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1.0 General Description

MGBS87FE/L52 is a single-chip 8 bits microcontroller with the instruction sets fully compatible
with industrial-standard 80C51 series microcontroller. 8K bytes flash memory and 256 bytes
RAM has been embedded to provide wide field application. In-System-Programming and
In-Application-Programming allow the users to download new code or data while the
microcontroller sits in the application. This device executes one machine cycle in 6 clock or 12
clock cycles. MG87FE/L52 has four 8-bit 1/0O ports, one 4-bit I/O ports, three 16-bit
timer/counters, an eight-source, four-priority-level interrupt structure, an enhanced UART,

on-chip crystal oscillator.

Excellent flash-endurance, flash-retention, and code-protecting security make MG87FE/L52 as

an excellent micro-controller.

2.0 Features

® 80C51 Central Processing Unit

® 8KB On-Chip program memory for program ROM, ISP ROM & IAP zone.

® ISP capability; optional 0.5K/1KB/1.5K~3.5KB ISP memory shared with 8KB flash memory.

® |AP capability; program controlled IAP memory size shared with 8KB flash memory.

® On-Chip 256 bytes scratch-pad RAM. Also, the MCU can address up to 64K bytes external
memory.

® MOVC-disabling, encrypting, and locking flash memory realize security mechanism.

® Three 16-bits timer/counter, Timer2 is an up/down counter with programmable clock output
on P1.0

® Eight sources, four-level-priority interrupt capability

® Enhanced UART, provides frame-error detection and hardware address-recognition

® Dual DPTR for fast-accessing of data memory

® 15 bits Watch-Dog-Timer with 8-bits pre-scaler, one-time enabled

® Low EMI: inhibits ALE emission

® Power control: Idle mode and Power-Down mode; Power-Down can be woken-up by
P3.2/P3.3/P4.2/P4.3, Idle mode could be woken up by all interrupt sources.

® |/O port: 32+4 1/O ports :

- PDIP-40 (MG87FE/L52AE or MG87FE/L52GE) has 32 1/O ports;

Preliminary ver 1.3 Date: 2009-JAN-20 1
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PLCC-44 & PQFP-44(MG87FE/L52AP/IAF, MG87FE/L52AF//GF) will have 36 1/O

ports
® On-Chip flash program/data memory
- The data endurance of the embedded flash gets over 20,000 times

- Greater than 100 years data retention under room temperature. (at 25°C)

® Operating Voltage

- 4.5V~5.5V for MG87FE52
- 2.4V~3.6V for MG87FL52, minimum 2.7V requirement in flash write operation

- Built-in Low-Voltage-Reset circuit
® Operating Temperature range from -40°C to +85°C

® Maximum Operating Frequency
- Up to 48MHz at 12T mode or 24MHz at 6T mode, Industrial range
® Built-in internal oscillator frequency selection with +/- 4% deviation
Internal oscillator frequency
1 6MHz
2 11.059MHz
3 12MHz
4 22.118MHz
5 24MHz
6 24.576MHz
® Three package types
Pb-free Package Green Package
PDIP-40 MG87FE/L52AE MG87FE/L52GE
PLCC-44 MG87FE/L52AP MG87FE/L52GP
PQFP-44 MG87FE/L52AF MG87FE/L52GF

2
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3.0 Package & Pin assignment

H_% 3333
m- H oooo
ENe S2Be
IVIVDISII3Z
(T2) P1.0 1 VDD Holnelsolettole
(T2EX) P1.1 2 P0.0 (ADO)
P12 3 PO.1 (AD1) Hnnnnnpnnm
P1.3 4 P0.2 (AD2) 5 54
P14 5 P0.3 (AD3
P1.5 6 P0.4 :AD4; P1.5 P0.4 (AD4)
P1.6 7 = P0.5 (ADS) P1.6 P0.5 (ADS)
P1.7 8 (9] P0.6 (AD6) P1.7 P0.6 (AD6)
RESET 9 00 P0.7 (ADT) RESET P0.7 (AD7)
(RXD) P3.0 = IEA (RXD) P3.0 MGB8T7Fx52AP E4A1
(TXD) P3.1 x (INT2) P4.3 :
(INTO) P3.2 3 e (TXD) P3.1 (PLCC-44) ALE
(INT1) P3.3 N P2.7 (A15) (INTO) P3.2 IPSEN
(T0) P3.4 m P2.6 (A14) (INT1) P3.3 P2.7 (A15)
(T1) P3.5 P2.5 (A13) (T0) P3.4 P2.6 (A14)
(IWR) P3.6 P2.4 (A12) (T1) P3.5 P2.5 (A13)
{/IRD) P3.7 P2.3 (A11)
XTAL2 P2.2 (A10)
XTAL1 P2.1 (A9) HHULHL
vss P2.0 (A8)
i R B b BRI IR IV
@~ '2 'E 8 cCo=mWwh
$3°° B3R
zeg TTezw
3% 333
D33 8838
TreIPRSEzas
PunsonDoanb
P15 1 P0.4 (AD4)
P1.6 2 PO.5 (AD5)
P1.7 3 P0.6 (AD6)
RESET 4 P0.7 (AD7)
5 [EA
o et . MGS7Fx52AF G
(TXD) P3.1 7 . ALE
(INTO) P3.2 8 (PQFP-44) IPSEN
(INT1) P3.3 9 P2.7 (A15)
(T0) P3.4 P2.6 (A14)
(T1) P35 P2.5 (A13)
33555223338
BLFFBsSINLE
=LE
33°° EE3E:
3.1 Order Information
Part Number |Package Type|Operating Voltage Range (x=EIL) Temperature Range | Packing
MGBTFx52yE PDIP-40
MGBT7Fx52yP PLCC44 E:5.0VIfL:33V -40 ~85°C Tube
MGBTFx52yF PQFP-44

Example: MGBTFES2AE is PDIP-40 Ph-free package type & 5.0V operating voltage.
Example: MGBTFL52GP is PLCC-44 Green package type & 3.0V operating voltage.
X = EBV or LI3V application; y= A or G, A =Pb-free package, G = Green package.

Preliminary ver 1.3
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4.0 Pin description
Pin Number Type Description

PinName | b6 40 | PLCC-44 | POFP-44 P P

P0.0 (ADO) 39 43 37 I/O |Port0 is an open-drain, bi-directional

P0.1 (AD1) 38 42 36 IO port. When 1s are written to PortO,

P0.2 (AD2) 37 a1 35 they become high-impedance inputs.
Port0 is also multiplexed with low-order

P0.3 (AD3) 36 40 34 i
address or data bus during accesses

P0.4 (AD4) 35 39 33 to external program and data memory.

P0.5 (AD5) 34 38 32

P0.6 (AD6) 33 37 31

P0.7 (AD7) 32 36 30

P1.0(T2) 1 2 40 I/O |Port 1 is an 8-bit bidirectional I/O port

P1.1 (T2EX) 2 3 a1 with internal pull-ups and can be used

P12 3 4 42 as inputs. Port 1 pins that have 1s
written to them are pulled high by the

P1.3 4 5 43 .
internal pull-ups and can be used as

Pl4 5 6 44 inputs. As inputs, port 1 pins that are

P1.5 6 7 externally pulled low will source current

P1.6 7 8 2 because of the internal pull-ups.

P1.7 8 9 P1.0 is also used as one of event
sources for timer2, or output carrier of
timer2, alias T2.

P11 is also used as one of
interrupt-controlling sources for timer2,
alias T2EX.

P2.0 (A8) 21 24 18 I/O |Port 2 is an 8-bit bidirectional 1/0 port

P2.1 (A9) 22 25 19 with internal pull-ups and can be used

P2.2 (A10) 23 26 20 as inputs. Port 2 pins that have 1s
written to them are pulled high by the

P2.3 (Al11) 24 27 21 )
internal pull-ups and can be used as

P2.4 (A12) 25 28 22 inputs. As inputs, port 2 pins that are

P2.5 (A13) 26 29 23 externally pulled low will source current

P2.6 (Al4) 27 30 24 because of the internal pull-ups.

P2.7 (A15) 28 31 25 Except being as GPIO, Port2 emits the
high-order address bytes during
accessing to external program and
data memory.

Preliminary ver 1.3 Date: 2009-JAN-20 4
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Port 3 is an 8-bit bidirectional 1/0 port

I/0

....3

=

10

11
13
14

© 00 N O

P3.0 (RXD)
P3.1 (TXD)

P3.2 (INTO)
P3.3 (INT1)
P3.4 (T0)

P3.5 (T1)
P3.6 ((WR)

11
12
13

P3.7 (/RD)

14

15

15
16
17
18

16
19

17

this device

for

17 I/O
28

23
39

34

with internal pull-ups and can be used

as inputs. Port 3 pins that have 1s
written to them are pulled high by the
internal pull-ups and can be used as
inputs. As inputs, port 3 pins that are

externally pulled low will source current
because of the internal pull-ups. Port3

also serves other special functions of]
P3.0 and P3.1 act as receiver and

transceiver

function block, Alias RXD and TXD
P3.2 and P3.3 also act as external

interrupt sources, alias INTO and INT1

Portl

UART

of the data for

timerO

P3.4 and P3.5 also act as event
and

timerl

sources

individually, alias TO and T1
P3.6 also acts as write signal while

access to external memory, alias /WR

P3.7 also acts as read signal while

access to external memory, alias /RD

Port4 is extended I/O ports such like

It can be available only on

441L-PLCC and 44L-PQFP package
P4.2 and P4.3 also act as external
interrupt sources, alias INT3 and INT2
A high on this pin for at least two

P4.0
P4.1

P4.2 (/INT3)
P4.3 (/INT2)
9

12
4

10
27

33

memory.

machine cycles will reset the device
Output pulse for latching the low bytes
of address during accesses to external

The read strobe to external program

RESET

30

26

memory, low active
/EA must be kept at low to enable the

ALE
29 32

29

device to fetch program code from

35

external flash memory.
An internal pull-up resistor has been
oscillator

the inverting

/PSEN
31

Input

embedded in this pin

to

/EA

15

21

0]

19

14

20

I
amplifier

Output from the inverting amplifier

Date: 2009-JAN-20
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40

44
22
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Megawin Technology Co., Ltd. MGS87FE/L52
5.0 Block Diagram of MG87FE/L52
XTAL1 .
rare 17 Xtal LJwot] [ ctr > 'Kt
< 0sc Timer| | Block [ > [BSEN_
[ ] v [ ]
» \WR(P3.6
8051 CPU core . ROPaT)
P3.4(TO) | [—
it Timer0 " P3.0/RXD
. » Timerl () () UART . P3.1/TXD
P1.0(T2) o Timer2 > A
P3.2(INTO) | :.'> P0.0~P0O.7
P3.3(INT1} | | Ext Int
P4.3(INT2) [, }:Z,‘t_rr — :'.> P1.0~P1.7
P4.2(INT3) |,
g ::> P2.0~P2.7
::;- P3.0~P3.7
— -
Flash N Port<4 K> P4.0~P4.3
Program{ —)
ROM s Data vss
" RAM
Preliminary ver 1.3 Date: 2009-JAN-20

7



3

W Megawin Technology Co., Ltd. MGS87FE/L52
6.0 Special Function Registers (SFR)

F8

FO B

E8 P4

EQ ACC WDTCR IFD IFADRH IFADRL IFWMT SCMD ISPCR

D8

Do PSW

Cs] T2CON 20D RCAPZL RCAPZH TLZ TH2

co XICON CKCON

B8 IPL SADEN CHKCONZ2

Bl P3 IPH

Jit] IE SADDR

AD P2 AUXR1

98 SCON SBUF

90 P1 Reserved

88 TCON TMOD TLO TL1 THO TH1 AUXR

80 PO SP DPL DPH PCON
SYMBOLJADDR DESCRIPTION BIT ADDRESS & SYMBOL INITIAL VALUE
PO 80H JPort0 1T1111111B
SP 81H |Stack Pointer 000001118
DPL 82H |Data Pointer Low 000000006
DPH 83H |Data Pointer High 000000008
PCON 87H JPower Control SMOD SMODO X POF GF1 G0 PD DL 00x10000B
TCON 88H [Timer Control TF1 TR1 TH TRO IE1 m IED ITO 000000008
TMOD 89H [Timer Mode GATE CiT 1 (1] GATE  CiT M1 0 000000008
TLO 8AH |Timer Low 0 000000008
TL1 8BH Timer Low 1 000000008
THO 8CH Timer High 0 000000008
TH1 8DH |Timer High 1 000000008
AUXR 8EH JAuxiliary POPUEN X X X X X X AD 0xx0000B
P1 90H JPort 1 T2EX T2 111111118
SCON 98H [Serial Control SMO /FE  SM1 SM2 REN TB8 RB8 T RI 000000008
SBUF 99H |Serial Buffer JOO00B
P2 AOH JPort 2 111111118
AUXR1 | AZH Auxmmy 1 P10FD X X X GF2 X X DPS 0xoodd B
IE AZH Jinterrupt Enable EA X ET2 ES ET1 EX1 ETO EX0 0x000000B
SADDR | A%H |Slave Address 000000008
P3 BOH JPort 3 RD WR Ti TO INT1 INTO TXD RXD 111111118
IPH B7H [Interrupt Priority High] PX3H PX2H PT2H  PSH PTTH  PX1H PTOH  PX0H | 000000008
IPL BoH Interrupt Priority Low X X PT2 PS PT1 PX1 PTO PX0 xx000000B
SADEN | B9H [Slave Address Mask 000000008
[CKCONZ| BEH [Clock Control 2 OSCDR ENGIR XCKSh XCKS! XCKS3 XCKSZ XCKST XCKSO xx0010108
XICON | COH JExt. Interrupt Control | PX3 EX3 IE3 IT3 PX2 EX2 IE2 IT2 000000008
CKCON | C7H JClock Control X X X X X SCKS2 SCKS1 SCKS0] xoo0od00B
T2CON | C8H |Timer 2 Control TF2 EXFz2 RCLK TCLK EXEN2 TR2 CiT2 CP/RL ] 00000000B
T2MOD | CO9H [Timer2 mode X X X X X X T20E DCEN 0000 B
RCAP2L | CAH [Timer2 Capture Low 000000008
RCAP2H | CBH JTimer2 Capture High 000000008
TL2 CCH JTimer Low 2 000000008
TH2 CDH [Timer High 2 000000008
PSW DOH |Program Status Word |  CY AC F0 RS1 RSO oV X P 000000x0B

Preliminary  ver 1.3 Date: 2009-JAN-20 8
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SYMBOLJADDR DESCRIPTION BIT ADDRESS & SYMBOL INITIAL VALUE
ACC EOH |Accumulator 000000008
WODTCR | E1H |Watch-dog-timer WRF — ENW  CLW  WIDL Ps2 PS1 PS0 »x000000B
IFD EZH ISP Hash data 111111118
IFADRH | E3H ISP Flash Hi-Address 000000008
IFADRL | E4H ISP Flash Lo-Address 000000008
IFMT E5H ISP Mode Table — — — ms2 st Mso H¥x0000B
IAPLB Note1JIAP Low Boundary 111111118
SCMD EGH [ISP Serial Command o00oeB
ISPCR E7H ISP Control Register | ISPEN BS SRST CFAIL — 0000:00xB
P4 E&H JPort4 X x X x — — — — xxxx1111B
B FOH |B Register 000000008
Notel: The register is addressed by IFMT and SCMD. Please refer to the IAPLB register description for more detail information

Preliminary

ver 1.3

Date: 2009-JAN-20

9



3

W
7.0 Memory: Data RAM Addressing & Program Flash ROM

Megawin Technology Co., Ltd. MG87FE/L52

7.1 Organization

Address Space for MG87FE/L52 RAM

00-7F RAM, Access it via direct addressing

\

80-FF SFR, Access it via direct addressing

80-FF indirect on-chip RAM, access it via
indirect addressing

00~FFFF
Off-chip or external memory.

Access it via MOVX instruction.

00 7F 80 FF

Address Space for MG87FE/L52 Embedded Flash Memory

0000-1FFF: AP program zone
Program Memory (8KB),.could be up
to 1FFFH
1200~1FFF: ISP hoot code zone
Non-Volatile data memory & shared
with ISP program memogr
ISP ram could be 0.5KB,1KE,
v 1.5 El,2 B, 2.5KB, 3KB & 3.5KB
—» e
IAP 1 ISP
AP program code zone data |  code
zone | zone
1
00h 1FFFh

Preliminary ver 1.3 Date: 2009-JAN-20 10
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7.2 Option setting:

LOCK ROM code lock-option. When read ROM code & always get OxFF, PAGE-

ERASE and PROGRAM is also disabled.
SB When enabled, dump ROM code & the data will be scrambled.

MOVCL | When enabled, the MOVC operation will be disabled at external mode.

HWBS | When power-up, MCU will boot from ISP-memory if ISP-memory is configured.

HWBS2 In addition to power-up, the reset from RESET-pin will also force MCU to boot
from ISP-memory if ISP-memory is configured.

EN6T MCU 6T/12T mode, MCU will work at 6T mode when this option was enabled.

OSCDN The gain of oscillator driving capability. Engble this option could help to reduce
EMI and cause the lower power consumption. *note-1
When enabled, The WDTCR register will be initialized to its reset value only by

FZWDTCR power-on reset.

Note-1: When OSCDN option was enabled, the power consumption could be lower.

7.3 Data RAM Addressing

FFH

IFH Upper
SFR
128 Bytes Accessed by
ccessed b lir
30H Bit 2FH I " indirecltI Y mI:I::aesﬁc}ng
Addressable "o | addressing
1223 BANK3 1FH 7FH
BANK2 17H Lower
;g: BANK1 OFH 128 Bytes
07H
BANKO
ooql__BANKo 7T 00H

MGBS87FE/L52 has internal data RAM that is mapped to three separated segments. The lower
128 bytes of RAM, upper 128 bytes of RAM and 128 bytes Special Function Register(SFR).

Lower 128 bytes of RAM: (addresses 0x00 to Ox7F) are accessed by either direct or indirect
addressing. Upper 128 bytes of RAM: (addresses 0x80 to 0xFF) are accessed only by indirect
addressing (using RO or R1). The Special Function Registers: (addresses 0x80 to OxFF) are

accessed only by direct addressing.

While the program counter is spanning over 1FFFh, the device will fetch its program code from

the external memory at once ignoring the /EA pin status. In that case, it will never fetch the

program code from the following embedded flash.

Preliminary ver 1.3 Date: 2009-JAN-20
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AUXR Register (Ox8E)
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
AUXR | POPUEN - - - - - - AO
= 0, ALE is emitted at a constant rate of 1/6 or 1/3 the oscillator frequency for 12T or
AO 6T mode.
=1, ALE is active only during access to external memory for both MOVC & MOVX.
poPUEN | = 0, PO without pull-up resistor in open-drain mode
=1, PO with pull-up resistor in open-drain mode.
AUXRL1 Resistor (0xA2)
Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
AUXR1 | P1OFD - - - GF2 - - DPS
DPS | Itis used to switch one DPTR register from two available DPTRs
GF2 | General purpose flag
P10FD =0, P10 has normal driving capability.
=1, P10 has fast driving
CKCON Register (0xC7)
Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO
CKCON - - - - - SCKS2 | SCKS1 | SCKSO0
SCKS2 ~ 0: System clock prescaler
SCKS2 SCKS1 SCKSO0 CLKin(System Clock)
0 0 0 OSCin
0 0 1 OSCin/2
0 1 0 OSCin/4
0 1 1 OSCin/8
1 0 0 OSCin/16
1 0 1 OSCin/32
1 1 0 OSCin/64
1 1 1 0OSCin/128
ver 1.3 Date: 2009-JAN-20
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Bit2

MGS87FE/L52

Bitl

Bit0
XCKSO0

=

CKCON2 Register (OXBF)

Bit6

Bit5 Bit4

XCKSS5

XCKS4

Bit3
XCKS3

XCKS2

XCKS1

Name Bit7

EN6TR

OSCDR

CKCON2

It will helpful in EMI reduction

OSCDR

SO

=1, the gain of crystal oscillator is reduced
Regarding application not needing high frequency clock, it is recommended to do

=0, MG87FE/L52 will run in 12T mode

=0, the gain of crystal oscillator is enough for oscillation up to 48MHz

EN6TR

=1, MG87FE/L52 will run in 6T mode. It gets double performance than 12T.

The default value of this bit is load from Option Setting “EN6T”
Set the crystal frequency value to define the time base of ISP/IAP programming

XCKS5~0

Fill in the proper value according to XTAL1 as listed below.

XCKS5~0 setting

XTAL1 @ 6T

000000B

XTAL1 @ 12T

0.5MHz

000001B

1MHz

1MHz

000010B

2MHz

1.5MHz

000011B

3MHz

2MHz

4MHz

1011008B

22.5MHz

101101B

23MHz

1011108B

23.5MHz

101111B

24MHz

The default value of XCKS=001010B for XTAL1=11MHz @ 12T.

Preliminary

ver 1.3

Date: 2009-JAN-20
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— ISP/IAP Logic
XCKS[5:0]
A
127 |°
. CLKi
XTALL 0SCin SCKS[2:0] sl
|:|_E = Oscillating % 2 -85l (System Clock)
CKCON2.EN6TR
Figure 7-3-2

Preliminary

ver 1.3

Date: 2009-JAN-20
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8.0 Timer0, Timerl & Timer2

8.1 Timers/Counters

MGB87FE/L52 has three 16-bit timers, and they are named TO, T1 and T2. Each of them can also

be used as a general event counter, which counts the transition from 1 to 0.

While TO/T1/T2 is used as “timer” function, the time unit that used to measure the timer is

machine cycle. A machine cycle equals to 12 or 6 oscillator periods, and depends on 12T mode

or 6T mode that the user configured this device.

While TO/T1/T2 is used as “1-0 event counter” function, the counting event is the “high-to-low

transition” of primitive pin TO/T1/T2. In this mode, the device periodically samples the status of

pin TO/T1/T2 once for each machine cycle. Whenever the sampled result turns from 1 to 0, the

device will count once on the counter. Be carefully, this kind of implementation for the counter

requires the high-duty or low-duty from pin TO/T1/T2 and must not too short compared to a

machine cycle.

There are two SFR designed to configure timers TO and T1. They are TMOD, and TCON.

TMOD:
Timer-1 Timer-0
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO
GATE c/T M1 MO GATE c/t M1 MO
=0, when TR0/1=1, Timer0/1 will be enabled.
GATE =1, Timer0Q/1 x is enabled only while “/INTx” pin is high and “TRO/1” control bits is
set. That x=0 or 1.
- = 0, active as timer function; (Default)
=1, active as counter function.
M1 MO Operating Mode
0 0 13-bit timer/counter for Timer0O and Timerl
0 1 16-bits timer/counter for TimerO and Timerl
1 0 8-bits timer/counter with automatic reload for TimerO and Timerl
1 1 (Timer 0) TLO is 8-bit timer/counter, THO is locked into 8-bit timer
1 1 (Timer 1) Timer/Counterl Stopped

Preliminary ver 1.3 Date: 2009-JAN-20
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TCON
Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
TCON TF1 TR1 TFO TRO IE1 IT1 IEO ITO
Timerl overflow flag. Set by hardware when Timer/Counter overflows. Cleared by
TF1 hardware when the MCU vectors to the interrupt routine, or clearing the bit in
software.
TR1 Timerl run control bit. It could be set or cleared by software
Timer0 overflow flag. Set by hardware on Timer/Counter overflow. Cleared by
TFO hardware when the processor vectors to the interrupt routine, or clearing the bit in
software.
TRO TimerO run control bits. It could be set or cleared by software
E1 Interrupt-1 edge flag. Set by hardware when external interrupt edge detected. It will
be cleared when interrupt was processed
Interrupt-1 type control bit. Set/Cleared by software to specified falling edge & low
i level triggered interrupt.
Interrupt-0 edge flag. Set by hardware when external interrupt edge detected. And
180 cleared when interrupt processed.
o Interrupt O type control bit. Set/Cleared by software to specified falling edge/low level
triggered interrupt

Date: 2009-JAN-20

Preliminary ver 1.3
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There are two extra SFR designed to configure timer T2. They are T2MOD, and T2CON.

T2MOD
Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
T2MOD - - - - - - T20E DCEN
T20E Timer-2 output enable bit. It enables Timer2 overflow rate to toggle P1.0
Down Count Enable bit. When set, this will allow Timer2 to be configured as a
PCEN down counter.
T2CON
Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
T2CON TF2 EXF2 RCLK TCLK EXEN2 TR2 ClIT2 CP/RL2
Timer2 overflow flag. It will be set by Timer2 overflow and must be cleared by
T software. TF2 will not be set when either TCLK or RCLK =1.
Timer2 external flag. It will be set when either a capture or reload is caused by a
negative transition on pin T2EX and EXEN2=1. When Timer2 interrupt is enabled,
EXF2 EXF2=1 will cause the CPU vector to the Timer2 interrupt routine. EXF2 must be
cleared by software. EXF2 does not cause an interrupt in Auto-Reload Up-Down
mode (ARUD).
When this bit was set and will cause the serial port to use Timer2 overflow pulse
RCLK for its receive-clock in mode-1 and mode-3. RCLK=0 will cause Timerl overflow
pulse to be used.
When this bit was set and will cause the serial port to use Timer2 overflow pulse
TCLK for its transmit-clock in mode-1 and mode-3. TCLK=0 will cause Timerl overflow
pulse to be used.
Timer-2 external enable flag. When set, allows a capture or reload to be occurred.
EXEN2 As a result of a negative transition on T2EX, if Timer2 is not used to clock the
serial port. EXEN2=0 will cause Timer2 to ignore events at T2EX.
TR2 Start/Stop control bit for Timer2.
C/IT2 =0, will set as Timer function; =1, will set as external event counter.
Capture/Reload flag. When set, captures will occurs on a negative transition at
T2EX if EXEN2=1. When cleared, auto-reload function will occur either with
CP/RL2 Timer2 overflows or a negative transition at T2EX when EXEN2=1. When whether

TCLK or RCLK is 1, this bit is ignored and the timer is forced to auto-reload on

Timer2 overflow.

Preliminary ver 1.3 Date: 2009-JAN-20 17
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8.2 TimerO/TO & Timerl/T1

Megawin Technology Co., Ltd. MG87FE/L52

Mode O
The timer register is configured as a 13-bits register. As when the count rolls over from all 1s to

all Os, it sets the timer interrupt flag TFx. The counted input is enabled to the timer when TRx =1

and either GATE=0 or INTx = 1. Mode 0 operation is the same for TimerO and Timerl.

(System Clock) C/IT=0
o Overflow
! THXx[7:0] » TFx |—> Interrupt

TLx[4:0]
I CIIT=1 I
Tx Pin

TRx
GATE

x=0or1

/INTx Pin

Mode 1

Model is the same as ModeO, except that the timer register is being run with all 16 bits.

CLKin =12 CIT=0
(System Clock) B - Overflow 1
TLx[7:0] | THx[7:0] TFx —> Interrupt

I C/IT=1 I
Tx Pin

TRx
GATE x=0or1

/INTx Pin

Mode 2

Mode 2 configures the timer register as an 8-bits counter (TLx) with automatic reload. Overflow
from TLx does not only set TFx, but also reloads TLx with the content of THx, which is

determined by user’'s program. The reload leaves THx unchanged. Mode 2 operation is the

same for TimerO and Timer1.

Preliminary ver 1.3 Date: 2009-JAN-20 18
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CLKin +12
(System Clock) - Cim=0 Overflow
-I/ TLX[7:0] TFx  |—> Interrupt
Tx Pin 4 cim=1
Reload
TRx
=0or1
GATE THX[7:0] X or
/INTx Pin
Mode 3
Timer 1 in Mode 3 simply holds its count, the effect is the same as setting TR1 = 1. Timer 0 in
Mode 3 enables TLO and THO as two separate 8-bits counters. TLO uses the Timer0 control bits
such like C/T, GATE, TRO, INTO and TFO. THO is locked into a timer function (can not be external
event counter) and take over the use of TR1, TF1 from Timer 1. THO now controls the Timer 1
interrupt.
CLKin +12
(System Clock) - CI/IT=0 Overflow '
‘I/ TLO[7:0] TFO  }— Interrupt
TO Pin —TC”T=1
TRO
GATE
/INTO Pin
CLKin II =12 II g THO[7:0] Overflow TF1 —» Interrupt
TR1

19
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8.3 Timer2

Timer2 is a 16-bit timer/counter which can operate as either an event timer or an event counter
as selected by C//T2 in the special function register T2CON. Timer2 has four operation modes:
Capture Mode(CP), Auto-Reload Up/Down Mode(ARUD), Auto-Reload Up-Only Mode(ARUO)
and Baud-Rate Generator Mode(BRG).

Table 8-1. Timer-2 Mode Table

(RL(CZJIQ_]Ea'II'gLRK) CPRL2| TR2 DCEN Mode
X X 0 X OFF
1 X 1 0 Baud-Rate Generation
0 1 1 0 Capture
0 0 1 0 Auto-Reload Up-only
0 0 1 1 Auto-Reload Up/Down

Timer2 is also can be configured as a periodical signal generator.

The MG87FE/L52 is able to generate a programmable clock output from P1.0. When T2OE bits
is set and C//T2 bits is cleared, Timer2 overflow pulse will generate a 50% duty clock and output

to P1.0. The frequency of clock-out is calculated according to the following formula.

CLKin Frequency
X (65536 - (RCAP2H, RCAP2L))

Clock-out Frequency =

In the clock-out mode, Timer2 overflowed will not generate an interrupt.

Capture Mode (CP)

In the Capture mode, Timer2 is incremented by either CLKin(System Clock) or external pin (T2)
1-to-0 transition. TR2 controls the event to timer2 and a 1-to-0 transition on T2EX pin will trigger
RCAP2H and RCAP2L registers to capture the Timer2 contents onto them if EXEN2 is set. An
overflow in Timer2 set TF2 flag and a 1-to-0 transition in T2EX pin sets EXF2 flag if EXEN2=1.
TF2 and EXF2 is logic OR to request the interrupt service.

Preliminary ver 1.3 Date: 2009-JAN-20 20
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CLKin +12 Overflow
(System Clock) C/T2=0 T2 THa
| (@8 Bits) (@8 Bits) TF2
) IC/[T2=1
T2Pin | Capture
TR2 —>)
E Timer2 Interrupt
RCAP2L RCAP2H
Transition
Detection
T2EX Pin —— \_ | EXF2
I
EXEN2
In ARUO mode, Timer2 can be configured to count up with a software-defined value to be
reloaded. When reset is applied the DCEN =0 and CP/RL2=0, Timer2 is at ARUO mode. An

(

TH2
(8 Bits)

TL2
8 Bits)

Overflow

TF2

onto Timer2, also set TF2 and EXF2, respectively.

overflow on Timer2 or 1-to-0 transition on T2EX pin will load RCAP2H and RCAP2L contents

RCAP2H

EXF2

E Timer2 Interrupt

CLKin
(System Clock) C/m2=0
. I C/m2=1 I
T2 Pin |
TR2 Reload

RCAP2L

Transition
Detection

N2

T2EX Pin —— \_
EXE

If T2EX=1,

ode (ARUD)

counting direction is UP

Preliminary

In ARUD mode, Timer2 can be configured to count up or down. When DCEN =1 and CP/RL2=0

Timer2 is at ARUD mode. The counting direction is determined by T2EX pin

Auto-Reload Up-Down M
counting up, otherwise counting down. An overflow on Timer2 will set TF2 and toggle EXF2
EXF2 can not generate interrupt request in this mode. If the counting direction is DOWN, the

ver 1.3

overflow loads OxFFFF onto Timer2 and loads RCAP2H, RCAP2L contents onto Timer2 if

Date: 2009-JAN-20
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(Down Counting Reload Value)
Toggle
FFH FFH X EXF2
CLKin +12 CITa=o0
(System Clock) a TL2 TH2 Overflow J e | Timer2 Interrupt
] | (8 Bits) (8 Bits) hd
T2 Pin Q o=t |
TR2 Count Direction
1=UP
0=DOWN
RCAP2L RCAP2H
(Up Counting Reload Value) T2EX Pin
Timer2 can be configured to generate various baud rate. Bit TCLK and/or RCLK in T2CON allow
the serial port transmit and receive baud rates to be derived from either Timerl or Timer2. When

Baud-Rate Generator Mode (BRG)
TCLK=0, Timerl is used as the serial port transmit baud rate generator. When TCLK=1, Timer2
is used as the serial port transmit baud rate generator. RCLK has the same effect for the serial
port baud rate. With these two bits, the serial port can have different receive and transmit baud

rates — one generated from Timerl and the other from Timer2
In BRG mode, Timer2 is operated very like auto-reload up-only mode except that the T2EX pin
can not control reload. An overflow on Timer2 will load RCAP2H, RCAP2L contents onto

The baud rate in UART Mode-1 and Mode-3 are determined by Timer2’'s overflow rate given
counting T2EX pin

Timer2 but TF2 will not be set. A 1-to-0 transition on T2EX pin can set EXF2 to request interrupt

service if EXEN2=1

Timer2 overflow rate
16

as the timer

below:
CLKin Frequency
32 x (65536 - (RCAP2H, RCAP2L))

Mode 1, 3 Baud Rate =

22

Mode 1, 3 Baud Rate =
Date: 2009-JAN-20
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TL2 TH2
(8 Bits) (8 Bits)
IliJ[ IliJ[ Reload
RCAP2H
Timer2 Interrupt

I

CLKin
(System Clock)
C/IT2=1
T2 Pin
RCAP2L
EXF2 )

Transition
Detection

T2EX Pin ——| \_
EXEN2

8.4 UART (Universal Asynchronous Receiver & Transmitter interface)

The serial port of MG87FE/L52 support full-duplex transmission. It can transmit and receive
simultaneously. The serial port receive and transmit share the same SFR — SBUF, but actually
there is two SBUFs in the chip, one is for transmitter and the other is for receiver. The serial port

Mode 0
CLKin Frequency
12

could be operated in 4 different modes
Serial data enters and exits through RXD(P3.0) and TXD(P3.1) outputs the shift clock. 8-bits are
transmitted/received with LSB first. The baud rate is fixed at 1/12 the frequency of system clock

(CLKin).
Mode 0 Baud Rate =

Model
X (Timer1 overflow rate)

10 bits are transmitted through TXD or received through RXD. The frame data includes a start
SMOD

bit(0), 8 data bits and a stop bit(1). One receive, the stop bit goes into RB8 in SFR — SCON. The

32
Timer2 overflow rate
Date: 2009-JAN-20

Mode 1 Baud Rate =
or= 6
ver 1.3

baud rate is variable
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Mode2

11 bits are transmitted through TXD or received through RXD. The frame data includes a start
bit(0), 8 data bits, a programmable 9th bit and a stop bit(1). On transmit, the 9th data bit comes
from TB8 in SCON. On receive, the 9th data bit goes into RB8 in SCON. The baud rate is

X (CLKin Frequency)

SMOD

programmable to either 1/32 or 1/64 the frequency of system clock (CLKin)

Mode 2 Baud Rate =

Mode3

Mode 3 is the same as mode 2 except the baud rate is variable

X (Timer1 overflow rate)

SMOD

32
Timer2 overflow rate
16

Mode 3 Baud Rate =

In all four modes, transmission is initiated by any instruction that use SBUF as a destination
register. Reception is initiated in mode 0 by the condition Rl = 0 and REN = 1. Reception is

initiated in the other modes by the incoming start bit with 1-to-0 transition if REN = 1

Automatic Address Recognition
the overhead of software by eliminating the need in examine every incoming address. This
received bit is a 1 to indicate that

Automatic Address Recognition is a feature which allows the UART to recognize certain
feature is enabled by setting the SM2 bit in SCON. In mode2 and mode3, the receive interrupt

addresses in the serial bit stream by using hardware comparison circuit. This feature improves

flag(RI) will be automatically set when the received byte contains either the “Given” address or

the “Broadcast” address. These two modes require the 9

received information is an address and not the data byte
In model, the RI flag will be set if SM2 is enabled and a valid stop bit is received which the stop
Date: 2009-JAN-20

bit follows the 8 address bits and the information is either a Given or Broadcast address
ver 1.3

In mode 0, SM2 is ignored
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Frame Error Detection
A missing bit in stop bit will set the FE bit in the SCON register. The FE bit shares the SCON bit 7
with SMO and its actual function for SCON.7 is determined by SMODO(PCON.6). If SMODO is

set, SCON.7 functions as FE, otherwise functions as SM0. When used as FE bit, it can only be

cleared by software.

SCON register

Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SCON | SMO/FE SM1 SM2 REN TB8 RB8 T RI
Frame Error bit. This bit is set by the receiver when an invalid stop bit is detected.
FE The FE bit is not cleared by valid frames but should be cleared by software. The

SMODO (PCON.6) bit must be set to enable access to the FE bits.

SMO, SM1: Serial Port Mode bit 0/1, it is enabled to access by clearing SMODO.

SMO | SM1 Description Baud Rate
0 0 8-bit shift register CLKin/12
0 1 8-bit UART Variable
1 0 9-bit UART CLKin/64 or CLKin/32
1 1 9-bit UART Variable

* Please refer to page-14 figure 7-3-2 for “CLKin” signal.

Enable the automatic address recognition feature in mode 2 and 3. If SM2=1, RI
will not be set unless the received 9th data bit is 1, indicating an address, and the
SM2 received byte is a given or Broadcast address. In model, if SM2=1 then RI will not
be set unless a valid stop bit was received, and the received byte is a Given or
Broadcast address.
REN When set will enable serial reception.
TB8 The 9th data bit which will be transmitted in mode 2 and 3.
RB8 In mode 2 and 3, the received 9th data bit will go into this bit.
TI Transmit interrupt flag.
RI Receive interrupt flag.

Preliminary ver 1.3 Date: 2009-JAN-20 25
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SBUF register
It is used as the buffer register in transmission and reception.

Megawin Technology Co., Ltd. MG87FE/L52

SADDR register & SADEN register
SADDR register is combined with SADEN register to form Given/Broadcast Address for

automatic address recognition. In fact, SADEN functions as the “mask” register for SADDR

register. The following is the example for it.

SADDR = 1100 0000
SADEN = 1111 1101 The given slave address will be checked
Given =110000x0 — Exceptbit-1 is treated as “don’t care”.

The Broadcast-Address for each slave is created by taking the logical OR of SADDR and
SADEN. Zero in this result is considered as “don’t care”. Upon reset, SADDR and SADEN are
loaded with all 0s. This produces a Given-Address of all “don’t care” and a Broadcast Address of

all “don’t care”. This disables the automatic address detection feature.

Preliminary ver 1.3 Date: 2009-JAN-20 26
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9.0 RESET & Power Saving Mode
9.1 RESET

The RESET pin is used to reset this device. It is connected into the device to a Schmitt Trigger
buffer to get excellent noise immunity. Any positive pulse from RESET pin must be kept at least

two-machine cycle, or the device cannot be reset.

9.2 Power saving mode

There are two kinds of power saving modes which are selectable to drive the MG87FL/E52 to

enter power-saving mode.

9.2.1 Idle Mode
The user can set the bits PCON.O to drive this chip entering IDLE mode.
In the IDLE mode, the internal clock is gated off to the CPU, but not to the interrupt, timer and

serial port functions.

There are two ways to release from the idle mode. Activation of any enabled interrupt sources
will cause PCON.0 to be cleared by hardware to terminating the idle mode. The interrupt will be
serviced and following RET]I, the next instruction to be executed will be performed right after the
instruction that causes the device entering the idle mode. Another way to wake-up from idle is

to pull RESET pin high to generate internal hardware reset.

9.2.2 Power-Down Mode

The user can set the bits PCON.1 to drive this chip entering Power-Down mode.

In the Power-Down mode, the on-chip oscillator is stopped. The contents of on-chip RAM and

SFRs are maintained.

The Power-Down mode can be woken-up by either hardware reset or /INTO, /INT1, /INT2 and
/INT3 external interrupts. When it is woken-up by RESET pin, the program will execute from the
address 0x0000, and be carefully to keep RESET pin active for at least 10ms in order to get a
stable clock while waking up this chip from Power-Down mode. If it was woken-up from /O, the
program will jump to related interrupt vector service routine. To use |/O wake-up,
interrupt-related registers have to be programmed accurately before power-down is entered.
User should be noted to add at least one “NOP” instruction subsequent to the

power-down instruction if I/O waken-up is used.

Preliminary ver 1.3 Date: 2009-JAN-20 27



7V X
w Megawin Technology Co., Ltd. MGS87FE/L52
Pin Status in IDLE Mode and POWER-DOWN Mode
Mode Program Memory | ALE PSEN Port0 Portl Port2 Port3
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data | Address | Data
Power-Down Internal 0 0 Data Data Data Data
External 0 0 Float Data Data Data

Power-Down
The register bit in PCON.4 is set only by power-on action. System RESET from Watch-Dog

9.3 Power-On Flag (POF)
timer, software RESET and RESET pin can not set POF. It only can be cleared by firmware

Preliminary

ver 1.3

Date: 2009-JAN-20

28



3

i__u Megawin Technology Co., Ltd. MG87FE/L52
10.0 Interrupt Structure
Interrupt Enable (IE) register
Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
IE EA - ET2 ES ET1 EX1 ETO EXO
EA Global interrupt enable flag when set. When cleared & all interrupts were disabled.
- Reserved.
ET2 When set, enable Timer-2 interrupt.
ES When set, enable the serial port interrupt.
ET1 When set, enable Timer-1 interrupt.
EX1 When set, enable external interrupt-1.
ETO When set, enable Timer-0 interrupt.
EXO When set, enable external interrupt-0.

Interrupt Priority Low (IPL) Register

Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO
IPL - - PT2 PS PT1 PX1 PTO PX0
PT2 If set, Set priority for timer2 interrupt higher
PS If set, Set priority for serial port interrupt higher
PT1 If set, Set priority for timerl interrupt higher
PX1 If set, Set priority for external interrupt 1 higher
PTO If set, Set priority for timer0 interrupt higher
PX0 If set, Set priority for external interrupt 0 higher

Interrupt Priority High (IPH) Register

Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
IPH PX3H | PX2H | PT2H PSH PTIH | PX1H | PTOH | PXOH

PX3H If set, Set priority for external interrupt 3 highest

PX2H If set, Set priority for external interrupt 2 highest
PT2H If set, Set priority for timer2 interrupt highest
PSH If set, Set priority for serial port interrupt highest
PT1H If set, Set priority for timer1 interrupt highest

PX1H If set, Set priority for external interrupt 1 highest

Preliminary

ver 1.3
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PTOH If set, Set priority for timer0 interrupt highest
PX0OH If set, Set priority for external interrupt O highest
IPL (or XICON) and IPH are combined to form 4-level priority interrupt as the following table
(IPH.x, IPL.X) Priority Level
1,1 1 (highest)
1,0 2
0,1 3
0,0 4
External Interrupt Control (XICON) register
Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO
XICON PX3 EX3 IE3 IT3 PX2 EX2 IE2 IT2
PX3 If set, Set priority for external interrupt 3 higher.
EX3 If set, Enables external interrupt 3.
E3 Interrupt 3 Edge flag. Sets by hardware when external interrupt edge detected
Cleared when interrupt processed.
3 Interrupt 3 type control bits. Set/Cleared by software to specified falling edge/low
level triggered interrupt
PX2 If set, Set priority for external interrupt 3 higher.
EX2 If set, enables external interrupt 2.
E2 Interrupt 2 Edge flag. Sets by hardware when external interrupt edge detected
Cleared when interrupt processed
T2 Interrupt 2 types control bits. Set/Cleared by software to specify falling edge/low
level triggered interrupt
There are eight interrupt sources available in MG87FE/L52. Each interrupt source can be
individually enabled or disabled by setting or clearing a bit in the SFR named IE. This register

also contains a global disable bit(EA), which can be cleared to disable all interrupts at once
Each interrupt source has two corresponding bits to represent its priority. One is located in SFR

named IPH and the other in IPL register. Higher-priority interrupt will be not interrupted by
lower-priority interrupt request. If two interrupt requests of different priority levels are received
Date: 2009-JAN-20

simultaneously, the request of higher priority is serviced. If interrupt requests of the same priority
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level are received simultaneously, an internal polling sequence determine which request is
serviced. The following table shows the internal polling sequence in the same priority level and

the interrupt vector address.

Source Vector address Priority within level
External interrupt O 03H 1 (highest)
Timer O OBH 2
External interrupt 1 13H 3
Timerl 1BH 4
Serial Port 23H 5
Timer2 2BH 6
External interrupt 2 33H 7
External interrupt 3 3BH 8

The external interrupt /INTO, /INT1, /INT2 and /INT3 can each be either level-activated or
transition-activated, depending on bits ITO and IT1 in register TCON, IT2 and IT3 and XICON.
The flags that actually generate these interrupts are bits IEO and IE1 in TCON, IE2 and IE3 in
XICON. When an external interrupt is generated, the flag that generated it is cleared by the
hardware when the service routine is vectored to only if the interrupt was transition —activated,
then the external requesting source is what controls the request flag, rather than the on-chip

hardware.

The Timer0 and Timerl interrupts are generated by TFO and TF1, which are set by a rollover in
their respective Timer/Counter registers in most cases. When a timer interrupt was generated,
the flag that generated & it was cleared by the on-chip hardware when the service routine is

vectored to.

The serial port interrupt is generated by the logical OR of RI and TI. Neither of these flags is
cleared by hardware when the service routine is vectored to. The service routine should check

RI and Tl to determine which one request service and it will be cleared by software.

The timer2 interrupt is generated by the logical OR of TF2 and EXF2. Just the same as serial

port, neither of these flags is cleared by hardware when the service routine is vectored to.
All of the bits that generate interrupts can be set or cleared by software, with the same result as

though it had been set or cleared by hardware. In other words, interrupts can be generated or

pending interrupts can be canceled in software.
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11.0 Watch-Dog-Timer

WDTCR (Watch-Dog-Timer Control Register)

Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

WDTCR WRF - ENW CLRW WIDL PS2 PS1 PSO

WRF | Watch-Dog timer overflow flag. Set by hardware when Watch-Dog timer overflow.

ENW | Enable WDT while it is set. ENW can not be cleared by firmware.

CLRW | Clear WDT to re-count while it is set. Hardware will automatically clear this bit.

WIDL | Set this bit to stop WDT counting and disable WDT reset generating when uC is in idle

mode.

PS2 ~ PS1: select the pre-scaler output.

PS2 PS1 PSO Pre-scaler value
0 0 0 2
0 0 1 4
0 1 0 8
0 1 1 16
1 0 0 32
1 0 1 64
1 1 0 128
1 1 1 256
CLK/12 &
ENw —D——. B-bit pre-scalar timer 15-bit WOT ~ —» RESET
IDLE PsO
WiDL Eg; CLRW
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12 In-System-Programming & In-Application Programmable
12.0 In-System-Programming (ISP)

In MG87FE/L52, 8K bytes flash ROM is divided into three sections. The first partition named
AP-memory is the space for storing user’'s application program code. The next one named
LD-memory is the space which ISP program is loaded. The third one named OR-memory space

has option registers here.

Three-level code protection from read-out on the programmer is implemented in this chip. The
first-level is LOCK bit. If LOCK bit was enabled (programming to 0), the data readout on the
programmer will always be OxFFh. SCRAMBLE bit is the second level protection. Enabling
SCAMBLE bit encrypts the data readout on the programmer. The third level protection is
MOVCL. Enabling MOVCL inhibits MOVC operation in the condition that the execution is from

external fetch but the target code byte is in internal flash memory.

IFD (ISP Flash Data register)

Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

IFD Data

IFD is the data port register for ISP/IAP operation. The data in IFD will be written into the desired
address in operating ISP/IAP write and it is the data window of readout in operating ISP/IAP

read.

If IMFT is indexed on IAPLB access, read/write IFD through SCMD flow will access the register

content of |IAPLB.

IFADRH (ISP Address for High-byte addressing)

Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

IFADRH Address

IFADRH is the high-byte address port for all ISP/IAP modes.

IFADRL (ISP Address for Low-byte addressing)

Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

IFADRL Address

IFADRL is the low byte address port for all ISP/IAP modes. In page erase operation, it is ignored.

Preliminary ver 1.3 Date: 2009-JAN-20 33




3

w Megawin Technology Co., Ltd. MG87FE/L52
IFMT (ISP Flash Mode Table)
Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
IFMT Reserved Mode Selection

B7~B3 : Reserved

Mode Selection :

B2 Bl BO Mode

0 0 0 Standby

0 0 1 AP-memory read

0 1 0 AP-memory program

0 1 1 AP-memory page erase

1 0 0 IAPLB write

1 0 1 IAPLB read

IAPLB (IAP Flash Mode Table)

Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
IAPLB Data

B7~BO0 : The IAPLB determines the IAP-memory lower boundary. Since a Flash page has 512
bytes, the IAPLB must be an even number.

To read IAPLB, MCU need to define the IMFT for mode selection on IAPLB Read and set
ISPCR.ISPEN. And then write 0x46h & 0xB9h sequentially into SCMD. The IAPLB content is
available in IFD. If write IAPLB, MCU will put new IAPLB setting value in IFD firstly. And then
select IMFT, enable ISPCR.ISPEN and then set SCMD. The IAPLB content has already finished

the updated sequence.

The range of the IAP-memory is determined by IAPLB and the ISP start-address was listed
below.

IAP lower boundary = IAPLB x 256, and

IAP higher boundary = ISP start address — 1.

For example, if IAPLB=0x12 and ISP start address is 0x1CO00, then the IAP-memory range was
located at 0x1200 ~ Ox1BFF.

Additional attention point, the IAP low boundary address must not be higher than ISP start

address.
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SCMD (Sequential Command Data register)

Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SCMD CMD

SCMD is the command port for triggering ISP/IAP/IAPLB activity. If SCMD is filled with
sequential 0x46h, 0xB9h and if ISPCR.7 = 1, ISP activity will be triggered.

ISPCR (ISP Control Register)

Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

ISPCR ISPEN SWBS | SWRST | CFAIL ---

= 0, Global disable all ISP/IAP program/erase/read function.

ISPEN .
=1, Enable ISP/IAP program/erase/read function.
= 0, Boot from main-memory after reset.

SWBS
=1, Boot from ISP memory after reset.
=0, No operation

SWRST ] )
=1, Generate software system reset. It will be cleared by hardware automatically.
=0, The last ISP/IAP command has finished successfully.

CFAIL | =1, The last ISP/IAP command fails. It could be caused since the access of flash

memory was inhibited.

B3~B0O | Reserved

12.1 In-Application-Programmable (IAP)

The flash memory between IAPLB and ISP start address could be defined as data flash memory
and can be accessed by the ISP operation in field application. The size of IAP flash memory is

variable. It is defined by IAPLB.

When the MG87FE/L52 was boots from LD-memory, AP-memory and data flash memory are

opened for ISP operation.
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13 System Oscillator
13.1 External crystal mode

MG87FE/L52 built-in two kinds of oscillator for MCU system clock operating. The first one is
crystal oscillator & it can support 6MHz ~ 48MHz/12T or 6MHz ~ 24MHz/6T with external crystal

i

component. Please refer to the figure 13-1.

VDD
C|1 XTL
| XTAL1
=
} XTAL2 (@
c2 5
[ 3]
i
10uf
- RST
vss
10K
\Y
VDD=5/3V XTL c1 c2 R1 (ohm)
1 6MHz| 30p/15p 30p/15p NC
2 11.059MHz NC
20p/10p 20p/10p
3 12MHz NC
4 22.118MHz NC
5 24MHz| 12p/7p 12p/7p NC
6 24 .576MHz NC
7 26~30MHz 8p/8p 8p/8p 6.8K
8 31~35MHz| 8p/8p 8p/8p 5.1K

13.2 Internal RC-oscillator

MGB87FE/L52 had special designed & built-in internal RC-oscillator with frequency drifts that
just under 4%. The operating temperature range is between -40 ~ 85°C & under its operating
voltage is 4.5V ~ 5.5V or 2.7V ~ 3.6V. By the way, user could save an external crystal & just
keep XTALL & XTALZ2 pins at floating status.

The internal oscillator could support 6MHz, 11.059MHz, 12MHz, 22.118MHz, 24MHz &
24.576MHz. User can select & trim requested frequency from Megawin programming tool

“8051writer U1".

Preliminary ver 1.3 Date: 2009-JAN-20 36



3

w Megawin Technology Co., Ltd. MGB87FE/L52

14.0 Absolute Maximum Rating

MG87FES52: (5.0V application)

Parameter Rating Unit

Ambient temperature under bias -55 ~ +125 °C
Storage temperature -65 ~ + 150 °C
Voltage on any Port I/O Pin or RST with respect to -0.5~VDD + 0.5 \%
Ground
Voltage on VDD with respect to Ground -0.5~+6.0 \%
Maximum total current through VDD and Ground 400 mA
Maximum output current sunk by any Port pin 40 mA

*Note: stresses above those listed under “Absolute Maximum Ratings” may cause permanent
damage to the device. This is a stress rating only and functional operation of the devices at
those or any other conditions above those indicated in the operation listings of this specification
is not implied. Exposure to maximum rating conditions for extended periods may affect device

reliability.

MGS87FL52: (3.3V application)

Parameter Rating Unit
Ambient temperature under bias -55 ~ +125 °C
Storage temperature -65 ~ + 150 °C
Voltage on any Port I/O Pin or RST with respect to -0.3~VDD + 0.3 \%
Ground
Voltage on VDD with respect to Ground -0.3~+4.2 \%
Maximum total current through VDD and Ground 400 mA
Maximum output current sunk by any Port pin 40 mA

*Note: stresses above those listed under “Absolute Maximum Ratings” may cause permanent
damage to the device. This is a stress rating only and functional operation of the devices at
those or any other conditions above those indicated in the operation listings of this specification
is not implied. Exposure to maximum rating conditions for extended periods may affect device

reliability.
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15 DC Characteristics

15.1 MG87FE52 DC Characteristics

VDD =5.0V, VSS =0V, TA=25 C and 12 clocks per machine cycle, unless otherwise specified

Symbol Parameter Test Condition : LIl Sl
min typ max
Viu:r  |Input High voltage (Ports 0, 1, 2, 3, 4) 2.0 V
Viiz  |Input High voltage (RESET) 3.5 V
VT Input Low voltage (Ports 0, 1, 2, 3, 4) 0.8 V
V2 |Input Low voltage (RESET) 1.6 \
I I4r;put High Leakage current (Ports 0, 1, 2, 3, Ve = VDD 0 10 UA
I Logic 0 input current (Ports 1, 2, 3, 4) Vpin = 0.4V 20 50 uA
Lo, I2_og|c4§ to 0 input transition current (Ports 1, Vep =1.8V 250 500 UA
lons  |Output High current (Ports 1, 2, 3, 4) Vpin =2.4V 150 220 uA
lonz  |Output High current (ALE, PSEN) Vpin =2.4V 12 mA
lott Output Low current (Ports 0, 1, 2, 3, 4) Vpin =0.4V 12 mA
loLs Output Low current (ALE, PSEN) Vpin =0.4V 12 mA
lop Operating current Fosc= 12MHz 8 16 mA
Fosc= 24MHz 10 20
Fosc= 12MHz 4 8
lo,e  [ldle mode current Fosc= 24MHz 5 10 mA
lpp Power down current 1 10 uA
Rrst |Internal reset pull-down resistance 100 Kohm

15.2 MG87FL52 DC Characteristics

VDD = 3.3V, VSS = 0V, TA= 25 C and 12 clocks per machine cycle, unless otherwise specified

Preliminary

Symbol Parameter Test Condition - LIl Sl
min typ max
Vin:  |Input High voltage (Ports 0, 1, 2, 3, 4) 2.0 V
Vw2 |Input High voltage (RESET) 2.8 \
Vi1 |Input Low voltage (Ports 0, 1, 2, 3, 4) 0.8 V
Vi |Input Low voltage (RESET) 1.5 \
I I4r;put High Leakage current (Ports 0, 1, 2, 3, Ve = VDD 0 10 UA
I Logic 0 input current (Ports 1, 2, 3, 4) Vpin = 0.4V 7 30 uA
lhoL Iéogm‘& to 0 input transition current (Ports 1, Vep =1.8V 100 250 UA
lons  |Output High current (Ports 1, 2, 3, 4) Vpin =2.4V 40 70 uA
lon.  |Output High current (ALE, PSEN) Vpin =2.4V 4 mA
lolt Output Low current (Ports 0, 1, 2, 3, 4) Vpin =0.4V 8 mA
loLs Output Low current (ALE, PSEN) Vpin =0.4V 8 mA
I Operating current Fosc = 12MHz 6 12 mA
op perating Fosc = 24MHz 8 16
Fosc = 12MHz 2 4
lo,e  |ldle mode current Fosc = 24MHz 55 5 mA
lpp Power down current 1 5 uA
Rrst |Internal reset pull-down resistance 200 Kohm
ver 1.3 Date: 2009-JAN-20 38
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16 Package Dimension

16.1 40-Pin PDIP Package (MG87FE/L52AE)

A2

N T T B

Symibals | MIN NOR MAX
D A 0220] 559
Al [onis] 038
41 2 Ar [0450] 281 [0.35 | 394 [060] 406
B o e o B o o e B D | 2055|5220 [ 2050 | 5232 [2070 | 5258
3 0.600 | 1524 | SBC
El_|05401372 (0545 | 1384 [0550 | 1397
) O O [ L L [0115] 292 | 0130 [ 330 |0150] 381
B¢ 04301600 [ 0430 | 1651 [0670 | 1702
[ o Jo [ ]7]15] 15
H‘HHHHHH.JHHHHHHHHHHHHUHHHHHHL\HHHHHUHH?: = Inchemm
NOTE:

1.JEREC QUTLINE @ MS=C11 AC

0.160%yp.
0.05 0% - rad fzﬁfﬂﬁﬁfff
050t = =
Megavin TedmulogyCa.,
BT O [EOREE
3kp i 515,
R HE B 0UAL INUNE PLASTIC DATA SHEET
P-DIP 40 LEADS (600mil}
: B
B S BB S2-0140P-001
Rt B3 . Y [,
FFL e B J1-0wop-p01-31 ‘rﬁtm B
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16.2 44-Pin PLCC Package (MG87FE/L52AP)

Ge

|
—Seating Plone

Hd

He
E
onooooooonon
g i
g u}
0 ul
g ul
g il
g e
g o
g i
O ul
0 ul
0 ul
Sp=p=p=a=)==y=y=p=p=
I}
3

A
AZ

Al
4 <« —
- =
L
=T
1
-
i 5]
]:I

Gd

\

-
4

0.185 4.70

Al 0020 | 051

A2 0.145 | 368 | 0.150 | 381 | 0.155 394

b1 0026 | 0.66 | 0028 | 0.71 | 0.032 081

b 0016 [ 041 | 0018 | D46 | 0022 056

0007 [ 0.18 | 0010 | 025 | 0013 033

c
D 0648 [ 1646 | 0653 | 1659 | 0.658 1671
E

0648 [ 1646 | 0653 | 1659 | 0.658 1671

[EH 0050 | 127 | BSC
0590 [ 1499 | 0610 | 1549 | 0.630 1600
0590 (1499 | 0610 | 1549 | 0.630 1600

0680 [ 1727 | 0.690 | 1753 | 0.700 | 1778

Gd
Ge
Hd 0680 1727 | 0.690 | 1753 | 0.700 1778
He
L
Y

0090 229 | 0100 | 254 | 0110 279

0.004 0.10

Tnch/m
* NOTE:

TJEDEC OUTLINE : MO—047 AT

2DATUM PLANE [HIS LOCATED AT THE BOTTOM
OF THE MOLD PARTING LINE CCINCIDENT WITH
WHERE THE LEAD EXITS THE BODY

J.OIMENSICNS E AND © DO NOT INCLUDE
MOLD PROTRUSION. ALLOWABLE PROTRUSION
1S 10 ML PER SIDE. DIMEMSIONS E AND
L 0O INCLUDE MALD MISMATCH AND ARE
DETERMINED AT DATUM PLANE [a]

4.DIMENSION BT DOES NOT INCLUDE DAMBAR
PROTRUSION

YN ERFPRAGF R A
Ar Megawin Technology Co, -

iy
iy

g g
T ar 16

D E F B P
L

Bl%: PLASTIC GHIF GIRRER DATS SHEET
e 44 [E0S 0057 LEw SN

il B

o oo B v1-08044-001
Ff = B -D4ap 1 o 0y
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16.3 44-Pin PQFP Package (MG87FE/L52AF)

Symbols MIN NOR MAX
| A 0106 270
Al |0010] 025 [0012] 030 | 0014 | 035
) A2 |0075] 190 [0079 | 200 | 0087 | 220
b1 » 0012] 030 | (TYP)
D |0512[1300 | 05201320 | 0528 | 134
DI__|0390] 990 | 0394 | 10.00 | 0398 | 10.10
H 1 E_|0512]1300]0520 1320 0528 | 1340
H H H H H H H H H H El__|0390] 990 | 0394|1000 0398 | 1010
L 0029 | 0.73 | 0035 | 088 | 0037 093
=i . kS e 0.031] 080 | (TVP)
] = [ 0 0 7 7
p— [y c_ [0004] 010 [0006] 045 |0n08 [ 02
== —— Inch/mm
= i = W w NOTES:
ji iy 1LECED GUTLINEMO-108 2a—

e - 2.0ATUM PLANE % LOCATEC AT THE BOTTCHM
HHHHHHHHHH OF THE MOLE PARTING UNE COINCIDENT wITH
1z [ ' WHERE THE LEZD EXITS THE LCLY.

3.DIMENSIONS 0 AND E1 CO NCT INCLJUDE
WMOLD FROTROSION. ALLCWARLE FROTRJSION
15 e PER SIDE. DIMENSICNS D1 2NL
. E° DO INCLLEE MOLD MISMATCH AND ARE
S L 2UMIN DETERMINED AT GATUK PLANE
- " ADIMENSION b COES NOT INCLJDE CAMBAR
T kS PROTIELSION,
<& ¥ aaet Pl
= }6’ i SEATING PLANE
L TV BRI H TR,
5 A F Megwvin Tecknology Co, -
BT BT pE e [
DETAL & REZ—
_ el
ﬁﬁ UE\% EIE: METRIC PLASTIC DLSD FLAT PACKASE
T GLTUNE 10 10MM RORY 44L DATS SHEET
3 B B 103440001
EOE (B B,
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17 Disclaimers

Megawin Technology Co., Ltd. MG87FE/L52

Herein, Megawin stands for “Megawin Technology Co., Ltd.”

Life Support — This product is not designed for use in medical, life-saving or life-sustaining
applications, or systems where malfunction of this product can reasonably be expected to result
in personal injury. Customers using or selling this product for use in such applications do so at

their own risk and agree to fully indemnify Megawin for any damages resulting from such

improper use or sale.

Right to Make Changes — Megawin reserves the right to make changes in the products -
including circuits, standard cells, and/or software - described or contained herein in order to
improve design and/or performance. When the product is in mass production, relevant changes

will be communicated via an Engineering Change Notification (ECN).
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18 Revision History

Revision Description Date Page
Ver 1.0 |Document create 2008/10/17
Ver 1.1 |Modified page-38 IIDLE & lOP current 2008/11/24 38
Verl.2 |Added Internal oscillator description. 2008/12/20 36
Ver 1.3 |Added external crystal Resistor & capacitor list| 2008/12/25 36
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