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1 Features
B Single Chip 8-bit CPU

[ ] Memory
® Program OTP ROM : 8K Bytes
[ Data RAM : 128 Bytes
® LCD display RAM : 16 Bytes

Operating voltage: 1.8V to 3.6V

42 Programmable GPIO
® Direct IR output
®  Shared input or output pins:
< Input/output pins P0O[4:7]
< Input pins PO[0:3] / ICP interface
< Quasi-bi-directional 10 pins P1[0:4] / SEG24 ~ SEG28
< Output pins P2[0:7] / SEG16 ~ SEG23

B L CD driver output
® 29 segment, 4 common
®  1/4 duty 1/3 bias driving mode

Watchdog timer built-in
Two re-loadable 8-bit timers

HALT mode and STOP mode for power saving

Build-in dual oscillation circuit:
® RC type main oscillator
) X32 for sub-oscillator

® Dual clock operation

B Build-in low voltage detector (typical voltage: below 2.1V) and low voltage reset (typical voltage: below 1.8V)

1.1 Application Field

General IR Controller, Hand-held Game, Toy

This document information is the intellectual property of Megawin Technology.
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2 General Description

MG65P515 is a cost effective, high performance 8-bit micro-controller of MEGAWIN. It integrates an 8-bit CPU
core, ROM, RAM, timers, LCD driver, I/O ports and system control circuits into a single chip. The MG65P515
provides a build-in oscillator as clock source. It is suitable for general IR controller, hand-held game, toy controllers,
and other products.
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3 Pin Configurations
3.1 Pad Assignment

P0.2/ SDA
P0.1/SCK

BB as s3I
r > — > o oo aa
8] (4] [#] [s] [w] [s3] [#2] [s1] [0] [3o] [38]
P0.0/ CMD_b
COM 3
0SCl COM 2
X320 CoM 1
X 32l COMO
MG 65 P 515
SEG 27 SEG1
SEG26 | [6] SEG2
SEG 25 SEG3
SEG 24 SEG4
SEG23 | [9] SEGS
(0] [ux] [22] [33] ] [s8] s8] 7] [s8] 18] [=] [22] [22] [25] [24] [os] [eo

¢¢ 93S
1¢ 93S
0¢ 93S
6T 93S
8T 93S
LT 93S
9T 93S
GT 93S
v1 O3S
€T 93S
¢1 93S
11 93S
0T 93S

6 93S

8 O3S

L 93S

9935

Figure 3-1 Pad Assignment
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3.2 Pin Description
Table 3-1 Pin Description
Pad Name Type |Description
1 OsClI | |RC oscillator input pin.
2,3 X320, X32I B |32.768KHz crystal oscillator pins.
4-8 | SEG28 ~SEG24 | B LCD 'se_grr_lent'S|gnaI ou'tput pins. SEG28~SEG24 pads share with P1 [4:0]
Quasi-bi-directional 1/0O pin.
9-16 | SEG23 ~SEG16 | O LCD segment signal output pins. SEG23~SEG16 pads share with P2 [7:0]
output pin.
17 ~24| SEG15 ~ SEGS8 O |LCD segment signals output pins.
25~32| SEG7~ SEGO O |LCD segment signals output pins.
33~36| COMO~COM3 O |LCD common signals output pins.
37 P0.0 | Input pin with interrupt function.
’ Port0.0 pad shares with ICP interface CMD_h.
38 PO 1 | Input pin with interrupt function.
) Port0.1 pad shares with ICP interface SCK.
39 PO.2 | Input pin with interrupt function.
’ Port0.2 pad shares with ICP interface SDA.
40 P0.3 | |Input pin with interrupt function.
41 ~ 44 P0.4 ~ PO.7 Programmable I/O ports with interrupt function.
45 VDD Positive power pins (need to connect together)
IR carrier output. Direct sink (sink current: 250mA) for IR LED. Default value is
46 IRO o |,
high after reset.
47 VSS P |Ground pins (need to connect together)
48 /IRES | |System reset pin (low active).

Note: In the “Type” field,

means input only.

“O" means output only.
“B” means bi-direction.
“P” means Power, “G” means Ground.
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Block Diagram

/0

Figure 4-1 Block Diagram
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5 Function Description
5.1 Registers

| PCH P

niO|TIX<|>

5.2 Accumulator

The accumulator is a general-purpose 8-bit register, which stores the results of most arithmetic and logic
operations. In addition, the accumulator usually contains one of two data words used in these operations.

5.3 Index Register(X,Y)

There are two 8-bit index registers (X and Y), which may be used to count program steps or to provide an index
value to be used in generating an effective address. When executing an instruction, which specifies indexed
addressing, the CPU fetches the OP Code and the base address, and modifies the address by adding the index
register to it prior to performing the desired operation. Pre- or post-index of index address is possible.

5.4 Processor Status Register

The 8-bit processor status register contains seven status flags. Some of the flags are controlled by the program,
others may be controlled both the program and the CPU.

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
N \Y 1 B D I Y C
N: Signed flag, 1 = negative, 0 = positive
V: Overflow flag, 1 = true, 0 = false
B: BRK interrupt command, 1 = BRK, 0 = IRQB
D: Decimal mode, 1 = true, 0 = false
I: IRQB disable flag, 1 = disable, 0 = enable
Z: Zero flag, 1 = true, 0 = false
C: Carry flag, 1 = true, 0 = false

5.5 Program Counter(PC)

The 16-bit program counter register provides the addresses, which step the micro-controller through sequential
program instructions. Each time the micro-controller fetches an instruction from program memory, the lower byte of
the program counter (PCL) is placed on the low-order 8 bits of the address bus and the higher byte of the program
counter (PCH) is placed on the high-order 8 bits. The counter is incremented each time an instruction or data is
fetched from program memory.

5.6 Stack Point(S)

The stack pointer is an 8-bit register, which is used to control the addressing of the variable-length stack. The stack
pointer is automatically incremented and decremented under control of the micro-controller to perform stack
manipulations under direction of either the program or interrupts (/NMI or /IRQ). The stack allows simple
implementation of nested subroutines and multiple level interrupts. The stack pointer is initialized by the user’s
firmware.

This document information is the intellectual property of Megawin Technology.
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6 Memory Organization

There are 128 bytes SRAM, located in address 0000H to 007FH, in the MG65P515. They could be used as either
working RAM or stacks according to application programs. For the purposes above, the location 0000H to 007FH
and 0100H to 017FH overlap. In other words, accessing any locations inside the range 0000H to 007FH is
equivalent to access the corresponding ones in the range 0100 to 017FH. All special function registers, SFRs, are
located at the region 00COH to 00FFH. Such an arrangement could benefit from the faster access time of zero-

page.

For LCD function, there are 16 bytes LCD RAM (1000H to 100FH) in MG65P515. They can also be used as a
general purpose RAM when LCD function is unused. There are 8K bytes program / data OTP ROM in MG65P515.
The ROM address from EOOOH to FFFFH can store program and data. The address mapping of MG65P515 is
shown as below.

MGG65P 515 Memory Map

0000H~007FH | Zero Page SRAM

0080H~00BFH -

Share area
00CO H~00FFH SFR

o100H~017FH | SRAM / Stack Area

0180H~01 FFH -

;%

W

1000 H~ 100FH LCD RAM

;%

W

E000H~FFFBH Progranv Table

FFFCH ~ FFFFH Interrupt Vector Area

Figure 6-1 Memory Map
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6.1 SFR Mapping

The address 00COH to OOFFH are reserved for special function registers (SFR). The SFR is used to control or
store the status of I/O, timers, system clock and other peripheral.

s All SFRs are not supported by bit-manipulation instructions.
Table 6-1 SFR Table

SFR (special function register): 00COH~00FFH

Address Content Default Address Content Default
ooco | | e oobo | | e
ooct | | e oob1 | | e
00C2 |IRQ EN/IRQ ST 0-00000- 00D2 (PO XXXXXXXX
00C3 |IRQ CLR 0-00000- 00D3 [POdir 0000----
00C4 |RESFlag X-0X1--X 00D4 |POplh 11111111
00C5 |RESOK XXXX---0 00D5 |[POopd 0000----
ooce | | e 00D6 (P1 ---00000
ooc7 | | e 00D7 |P1plh ---11111
00C8 |TMO 11111111 00D8 (P2 00000000
ooco | | e ooD9 | | e
00CA |TMO CTL 00---000 00DA |IRO 1------ 0
oocB | | e oobB | | e
oocC |IDIV.SEL | - 00 oobC | | e
00CD |TM1 11111111 oobD | | mememee
O0OCE | | memeeeee 00DE |LCD CR 0-----00
00CF [TM1 CTL 00---000 OODF | | e
Address Content Default Address Content Default
OOEO | | e 00F0 |SCK SEL 0----000
OOE1 | | e OOFL | | e
O0E2 | | e O0OF2 | | e
OOE3 | | e OOF3 | | e
O0E4 | | e O0OF4 | | e
O0OE5 | | e OOF5 | | e
O0OE6 | | e OOF6 | | e
O0E7 | | e OOF7 | | e
O0OE8 | | e OOF8 | | e
O0E9 | | e 00F9 [CWPR XXXXXXXX
OOEA | | e OOFA | | e
OCEB | | e oOoOFB | | e
OOEC | | e 0OFC PWR CR | - 000
OOED | | e OOFD | | e
OCEE | | e OOFE | | e
O0OEF | | e OOFF | | emeeeee

This document information is the intellectual property of Megawin Technology.
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6.2 Write Protect Function Register

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 R|W
OO0F9H CWPR PT7 PT6 PT5 PT4 PT3 PT2 PT1 PTO - v

Condition Write Protect flag register (CWPR) is used to protect IRQ_CLR.7 (WDT), PWR_CR.1 (CKCO0),
PWR_CR.2 (CKC1) and SCK_SEL. If users want to change IRQ_CLR.7 (WDT), PWR_CR.1 (CKCO0), PWR_CR.2
(CKC1) or SCK_SEL, The CWPR musts write “78H".

PT7~PTO: Write Protect Pattern. In MG65P515 write protect pattern is “78H”
Note:

1. When CWPR is written by firmware, it would be automatically cleared by hardware after the “next write
action” of firmware.

% Bit-manipulation instructions are not available on this register.

This document information is the intellectual property of Megawin Technology.
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7 Interrupt

MG65P5153 provides five kinds of interrupt sources. The flag IRQ_EN and IRQ_ST are used to control the
interrupts. When flag IRQ_ST is set to ‘1’ by hardware and the corresponding bits of flag IRQ_EN has been set by
software, an interrupt is generated. When an interrupt occurs, all of the interrupts are inhibited until the CLI or STA
IRQ_EN, # |l instruction is invoked. Executing the SEI instruction can also disable the interrupts.

Table 7-1 Interrupt Vector Table

Vector Address Item Flag Properties Memo
P1IRQ IRQ_ST.1 Ext. P1.0 ~ P1.4 interrupt vector
PO IRQ IRQ_ST.2 Ext. P0.0 ~ P0.7 interrupt vector
FFFEH, FFFFH TMO IRQ IRQ_ST.3 Int. TMO underflow interrupt
TM1 IRQ IRQ_ST.4 Int. TM1 underflow interrupt
DIV IRQ IRQ_ST.5 Int. Divider carry out interrupt
RESET None Ext. Initial reset
FFFCH, FFFDH WDT IRQ_ST.7 Int. Watch dog timer reset
LVR None Int. Low voltage reset
7.1 Interrupt Register
IRQ enable flag
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 | R | W
00C2H IRQ_EN PDBOR - DIVx T™M1 TMO PO P1 - \
Program can enable or disable the ability of triggering IRQ through this register.
0: Disable (default “0” at initialization)
1: Enable
PO: Falling edge occurs at port 0 input mode
P1: Falling edge occurs at port 1
TMO: Timer 0 underflow
TM1: Timer 1 underflow
DIVx: Divider selected interrupt frequency occurred
PDBOR: Power down BOR function
IRQ status flag
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 R | W
00C2H IRQ_ST WDT - DIVx T™M1 TMO PO P1 - v |-

When IRQ occurs, program can read this register to know which source is triggering IRQ. If the interrupt triggering
is enabled and the interrupt event is accepted, the corresponding IRQ status flag should be cleared by program

after the interrupt vector is loaded into program counter.

IRQ clear flag
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 | R | W
00C3H IRQ_CLR WDT - DIVx TM1 TMO PO P1 - - W

Program can clear the interrupt event by writing ‘1’ into the corresponding bit. The IRQ_CLR.7 (WDT) is protected by CWPR.

This document information is the intellectual property of Megawin Technology.
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Initial Reset
STAIRO EN #I CLlI instruction
Q_EN, * Enable
PO/P1 IRQ _ST .21 —>
s o g o >
IRQ_EN .2/1
R
Timer 0/1 —
; Interrupt
IRQ_ST.3/4
underflow signal »s o Q (o > Vi FFEEH,
o IRQ _EN.3/4 Generator EEFEH
Interrupt Legle
Process
Logic

Divider overflow signal

DIV 1_IST.4

DIV 1 IST.7 oo >

DIV 1_IST.10 IRQ _EN .5 "

DIV 1_IST.13 - ’

— Initial Reset
STAIRQ_CLR , #1 Disable . SEl
instruction

Figure 7-1 Interrupt System Diagram
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8 Reset
8.1 Low Voltage Reset (LVR)

The MG65P515 provides low voltage reset circuit in order to monitor the supply voltage of the device. If the supply
voltage of the device is within the range 0.9V ~ VLVR, such as changing a battery, the LVR will automatically reset
the device internally.

The LVR includes the following specifications

1. The low voltage (0.9V~VLVR) has to remain in its original state to exceed 1ms. If the low voltage state does
not exceed 1ms, the LVR will ignore it and do not perform a reset function.

2. Inthe LVR mode, the clock source (INT./EXT. OSC) continuous oscillating and the 10 status becomes default
value.

Reset status flag
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 R | W

00C4H RESFlag BOR - IAR_F | EXTR_F | LVPOR LvDO | v |

BOR: Brown out reset occurs.
1: If the supply voltage of the device is within the range VDD ~ VDD-1.2V
0: This bit is set by hardware and cleared by writing ‘1’.

IAR_F: lllegal address reset flag.
1: An illegal address reset occurs.
0: This bit is set by hardware and cleared by writing ‘1".

EXTR_F: External reset flag
1: An external reset occurs.
0: This bit is set by hardware and cleared by writing ‘1’.

LVPOR: Low voltage reset and POR reset occur.
1: VDD is under 1.8V or power-on.
0: This bit is set by hardware and cleared by writing ‘1'.

LVDO: Low voltageO detected.
1:VDD is under 2.1V.
0:This bit is set by hardware and cleared by writing ‘1’.

This document information is the intellectual property of Megawin Technology.
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8.2 Watchdog Timer (WDT)
(The example is based on 32.768KHz and SCK_SEL.1 =1)
Name Bit 8 R | W

WDT 1.9 (Hz) | -

The watchdog timer time-out period is obtained by the equation: (Foiv /512)/512 or (Foiv /4096)/512 select by

SCK_SEL.1 (CKS1).

Before watchdog timer time-out occurs, the program must clear the 9-bit WDT timer by writing 1 to IRQ_CLR.7.

WDT overflow will cause system reset and set IRQ_CLR.7 to high.

Foiv/512 [
e
FWDT | +512 Over f!ow | Pulse WDI reset
FDIV / 4096 0 R detection generator
SE Write EVTclr T
SCK_SEL.1 } Data bus _bit7 = 0
puatus b7 ] }—Tp
Q » WDTevt
— »cC
Write EVTclr R
Hard _ rst
Watchdog Block Diagram
Figure 8-1 Watch Dog Diagram
8.3 Reset OK
Address Name Bit 7 Bit 6 Bit 5 Bit4 | Bit3 Bit 2 Bit 1 Bit 0 R | W
00C5H RESOK RK7 RK6 RK5 RK4 - - - I0_RES B

RESOK (Reset OK): If the device resets OK and works well, users must write #$90 into this register.
For example:
Program_start: LDA  #10010000b
STA  $C5

IO_RES: 10 reset selector.
0:10 status is reset by WDT, IA reset, LVR and POR, EXT_RESET (Default).
1:10 status is reset by LVR, EXT_RESET and POR.

This document information is the intellectual property of Megawin Technology.
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9 Power Control

9.1 Power Control Register

System clock selector (3%The Clock Control Register is protected by CWPR.)
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 R | W
00FOH SCK_SEL | CKS7 - - - - CKS2 | CKS1 | CKSO | - | &

CKSO: F¢py clock source select. 0: Fose, 1: Fxao

CKS1: Watchdog clock source select. 0: Fpn/4096, 1: Fpn/512

CKS2: De-bounce (awakened from stop mode) time selector. 0: Fosc/16384, 1: Fosc/256

CKS7: Select the input clock source of divider. 0: Fosc, 1: Fxz2

Power saving control

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 R | W
O0FCH PWR_CR - - - - - CKC1 | CKCO | HALT | - | &
%  CKC1 and CKCO are protected by CWPR
CKC1 CKCO System clock control
0 0 Fosc enable, Fxs, enable (Dual mode)
0 1 Fosc enable, Fxs, disable (Single mode)
1 0 Fosc disable, Fxs, enable (Slow mode)
1 1 Fosc disable, Fxs, disable (Stop mode)

Note: Dual mode and slow mode are inhibited when code option is selected to Fxs, disable.
HALT: Fcpy off-line control bit. 1: Fcpy off-line, 0: Fcpy oN-line

Program can switch the normal operation mode to the power-saving mode for saving power consumption through
this register. There are three power saving modes in this system.

Slow mode: (PWR_CR.ckc1 = 1, PWR_CR.ckco = 0)
The main uC clock (Fosc) stops oscillating. Only very low power is needed for uC to keep running.

Stop mode: (PWR_CR.ckc1 = 1, PWR_CR.ckco = 1)

Both system clocks stop oscillating. The uC can be awakened from stop mode by 4-ways: port O falling edge, port 1
falling edge, hardware reset, or power-on reset. When the stop mode is released, only the oscillator, which is
providing the uC clock, will be enabled again.

If uC clock source is Fxs, The Fosc and Fx32 clock are disabled (set the PWR_CR[2:1] = 11). The Fxs, will be
enabled and Fosc still keep same status, when uC is woken up by portO or portl.

Halt mode: (PWR_CR.HALT = 1)
The Fcru clock is in off-line status. The oscillator(s) still keep same status. The uC can be awakened from halt
mode by 3-ways: the interrupt events, hardware reset, or power-on reset.

This document information is the intellectual property of Megawin Technology.
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10 Divider
10.1 Divider
DIV interrupt selector
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O R [W
00CCH DIV_SEL - - - - - - DIVS1 | DIVSO | - |

The divider clock source comes from Fys, (sub-main clock) or Fosc (main clock).
Program can select divider interrupt frequency by DIV_SEL register.

DIVXx

AN

||
Foy /32, /256, 12048, /16384

FX32 {} {}
O ﬂ» DIV _ L(8-bit) > DIV_H (8-bit)

DIVST —p
DIVSO —P

7
Fosc »C
SCK _SEL .7 D |V
DIVS1 | DIVSO DIV interrupt occurs status

0 0 Fow / 16384

0 1 Fow / 2048

1 0 Fpiv / 256

1 1 Fow / 32

This document information is the intellectual property of Megawin Technology.
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11 Timer
11.1 TimerO
Address Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0 | R | W
00C8H TMO T7 T6 T5 T4 T3 T2 T1 T0 v |
00CAH TMO_CTL STC | RL/S - - - TCSO | TKI1 | TKIO N

Timer 0 is an 8-bit down-count counter.

STC: Start/Stop counting. 1: start and pre-load the value to counter, 0: stop timer clock
RL/S: Auto-reload disable/enable. 1: disable auto-reload, O: enable auto-reload

TCSO: select the input clock source of timer0. 0:Fosc, 1: Fxs

TKI1 TKIO Selected TMO input frequency (Frmo_piv)
0 0 Frmo/ 1
0 1 Frmo/ 4
1 0 Frmo/ 16
1 1 Frmo/ 64
Fruo/L 14,116, 164

FTMO_DIV
F

X32 45N Fovo TKIL
—[oy FTMO_DIV DEETT
—>0

TKIO

= ¢
0osc
TMO0_ CTL.2

FTMOIl
_ P4 |

F. /16
L Vo

Fruo/64 g TMO_CTL.7 TMO re-load buffer (W) <_M|

I
<

Control
{} Logic
—— L TMO_CTL.6
B TMO(R) » TMO

>

FT™o
over-flow
TMO_CTL.T
TMO _CTL.O

T MO

Frmo_uv, can be calculated with the equation:
Frmo_uv = Frmo/ (TMO+1), where the Fryois the timer input frequency set by TKI1 and TKIO.

For example: (if Frmo = 2.000MHz, TKI1=TKI0=0)

T™MO Frequency
00H Reserved
01H 1.000MHz
02H 667kHz
FFH 7.84kHz
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11.2 Timerl
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 W
00CDH T™1 T7 T6 T5 T4 T3 T2 T1 TO N
00CFH TM1_CTL STC | RL/S - - - TCS1 | TKIL | TKIO N

Timer 1 is an 8-bit down-count counter.

STC: Start/Stop counting. 1: start and pre-load the value to counter, 0: stop timer clock
RL/S: Auto-reload disable/enable. 1: disable auto-reload, O: enable auto-reload

TCS1: select the input clock source of timerl. 0: Fosc, 1: Fxa2

TKI1 TKIO Selected TM1 input frequency (Frmi_piv)
0 0 Frwmi/ 1
0 1 Frvi/ 4
1 0 Frmi/ 16
1 1 Frwi/ 64

Frud/Ls 14, 116, 164

FTMl_DIV
F

X32 > C\ Frut TKIL
—> FTMl_D'V TKIO
Fosc »C
TM1_CTL.2
FTMlll
FTM1/4
— /16 TM1_CTL.7 Reload

F\,/64

™1
TM1_CTLI
TM1 _CTL.Of

Frm1_uv, can be calculated with the equation:
Frmi_uv = Frva / (TM1+1), where the Fqy; is the timer input frequency set by TKI1 and TKIO.

TM1 re-load buffer (w) 1——|

{ Control
|— TM1_CTL.6

Logic
TML(R) » TM1
over-flow

XN

For example: (if FTM1 = 2.000MHz, TKI1=TKI0=0)

™M1 Frequency
O0H Reserved
01H 1.000MHz
02H 667kHz
FFH 7.84kHz
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12 Configurable I/O Ports
12.1 PortO
Port O
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O R|W
00D2H PO Po7 | Po6 | Pos | Po4 | P03 | Po2 | POl | POO || -

Port 0 is combined with 4-bit input port and 4-bit 1/0 port. P0.7~P0.4 can be programmed as input

or output individually. When PO0.n (n= 4~7) is configured as an output pin, the PO.n pin would output the logic
content of internal POobuf.n (PO output buffer). The default value of POobuf is 0000----b.

When the PO0.n is configured as output mode, reading P0O.n would always read logic ‘0'.

When the PO.n is configured as input mode, reading P0.n would always read the logic value from pad.

Port O Output Buffer
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0O | R | W
00D2H PO P07 P06 P05 P04 - - - - N

This register is used to buffer the output value of P0.7 ~ P0.4 in output mode and it is write-only.
% Bit-manipulation instructions are not available on this register.

Port O Direction Register
Address | Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0O |R | W
00D3H POdir DR7 | DR6 | DR5 | DR4 - - - - -

PO_DR (Port 0 Direction)
PO_DR.n= 0: PO0.nis configured as an input pin. (Default)
1: PO.n is configured as an output pin.
sk Bit-manipulation instructions are not available on this register.

2

Port 0 Pull-high Control Register
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 | R
00D4H POplh PH7 | PH6 | PH5 | PH4 | PH3 | PH2 | PH1 | PHO | -

1: Enable internal pull-high (default); O: Disable internal pull-high
PHn: Control bit is used to enable the pull-high of P0.n pin.
< Bit-manipulation instructions are not available on this register.

<2

Port 0 Open-Drain Control Register
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 | R
00D5H POopd OD7 | OD6 | OD5 | OD4 . . - - -

0: Disable open-drain output (CMOS output); 1: Enable open-drain output
ODn: Control bit is used to enable the open-drain of P0.n pin.

<~|Z

% Bit-manipulation instructions not available on this register.
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12.2 Port1l
Port 1
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O R | W
00D6H P1 - - - P14 P13 P12 P11 P10 | Vv | V

Portl is a 5-bit quasi-bi-directional open drain output (high sink current 16mA) with internal pull-high resistors when
ORO0.7~5 (LCD/OD) option is selected to 1/O function. This register is used to buffer the output value of P1.0 ~ P1.4.
Reading P1.n would always read the logic value from pad. The pull-high resistors will be temporarily disabled
if the output value is low.

< Bit-manipulation instructions are not available on this register.

Port 1 Pull-high Control Register
Address | Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0 | R
00D7H Piplh - - - PH4 | PH3 | PH2 | PH1 | PHO | -

1: Enable internal pull-high (Default)
0: Disable internal pull-high
PHn: Control bit is used to enable the pull-high of P1.n pin.
% Bit-manipulation instructions are not available on this register.

<=

12.3 Port 2

Port 2

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O R|W
00D8H P2 P27 P26 P25 P24 P23 P22 P21 P20 - W

Port2 is an open drain output port with internal pull-high resistors when ORO0.7~5 (LCD/OD) option is selected to 1/O
function. This register is used to buffer the output value of P2.0 ~ P2.7. The pull-high resistors will be
temporarily disabled if the output value is low.

% Bit-manipulation instructions are not available on this register.
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12.4 IRO
IRO Buffer
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 R | W
00DAH IRO IR - - - - - - PSO | - | V

IRO pad is a high sink current output pin. The IR PAD output from IR or Tone is selected by PSO. |

IRO.7 can set up 1/3 or 2/3 duty cycle by using instruction, writer “1”, through IR buffer to PAD output High, until
writer “0”, and then output status will change to Low

% Bit-manipulation instructions are not available on this register.

PSO0 (IRO.0) can set the IRO pad output source as IR buffer or tone generator. The IRO output waveform can be
programmed to any duty cycle by software.

™ 0 Reload
e Control PS0
} Logic (|R0.0)
|_ TMO_CTL.6
™O(R) ' > TMO IR buffer ML'X
under - flow (IROT) 0
— » RO
Sartr Y Tone |, PAD
enerator / -
En
T TMO_CTL.7 PS 0 IRO PAD output source
PS0 0 IR Buffer (IRO.7)
1 Tone

If the tone path is selected (PS0=1), the duty cycle of the carrier output is fixed to 50%.

T e T —»

T=(TMO + 1)/ Fosc

The counter underflow frequency of timerO can be calculated with the equation:
Frmo_uv = Frmo / (TMOreg+1). The Fryo is TimerO clock input.

For example: Fryo = 455KHZz, TMOreg = OBH

Frmo_uv = Frmo / (TMOreg+1) = 455K/(0BH+1) = 37.92KHz.
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13 LCD Controller/Driver

The MG65P515 can directly drive an LCD with 29 segment output pins and 4 common output pins for a total of 29
x 4 dots. LCD control register can be used to select LCD display configuration. LCD driving mode is 1/3 bias and
1/4 duty and frame frequency is about 81.38Hz. When CPU accesses the LCD RAM area, the access path of the
LCD RAM will be transferred from LCD driver to CPU automatically.

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 R | W
0O0ODEH LCD_CR LCDON - - - - - CKS1 | CKSO | - \/

LCDON: LCD on/off control bit. O: off (default), 1:on
LCD scan rate, Fcowm, is derived from the clock source of divider. The relation between the CKS1, CKSO0, Fcom and
Fpiv is shown as below.

CKS1 CKS0 Selected Fcom frequency
0 0 Foiv / 96
0 1 Foiv / 6144
1 0 Foiv / 12288
1 1 Foiv / 24576

The LCD frame rate can be calculated with the equation:
Frrame = Fcom/ COM No.
Typical selection combinations for 1/4 duty are shown below:

COM No. Foiv_iN Selected Fcowm frequency FERAME
4 6M Foiv / 24576 61.04
4 AM Foiv / 12288 81.38
4 2M Foiv / 6144 81.38
4 32K Foiv / 96 85.33

There are 16 LCD data RAM in MG65P515. When the bit value of LCD data RAM is “1”, the LCD is turned on.
When the bit value of LCD data RAM is “0”, the LCD is turned off. The contents of the LCD data RAM are sent out
through the SEGO to SEG28 pins by a direct memory access. The relationship between the LCD data RAM and
SEG/COM pins is shown as below.

LCD Data COMy Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

RAM SEG SEG SEG SEG SEG SEG SEG SEG
1000H 07 06 05 04 03 02 01 00
1001H COMO 15 14 13 12 11 10 09 08
1002H 23 22 21 20 19 18 17 16
1003H RAM RAM RAM 28 27 26 25 24
1004H 07 06 05 04 03 02 01 00
1005H COM 1 15 14 13 12 11 10 09 08
1006H 23 22 21 20 19 18 17 16
1007H RAM RAM RAM 28 27 26 25 24
1008H 07 06 05 04 03 02 01 00
1009H COM 2 15 14 13 12 11 10 09 08
100AH 23 22 21 20 19 18 17 16
100BH RAM RAM RAM 28 27 26 25 24
100CH 07 06 05 04 03 02 01 00
100DH COM 3 15 14 13 12 11 10 09 08
100EH 23 22 21 20 19 18 17 16
100FH RAM RAM RAM 28 27 26 25 24
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1/4 duty 1/3 bias

,,,,,,,,, VDD

12 3/01 2 3/0123{0123/012 3{01
FRAME ——— =~~~ "L~ )0 " - - = 70T VSS

VLCD VLCD
V2 V2

COMO V1 V1 vioo "

VSS VSS VSS

comi1 ' — = b e vi

com2 — 4 0 L 4 ) vi

coms " 0 vi

Vicp

V2
SEGn vil oY v2

VSS

On
Off
On
Off
On
Off
On
Off
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14 Option Register
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
ORO | SEG_OD2 | SEG_OD1 | SEG_ODO LOCK Fm WDT
Bit 7 ~ Bit 5:
Function Table
SEG_ | SEG_ | SEG_ ggg'f;’ SEG23~ SEG
oD2 oD1 0oDO SEGO SEG16 24 o5 26 27 o8
0 0 0 - - - - - - -
0 0 1 LCD P2 P1.0 P1.1 P1.2 P1.3 P1.4
0 1 0 LCD LCD P1.0 P1.1 P1.2 P1.3 P1.4
0 1 1 LCD LCD SEG24 P1.1 P1.2 P1.3 P1.4
1 0 0 LCD LCD SEG24 | SEG25 P1.2 P1.3 P1.4
1 0 1 LCD LCD SEG24 | SEG25 | SEG26 P1.3 P1.4
1 1 0 LCD LCD SEG24 | SEG25 | SEG26 | SEG27 P1.4
1 1 1 LCD LCD SEG24 | SEG25 | SEG26 | SEG27 | SEG28
Bit4: LOCK

0 (Enable): Dump code is locked. (Default)
1 (Disable): Dump code is not locked.

Bit3: Fm

0 (Fm/2): FCPU clock / 2
1 (Fm): FCPU clock / 1 (Default)

Bit2: WDT

0 (Disable): Disable watchdog timer function (default)
1 (Enable): Enable watchdog function

Bit 1 ~ Bit 0: Reserved. Software must write “0” on these bits.
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15 Application Circuit
LCD
Panel
VDD
//
COM 0~COM3 SEG0~SEG28 \/pp
470 Kohmg
OSCl =k
Reset l 01 /' RES
Key T__“_ 1 uF GND
X321 |—20L<
Key k
ey MGSSP515 g, |
% % % % «@----| P10-PL4 =
(SEG24~28)
VDD
; P0.0~P0.7
2 ohm
IR
\\4
IRO
~~100 UF

Figure 15-1 Application Circuit - LCD Remote Controller
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16 Electrical Characteristics
16.1 Absolute Maximum Rating

PARAMETER RATING UNIT
Supply Voltage to Ground Potential -0.31t0 +5.0 V
Applied Input / Output Voltage -0.3t0 +5.0 Vv
Power Dissipation 60 mwW
Ambient Operating Temperature -10 to +50 °C
Storage Temperature -55 to +150 °C

Note: Exposure to conditions beyond those listed under Absolute Maximum Ratings may adversely affect the life and reliability of the device.

16.2 DC Characteristics

(VDD-VSS = 3.0 V, FOSC = 4MHz, Ta = 25° C; unless otherwise specified)

PARAMETER SYM. CONDITIONS MIN. TYP. | MAX. UNIT
Op. Voltage Vob - 1.8 - 3.6 \%
Op. Current 1 lop Dual mode, No load, LCD on - 1.8 5.6 mA

Fcpu = 4MHz
Halt Current 1 IsTB2 Slow mode, HALT, No load, - 9 12 WA
LCD on, Fcpy = 32768Hz,
DIVx INT on
Halt Current 2 IsTe3 Slow mode, HALT, No load, - 6 8 HA
LCD off,
Fcpu = 32768Hz, DIVx INT off
Stop Current IsTB1 STOP mode, No load, LCD - - 1 WA
off

Input High Voltage ViH - 0.7 VbD - VDD \%
Input Low Voltage Vi - 0 - 0.3Vop[| V
Port 0 Drive Current loH1 VOH = 2.4V, VDD = 3.0V 10 - - mA
Port 0 Sink Current loLa VoL = 0.4V, Vbb = 3.0V 10 - - mA
IRO Drive Current loH2 Voun = 2.4V, Vpp = 3.0V 10 - - mA
IRO Sink Current loL2 VoL = 1.0V, Vpp = 3.0V 250 - - mA
COM, SEG Drive Current loHs VoH = 2.7V, VLcD = 3.0V 0.1 2 - mA
COM, SEG Sink Current loLs VoL = 0.3V, VLcp = 3.0V 0.3 3 - mA
P1.0 to P1.4 Sink Current loLa VoL =0.4V, Vbbb = 3.0V 10 - - mA
P2 Sink Current loLs VoL = 0.4V, Vpbp = 3.0V 8 mA
PO~2 Internal Pull-high Resistor RpH1 ViL= 0V 25K 50K 75K Q
/RES Pull-high Resistor Rres VIL = 0V - 30K - Q
Low Voltage Detector for uC Vivbo VDD > 2.1V - 2.1 - \%
Low Voltage Reset Vivr - - 1.8 - \%
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16.3 AC Characteristics

PARAMETER SYM. | CONDITIONS MIN. TYP. MAX. UNIT
Built-in CPU Op. Frequency Fcpu RC, VbD = 3.0V 0.5 4 6 MHz
Frequency Deviation by Af f(3.6V) - f(2.6) - 3 10 %
Voltage Drop for RC Oscillator ; H3.0V)
POR Duration TPOR Fosc = 4 MHz - 4 1 mS
System Start-Up Time Tsst Power-up, reset - 16384 - 1/Fcpu
System Wake-Up Time Tewr Wake'”rﬁ]gggn STOP 256 - 16384 | 1/Fcpu
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17 Revision History
Revision | Page Descriptions Date
V1.00 Initial Version 2011/10/14
V1.01 Fix Some Errors 2011/10/28
V1.02 Modify block diagram 2011/11/09
V1.03 2011/12/30
V1.04 Fix some description errors 2012/01/06
Modify LVR and LVD voltages
V1.05 , 2012/02/15
Modify halt mode current
V1.06 Modify halt mode current 2012/02/24
V1.07 Modify application circuit 2012/05/10
V1.08 2012/07/04
V1.09 Add ICP programmer interface description 2012/09/11
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