2MOD” [Timer 2 Mode Control C9H - - - - - - T20E DCEN | xxxxxx00B
«# |External Interrupt C7H C6H C5H C4H C3H C2H C1H COH
XICON™ | coprol COH PX3  EX3 IE3 IT3 PX2  EX2 IE2 T2 | 000000xB
WDTCR# Watch-dog Timer E1H - - ENW CLRW WIDL PS2 PS1 PSO [ xx000000B
ISPCR# ISP Control Register E7H ISPEN SWBS SWRST - - ICK2 ICK1 ICKO OOH
IFMT"  [ISP Mode Table E5H xxxx0000B
#|ISP Flash
IFADRH Address High E3H O0OH
# ISP Flash
IFADRL Address Low E4H 00H
IFD*  |ISP Flash Data E2H 00H
# |ISP Sequential
SCMD Command E6H XXXXXXXXB
Notes:
*: bit addressable
#: new-added
- reserved bit
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3. Extended General Purpose |/O Port, P4

There is an extended bit-addressable GPIO port, P4 (P4.0~P4.3), for the 44-pin PLCC & QFP packages. Also,
P4.2 and P4.3 have the alternate interrupt function, /INT3 and /INT2, respectively.
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4. On-chip eXpanded RAM (XRAM)

In addition to the traditional 256 bytes of internal RAM, the MPC89L(E)51/52/53 has 256 bytes of expanded
RAM (XRAM), while the MPC89L(E)54/58/515 has 1024 bytes. Clear EXTRAM bit (in AUXR, bit 1) to enable
XRAM accessing. User can use the instructions “MOVX @Ri” or “MOVX @DPTR” to access XRAM. While
executing these instructions, the I/O status of PO, P2, P3.6 (/WR) and P3.7 (/RD) are not changed, and they still
function as GPIO (General Purpose 10).

Set EXTRAM bit will disable XRAM accessing (but leave XRAM unchanged), and both “MOVX @Ri” and
“MOVX @DPTR” will access the external data memory as the traditional 8051 does.

AUXR (Auxiliary register)
7 6 5 4 3 2 1 0
- - EXTRAM AO

DEXTRAM: Set to enable external data memory accessing.
AO: Set to turn off ALE output.

For KEIL-C51 compiler, to assign the variables to be located at XRAM, the “pdata” or “xdata” definition should
be used. After being compiled, the variables declared by “pdata” and “xdata” will become the memories
accessed by “MOVX @Ri” and “MOVX @DPTR?”, respectively. Thus the MPC89L(E)51/../515 H/W can access
them correctly. See the following descriptions, which is obtained from “Keil Software — Cx51 Compiler User’s
Guide”.

Explicitly Declared Memory Types

Yon may specify where vanables are stored by inchuding a memory tvpe
specifier i the vanable declaration

The follownng table summmmanzes the available memory type specitiers

Mamory Type  Description

code Frogram memany (64 KByies): accessed by oprode MOAT a+DETR.

Drectly addressable inlemal data memory, tasiest accass o variahlkes
(118 tytes

Indinectly addressabie internal data memory, accessed acoss. e full imemal
address spaoe (256 byles).

data
il
holata Gat-addrassable inBmal data Memany, SUDPRS mined W and Dyie GCCa55
{15 rybes),

Kdaim

Tar

pdata

External data memory {5 KEytes), aocessed by apeode MOV EDPTR.

Extended RAM ard ROM mamony spaces (up o 16ME]; accessed by user
dalined routinegs or specific chip exdensions (Prilics S0C5 10X, Dalas 290)

Faged {256 Eytes) exiemal data memony, aciessed by opcode MOV ERR.

As with the signed and unsigned attnbutes, vou may inchude memory type
specifiers m the varable declaration.

Example:

char data vagly

char code tent[] = "EDNTER FARANETER:";
apilgned leag xdata arsay [100]

float idata X, ¥, 07

unsigned int pdata dinensiom;
aneigned char xdata vector (10] (4] (40
char bdata flagw;
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5. Second DPTR

The dual DPTR structure (see the following Figure) is a way by which the chip can specify the address of an
external data memory location. There are two 16-bit DPTR registers that address the external memory, and a
single bit called DPS (in AUXR1, bit 0) that allows the program code to switch between them.

/—/_’\/

(83h) (82h)

5 | | 1 pps=0 ! l

DPTRO|  DPH DPL l
DPTR1| DPH DPL e | |
. DPS=1 | :

//_’\J

Selected by DPS External Data Memory
(AUXR1, bit0)

DPTR Instructions

The six instructions that refer to DPTR currently selected using the DPS bit are as follows:

I NC DPTR ;Increments the data pointer by 1

MOV  DPTR, #dat al6 ; Loads the DPTR with a 16-bit constant

MOV A, @GA+DPTR ; Move code byte relative to DPTR to ACC
MOVX A, @PTR ; Move external RAM (16-bit address) to ACC
MOVX @PTR, A ; Move ACC to external RAM (16-bit address)
JWP  @\+DPTR ;Junp indirect relative to DPTR

AUXR1 (Auxiliary 1 register)
7 6 5 4 3 2 1 0
- - - - GF2 - - DPS

GF2: General purpose flag.
DPS: DPTR selector, Clear/Set to select DPTRO/DPTR1, respectively.
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6. Up/Down Counting of Timer 2

In the 16-bit auto-reload mode, Timer 2 can be configured as either a timer or a counter by C/T2 (T2CON.1),
then be programmed to count up or down. The counting direction, up or down, is determined by bit DCEN (in
T2MOD, bit 0) and pin T2EX (P1.1).

The reset value of DCEN bit is 0, which makes Timer 2 function as the standard 8052 (always count up). If
DCEN=1, Timer 2 can count up or count down according to the logic level of the T2EX pin.

When a logic-1 is applied at T2EX pin, Timer 2 will count up.

It overflows at the transition of [TH2,TL2] from #FFFFH to #0000H. At this time, TF2 flag (T2CON.7) is set by
hardware and CPU will enter the interrupt service routine if the interrupt is previously enabled. Simultaneously,
this overflow causes the 16-bit value of [RCAP2H,RCAP2H] to be reloaded into [TH2,TL2].

When a logic-0 is applied at T2EX pin, Timer 2 will count down.

It underflows when [TH2,TL2] becomes equal to [RCAP2H,RCAP2L]. At this time, TF2 flag is set by hardware
and CPU will enter the interrupt service routine if the interrupt is previously enabled. Simultaneously, this
underflow causes the value OXFFFF to be reloaded into the [TH2,TL2].

The external flag EXF2 (T2CON.6) toggles when Timer 2 overflows or underflows. It can be used as the 17th bit
of resolution if needed. The EXF2 flag does not cause an interrupt while DCEN=1.

Timer 2 in Auto-Reload Mode (with DCEN=1)

I COUR TR G RELCED WaLUE:

i

}C i -

AT R

CILUMT
MIRECTIECH
1=LY

18 DR

111 &
_L__. : . n: | Lovemnow A} mrcnen
Y

Akl LaATH

=12 Toe 12T rade,
ard =k foral mods F Ol TIHG RELSAD ViRl LE TIEX PN
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T2MOD (Timer 2 Mode Control register)
7 6 5 4 3 2 1 0
- - - - - - T20E | DCEN

T20E: Timer 2 Output Enable bit.
DCEN: Down Count Enable bit.

T2CON (Timer 2 Control Register)
7 6 5 4 3 2 1 0
TF2 EXF2 RCLK | TCLK | EXEN2 TR2 C/T2 | CP/RL2

TF2: Timer 2 overflow flag 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 set when either a capture or reload is caused by a negative transition on T2EX pin
and EXEN2=1. When Timer 2 interrupt is enabled, EXF2=1 will cause the CPU to vector to the Timer 2 interrupt
routine. EXF2 must be cleared by software. EXF2 does not cause an interrupt in up/down mode (DCEN = 1).

RCLK: Receive clock flag. When set, causes the serial port to use Timer 2 overflow pulses for its receive clock
in modes 1 and 3. RCLK=0 causes Timer 1 overflow to be used for the receive clock.

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

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

TR2: Start/stop control for Timer 2. A logic 1 starts the timer.

C/T2: Timer or counter select. When cleared, select internal timer, when set, select external event counter
(falling edge triggered).

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

MEGAWIN MPCB89L(E)51/52/53/54/58/515 Technical Summary 11



7. Programmable Clock-Out

A 50% duty cycle clock can be programmed to come out on P1.0. Besides being a regular 1/0 pin, P1.0 has two
alternate functions as shown below.

P1.0 Alternate Functions

Function C/T2 (T2CON.1) T20E (in T2MOD, bit 1)
Timer 2 external clock input (T2) 1 0
50% duty cycle clock output 0 1

To configure the Timer/Counter2 as a clock generator, bit C/T2 (T2CON.1) must be cleared and bit T20E (in

T2MOD, bit 1) must be set. Of course, bit TR2 (T2CON.2) also must be set to start the timer.

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

Operating Frequency

n x (65536-[RCAP2H,RCAP2L])

where,

n=4 for 12T mode
=2 f

or 6T mode

In the Clock-Out mode, Timer 2 roll-overs will not generate an interrupt. This is similar to when it is used as a
baud-rate generator. It is possible to use Timer 2 as a baud-rate generator and a clock generator

simultaneously. Note that the baud-rate, however, and the clock-out frequency will be the same.

T2MOD (Timer 2 Mode Control Register)

7 6

5

4

T20E | DCEN

T20E: Timer 2 Output Enable bit.
DCEN: Down Count Enable bit.

12

MPCB89L(E)51/52/53/54/58/515 Technical Summary

MEGAWIN



8. Enhanced UART

8.1 Frame Error Detection

While the SMODO bit (in PCON, bit 6) is set, the hardware will set the FE bit (SCON.7) when an invalid stop bit
is detected. The FE bit is not cleared by valid frames but should be cleared by software.

SCON (Serial Port Control Register)

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

SMO: Serial Port Mode bit0 (while SMODO0=0).
FE: Frame Error bit (while SMODO0=1).

PCON (Power Control Register)
7 6 5 4 3 2 1 0
SMOD | SMODO - POF GF1 GFO PD IDL

SMODO: 0 to let SCON.7=SMO, and 1 to let SCON.7=FE.
POF: Power-ON Flag.

ﬂ\ /FXXXXXXX)‘()T J

| il - = -
START DT I T OHLY M SE0
4l MODEL DY @ T

i——— RET FE NIT F STOF AT IS O (FRAN NG FRRDR)
w
&r] B GG T LR RBIDE COR TROL

L4 I FI EITE] qhia LM BE: & Ti T "__'I_H

PO

SN0 S0 W T FI i il S TH
SO T TN
i AL T = FE

8.2 Automatic Address Recoqgnition

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

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

Mode 0 is the Shift Register mode and SM2 is ignored.
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Using the Automatic Address Recognition feature allows a master to selectively communicate with one or more
slaves by invoking the Given slave address or addresses. All of the slaves may be contacted by using the
Broadcast address. Two special Function Registers are used to define the slave’s address, SADDR, and the
address mask, SADEN.

SADEN is used to define which bits in the SADDR are to be used and which bits are “don’t care”. The SADEN
mask can be logically ANDed with the SADDR to create the “Given” address which the master will use for
addressing each of the slaves. Use of the Given address allows multiple slaves to be recognized while
excluding others.

The following examples will help to show the versatility of this scheme:

Slave 0
SADDR = 1100 0000
SADEN = 1111 1101
G ven = 1100 00X0
Sl ave 1
SADDR = 1100 0000
SADEN = 1111 1110
G ven = 1100 000X

In the above example SADDR is the same and the SADEN data is used to differentiate between the two slaves.
Slave 0 requires a 0 in bit 0 and it ignores bit 1. Slave 1 requires a 0 in bit 1 and bit O is ignored. A unique
address for Slave 0 would be 1100 0010 since slave 1 requires a 0 in bit 1. A unique address for slave 1 would
be 1100 0001 since a 1 in bit O will exclude slave 0. Both slaves can be selected at the same time by an
address which has bit 0 = 0 (for slave 0) and bit 1 = 0 (for slave 1). Thus, both could be addressed with 1100
0000.

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

Slave 0
SADDR = 1100 0000
SADEN = 1111 1001
G ven = 1100 OXX0
Sl ave 1
SADDR = 1110 0000
SADEN = 1111 1010
G ven = 1110 OXO0X
Sl ave 2
SADDR = 1110 0000
SADEN = 1111 1100
G ven = 1110 00XX

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

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

Upon reset SADDR (SFR address 0A9H) and SADEN (SFR address 0B9H) are leaded with Os. This produces a
given address of all “don’t cares” as well as a Broadcast address of all “don’t cares”. This effectively disables the
Automatic Addressing mode and allows the micro-controller to use standard 80C51 type UART drivers which do
not make use of this feature.

14 MPCB89L(E)51/52/53/54/58/515 Technical Summary MEGAWIN
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9. Eight Interrupt Sources and Four-Priority-Level Nested Structure

The MPC89L(E)51/52/53/54/58/515 have eight interrupt sources as shown in the following table.

Interrupt Source

Polling Priority

Interrupt Vector Address

IEO (highest priority) 0003H
TFO 000BH
IE1 0013H
TF1 001BH
RI+TI 0023H
TF2+EXF2 002BH
IE2 0033H
IE3 (lowest priority) 003BH
IE (Interrupt Enable Register)
7 6 5 4 3 2 1 0
EA - ET2 ES ET1 EX1 ETO EXO0
XICON (External Interrupt Control Register)
7 6 5 4 3 2 1 0
PX3 EX3 IE3 IT3 PX2 EX2 IE2 IT2

PX3: defines the priority level of /INT3 interrupt. If PX3=1, the /INT3 interrupt has the higher priority level.

EX3: enables or disables the /INT3 interrupt. If EX3=1, the /INT3 interrupt is enabled.

IE3: /INT3 interrupt edge flag. Set by hardware when external interrupt edge detected. Cleared when
interrupt processed.

IT3: /INT3 type control bit. Set/cleared by software to specified falling-edge/low-level triggered.

PX2: defines the priority level of /INTZ2 interrupt. If PX2=1, the /INT2 interrupt has the higher priority level.

EX2: enables or disables the /INT2 interrupt. If EX2=1, the /INT2 interrupt is enabled.

IE2: /INTZ2 interrupt edge flag. Set by hardware when external interrupt edge detected. Cleared when
interrupt processed.

IT2: /INT2 type control bit. Set/cleared by software to specified falling-edge/low-level triggered.

IP (Interrupt Priority Register)

7 6 5 4 3 2 1 0
- - PT2 PS PT1 PX1 PTO PX0
IPH (Interrupt Priority High Register)
7 6 5 4 3 2 1 0
PX3H PX2H PT2H PSH PT1H PX1H PTOH PX0H
16 MPC89L(E)51/52/53/54/58/515 Technical Summary MEGAWIN



The IPH register combined with IP register makes the four-level interrupt structure possible. The priority level of
each interrupt is determined according to the following table.

IPH IP Priority Level
1 1 Level 3 (highest)
1 0 Level 2
0 1 Level 1
0 0 Level O (lowest)

For example, if (PT1H,PT1)=(1,0), then priority level of Timer 1 interrupt is 2, which is higher than level 1 with
(PT1H,PT1)=(0,1) and level 0 with (PT1H,PT1)=(0,0).
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10. Wake-up from Power-down by External Interrupt

Entering power-down mode, which is invoked by software, can save even more power. In power-down mode,
the oscillator is stopped and the instruction that invokes power-down is the last instruction executed. And, the
SFRs and on-chip RAM/XRAM retain their values.

Either hardware reset or external interrupt (/INTO, /INT1, /INT2 or /INT3) can be used to exit from power-down
mode. Hardware reset initializes all the SFRs but does not change the on-chip RAM/XRAM, while external
interrupt allows both the SFRs and the on-chip RAM/XRAM to retain their values. To properly exit from power-
down mode, the external interrupt which is selected for waking up CPU must be enabled before power-down.
After power-down, trigger the selected external interrupt to wake up the CPU. Once the interrupt is serviced, the
next instruction (after RETI) to be executed will be the one following the instruction that invoked the power-down
mode. Note, this instruction must be a “NOP”.

Sample code for Wake-up-from-power-down (/INTO is used in this code)

BRI I O O O O R I S O O
1

Wake- up-from power-down by /I NTO interrupt
IR S SRS SRS SRR EEEREEEEEEEEEEEEESESEREREEEREEEEEEEEEERESEEREREEEEESEEEEREEEEEEEEEEEEEEEEEEEEEEEEE]
;

I NTO BI T 0B2H ; P3.2
EA BI T O0AFH ;TE 7
EX0 BI T 0A8H ;1E. 0
CSEG AT 0000h
JWP start
’ CSEG AT 0003h ;INTO interrupt vector, address=0003h
JwP I EO_i sr
I EO_isr:
CLR EXO
; do sonet hi ng
RETI
start:
SETB | NTO ;pull high P3.2
CLR I EO ;clear INTO interrupt flag
SETB I TO ;may select falling-edge/lowlevel triggered
SETB EA
SETB EXO ;enabl e I NTO interrupt
ORL PCON, #02h ;i nvoke power-down
;... Now, CPUis in power-down node
Wait for an external falling-edge on | NTO-pin
NOP ;! Note: here nust be a NOP
wake_up:

J1f

| NTO( P3. 2)

; the MCU wi Il wake up,
;then return here to run continuously !

P

is triggered by a falling-edge,

and enter "I EO_isr",
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11. One-time Enabled Watchdog Timer (WDT)

The WDT is intended as a recovery method in situations where the CPU may be subjected to software upset.
The WDT consists of a 15-bit free-running counter, a 8-bit prescaler and the WDT control register (WDTCR).
The WDT is disabled at reset. To enable the WDT, user must set ENW bit in the WDTCR. When the WDT is
enabled, it will increment every machine cycle (12 clocks in 12T mode, and 6 clocks in 6T mode), and there is
no way to disable the WDT except through reset (either hardware reset, software reset or WDT reset).

When WDT is enabled, the user needs to service it by writing 1 to the CLRW bit to avoid WDT overflow. When
the 15-bit counter overflows, the chip reset signal will reset the MCU.

WDTCR (Watch-Dog-Timer Control Register)
7 6 5 4 3 2 1 0
- - ENW CLRW | WIDL PS2 PS1 PSO
Note: This is a Write-only register.

ENW: Set to enable WDT. This bit can only be cleared by any kind of reset. Software can not clear it.

CLRW: Write 1 to this bit to clear WDT. After WDT cleared, it is automatically cleared by H/W.

WIDL: Set this bit (1! Clear this bit for MPC89L516(556)x2) to let WDT keep counting while the MCU is in the Idle mode.
PS2~PS1: Used to determine the prescaler value.

WDT Block Diagram

Clock source:
Fosc/12, or Fosc/6 PSZ,P§1,PSO

Prescaler |
ENW | 15-bit counter ——p» Chip reset
Y ] when overflow

|
s
|
|
1:in Idle mode 7
0: otherwis |

WIDL = 16

CLRW
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WDT overflow period

The WDT overflow period is determined by the following equation:

(N x Prescaler x 215) / Fosc, where: N=12 for 12T mode, N=6 for 6T mode.

The following table shows the WDT overflow period for MCU running at 12MHz. The period is the maximum
interval for user to clear the WDT to prevent from chip reset.

Example of WDT Overflow Period, @Fosc=12MHz

PS2 PS1 PSO Prescaler value 12T mode 6T mode
0 0 0 2 65.536 ms 32.768 ms
0 0 1 4 131.072 ms 65.536 ms
0 1 0 8 262.144 ms 131.072 ms
0 1 1 16 524.288 ms 262.144 ms
1 0 0 32 1.048 s 524.288 ms
1 0 1 64 2.097 s 1.048 s
1 1 0 128 4.194 s 2.097 s
1 1 1 256 8.389s 4.194 s

Sample code for Watchdog Timer

Condition: MCU runs at 12MHz and at 6T mode
Target: WDT Overflow Period = 524.288ms

WDTCR _buf DATA 30h ;declare a buffer for WDTCR
; (because WDTCR is a Wite-only register)

start:

MOV WDTCR_buf,#00h ;clear buffer for WDTCR

ANL WDTCR_buf,#0F8h ;(PS2,PS1,PS0)=(1,0,0), prescaler=32

ORL WDTCR_buf,#04h ;@12MHz/6T, WDT_Overflow_Period=524.288ms

MOV WDTCR,WDTCR_buf ;

ORL WDTCR_buf,#20h ;enable WDT

MOV WDTCR,WDTCR_buf ;
main_Jloop:

ORL WDTCR_buf,#10h ;clear WDT
MoV WDTCR,WDTCR_buf ;

3MP main_JRloop

ANL WDTCR_buf,#0DFh ;disable WDT
MoV WDTCR,WDTCR_buf ;
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12. Reduced EMI Mode

Set the AO bit (in AUXR, bit 0) will turn off the ALE output unless the CPU needs to access external data
memory or run out of external program memory. This may reduce EMI (Electro Magnetic Interference) in some
degree.

AUXR (Auxiliary Register)
7 6 5 4 3 2 1 0
- - EXTRAM AO

EXTRAM: Set to enable external data memory accessing.
AOQ: Set to turn off ALE output.
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13. 12T Mode and 6T Mode

The standard 8051 MCU can only run at 12T mode ( each machine-cycle has only 12 clocks ). While the
MPCB89L (E)51/52/53/54/58/515 can also run at 6T mode ( each machine-cycle has only 6 clocks ). Its
performance is twice that of 12T mode at the same Fosc.

To enable 6T mode, program 0 to EN6T bit in OR1 by the WRITER.
Note: After whole-chip erasing (including Option Registers), this bit becomes 1, so the CPU will run at 12T mode.

Timing Calculation

While the MCU runs at 6T-mode and at Fosc, the user may regard it as 12T-mode and at Fosc x 2. So, all
MCU'’s timing (including internal and external) calculation can be based on Fosc x 2.

For example,

Suppose that the MCU runs at 6T-mode and Fosc=18MHz, we can regard it as a standard 8051 running at
36MHz. So, we will get

(1) One machine cycle has 1/36MHz X12 = 0.33us

(2) ALE output frequency = 36MHz/6 = 6MHz

(3) External program/data accessing timing, 1/0O timing and internal Timer/counter timing are calculated on the
base of 36MHz.
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14. In-System-Programming (ISP)

This MCU's program memory is made of Flash memory, which has In-System-Programming (ISP) capability. In-
System-Programming allows the MCU to alter its program memory, in the actual end product, under software
control. This feature opens up a range of applications that need the ability to field update the application
firmware.

Several special function registers are related to ISP:

ISPCR: ISP control register

IFMT: ISP mode select register

IFADRH: ISP Flash address high register

IFADRL: ISP Flash address low register

IFD: ISP Flash data register

SCMD: ISP sequential command register (filled sequentially with 0x46h then 0xB9h to trigger ISP operation)

ISPCR (ISP Control Register)

7 6 5 4 3 2 1 0

ISPEN | SWBS | SWRST - - ICK2 ICK1 ICKO

ISPEN: Set to 1 to enable ISP function.

SWBS: Software boot select. Set/Cleared to select ISP-memory/AP-memory to boot from after reset. See
Section 14-7.

SWRST: Write 1 to trigger S/W reset.
ICK2-0: Set programming time of ISP. See Section 14-6.

ISP Mode Select Table

IFMT value ISP Mode
Standby

Read

Byte Program

Page Erase

OR1 Read (with IFADRL=1)

OR1 Program (with IFADRL=1)

N~N[fojloa|lw NIk, |O

OR1 Erase (with IFADRL=1)
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14-1 Boot from ISP-memory to run “ISP code”

As shown in Figure 14a, the ISP-memory is allocated. To run the “ISP code”, the CPU should boot from the ISP-
memory. Two methods are used to boot from the ISP-memory. Figure 14b and Figure 14c demonstrate them.

Figure 14a. ISP-memory Allocation (“ISP code” is placed in ISP-memory)

0000h

AP-memory
Only 4KB for 51
Only 8KB for 52
15KB-ISPsize for 53

ISP_start_address

3BFFh for 51/52/53
FBFFh for 54/58/515

\%

OKB, 1KB, 2KB or 4KB

Application
Only 16KB for 54
COde OHI; 32KB fglr' 58
63KB-ISPsize for 515
|
! Total Flash Memory
| 15KB for 51/52/53
| 63KB for 54/58/515
! |
! |
! |
! |
! l
! |
i |
ISP code | !
ISP-memory |
|
|
|

Notes:

(a) “ISP_start_address” is determined by ORO (Option Register 0).
(b) Use the WRITER to program the “ISP code” into the ISP-memory beginning with “ISP_start_address”.
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Figure 14b. Boot from ISP-memory through AP-memory

Power on or H/W rese‘t (RST-pin)
(while HWBS=1, SWBS$=0, and ISP-memory exists)

¢

Now, |
CPU will boot from AP-memory,
and run "Application code".

Check the user-defined

NO
ISP condition, do ISP?
v
SWBS=1 (select boot from ISP-memory) Run "Application code"
SWRST=1 (trigger S/W reset) normally

Now,

CPU will re-boot from ISP-memory,
and run "ISP code".

v

ISPEN=1 (enable ISP function),
and initialize ISPCR[2:0]

Do ISP programming
to update the "Application code"

End
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Figure 14c. Boot from ISP-memory Directly

Power on or H/N reset (RST-pin)
(while HWBS=0 and ISP-memory exists)

:

Now, w
CPU will boat from ISP-memory,
and run "ISP code".

Check thie user-defined NO

ISP condition, do ISP?

ISPEN=1 (enable ISP function),
and initialize ISPCR[2:0]

Do ISP programming
to update the "Application code"

End

SWBS=0 (select boot from AP-memory)
SWRST=L1 (trigger S/W reset)

Now,

CPU will re-boot from AP-memory,
and run "Application code" normally.
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14-2 Normal Operation (not do ISP) while HWBS=0

As mentioned in Section 14-1, to run “ISP code” via booting from ISP-memory by hardware method, the HWBS
bit in OR1 should be programmed to 0 by the Writer. Once HWBS becomes 0 (and ISP-memory exists), the
CPU will always boot from ISP-memory each time it starts from power-on, H/W reset or WDT reset. So, user
must distinguish normal operation from ISP programming. The new red dash line in the following chart (from
Figure 14c) shows the flow for normal operation (not do ISP).

Power on or H/W reselp (RST-pin)
(while HWBS=0 and ISP-memory exists)

Now, :

CPU will boot from ISP-memory,
and run "ISP code".

Check the user-defined

ISP condition, do ISP? NO
\ 4
ISPEN=1 (enable ISP function), SWBS=0 (select boot from AP-memory)
and initialize ISPCR[2:0] SWRST=L1 (trigger S/W reset)
Do ISP programming
to update the "Application code" ¢
Now,
CPU will re-boot from AP-memory,
End and run "Application code" normally.
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14-3 An Example for the User-defined ISP Condition

The user-defined ISP condition, for example, may be:
When just power on, P1.0 and P1.1 are simultaneously shorted to ground for more than 100ms.

If user intends to do ISP, he must execute the following steps:
Stepl) Short P1.0 and P1.1 to ground, then power on.

Step2) Last for more than 100ms, then release P1.0 and P1.1 for their normal function.
Step3) Do ISP operation.

Once the ISP condition is satisfied, the ISP operation is executed from label “do_ISP”, otherwise go to label
“not_do_ISP”. The following code shows this example.

Start:
MOV RO, #100 ;check if really do ISP ?

chk do ISP: ;
JB P1.0,not _do_ ISP ;
JB P1.1,not _do_ ISP ;
CALL delay 1ms ;
DINZ  RO,chk_do_ISP ;
JMP do_ISP ;

do ISP:

not _do ISP:

delay_1ms:

RET
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14-4 Operation Flow of ISP

Figure 14f~14h show the flow chart for the various ISP modes used in the “ISP code”.

Figure 14f. Flow Chart for “Erase”

ISPEN=1 (enable ISP function),
and initialize ISPCR[2:0]

.

IFMT=0x03 (select Page Erase Mode)

.

Page address=0

.

IFADRH= High-byte of Page_address
IFADRL= Low-byte of Page_address

SCMD=0x46, then SCMD=0xB9
(trigger ISP processing by sequential
writing)

Page address=Page_address+0x0200
(Increment Page_address,
512 bytes per page)

Check

NO

end of Page?
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Figure 14g. Flow Chart for “Program”

ISPEN=1 (enable ISP function),
and initialize ISPCR[2:0]

.

IFMT=0x02 (select Byte Program Mode)

.

Byte_address=0

.

IFADRH= High-byte of Byte_address
IFADRL= Low-byte of Byte_address
IFD=data (to be programmed) <« Increment Byte_address

SCMD=0x46, then SCMD=0xB9 A
(trigger ISP processing by sequential
writing)

NO

Check
end of address?
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Figure 14h. Flow Chart for “Read/Verify”

ISPEN=1 (enable ISP function),
and initialize ISPCR[2:0]

.

IFMT=0x01 (select Read Mode)

.

Byte address=0

v

IFADRH= High-byte of Byte_address
IFADRL= Low-byte of Byte_address

SCMD=0x46, then SCMD=0xB9
(trigger ISP processing by sequential
writing)

Increment Byte_address

Compare got data
(in IFD) with wanted data,
he same?

NO

Check end of

A

address?

YES

ISP pass

MEGAWIN
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14-5 Demo Code for the “ISP code”

B I O O S O R R S O

| SP nodes

BRI I O O

1

1

| FD DATA  0E2h
| FADRH DATA  0E3h
| FADRL DATA  0OE4h
| FMI DATA  0E5h
SCVD DATA  0E6h
| SPCR DATA  OE7h
’ MOV | SPCR, #10000001b ;1 SPCR 7=1, enable ISP
; 1 SPCR[ 2: 0] =001, for Fosc=20MHz
1. Page Erase Mdde (512 byt_;;_agr__agag)_ ________________________________
MoV | FMT, #03h ; sel ect Page Erase Mode
MoV | FADRH, ?? ;fill page address in | FADRH & | FADRL
MOV | FADRL, ?? ;
MoV SCMVD, #46h ;trigger |SP processing
MOV SCMVD, #0B9h ;
;Now in processing...(CPUw Il halt here until conplete)
2. Byte Program Mbde
MoV | FMT, #02h ; sel ect Byte Program Mde
MoV | FADRH, ?? ;fill byte address in | FADRH & | FADRL
MOV | FADRL, ?? ;
MoV | FD, ?? ;fill the data to be programmed in | FD
MoV SCMVD, #46h ;trigger |SP processing
MOV SCMVD, #0B9h ;
;Now in processing...(CPUw Il halt here until conplete)
3. Read Mode
MOV | FMT, #01h ; sel ect Read Mdde
MoV | FADRH, ?? ;fill byte address in | FADRH & | FADRL
MOV | FADRL, ?? ;
MoV SCMVD, #46h ;trigger | SP processing
MOV SCVD, #0B9h
;Now in processing...(CPUw Il halt here until conplete)
MoV A | FD :data will be in | FD
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14-6 Programming Time Setting

ISPCR (ISP Control Register)

7

6 5

4 3

2

1

0

ISPEN

SWBS

SWRST

ICK2

ICK1

ICKO

ICK2-0: Set programming time of ISP. See the following table for their setting in several Fosc ranges.

Fosc ICK2 ICK1 ICKO
20~45 MHz 0 0 0
10~20 MHz 0 0 1
5~10 MHz 0 1 0

0~5 MHz 0 1 1

14-7 Which Program Memory to Boot from

ISPCR (ISP Control Register)

7

6 5

4 3

2

1

0

ISPEN

SWBS

SWRST

ICK2

ICK1

ICKO

SWBS: Software boot select. Set/Cleared to select ISP-memory/AP-memory to boot from after reset.
SWRST: Write 1 to trigger S/W reset.

H/W reset (RST-pin pulled high)

(Og\llviﬁ 1) ISP-memory** ( SPSC\:/IVQBgit-G) Power-on reset S/W reset (write 1 to SWRST bit)
' ' WDT reset (Watch-dog Timer overflows)
1 1 0 AP-memory AP-memory
1 1 1 AP-memory ISP-memory
1 0 0 AP-memory AP-memory
1 0 1 AP-memory AP-memory
0 1 0 ISP-memory AP-memory
0 1 1 ISP-memory ISP-memory
0 0 0 AP-memory AP-memory
0 0 1 AP-memory AP-memory
Note:

1. The value 1 in the column ISP-memory means ISP-memory exists (not zero byte), while 0 means not exists

(zero byte).

2. For the ISPCR register, the bits ISPEN and SWBS will be initialized to its reset value only by power-on
reset. The other resets won't initialize these two bits. So, for example, if ISP-memory exists (not zero byte)

and SWBS is set to 1 by firmware before H/W reset, S/W reset or WDT reset come, then the MCU will re-

boot from ISP-memory after these resets.

MEGAWIN
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15. Non-volatile Data Application using In-Application-Programming

Refer to Section 18. Flash Memory Configuratiion, for MPC89L(E)51/52/54/58 (not including 53 and 515),
under the condition of ISP-memory being allocated, there exists an In-Application-Programming memory
(IAP-memory). The range and size of the IAP-memory depend on the ISP-memory size, as listed below.

IAP-memory range and size
Part No.
ISP_size=4KB ISP_size =2KB ISP_size =1KB
0x1000~0x2BFF 0x1000~0x33FF 0x1000~0x37FF
MPC89L(E)51 (7KB) (9KB) (10KB)
0x2000~0x2BFF 0x2000~0x33FF 0x2000~0x37FF
MPCB89L(E)52 (3KB) (5KB) (6KB)
0x4000~0xEBFF 0x4000~0xF3FF 0x4000~0xF7FF
MPCB89L(E)54 (43KB) (45KB) (46KB)
0x8000~0xEBFF 0x8000~0xF3FF 0x8000~0xF7FF
MPC89L(E)58 (27KB) (29KB) (30KB)

Any Flash page (with 512 bytes) in the IAP-memory can be erased, programmed and read by using the
ISP, as described in_Section 14-4. This useful feature can be applied to the application where data must be
kept after power off. Thus, there is no need to use an external EEPROM for saving non-volatile data.

To update the non-volatile data, user should take the following steps:

Stepl) Save the whole non-volatile data page (512 bytes) to a buffer (with size of 512 bytes).
Step2) Update some specific bytes in the buffer.

Step3) Erase this non-volatile data page.

Step4) Program the updated data out of the buffer to this page.

Usually, for MPC89L(E)51/52, there is not enough internal RAM for this buffer except using external RAM. So,
we recommend users use the on-chip 256 bytes of XRAM as the buffer. Of course, there should be no user
data saved there. So, one 512-byte Flash page can save only 256 bytes of non-volatile data due to the
limitation of XRAM’s size. If more non-volatile data are needed, use another Flash page to save one more 256
bytes.

For MPCB89L(E)54/58, there is enough internal RAM for this buffer while the on-chip 1024 bytes of XRAM are
used (only 512 bytes are needed). Of course, there should be no user data saved there. So, one 512-byte
Flash page can save 512 bytes of non-volatile data. If more non-volatile data are needed, use another Flash
page to save one more 512 bytes.
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16. Power-ON Flag

The Power-On Flag (POF) is set by hardware when the VDD level rises from 0. The POF bit can be set or
cleared by software and thus allows user to determine if the start of CPU is cool (from power-on) or warm (from
hardware reset or Watchdog Timer reset).

PCON (Power Control Register)
7 6 5 4 3 2 1 0

SMOD | SMODO - POF GF1 GFO PD IDL

SMODQO: Cleared for SCON.7=SMO0, and set for SCON.7=FE.
POF: Power-ON Flag.
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17. Option Reqgisters

Note: The programming value of the Option Registers won't become effective until next power-on.

ORO (Option Register 0)

7 6 5 4 3 2 1 0

(reserved) (reserved) ISPAS1 ISPASO (reserved) MOVCL SB LOCK

Note: The reserved bit must be kept 1.

(ISPAS1,ISPASO): used for ISP-memory configuration, see the following table.

ISP-memory Setting Table
ISP MPC89L51/52/53 MPC89L54/58/515
(ISPASL, ISPASO) mem(;r MPC89E51/52/53 MPCB89E54/58/515
’ size y ISP-memory AP-memory ISP-memory AP-memory
start ~ end start ~ end start ~ end start ~ end
51: 0X0000~0x0FFF 54: 0X0000~0x3FFF
(0, 0) 4KB 0x2C00~0x3BFF |52: 0Xx0000~0x1FFF | OXECOO~OxFBFF |58: 0x0000~0x7FFF
53: 0Xx0000~0x2BFF 515: 0x0000~0xEBFF
51: 0x0000~0xOFFF 54: 0x0000~0x3FFF
0, 1) 2KB 0x3400~0x3BFF |52: 0x0000~0x1FFF 0OxF400~0xFBFF |58: 0x0000~0x7FFF
53: 0x0000~0x33FF 515: 0x0000~0xF3FF
51: 0X0000~0x0FFF 54: 0X0000~0x3FFF
(1,0 1KB 0x3800~0x3BFF |52: 0x0000~0x1FFF OxF800~0xFBFF |58: 0x0000~0x7FFF
53: 0X0000~0x37FF 515: 0x0000~0xF7FF
51: 0X0000~0x0FFF 54: 0X0000~0x3FFF
(1,1) 0 None 52: 0X0000~0x1FFF None 58: 0X0000~0x7FFF
53: 0Xx0000~0x3BFF 515: 0x0000~0xFBFF

MOVCL.:
0: MOVC instruction executed from external program memory is disabled for security.
1. MOVC is always available.

SB:
0: Code dumped on a Writer is scrambled for security.
1: Code dumped on a Writer is not scrambled.

LOCK:
0: Code dumped on a Writer is locked to OXFF for security.
1: Code dumped on a Writer is not locked.

OR1 (Option Register 1)

7 6 5 4 3 2 1 0
FZWDTCR/| (reserved) (reserved) OSCDN (reserved) (reserved) HWBS EN6T
Note: The reserved bit must be kept 1.

FZWDTCR:

0: The WDTCR register will be initialized to its reset value only by power-on reset.
1: The WDTCR register will be initialized to its reset value by all reset (including power-on, H/W, S/W and WDT reset).

OSCDN:
0: Used under 25MHz for EMI reduction. (The gain of oscillating amplifier is reduced.)
1: The gain of crystal oscillator is enough for higher Fosc oscillating.

HWBS:
0: When power-on, H/W will set SWBS and CPU will boot from ISP-memory if ISP-memory exists.
1: (No action)

ENG6T:
0: MCU runs at 6T mode (each machine-cycle has 6 clocks).
1: MCU runs at 12T mode (each machine-cycle has 12 clocks).
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18. Flash Memory Configuration

MPC89L51/52/53 & MPC89E51/52/53

0x0000 T 0x0000 0x0000
AP-memory
4KB
AP-memor
OXOFFF v y
Ox1FFF AP-memory
15KB
(for IAP)
ISP-memory ISP-memory (for IAP) ISP-memory
start address start address start address
0x2C00 (ISP=4KB) 0x2C00 (ISP=4KB) 0x2C00 (ISP=4KB)
0x3400 (ISP=2KB) 0x3400 (ISP=2KB) 0x3400 (ISP=2KB)
0x3800 (ISP=1KB) T 0x3800 (ISP=1KB) T 0x3800 (ISP=1KB) T
None (ISP=0KB) None (ISP=0KB) None (ISP=0KB)
ISP-memory ISP-memory ISP-memory
4KB/2KB/1KB/OKB 4KB/2KB/1KB/OKB 4KB/2KB/1KBJOKB
0x3BFF Ox3BFF 0x3BFF
MPC89L51 MPC89L52 MPC89L53
MPC89E51 MPC89ES52 MPC89E53
MPCB89L54/58/515 & MPC89E54/58/515
0x0000 T 0x0000 0x0000
AP-memory
16KB
Ox3FFF AP-memory
32KB
AP-memory
OX7FFF 63KB
(for IAP)
ISP-memory ISP-memory ISP-memory
start address start address (for 1AP) start address
0xECO00 (ISP=4KB) OxECO00 (ISP=4KB) 0xECO00 (ISP=4KB)
0xF400 (ISP=2KB > 0xF400 (ISP=2KB > 0xF400 (ISP=2KB >
0xF800 EISleKBg 0xF800 EISP=1KB; T 0xF800 EISleKBg T
None (ISP=0KB) None (ISP=0KB) None (ISP=0KB)
ISP-memory ISP-memory ISP-memory
4KB/2KB/1KB/OKB 4KB/2KB/1KB/OKB 4KB/2KB/1KBJOKB
OxFBFF OxFBFF OxFBFF
MPC89L54 MPC89L58 MPC89L515
MPC89E54 MPC89ES58 MPC89E515
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19. XTAL Oscillating Requirement and ALE Output Frequency

19-1 XTAL Oscillating Requirement

As shown in the Oscillating Circuit, to achieve successful and exact oscillating, the values for C1, C2 and R1 are
recommended as below.

While OSCDN=1

X1 2~19MHz | 20~25MHz | 26~30MHz | 31~-35MHz | 36~39MHz | 40~43MHz |44~48MHz
C1,C2 47pF 33pF 10pF 10pF 10pF 10pF 5pF
R1 - - 6.8KQ 5.1KQ 4.7KQ 3.3KQ 3.3KQ
While OSCDN=0
X1 2~19MHz | 20~25MHz | 26~30MHz | 31~-35MHz | 36~39MHz | 40~43MHz |44~48MHz
C1,C2 47pF 33pF 5pF - - - -
R1 - - 6.8KQ 5.1KQ 4.7KQ 3.3KQ 3.3KQ2

Note:

(1) ‘- means no need.
(2) C1 and C2 include the parasitic capacitance in the PCB.

Oscillating Circuit

MPCB89L(E)51~515

19-2 ALE Output Frequency

At 12T-mode, if the XTAL oscillating is successful and correct, the ALE output frequency will be Fosc/6 (as that
of the standard 8051). While at 6T-mode, it will be Fosc*2/6.

For example,

If Fosc=24MHz, the ALE output frequency is 4MHz and 8MHz for 12T-mode and 6 T-mode, respectively.
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20. Power Consumption

L-series @vDD=3.3V, 25°C

E-series @vDD=5.0V, 25°C

Fosc 12T mode 6T mode 12T mode 6T mode
Inop Iidle Ipwdn Inop IidIe Ipwdn Inop IidIe Ipwdn Inop IidIe Ipwdn
(mA) (mA) (uA) (mA) (mA) (uA) (mA) (mA) (uA) (mA) (mA) (uA)
4MHz 5.0 1.7 5.4 1.8 8.0 3.7 8.4 3.8
6MHz 5.4 1.8 5.9 2.0 8.9 5.0 9.5 5.0
8MHz 5.8 2.2 6.5 2.4 10.1 6.2 10.8 6.3
10MHz 5.7 2.0 6.6 2.2 9.3 5.2 10.3 54
12MHz 6.0 2.0 7.0 2.3 9.5 5.3 10.7 5.6
16MHz 6.6 2.4 7.9 2.7 10.4 5.9 12.0 6.3
20MHz 7.0 2.6 8.7 3.0 11.4 6.6 13.3 7.1
24MHz 7.4 2.7 <10 9.4 3.1 <10 11.6 6.5 <10 13.9 7.1 <10
27MHz 8.0 3.2 10.2 3.6 14.7 9.4 17.0 9.9
30MHz 8.8 3.8 11.3 4.3 16.8 | 11.2 19.3 | 11.7
32MHz 9.0 3.9 11.7 4.4 17.1 | 115 199 | 12.1
36MHz 10.4 5.1 13.4 5.7 20.3 | 14.7 239 | 15.3
40MHz 10.6 5.1 14.0 5.8 19.6 | 13.8 24.2 | 14.8
42MHz 10.4 4.7 13.9 54 209 | 14.9 25.6 | 15.9
44MHz 11.0 5.2 14.7 6.0 21.0 | 14.9 25.7 | 15.9
48MHz 11.4 5.3 15.1 6.1 20.7 | 14.3 - -
Notes:
(1) Inop . The Ipp current when the MCU executes the following instructions:
Loop:
NOP
JMP Loop
(2) ligie : The Ipp current when the MCU is in its idle mode.
3) Ipwdn : The Ipp current when the MCU is in its power-down mode.
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21. How to Reduce EMI

To reduce EMI (Electro Magnetic Interference) generated by the MCU, the following suggestions are useful:

(1) Turn off ALE output as described in Section 12.

(2) Program OSCDN bit (in OR1) to 0 by a Programmer/Writer as described in Section 17.
(3) Use lower Fosc, e.g., lower than 24MHz. (The lower Fosc is, the lower the EMI will be.)

If the performance of 4A0MHz@12T-mode is necessary, it is strongly recommended to use

20MHz@6T-mode for lower EMI.

(4) Add series resistors R2 and R3 at XTAL1 and XTALZ2, respectively, as shown below.

MPC89L(E)51~515

R2
XTAL2

X1 R3
D XTAL1
R1
C1 Cc2

R2 & R3 resistance (for both L-series and E-series)

X1 8MHz 12MHz 16MHz 20MHz 24MHz
C1,C2 47pF 47pF 47pF 47pF 47pF
R1 - - - - -
OSCDN=1 | 33~680Q2 | 33~560Q 33~430Q2 33~360(2 33~300(2
Al OSCDN=0 | 33~560Q2 | 33~470Q 33~300(2 33~220Q2 33~1500Q2
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22. UART Baudrate Setting

To use Timer 1 as the baudrate generator, follow the steps:

1) T2CON=xx00xxxx, where x means “don’t care” bit.
2) Timer 1 operates at its Mode 2 (8-bit auto-reload), i.e., TMOD=0010xxxx, where x means “don’t care” bit.
3) Find TH1 by:

For 12T-mode, baudrate = 2°M°° x Fosc /(32 x 12 x (256 — TH1)).

So, TH1 =256 — 2°M°P x Fosc / (baudrate x 32x 12).

For 6T-mode, baudrate = 2°V°° x Foscx 2/(32x 12 x (256 — TH1)).
So, TH1 =256 — 2°M°P x Fosc x 2/ (baudrate x 32 x 12).

Where SMOD is bit-7 of the PCON register.
4) Start Timer 1, set bit TR1 in the TCON register.

To use Timer 2 as the baudrate generator, follow the steps:

1) T2CON=xx11xxxx, where x means “don’t care” bit.
2) Timer 2 operates at its baudrate generator mode, i.e., T2CON=xx11xxxX, where x means “don’t care” hit.
3) Find [RCAP2H,RCAP2L] by:

For 12T-mode, baudrate = Fosc/ (2 x 16 x (65536 — [RCAP2H, RCAP2L))).

So, [RCAP2H, RCAP2L] = 65536 — Fosc / (baudrate x 2 x 16).

For 6T-mode, baudrate = Fosc x 2/(2x 16 x (65536 — [RCAP2H, RCAP2L]) ).

So, [RCAP2H, RCAP2L] = 65536 — Fosc x 2 / (baudrate x 2 x 16).

4) Start Timer 2, set bit TR2 in the T2CON register

The popular XTAL frequency used for UART application is 11.0592MHz, 18.432MHz, 22.1184MHz and
36.864MHz. The following tables show the TH1 and [RCAP2H, RCAP2L] values for a variety of the standard
baudrate.
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Fosc=11.0592MHz

Timerl ( TH1) Timer2 ([RCAP2H, RCAP2L] )
Baudrate 12T-mode 6T-mode
12T-mode 6T-mode
SMOD=0 SMOD=1 SMOD=0 SMOD=1
300 160 64 64 - 64384 63232
600 208 160 160 64 64960 64384
1200 232 208 208 160 65248 64960
1800 240 224 224 192 65344 65152
2400 244 232 232 208 65392 65248
4800 250 244 244 232 65464 65392
7200 252 248 248 240 65488 65440
9600 253 250 250 244 65500 65464
14400 254 252 252 248 65512 65488
19200 - 253 253 250 65518 65500
38400 - - - 253 65527 65518
57600 - 255 255 254 65530 65524
115200 - - - 255 65533 65530
Fosc=18.432MHz
Timerl (TH1) Timer2 ([RCAP2H, RCAP2L])
Baudrate 12T-mode 6T-mode
SMOD=0 | SMOD=1 | SMOD=0 | SMOD=1 12T-mode oT-mode
300 96 - - - 63616 61696
600 176 96 96 - 64576 63616
1200 216 176 176 96 65056 64576
1800 - - - - 65216 64896
2400 236 216 216 176 65296 65056
4800 246 236 236 216 65416 65296
7200 - - - - 65456 65376
9600 251 246 246 236 65476 65416
14400 - - - - 65496 65456
19200 - 251 251 246 65506 65476
38400 - - - 251 65521 65506
57600 - - - - 65526 65516
115200 - - - - 65531 65526
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Fosc=22.1184MHz

Timerl ( TH1) Timer2 ([RCAP2H, RCAP2L] )
Baudrate 12T-mode 6T-mode
12T-mode 6T-mode
SMOD=0 SMOD=1 SMOD=0 SMOD=1
300 64 - - - 63232 60928
600 160 64 64 - 64384 63232
1200 208 160 160 64 64960 64384
1800 224 192 192 128 65152 64768
2400 232 208 208 160 65248 64960
4800 244 232 232 208 65392 65248
7200 248 240 240 224 65440 65344
9600 250 244 244 232 65464 65392
14400 252 248 248 240 65488 65440
19200 253 250 250 244 65500 65464
38400 - 253 253 250 65518 65500
57600 255 254 254 252 65524 65512
115200 - 255 255 254 65530 65524
Fosc=36.864MHz
Timerl (TH1) Timer2 ([RCAP2H, RCAP2L])
Baudrate 12T-mode 6T-mode

SMOD=0 | SMOD=1 | SMOD=0 | SMOD=1 12T-mode oT-mode
300 - - - - 61696 57856
600 96 - - - 63616 61696
1200 176 96 96 - 64576 63616
1800 - - - - 64896 64256
2400 216 176 176 96 65056 64576
4800 236 216 216 176 65296 65056
7200 - - - - 65376 65216
9600 246 236 236 216 65416 65296
14400 - - - - 65456 65376
19200 251 246 246 236 65476 65416
38400 - 251 251 246 65506 65476
57600 - - - - 65516 65496
115200 - - - - 65526 65516
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23. Notes on Using External Interrupt

The way to manage external interrupts may exist a difference between the so-called 8051 compatible MCUs.

To safely use external interrupts, please refer to the following example, which includes some useful suggestion.

An Example:
ORG 0000h
JIMP main
ORG 0003h ;/INTO interrupt vector
JIMP INTO_isr

main
CLR 1TO ;1T0=0, select /INTO as low-level-triggered
SETB EA ;enable /INTO interrupt
SETB EXO ;

loop:
LCALL check_alarm
JMP loop

check _alarm:

;(Suppose: while “check_alarm” is being executed, it must not be interrupted by /ZINTO.)

PUSH 1E ;save IE for the following “CLR EXO”
CLR EXO ;111 Note: /INTO interrupt may happen at this time
NOP ;111 jinsert 3 NOPs here for the case:
NOP ; if /INTO really happens and CPU can run its i.s.r here
NOP ;
MoV P2,#81h ;(1!! these instructions must not be interrupted by /INTO)
MOV PO,#00h ;
SET P1.5 ;
CLR P1.5 ;
MOV PO,#FFh ;
CLR P3.7 ;
MOV A,PO ;
SETB  P3.7
POP 1E ;restore IE
RET
iNTO_lsr
éETB EXO ;111 delete this instruction if have,
; to prevent from /INTO being enabled again while main program’s
"CLR EXO" is being executed
§ETI
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