The P3 Vacuum Cleaner
The P3 Robotic vacuum cleaner from iRobot is a low cost floor cleaning solution retailing for about $40-$50. After recently acquiring it and the older model P2 from a yard sale for $5.00, it was decided that an analysis should be done on it for the Middle Tennessee Robotic Arts Society to be presented in a paper. It is hoped that information gained through the reverse engineering of said device will offer solutions to improving our robotics designs. The three main discoveries made in dismantling and reassembling the device was that it is basically a robot mouse with a mini-vacuum cleaner built in the middle of it. The robot itself is made from cheap parts, and its control mechanism is very simple. The design is universal and modular enough to lend itself to other applications. 
First it should be noted the machine itself and its basic functions. An owner’s manual that is available online explains all of its basic functions and can be viewed here;
http://www.retrevo.com/support/P3-International-P4900-Vacuums-manual/id/9886ag204/t/2/


In it is explained the basic function of the vacuum. The p4900 is a battery powered floor vacuum that has the option of a dust cloth attachment. It requires 8 AA batteries (preferably rechargeable) to be inserted into a holder which is accessible along with the filter and dust cup by pressing in on the grooved top section and pushing it back relative to the rest of the body. It should be noted that the p2 design uses a battery pack that is placed in the equivalent space and attached to a terminal inside.
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Figure 1.
If rechargeable batteries are chosen for the p4900 the device can be recharged via a port on top by attaching a wall transformer. The front bumper attaches to sensor switches inside the main body that tell the robot if it has hit something. Upon activation the robot begins making a simple floor path dithering to the left if it encounters an object.  
Its deconstruction required the following tools;
1 Phillips head screwdriver
1 pair of needle nosed pliers
1 cup or small container to hold the screws.
1 camera to record results (I used the one on my cell phone and a memory chip to transfer them to my computer)
I would like to start by noting the case which is made of injection molded sections of plastic held together by Phillips head or reed-prince screws (although I am sure that torx screws would be applicable as well). The wheels are of a similar design with a rubber tread that is about 1/8 in thick.
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Figure 2
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Figure 3.
Upon opening the case it was found that the vacuum inlet port and duster attachment mount section has tabs that act as hinges allowing it to flex up and down as well as well as hold it into place. Very low tension springs help to keep it engaged with the floor. I should also note the casters used on the robot fore and aft as they were a point of curiosity in other designs that the group has shared. 
[image: ]
Figure 4.
There were a total of six screws holding the case together one at each corner of the design. All inserted into predrilled pegs that hung down from the underside of the main casting. 
The motors for the wheels were inside of their own separate castings, and drive the wheels via a worm screw assembly that is built on also the motors are attached to the casting by a pivot on the side furthest from the wheel. This allows for shock absorption when traveling over uneven surfaces. 
[image: ]
Figure 5.
Also note that the motor, a simple DC permanent magnet motor, has a bread board attached at the base, but no supporting electronics save a single capacitor that acts to dampen noise from the motor.
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Figure 6.
The support electronics for the motor are all on the main board. They are the H-bridges in the lower left of the picture in figure 6. The charge indicator LEDs are to the top and power regulators are the circuits seen to the right.  Everything plugs into the main board. The vacuum motor as well as the battery pack plug into the right side. The two motors’ ports can be seen at the lower left along with their H-bridges and support electronics. 
The “brain” of this robot is the Elan em78p153spj microcontroller.  Its information can be found in the following PDF;


Please note also that this is the through-hole DIP package of the microcontroller and that the 74 indicates a TTL instead of CMOS chip.  All memory is probably on chip and preprogrammed making its use more akin to an MPU than a CPU.  Schematics will be forthcoming.
[image: ]
Figure 7.
This device was a lot of fun to dismantle and play with.  In this design were many simple low cost solutions to making a floor turtle robot. It is hoped that the information gleaned will be of use to the group in future builds and endeavors. 
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EM78P152/3S
8-Bit Microcontroller with OTP ROM

1 General Description
The EM78P152/3S are 8-bit microprocessor designed and developed with low-power and
high-speed CMOS technology. The devices have on-chip 1024x13-bit Electrical One Time
Programmable Read Only Memory (OTP-ROM). They provide a protection bit to prevent intrusion
of user’'s OTP memory code. Fifteen Code option bits are also available to meet user’s
requirements.
With enhanced OTP-ROM features, the EM78P152/3S provides a convenient way of developing
and verifying user’s programs. Moreover, this OTP devices offer the advantages of easy and
effective program updates, using development and programming tools. You can avail of the ELAN
Writer to easily program your development code.
2 Features
B CPU configuration Peripheral configuration
e 1Kx13 hits on chip ROM e 8-hit real time clock/counter (TCC) with
e 32x8 bits on-chip registers (SRAM, selective signal sources, trigger edges,
general purpose) and overflow interrupt
* 5 level stacks for subroutine nesting Three available interrupts:
e Less than 1.5 mA at 5V/4MHz * TCC overflow interrupt
e Typically 15 pA, at 3V/32kHz e Input-port status changed interrupt
e Typically 1 pA, during Sleep mode (wake-up from sleep mode)
B /O port configuration . Extgrnal interrupt
« 2 bidirectional I/O ports : P5, P6 Special features
* 12 1/0O pins e Programmable free running watchdog
e Wake-up port : P6 timer _
« 6 Programmable pull-down I/O pins * Power saving S.Ieelp mode
« 7 programmable pull-high /O pins ¢ Selectable Oscillation mode
. . Other features
e 7 programmable open-drain 1/O pins .
. . ¢ Programmable prescaler of oscillator
e External interrupt : P60 .
. i set-up time
B Operating voltage range: . . . )
e OTP version: 2.3V~5.5V Operating voltage range: * One security register to prevent intrusion
. ] S of user’'s OTP memory code
B Operating temperature range: 0~70°C ) } )
B Operating frequency range (base on 2 clocks): * One configuration register to match

¢ Crystal mode:
DC~20MHz/2clks @ 5V; DC~100ns inst. cycle @ 5V
DC~8MHz/2clks @ 3V; DC~250ns inst. cycle @ 3V
DC~4MHz/2clks @ 2.3V; DC~500ns inst. cycle @ 2.3V
¢ ERC mode:
DC~4 MHz/2clks @ 5V; DC~500ns inst. cycle @ 5V
DC~4 MHz/2clks @ 3V; DC~500ns inst. cycle @ 3V
DC~4 MHz/2clks @ 2.3V; DC~500ns inst. cycle @ 2.3V
¢ IRC mode:
Oscillation mode : 4MHz, 8MHz, 1MHz, 455kHz
Process deviation : Typ. + 5.5%, Max + 6%
Temperature deviation : +10% (0°C~70°C)
The transient point of system frequency between
HXT and LXT is 400kHz.

user’s requirement
Two clocks per instruction cycle
Package type:
e 14-pin DIP 300mil : EM78P153SP/S/J
e 14-pin SOP 150mil : EM78P153SN/S/J
e 10-pin SSOP 150mil: EM78P152SN/S/J

Note: These are all Green products

which do not contain hazardous
substances.
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EM78P152/3S
8-Bit Microcontroller with OTP ROM

3 Pin Assignment

(1) 14-Pin DIP/SOP

P50

P67

P66

vdd
P65/0SCI
P64/0SCO
P63//RST

[]
[]
[]
[]
[]
[]

[ ]

a ~ W

SESTd8LNT

14
13
12
11
10

HEnnininin

P51
P52
P53
Vss
P60//INT
P61

P62/TCC

Figure 3-1 EM78P153SP/N/S/J

(2) 10-Pin SSOP

w
P6O/MNT | |1 10| | P61
vss [ |2 m 9| | PeTCC
-
P67 | |3 g 8| | Pe3uRsT
Pes | |4 B 7| | Peaosco
vdd | |5 6 | P65/0SCI

Figure 3-2 EM78P152SN/S/J

Product Specification (V1.8) 09.08.2009
(This specification is subject to change without further notice)





EM78P152/3S
8-Bit Microcontroller with OTP ROM

4 Pin Description

4.1 EM78P153S

Symbol Pin No.| Type Function

General purpose input/output pin

Pull-high open-drain

Wake up from sleep mode when the status of the pin
changes.

P66, P67 2,3 /0

General purpose input/output pin

External clock signal input

Input pin of XT oscillator

Pull-high open-drain

Wake up from sleep mode when the status of the pin
changes.

P65/0SCI 5 I/0

General purpose input/output pin

External clock signal input

Input pin of XT oscillator

Pull-high open-drain

Wake up from sleep mode when the status of the pin
changes.

P64/0SCO 6 I/0

P63 is input pin only
Internal Pull-high is on if defined as /RESET.

If set as /RESET and remains at logic low, the device will be
P63//RESET 7 | reset.

Wake-up from sleep mode when pin status changes.

Voltage on /RESET must not exceed Vdd during normal
mode.

General purpose input/output pin
External Timer/Counter input

P62/TCC 8 /O | Pull-high/Pull-down open-drain
Wake up from sleep mode when the status of the pin
changes.

General purpose input/output pin
Pull-high/Pull-down open-drain

P61 9 /O | wake up from sleep mode when the status of the pin
changes.

Schmitt Trigger input during programming mode.

General purpose input/output pin
Pull-high/Pull-down open-drain
Wake up from sleep mode when the status of the pin

P60/INT 10 I/0
changes.
Schmitt Trigger input during programming mode.
External interrupt pin triggered by a falling edge.
General purpose input/output pin

P50, P51~P52 1 I/0 purp P Putp

13~14 Pull-down

P53 12 I/0 | General purpose input/output pin

VDD 4 - Power supply

VSS 11 - Ground
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EM78P152/3S

8-Bit Microcontroller with OTP ROM

4.2 EM78P152S

Symbol ‘Pin No.‘ Type ‘

P66, P67

4,3

110

Function

General purpose input/output pin

Pull-high open-drain

Wake up from sleep mode when the status of the pin
changes.

P65/0SCI

110

General purpose input/output pin

External clock signal input

Input pin of XT oscillator

Pull-high open-drain

Wake up from sleep mode when the status of the pin
changes.

P64/0SCO

110

General purpose input/output pin

External clock signal input

Input pin of XT oscillator

Pull-high open-drain

Wake up from sleep mode when the status of the pin
changes.

P63//RESET

P63 is input pin only
Internal Pull-high is on if defined as /RESET.

If set as /RESET and remains at logic low, the device will be
reset.

Wake-up from sleep mode when pin status changes

Voltage on /RESET must not exceed Vdd during normal
mode.

P62/TCC

I/0

General purpose input/output pin
External Timer/Counter input
Pull-high/Pull-down open-drain

Wake up from sleep mode when the status of the pin
changes.

P61

10

110

General purpose input/output pin
Pull-high/Pull-down open-drain

Wake up from sleep mode when the status of the pin
changes.

Schmitt Trigger input during programming mode.

P60O/INT

I/0

General purpose input/output pin
Pull-high/Pull-down open-drain

Wake up from sleep mode when the status of the pin
changes.

Schmitt Trigger input during programming mode.
External interrupt pin triggered by a falling edge.

VDD

Power supply

VSS

Ground
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EM78P152/3S
8-Bit Microcontroller with OTP ROM

5 Functional Description

0sco
oscl
/IRESET
by ™ e e
Oscillator/Timing v
Control Proscaler ROM < R2 | »| Stack
l_f A A
j \4
i o Interrupt Instruction 1 ALU |
Bounstén > RAM Controller Register
A k
Y
R1 (TCC) v -
R4 Instruction ACC
A A Decoder
\ 4 \ 4 \ 4 \ 4 \ 4 \ 4
DATA & CONTROL BUS
< > P60
< > P61
10C6 < > P62/TCC 10C5 >
o o > P63/REST | Vo > Egg
| Re Port 6 > P64/0SCO | o Port 5 > P52
< » P65/0SCI > P53
< > P66
< > P67
Figure 5-1 EM78P153S Functional Block Diagram
5.1 Operational Registers
5.1.1 RO (Indirect Addressing Register)
RO is not a physically implemented register. It is used as an indirect addressing
pointer. Any instruction using RO as a pointer actually accesses data pointed by the
RAM Select Register (R4).
5.1.2 R1 (Timer Clock /Counter)
m Incremented by an external signal edge, which is defined by TE bit (CONT-4)
through the TCC pin, or by the instruction cycle clock.
m  Writable and readable as any other registers.
m  Defined by resetting PAB (CONT-3).
m  The prescaler is assigned to TCC, if the PAB bit (CONT-3) is reset.
m  The contents of the prescaler counter will be cleared only when the TCC register is
written with a value.
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EM78P152/3S

8-Bit Microcontroller with OTP ROM

5.1.3 R2 (Program Counter and Stack)

Depending on the device type, R2 and hardware stack are 10-bit wide. The
structure is depicted in the following figure.

Reset Vector 000H
Interrupt Vector 008H

PC (A9 ~ AD)

On-chip Program
Stack Level 1 Memory

Stack Level 2
Stack Level 3
Stack Level 4
Stack Level 5

aoeds AIows\ Jasn

3FFH

Figure 5-2 Program Counter Organization

The configuration structure generates 1024x13 bits on-chip OTP ROM addresses
to the relative programming instruction codes. One program page is 1024 words
long.

R2 is set as all "0" when under RESET condition.

"JMP" instruction allows direct loading of the lower 10 program counter bits. Thus,
"JMP" allows PC to go to any location within a page.

"CALL" instruction loads the lower 10 bits of the PC, and then PC+1 are pushed
onto the stack. Thus, the subroutine entry address can be located anywhere
within a page.

"RET" ("RETLK", "RETI") instruction loads the program counter with the contents
of the top-level stack.

"ADD R2, A" allows a relative address to be added to the current PC, and the ninth
and tenth bits of the PC won't be changed.

"MOV R2, A" allows loading of an address from the "A" register to the lower 8 bits
of the PC, and the ninth and tenth bits (A8 ~ A9) of the PC will remain unchanged.

Any instruction written to R2 (e.g. “ADD R2,A”, "MOV R2, A", "BC R2, 6",----) will
cause the ninth bit and the tenth bit (A8 ~ A9) of the PC to be cleared. Hence, the
computed jump is limited to the first 256 locations of a page.

All instructions are single instruction cycle (fclk/2 or fclk/4) except for instructions
that would change the contents of R2. Such instructions will need one more
instruction cycle.

(X
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EM78P152/3S
8-Bit Microcontroller with OTP ROM

m  The Data Memory Configuration is as follows:

Address | R PAGE Registers | IOC PAGE Registers
00 RO (IAR) Reserve
01 R1 (TCC) CONT (Control Register)
02 R2 (PC) Reserve
03 R3 (Status) Reserve
04 R4 (RSR) Reserve
05 R5 (Port 5) IOC5 (I/0 Port Control Register)
06 R6 (Port 6) I0C6 (I/O Port Control Register)
07 Reserve Reserve
08 Reserve Reserve
09 Reserve Reserve
OA Reserve Reserve
0B Reserve I0CB (Pull-down Register)
ocC Reserve I0CC (Open-drain Control)
oD Reserve IOCD (Pull-high Control Register)
OE Reserve IOCE (WDT Control Register)
OF RF (Interrupt Status) IOCF (Interrupt Mask Register)
10
: General Registers
2F

Figure 5-3 Data Memory Configuration

5.1.4 R3 (Status Register)
Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1 | Bit 0

RST GP1 GPO T P Z DC C

Bit 7 (RST): Bit for reset type
0 : Set to 0 if the device wakes up from other reset type
1: Setto 1 if the device wakes up from sleep mode on a pin change

Bits 6 ~5 (GP1 ~ GPO0): General-purpose read/write bits
Bit 4 (T):  Time-out hit

Set to “1” with the "SLEP" and "WDTC" commands, or during power up;
and reset to “0” by WDT time-out.

Bit 3 (P):  Power down bit

Set to “1” during power on or by a "WDTC" command; and reset to “0” by
a "SLEP" command.

Bit 2 (2):  Zero flag
Set to "1" if the result of an arithmetic or logic operation is zero.

Bit 1 (DC): Auxiliary carry flag
Bit 0 (C): Carry flag

Product Specification (V1.8) 09.08.2009 o7
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EM78P152/3S

8-Bit Microcontroller with OTP ROM

5.1.5 R4 (RAM Select Register)
Bits 7 ~ 6 are general-purpose read/write bits.

See the Data Memory Configuration in Figure 5-3.

5.1.6 R5~ R6 (Port 5~ Port 6)
R5 and R6 are /O registers.

Only the lower 4 bits of R5 are available.
The upper 4 bits of R5 are fixed to 0.

P63 is input only.

5.1.7 RF (Interrupt Status Register)

Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl
- - - - - EXIF ICIF TCIF
Note: “ 1" means with interrupt request “ 0" means ho interrupt occurs

Bits 7 ~3: Not used.

Bit 2 (EXIF): External Interrupt Flag. Set by a falling edge on /INT pin, reset by
software.

Bit 1 (ICIF): Port 6 input status changed interrupt flag. Set when Port 6 input changes,
reset by software.

Bit 0 (TCIF): TCC Overflow Interrupt Flag. Set when TCC overflows, reset by
software.

RF can be cleared by instruction but cannot be set.

IOCF is the interrupt mask register.

NOTE

The result of reading RF is the "logic AND" of RF and IOCF.

5.1.8 R10~ R2F

These are all 8-bit general-purpose registers.
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EM78P152/3S
8-Bit Microcontroller with OTP ROM

5.2 Special Function Registers

5.2.1 A (Accumulator)

Internal data transfer operation, or instruction operand holding usually involves the
temporary storage function of the Accumulator, which is not an addressable register.

5.2.2 CONT (Control Register)

Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1 | Bit 0
- /INT TS TE PAB PSR2 | PSR1 | PSRO
Bit 7: Not used

Bit 6 (/INT): Interrupt enable flag
0 : masked by DISI or hardware interrupt
1: enabled by ENI/RETI instructions

Bit 5 (TS): TCC signal source
0 : internal instruction cycle clock, P62 is a bidirectional 1/0O pin
1 : transition on TCC pin
Bit 4 (TE): TCC Signal Edge
0 : increment if the transition from low to high takes place on TCC pin
1: increment if the transition from high to low takes place on TCC pin
Bit 3 (PAB): Prescaler Assigned Bit
0:TCC
1: WDT

Bit 2 ~ Bit 0 (PSR2 ~ PSR0) TCC/WDT prescaler bits

PSR2 | PSRl | Psro | TCC Rate | WDT Rate |

0 0 0 1.2 11

0 0 1 1:4 1:2

0 1 0 1.8 1.4

0 1 1 1:16 1.8

1 0 0 132 116

1 0 1 1.64 1:.32

1 1 0 1128 164

1 1 1 1.256 1128

The CONT register is both readable and writable.
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5.2.3 10C5 ~ 10C6 (I/0O Port Control Register)
0 : defines the relative I/O pin as output
1 : puts the relative I/O pin into high impedance

Only the lower 4 bits of IOC5 are available to be defined.
IOC5 and 10C6 registers are both readable and writable.

5.2.4 10CB (Pull-down Control Register)

Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1
- /PD6 /PD5 /PD4 - /PD2 /PD1 /PDO
Bit 7: Not used

0 : Enable internal pull-down

1 : Disable internal pull-down
Bit 6 (/PD6): Control bit used to enable pull-down of the P62 pin.
Bit 5 (/PD5): Control bit used to enable pull-down of the P61 pin.
Bit 4 (/PD4): Control bit used to enable pull-down of the P60 pin.
Bit 3: Not used
Bit 2 (/PD2): Control bit used to enable pull-down of the P52 pin.
Bit 1 (/PD1): Control bit used to enable pull-down of the P51 pin.
Bit 0 (/PDO0): Control bit used to enable pull-down of the P50 pin.

The IOCB Register is both readable and writable.

5.2.5 10CC (Open-drain Control Register)

Bit7 | Bité | Bit5 | Bit4 | Bit3 | Bit2 |
oD7 oD6 oD5 oD4 ; oD2 oD1 0DO

Bit 7 (OD7): Control bit used to enable open-drain of the P67 pin.
0 : Disable open-drain output
1 : Enable open-drain output
Bit 6 (OD6): Control bit used to enable open-drain of the P66 pin.
Bit 5 (OD5): Control bit used to enable open-drain of the P65 pin.
Bit 4 (OD4): Control bit used to enable open-drain of the P64 pin.
Bits 3: Not used
Bit 2 (OD2): Control bit used to enable open-drain of the P62 pin.
Bit 1 (OD1): Control bit used to enable open-drain of the P61 pin.
Bit 0 (ODO0): Control bit used to enable open-drain of the P60 pin.
The IOCC Register is both readable and writable.

10 e
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5.2.6 10CD (Pull-high Control Register)
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
IPH7 IPH6 IPH5 IPH4 - IPH2 IPH1 IPHO

Bit 7 (/PH7): Control bit is used to enable pull-high of the P67 pin.
0 : Enable internal pull-high
1 : Disable internal pull-high
Bit 6 (/PH6): Control bit used to enable pull-high of the P66 pin.
Bit 5 (/PH5): Control bit used to enable pull-high of the P65 pin.
Bit 4 (/PH4): Control bit used to enable pull-high of the P64 pin.
Bits 3: Not used
Bit 2 (/PH2): Control bit used to enable pull-high of the P62 pin.
Bit 1 (/PH1): Control bit used to enable pull-high of the P61 pin.
Bit 0 (/PHO): Control bit used to enable pull-high of the P60 pin.
The IOCD Register is both readable and writable.

5.2.7 10CE (WDT Control Register)

Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

WDTE EIS - - - - - -

Bit 7 (WDTE): Control bit used to enable the Watchdog timer.
0 : Disable WDT
1: Enable WDT

Bit 6 (EIS):  Control bit is used to define the function of P60 (/INT) pin.
0 : P60, bidirectional I/O pin.

1: /INT, external interrupt pin. In this case, the I/O control bit of P60
(Bit 0 of IOC6) must be set to "1."

When EIS is "0," the path of /INT is masked. When EIS is "1," the status
of /INT pin can also be read by way of reading Port 6 (R6). See Figure
5-6 under Section 5.4 for reference.

EIS is both readable and writable.

WDTE is both readable and writable.
Bits 5~ 0: Not used
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5.2.8 10CF (Interrupt Mask Register)

Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 Bit 1 Bit O
) ] ] i - EXIE ICIE TCIE

Bits 7~3: Not used

Individual interrupt is enabled by setting its associated control bit in the
IOCF to "1".

Global interrupt is enabled by the ENI instruction and is disabled by the
DISl instruction. Refer to Figure 9.

Bit 2 (EXIE): EXIF interrupt enable bit
0 : disable EXIF interrupt
1: enable EXIF interrupt

Bit 1 (ICIE): ICIF interrupt enable bit
0 : disable ICIF interrupt
1: enable ICIF interrupt

Bit 0 (TCIE): TCIF interrupt enable bit
0 : disable TCIF interrupt
1: enable TCIF interrupt
The IOCF register is both readable and writable.

5.3 TCC/WDT and Prescaler

There is an 8-bit counter available as prescaler for the TCC or WDT. The prescaler is
available for the TCC only or the WDT only at the same time and the PAB bit of the
CONT register is used to determine the prescaler assignment. The PSRO~PSR2 bits
determine the ratio. The prescaler is cleared each time the instruction is written to TCC
under TCC mode. The WDT and prescaler, when assigned to WDT mode, are cleared
by the “WDTC” or “SLEP” instructions. Figure 5-4 depicts the circuit diagram of
TCC/WDT.

m  R1 (TCC) is an 8-bit timer/counter. The TCC clock source can be internal or
external clock input (edge selectable from TCC pin). If the TCC signal source is
from an internal clock, TCC will be incremented by 1 at every instruction cycle
(without prescaler). Referring to Figure 5-4, CLK=Fosc/2 or CLK=Fosc/4,
depends on the Code Option bit CLK. CLK=Fosc/2 is used if CLK bit is "0", and
CLK=Fosc/4 is used if CLK bitis "1". If the TCC signal source is from an external
clock input, TCC is incremented by 1 at every falling edge or rising edge of the
TCC pin.

m  The watchdog timer is a free running on-chip RC oscillator. The WDT will keep
running even when the oscillator driver has been turned off (i.e. in sleep mode).
During normal operation or sleep mode, a WDT time-out (if enabled) will cause the
device to reset. The WDT can be enabled or disabled any time during normal
mode by software programming. Refer to WDTE bit of the IOCE register. Without
prescaler, the WDT time-out period is approximately 18 ms? (default).

' Note: Vdd =5V, set up time period = 16.5ms * 30%
Vdd = 3V, set up time period = 18ms * 30%
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5.4 1/0 Ports

The I/O registers, both Port 5 and Port 6, are bidirectional tri-state I/O ports. Port 6 can
be pulled-high internally by software except P63. In addition, Port 6 can also have

open-drain output by software except P63. Input status changed interrupt (or wake-up)
function is available from Port 6. P50 ~ P52 and P60 ~ P62 pins can be pulled-down by

software

. Each /O pin can be defined as "input" or "output” pin by the 1/O control

register (IOC5 ~ 10C6) except P63. The I/O registers and I/O control registers are both
readable and writable. The /O interface circuits for Port 5 and Port 6 are shown in
Figure 5-5, Figure 5-6 and Figure 5-7 respectively.

CLK (Fosc/2 or Fosc/4) Data Bus
E, M 1) ™ i
TCC _ N
Pin U U SYNC TCC (R1)
—» X X 2 cycles
0
T i
TE TS PAB TCC Overflow Interrupt
o) ™
u 4% 8-bit Counter ‘
. —nnm
1 ? PSRO~PSR2
| 801 MUX
PAB
0 1,
WDTE ‘
(in I0CE) MUX <«— PAB
WDT Time Out
Figure 5-4 TCC and WDT Block Diagram
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A
[ ] [ ] Q E ]
5 ECLK ——PCWR
T
.
[Por > <] Q B - Iop
CLK¢——PDWR
—0 ¢
T PDRD
U
1 X L —

Note: Pull-down is not shown in the figure.

Figure 5-5 1/0O Port and I/O Control Register Circuit for Port 5

Port

—PCWR

10D

Bit 6 of

o
O
m

O

|
¢l
—Cl—d; oy
Ol

|G

o L

Note: Pull-high (down) and open-drain are not shown in the figure.

Figure 5-6 1/O Port and 1/O Control Register Circuit for P60 (/INT)
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3
Q rR D
_ CLK<—PCWR
Q ¢
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I
] 3
PORT <[ Q R D 10D
_ CLK<—PDWR
Q ¢
r
0 “ﬁ
1 | T

e e e et
L

=

T

Note: Pull-high (down) and open-drain are not shown in the figure.

Figure 5-7 1/0 Port and 1/0 Control Register Circuit for P61~P67

} Interrupt
NI Instruction
Q

e

0Uo—0

—aro
Ol

DISI Instruction

Interrupt
(Wake-up from
SLEEP)
[ Next Instruction
(Wake-up from
SLEEP)

Figure 5-8 Block Diagram of 1/0O Port 6 with input change interrupt/wake-up

[/SLEP ‘
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Table 5-1 Usage of Port 6 Input Change Wake-up/Interrupt Function
Usage of Port 6 Input Status Change Wake-up/Interrupt

(I) Wake-up from Port 6 Input Status Change () Port 6 Input Status Change Interrupt

(a) Before Sleep 1. Read I/O Port 6 (MOV R6,R6)
1. Disable WDT 2. Execute “ENI”
2. Read I/O Port 6 (MOV R6,R6) 3. Enable interrupt (Set IOCF.1)
3. Execute "ENI" or "DISI" 4. |F Port 6 change (interrupt)
4. Enable interrupt (Set IOCF.1) — Interrupt vector (008H)

5. Execute "SLEP" instruction

(b) After Wake-up
1. IF "ENI" — Interrupt vector (008H)
2. IF "DISI" — Next instruction

5.5 Reset and Wake-up
5.5.1 Reset

A Reset is initiated by one of the following events:

1) Power-on reset
2) /RESET pin input "low"
3) WDT time-out (if enabled)

2
The device is kept under reset condition for a period of approximately 18ms (one
oscillator start-up timer period) after a reset is detected. Once a Reset occurs, the
following functions are performed:

m  The oscillator is running, or will be started.

m  The Program Counter (R2) is set to all "0."

m  AllI/O port pins are configured as input mode (high-impedance state)
m  The Watchdog timer and prescaler are cleared.

m  When power is switched on, the upper 3 bits of R3 are cleared.

m  The bits of the CONT register are set to all "1" except for Bit 6 (INT flag).
m  The bits of the IOCB register are setto all "1."

m  The IOCC register is cleared.

m  The bits of the IOCD register are set to all "1."

m  Bit 7 of the IOCE register is set to "1," and Bits 4 and 6 are cleared.

m Bits 0 ~ 2 of RF and Bits 0 ~ 2 of IOCF registers are cleared.

2 vdd = 5V, set up time period = 16.8ms + 30%
Vdd = 3V, set up time period = 18ms * 30%
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The Sleep (power down) mode is asserted by executing the “SLEP” instruction. While
entering Sleep mode, WDT (if enabled) is cleared but keeps on running. The controller
can be awakened by:

1) External reset input on /RESET pin
2) WDT time-out (if enabled)
3) Port 6 Input Status changed (if enabled)

The first two cases will cause the EM78P152/3S to reset. The T and P flags of R3 are
used to determine the source of the reset (wake-up). The last case is considered the
continuation of program execution and the global interrupt ("ENI" or "DISI" being
executed) determines whether or not the controller branches to the interrupt vector
following a wake-up. If ENI is executed before SLEP, the instruction will begin to
execute from Address 008H after wake-up. If DISI is executed before SLEP, the
operation will restart from the succeeding instruction right next to SLEP after a
wake-up.

Only one of Cases 2 and 3 can be enabled before going into the Sleep mode. That is,

[a] if Port 6 Input Status Change Interrupt is enabled before SLEP, WDT must be
disabled by software. However, the WDT bit in the option register remains
enabled. Hence, the EM78P152/3S can be awakened only by Case 1 or Case 3.

[b] if WDT is enabled before SLEP, Port 6 Input Status Change Interrupt must be
disabled. Hence, the EM78P152/3S can be awakened only by Case 1 or Case 2.
Refer to Section 5.6, Interrupt for further details.

If Port 6 Input Status Change Interrupt is used to wake-up the EM78P152/3S (Case [a]
above), the following instructions must be executed before SLEP:

MOV A, @xxxx1110b Select the WDT prescaler, it must be

set over 1:1

CONTW
WDTC ; Clear WDT and prescaler
MOV A, @O0xxxxxxxb ; Disable WDT
I0W RE
MOV R6, R6 ; Read Port 6
MOV A, @®00000x1xb ; Enable Port 6 input change interrupt
I0W RF
ENI (or DISI) ; Enable (or disable) global interrupt
SLEP ; Sleep
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NOTE

1. After waking up from sleep mode, WDT is automatically enabled. The WDT
enable/disable operation after waking up from sleep mode should be appropriately
defined in the software.

2. To avoid a reset from occurring when the Port 6 Input Status Changed Interrupt
enters into interrupt vector or is used to wake-up the MCU, the WDT prescaler must
be set above the 1:1 ratio.

5.5.2 Summary of Registers Initialized Values

Address ’ Name | Reset Type ’ Bit 7 ’ Bit 6 ’ Bit 5 ’ Bit 4 ‘ Bit 3 ’ Bit 2 | Bit 1 ’ Bit O

Bit Name X X X X C53 [ C52 | C51 | C50
P - 0 0 0 0 1 1 1 1
N/A | locs |—eron
/RESET and WDT 0 0 0 0 1 1 1 1
Wake-up from Pin Change 0 0 0 0 P P
Bit Name C67 | C66 | C65 | C64 | C63 | C62 | C61 | C60
Power-on 1 1 1 1 1 1 1 1
NA | 10C6 ~
/RESET and WDT 1 1 1 1 1 1 1 1
Wake-up from Pin Change P P P P P P P
Bit Name X x X X P53 | P52 | P51 | P50
Power-on 1 1 1 1 1 1 1 1
0x05 P5
/RESET and WDT P P P P P P P
Wake-up from Pin Change P P P P P P P P
Bit Name P67 | P66 | P65 | P64 | P63 | P62 | P61 | P60
Power-on 1 1 1 1 1 1 1 1
0x06 P6
/RESET and WDT P P P P P P P
Wake-up from Pin Change P P P P P P P P
Bit Name X /INT [ TS TE | PAB [PSR2|PSR1|PSRO
N/A CONT Power-on 1 0 1 1 1 1 1 1
/RESET and WDT 1 0 1 1 1 1 1 1
Wake-up from Pin Change P 0 P P P P P P
Bit Name - - - - - - - -
Power-on u u u U u u U u
0x00 RO (IAR)
/RESET and WDT P P P P P P P P
Wake-up from Pin Change P P P P P P P P
Bit Name - - - - - - - -
Power-on 0 0 0 0 0 0 0 0
0x01 |R1(TCC)
/RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin Change P P P P P P P P
Bit Name - - - - - - - -
Power-on 0 0 0 0 0 0 0 0
0x02 R2 (PC)
/RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin Change P P P P N P P P
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Address | Name | Reset Type Bit 7 ’ Bit 6 ’ Bit 5 ’ Bit 4 ’ Bit 3 ’ Bit 2 ’ Bit 1 ’ Bit 0 ‘
Bit Name RST | GP1 | GPO T P 4 DC C
Power-on 0 0 0 1 1 U U U
0x03 R3 (SR)
/RESET and WDT 0 0 0 * * P P P
Wake-up from Pin Change 1 P P * * P P P
Bit Name GP1 | GPO - - - - - -
Power-on u U U U U U U U
0x04 |R4 (RSR)
/RESET and WDT P P P P P P P P
Wake-up from Pin Change P P P P P P P P
Bit Name x x x x x EXIF | ICIF | TCIF
Power-on 0 0 0 0 0 0 0 0
0xO0F RF(ISR)
/RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin Change 0 0 0 0 0 P N P
Bit Name X /PD6 | /PD5 | /PD4 X /PD2 | /PD1 | /PDO
Power-on 1 1 1 1 1 1 1 1
0x0B | 10CB v
/RESET and WDT 1 1 1 1 1 1 1 1
Wake-up from Pin Change P P P P P P P P
Bit Name OD7 | OD6 | OD5 | OD4 X OD2 | OD1 | ODO
Power-on 0 0 0 0 0 0 0 0
oxoc | locc ”
/RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin Change P P P P P P P P
Bit Name /[PH7 | /PH6 | /PH5 | /PH4 X /PH2 | /PH1 | /PHO
Power-on 1 1 1 1 1 1 1 1
oxoD | 10CD ”
/RESET and WDT 1 1 1 1 1 1 1 1
Wake-up from Pin Change P P P P P P P P
Bit Name WDTE| EIS X X X X X X
Power-on 1 0 1 1 1 1 1 1
OxO0E | IOCE ”
/RESET and WDT 1 0 1 1 1 1 1 1
Wake-up from Pin Change 1 P 1 1 1 1 1 1
Bit Name x x x x x EXIE | ICIE | TCIE
P - 1 1 1 1 1 0 0 0
OxOF | IOCF |——meron
/RESET and WDT 1 1 1 1 1 0 0 0
Wake-up from Pin Change 1 1 1 1 1 P P P
Bit Name - - - - - - - -
~ Power-on u U U U U U U U
0x10~ 1 o1 0~R2F |2
0x2F /RESET and WDT P P P P P P P P
Wake-up from Pin Change P P P P P P P P

Legend: X: Notused U: Unknown or don't care P: Previous value before reset

* Refer to tables provided in the next section (Section 5.5.3).
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5.5.3 Status of RST, T, and P of the Status Register

A Reset condition is initiated by the following events

1) A power-on condition

2) A high-low-high pulse on /RESET pin

3) Watchdog timer time-out

The values of T and P listed in the table below are used to check how the processor
wakes up.

Table 5-2 Values of RST, T, and P after a Reset

Reset Type |  RsT | T | P
Power on 0 1 1
/RESET during Operating mode 0 *p *P
/RESET wake-up during Sleep mode 0 1 0
WDT during Operating mode 0 0 *P
WDT wake-up during Sleep mode 0 0 0
Wake-up on pin change during Sleep mode 1 1 0

* P: Previous status before reset

The following table shows the events that may affect the status of T and P.

Table 5-3 Status of T and P Being Affected by Events

Event |  RsT | T | P
Power on 0 1 1
WDTC instruction *p 1 1
WDT time-out 0 0 *P
SLEP instruction *p 1 0
Wake-up on pin change during Sleep mode 1 1 0

* P: Previous status before reset

VDD

Oscillator ~ CLK
CLR

—
Voltage —

Power-on
Reset

Detector
WDTE
WDT Txggut j‘ Setup Time RESET >
IRESET E
Figure 5-9 Controller Reset Block Diagram
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5.6 Interrupt

The EM78P152/3S has three falling-edge interrupts as listed herewith:
1) TCC overflow interrupt

2) Port 6 Input Status Change Interrupt

3) External interrupt [(P60, /INT) pin]

Before the Port 6 Input Status Changed Interrupt is enabled, reading Port 6 (e.g. "MOV
R6,R6") is necessary. Each pin of Port 6 will have this feature if its status changes.
Any pin configured as output or P60 pin configured as /INT, is excluded from this
function. The Port 6 Input Status Changed Interrupt can wake up the EM78P152/3S
from Sleep mode if Port 6 is enabled prior to going into Sleep mode by executing SLEP
instruction. When the chip wakes-up, the controller will continue to execute the
program in-line if the global interrupt is disabled. If the global interrupt is enabled, it will
branch to the interrupt Vector O08H.

RF is the interrupt status register that records the interrupt requests in the relative
flags/bits. IOCF is an interrupt mask register. The global interrupt is enabled by the
ENl instruction and is disabled by the DISI instruction. When one of the interrupts
(enabled) occurs, the next instruction will be fetched from Address 008H. Once in the
interrupt service routine, the source of an interrupt can be determined by polling the flag
bits in RF. The interrupt flag bit must be cleared by instructions before leaving the
interrupt service routine before interrupts are enabled to avoid recursive interrupts.

The flag (except ICIF bit) in the Interrupt Status Register (RF) is set regardless of the
status of its mask bit or the execution of ENI. Note that the outcome of RF will be the
logic AND of RF and IOCF (refer to Figure 5-10). The RETI instruction ends the
interrupt routine and enables the global interrupt (the execution of ENI).

When an interrupt is generated by the INT instruction (enabled), the next instruction will
be fetched from Address 001H.

VCC

NNRQN ————<>CLK_  _ : ) —— INT
£ Qr— RFRD IRQm
RF ENI/DISI
Q R 10D
= gLKi
ocF 1Q IOCFWR
JRESET T

Figure 5-10 Interrupt Input Circuit
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5.7 Oscillator

5.7.1 Oscillator Modes

The EM78P152/3S can be operated in four different oscillator modes, such as External
RC oscillator mode (ERC), Internal RC oscillator mode (IRC), High Crystal oscillator
mode (HXT), and Low Crystal oscillator mode (LXT). The desired mode can be
selected by programming OSC1 and OSC2 in the Code Option register. The Table
below describes how these four oscillator modes are defined.

Table 5-4 Oscillator Modes Defined by OSC

Mode ‘ 0OSC1 ‘ 0scC2
IRC (Internal RC oscillator mode) 1 1

ERC (External RC oscillator mode) 1 0
HXT (High Crystal oscillator mode) 0 1
0 0

LXT(Low Crystal oscillator mode)

Note: The transient point of system frequency between HXT and LXY is 400kHz.

The maximum operational frequency of the crystal/resonator under different VDD is
listed below.

Table 5-5 Summary of Maximum Operating Speeds

Conditions Max Freq. (MHz)

Two cycles with two clocks 3.0 8.0

5.0 20.0

5.7.2 Crystal Oscillator/Ceramic Resonators (Crystal)

The EM78P152/3S can be driven by an external clock signal through the OSCI pin as
shown in the following figure.

oscl <—©<

OSCO [

Ext. Clock

EM78P153S

Figure 5-11 Circuit for External Clock Input
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In most applications, pin OSCI and pin OSCO can be connected with a crystal or
ceramic resonator to generate oscillation. Figure 5-12 depicts such circuit. The same
thing applies whether it is in the HXT mode or in the LXT mode.

In Figure 5-12-1, when the connected resonator in OSCI and OSCO is used in
applications, the 1 MQ R1 needs to be shunt with resonator.

Cc1
OScClI |

EM78P153S | Crystal |

OSCO AN~
RS

|
\
Cc2

Figure 5-12 Circuit for Crystal/Resonator

c1
OSCl |
Resonator
EM78P153A |R1 e
0SCO | =
c2

Figure 5-12-1 Circuit for Crystal/Resonator

The following table provides the recommended values of C1 and C2. Since each
resonator has its own attribute, refer to its specification for appropriate values of C1 and
C2. RS, a serial resistor, may be necessary for AT strip cut crystal or low frequency

mode.
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Table 5-6 Capacitor Selection Guide for Crystal Oscillator or Ceramic Resonator

Oscillator Type ‘ Frequency Mode ‘ Frequency ‘ C1 (pF) ‘ C2 (pF)
455kHz 100~150 100~150
Ceramic Resonators HXT 2.0 MHz 20~40 20~40
4.0 MHz 10~30 10~30
32.768kHz 25 15
LXT 100kHz 25 25
200kHz 25 25
Crystal Oscillator 455kHz 20~40 20~150
HXT 1.0 MHz 15~30 15~30
2.0 MHz 15 15
4.0 MHz 15 15

Note: The values of capacitors C1 and C2 are for reference only

5.7.3 External RC Oscillator Mode

For some applications that do not require a very precise timing calculation, the RC
oscillator (Figure 5-13) offers a cost-effective oscillator configuration. Nevertheless, it
should be noted that the frequency of the RC oscillator is influenced by the supply
voltage, the values of the resistor (Rext), the capacitor (Cext), and even by the
operation temperature. Moreover, the frequency also changes slightly from one chip to
another due to manufacturing process variations.

In order to maintain a stable system frequency, the values of the Cext should not be
less than 20pF, and that the value of Rext should not be greater than 1 MQ. If they
cannot be kept in this range, the frequency can be easily affected by noise, humidity,
and leakage.

The smaller the Rext in the RC oscillator is, the faster its frequency will be. On the
contrary, for very low Rext values, for instance, 1 KQ, the oscillator becomes unstable
because the NMOS cannot discharge the current of the capacitance correctly.

Based on the above reasons, it must be kept in mind that all of the supply voltage, the
operation temperature, the components of the RC oscillator, the package types, the
way the PCB is layout, will affect the system frequency.

Vcc
Rext
OSCI ﬂ
—— Cext
EM78P153S

Figure 5-13 External RC Oscillator Mode Circuit

24 e Product Specification (V1.8) 09.08.2009
(This specification is subject to change without further notice)





EM78P152/3S
8-Bit Microcontroller with OTP ROM

Table 5-7 RC Oscillator Frequencies

Cext Rext

Average Fosc

Average Fosc

5V, 25°C 3V, 25°C
3.3k 3.92 MHz 3.65 MHz
5.1k 2.67 MHz 2.60 MHz
20pF
10k 1.4 MHz 1.40 MHz
100k 150kHz 156kHz
3.3k 1.4 MHz 1.33 MHz
5.1k 940kHz 917kHz
100pF
10k 476kHz 480kHz
100k 50kHz 52kHz
3.3k 595kHz 570kHz
5.1k 400kHz 384kHz
300pF
10k 200kHz 203kHz
100k 20.9kHz 20kHz

Note: l: Measured based on DIP packages.

2. .
. The values are for design reference only.

3: The frequency drift is = 30%.

5.7.4 Internal RC Oscillator Mode

EM78P152/3S offers a versatile internal RC mode with default frequency value of
4MHz. The Internal RC oscillator mode has other frequencies (1IMHz, 8MHz, &
455kHz) that can be set by Code Option (Word 1), RCM1, and RCMO. All these four
main frequencies can be calibrated by programming the Option Bits CALO ~ CAL2.
The table below describes the EM78P152/3S internal RC drift with variation of voltage,
temperature, and process.

Table 5-8 Internal RC Drift Rate (Ta=25°C, VDD=5V15%, VSS=0V)

Drift Rate
Internal RC | Temperature Voltage Process
(0°C~70°C) (2.3v~5.5V)
8 MHz + 3% +5% +10% +18%
4 MHz + 3% +5% + 5% +13%
1 MHz + 3% + 5% + 10% +18%
455kHz + 3% +5% +10% +18%

Note: These are theoretical values provided for reference only. Actual values may vary
depending on the actual process.
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5.8 Code Option Register

The EM78P152/3S has a Code Option word that is not a part of the normal program
memory. The option bits cannot be accessed during normal program execution.

m  Code Option Register and Customer ID Register Arrangement Distribution:

Bit 12 ~ Bit 0 Bit 12 ~ Bit 0 Bit 12 ~ Bit 0

5.8.1 Code Option Register (Word 0)
Word 0

Bit 12 | Bit 11 | Bit 10 | Bit 9 | Bit 8 “ Bit 7 ‘ Bit 6 ‘ Bit5 ‘ Bit 4 ‘ Bit 3 |Bit2’Bitl|BitO
‘/RESET /ENWDT| CLKS | OSC1|OCSO| CS | SUT1 | SUTO | TYPE |[RCOUT| C2 [ C1 | CO

Bit 12 (/RESET): Define Pin 7 as a reset pin
0 : /RESET enable
1: /RESET disable

Bit 11 (/ENWTD):  Watchdog timer enable bit
0 : Enable

1 : Disable

NOTE

This bit must be enabled and the WDTE register (IOCE reg. Bit 6) must be disabled
when Port 6 pin change wake-up function is used.

Bit 10 (CLKS): Instruction period option bit.
0 : two oscillator periods
1 : four oscillator periods
Refer to the Instruction Set section.

Bit 9 and Bit 8 (OSC1 and OSCO0): Oscillator Modes Selection bits.

Table 5-9 Oscillator Modes defined by OSC1 and OSCO

Mode | osct | 0SCO0
IRC (Internal RC oscillator mode) 1 1
ERC (External RC oscillator mode) 1 0
HXT (High Crystal oscillator mode) 0 1
LXT (Low Crystal oscillator mode) 0 0

Note: The transient point of system frequency between HXT and LXY is 400kHz.
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Bit 7 (CS): Code Security Bit

0 : Security On
1: Security Off

Bit 6 and Bit 5 (SUT1 and SUTO0): Set-up Time of device bits.

Table 5-10 Set-up Time of Device Programming

SUTL | suTo | Set-up Time
1 1 18 ms
1 0 4.5 ms
0 1 288 ms
0 0 72 ms

* Theoretical values, for reference only

Bit 4 (Type): Type selection for EM78P152/3S

Type ‘ Series
0 EM78P152/3S
1 x

Bit 3 (RCOUT): Selection bit of Oscillator output or 1/O port

RCOUT Pin Function
0 P64
1 OSsCco

Bits 2~ 0 (C2~C 0): Calibrator of internal RC mode Bit 3

C2, C1, CO must be set to “1” only.

m  Code Option Register (Word 1)

RCM1 RCMO

Bit 1 and Bit 0 (RCM1, RCMO0): RC mode selection bits

RCM1 | RCMO | Frequency (MHz)
1 1 4
1 0 8
0 1 1
0 0 455KHzZ

* Theoretical values, for reference only

m  Customer ID Register (Word 2)

Bit 12~Bit 0
XXXXXXXXXXXXX

Bits 12~ 0: Customer’s ID code
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5.9 Power-on Considerations

Any microcontroller is not guaranteed to start to operate properly before the power
supply stabilizes at its steady state. Under customer application, when power is OFF,
Vdd must drop to below 1.8V and remains OFF for 10us before power can be switched
ON again. This way, the EM78P152/3S will reset and operate normally. The extra
external reset circuit will work well if Vdd can rise at very fast speed (50 ms or less).
However, under most cases where critical applications are involved, extra devices are
required to assist in solving the power-up problems.

5.10 Programmable Oscillator Set-up Time

The Option word contains SUTO and SUT1 which can be used to define the oscillator
set-up time. Theoretically, the range is from 4.5 ms to 72 ms. For most of crystal or
ceramic resonators, the lower the operation frequency, the longer the Set-up time may
be required. Table 12 describes the values of the Oscillator Set-up Time.

5.11 External Power-on Reset Circuits

The circuitry in the figure

implements an external RC vdd R '
to produce the reset pulse.
The pulse width (time /RESET R b

constant) should be kept
long enough for Vdd to _
reach minimum operation Rin C
voltage. This circuit is I
used when the power =
supply has a slow rise
time.

Since the current leakage from the /RESET pin is £ 5 pA, it is recommended that R
should not be greater than 40K. In this way, the /RESET pin voltage is held below 0.2V.
The diode (D) acts as a short circuit at the moment of power down. The capacitor C will
discharge rapidly and fully. Rin, the current-limited resistor, will prevent high current or
ESD (electrostatic discharge) from flowing to pin /RESET.

EM78P153S

Figure 5-14 External Power-up Reset Circuit
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5.12 Residue-Voltage Protection

When the battery is replaced, the device power (Vdd) is cut off but residue-voltage
remains. The residue-voltage may trip below the minimum Vdd, but not to zero. This
condition may cause a poor power-on reset. The following figures illustrate two
recommended methods on how to build a residue-voltage protection circuit for the

EM78P152/3S.
vdd o Vdd
33K
EM78P153S 01 10K
— iy y—
100K 1N4684
* Figure 5-15 Residue Voltage Protection Circuit 1
vdd vdd
R1
EM78P153S Q1
IRESET
R3 R2

* Figure 5-16 Residue Voltage Protection Circuit 2

Note: * Figure 5-15 and Figure 5-16 should be designed with their /RESET pin voltage larger than VIH(min).
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5.13 Instruction Set

Each instruction in the instruction set is a 13-bit word divided into an OP code and one
or more operands. Normally, all instructions are executed within one single instruction
cycle (one instruction consists of two oscillator periods), unless the program counter is
changed by instruction "MOV R2,A", "ADD R2,A", or by instructions of arithmetic or
logic operation on R2 (e.g., "SUB R2,A", "BS(C) R2,6", "CLR R2", ----). In this case, the
execution takes two instruction cycles.

If for some reasons, the specification of the instruction cycle is not suitable for certain
applications, try modifying the instruction as follows:

A) Modify one instruction cycle to consist of four oscillator periods.

B) "JMP," "CALL," "RET," "RETL," "RETI," or the conditional skip ("JBS," "JBC," "JZ,"
"JZA," "DJZ,” "DJZA") commands which were tested to be true, are executed within
two instruction cycles. The instructions that are written to the program counter also
take two instruction cycles.

Case (A) is selected by the Code Option bit, called CLK. One instruction cycle consists
of two oscillator clocks if CLK is low; and four oscillator clocks if CLK is high.

Note that once the four oscillator periods within one instruction cycle is selected as in
Case (A), the internal clock source to TCC should be CLK=Fosc/4, instead of Fosc/2.
Moreover, the instruction set has the following features:

1) Every bit of any register can be set, cleared, or tested directly.

2) The I/O register can be regarded as general register. That is, the same instruction
can operate on /O register.

The following symbols are used in the Instruction Set table:
Convention:

R = Register designator that specifies which one of the registers (including operation and general purpose
registers) is to be utilized by the instruction.
Bits 6 and 7 in R4 determine the selected register bank.

b = Bit field designator that selects the value for the bit located in the register R and which affects the

operation.

k = 8 or 10-bit constant or literal value

Binary Instruction Hex Mnemonic Operation Status Affected
0 0000 0000 0000 | 0000 NOP No Operation None

0 0000 0000 0001 | 0001 DAA Decimal Adjust A C

0 0000 0000 0010 | 0002 CONTW A — CONT None

0 0000 0000 0011 | 0003 SLEP 0 — WDT, Stop oscillator T, P

0 0000 0000 0100 | 0004 WDTC 0 > WDT T, P

30

Product Specification (V1.8) 09.08.2009
(This specification is subject to change without further notice)





EM78P152/3S
8-Bit Microcontroller with OTP ROM

(Continuation)

Binary Instruction | Hex | Mnemonic Operation Status Affected
0 0000 0000 rrrr 000r IOW R A - IOCR None *
0 0000 0001 0000 | 0010 ENI Enable Interrupt None
0 0000 0001 0001 | 0011 DISI Disable Interrupt None
0 0000 0001 0010 | 0012 RET [Top of Stack] - PC None
0 0000 0001 0011 | 0013 RETI Eﬁ;b?ef fqﬁffi; PC, None
0 0000 0001 0100 | 0014 CONTR CONT - A None
0 0000 0001 rrrr 001r IORR IOCR > A None *
0 0000 Oarr rrrr 00rr MOV R,A A—->R None
0 0000 1000 0000 | 0080 CLRA 0->A Zz

0 0000 1lrr rrrr 00rr CLRR 0->R 4

0 0001 OOrr rrrr Olrr SUB AR R-A—> A Z,C,DC
0 0001 Oxrr rrrr Olrr SUB R,A R-A—> R Z,C,DC
0 0001 10rr rrrr Olrr DECAR R-1->A

0 0001 1irr rrrr Olrr DECR R-1 >R 4

0 0010 OOrr rrrr 02rr OR AR AVvVR > A Z

0 0010 Oirr rrrr 02rr ORRA AvR—>R Z

0 0010 10rr rrrr 02rr AND AR A&R S A Z

0 0010 11rr rrrr 02rr AND R,A A&R—>R Z

0 0011 OOrr rrrr 03rr XOR AR AR A 4

0 0011 Oxrr rrrr 03rr XORRA A®@R—->R 4

0 0011 10rr rrrr 03rr ADD AR A+R—->A Z,C,DC
0 0011 11rr rrrr 03rr ADD R,A A+R->R Z,C,DC
0 0100 OOrr rrrr 04rr MOV AR R->A

0 0100 Oirr rrrr O4rr MOV R,R R—->R Z

0 0100 10rr rrrr O4rr COMAR R—> A Z

0 0100 1lrr rrrr 04rr COMR R—>R 4

0 0101 OOrr rrrr 05rr INCAR R+1 —> A 4

0 0101 Oxrr rrrr 05rr INC R R+1 >R 4

0 0101 10rr rrrr 05rr DJZAR R-1 — A, skip if zero None
0 0101 1rr rrrr 05rr DJZR R-1 — R, skip if zero None

Note: * This instruction is applicable to I0OC5~I0C6, IOCB ~ IOCF only.
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(Continuation)

Binary Instruction | Hex | Mnemonic Operation Status Affected

R(n) —» A(n-1),

0 0110 OOrr rrrr 06rr RRCAR R(0) - C, C — A(7) C
R(n) - R(n-1),

0 0110 Oirr rrrr 06rr RRC R R(0) - C, C — R(7) C
R(n) —» A(n+1),

0 0110 10rr rrrr 06rr RLCAR R(7) - C. C — A(0) C
R(n) > R(n+1),

0 0110 11rr rrrr 06rr RLCR R(7) - C, C - R(0) C
R(0-3) —» A(4-7),

0 0111 OOrr rrrr o7rr SWAPA R R(4-7) - A(0-3) None

0 0111 Olrr rrrr o7rr SWAP R R(0-3) & R(4-7) None

0 0111 10rr rrrr o7rr JZAR R+1 — A, skip if zero None

0 0111 1lrr rrrr o7rr JZR R+1 — R, skip if zero None

0 100b bbrr rrrr 0XXX BCR,b 0 — R(b) None 2

0 101b bbrr rrrr 0XXX BSR,b 1 - R(b) None *

0 110b bbrr rrrr 0xxx JBCR,b if R(b)=0, skip None

0 111b bbrr rrrr Oxxx JBS R,b if R(b)=1, skip None
PC+1 — [SP],

1 00kk KKKk Kkkkk 1kkk CALL k (Page, k) > PC None

1 01kk Kkkk Kkkkk 1kkk JMP k (Page, k) > PC None

1 1000 kkkk Kkkk 18kk MOV Ak k—> A None

1 1001 kkkk Kkkk 19kk OR Ak Avk—>A z

1 1010 kkkk Kkkkk 1Akk AND Ak A&k—>A z

1 1011 kkkk Kkkkk 1Bkk XOR Ak A®k—>A z
k = A,

1 1100 kkkk Kkkkk 1Ckk RETL k [Top of Stack] —» PC None

1 1101 kkkk Kkkkk 1DKk SUB Ak k-A—> A Z,CDC
PC+1 — [SP],

1 1110 0000 0001 | 1EO1 INT 001H — PC None

1 1111 kkkk Kkkkk 1Fkk ADD Ak k+A > A Z,C,DC

Note: % This instruction is not recommended for RF operation.

®This instruction cannot operate under RF.
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6 Absolute Maximum Ratings

m  EM78P152/3S

ltems Rating

Temperature under bias 0°C to 70°C

Storage temperature -65°C to 150°C
Input voltage -0.3v to +6.0V
Output voltage -0.3v to +6.0V

Note: “These parameters are theoretical values and have not been tested.

7 Electrical Characteristics

7.1 DC Characteristics
Ta=25°C, VDD=5V+5%, VSS=0V

Symbol| Parameter Condition | Min. |Typ. | Max. | Unit
Crystal: VDD to 2.3V Two cycles with two clocks| DC - 40 |MHz
FXT [ Crystal: VDD to 3V Two cycles with two clocks| DC — 8.0 |MHz
Crystal: VDD to 5V Two cycles with two clocks| DC - 20.0 [MHz
ERC | ERC: VDD to 5V R: 5KQ, C: 39 pF F+30% | 1500 | F+30% | kHz
IIL Input Leakage Current for input pins VIN = VDD, VSS - - +1 pA
VIH1 | Input High Voltage (VDD=5V) Ports 5, 6 2.0 - - V
VIL1 | Input Low Voltage (VDD=5V) Ports 5, 6 - - 0.8 \%
Input High Threshold Voltage /RESET, TCC
VIHTL (VDD=5V) (Schmitt trigger) 2.0 v
/RESET, TCC
VILT1 | Input Low Threshold Voltage (VDD=5V) (Schmitt trigger) - - 0.8 \Y,
VIHX1 | Clock Input High Voltage (VDD=5V) OSClI 25 — |vdd+0.3| V
VILX1 | Clock Input Low Voltage (VDD=5V) OSCI - 1.0 Vv
VIH2 | Input High Voltage (VDD=3V) Ports 5, 6 15 - — \%
VIL2 | Input Low Voltage (VDD=3V) Ports 5, 6 — — 0.4 \'%
Input High Threshold Voltage /RESET, TCC
VIHT2 (VDD=3V) (Schmitt trigger) 15 v
VILT2 | Input Low Threshold Voltage (VDD=3V) /RESE_T’ T.CC - - 0.4 \%
(Schmitt trigger)
VIHX2 | Clock Input High Voltage (VDD=3V) OSCI 15 - - V
VILX2 | Clock Input Low Voltage (VDD=3V) OSCI - - 0.6 \%
Output High Voltage (Ports 6)
VOH1 | (P60~P63, P66~P67 are Schmitt IOH =-12 mA 2.4 - - \Y
trigger)
Output Low Voltage (P50~P53, _
VOLL | b60-p63 P66-P67 are Schmitt trigger) 0L =12 mA 0.4 v
VOL2 | Output Low Voltage (P64, P65) IOL = 16.0 mA - - 0.4 \%
. Pull-high active,
IPH [ Pull-high . X - -1 —24 A
ull-high current input pin at VSS 50 00 0| p
Pull-down active,
IPD | Pull-down current input pin at VDD 20 50 120 pA
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All input and 1/O pins at VDD,

ISB1 | Power down current Output pin floating, - - 1 pA
WNDT disabled
All'input and 1/O pins at VDD,

ISB2 | Power down current Output pin floating, - - 10 pA

WDT enabled

Operating supply current
at two clocks (VDD=3V)

/RESET="High', Fosc=32kHz
(Crystal type, CLKS="0"),
Output pin floating,

WDT disabled

15 | 15 | 30 | pA

Operating supply current

ICC2 at two clocks (VDD=3V)

/RESET="High', Fosc=32kHz
(Crystal type, CLKS="0"),
Output pin floating,

WDT enabled

Operating supply current

/RESET="High', Fosc=4 MHz

ICC3 _ (Crystal type, CLKS="0"), - - 2.0 mA
at two clocks (VDD=5.0V) Output pin floating
. /RESET="High', Fosc=10 MHz
ICC4 Operating supply current (Crystal type, CLKS="0"), ) ) 4.0 mA

at two clocks (VDD=5.0V)

Output pin floating

Symbol|

Note: “These parameters are theoretical values and have not been tested.

7.2 AC Characteristics

Ta=25°C, VDD=5V * 5%, VSS=0V

Parameter

Conditions

Dclk | Input CLK duty cycle - 45 50 55 %
Tins Instruction cycle time Crystal type 100 - DC ns
(CLKS="0") RC type 500 - DC ns
Ttcc | TCC input period - (Tins+20)/N* - - ns
. . Ta = 25°C, TXAL,
Tdrh | Device reset hold time SUT1, SUTO=1, 1 17.6-30% 17.6 |17.6+30%| ms
Trst | /RESET pulse width Ta=25°C 2000 - - ns
% . . Ta =25°C 00 o
Twdtl | Watchdog timer period SUT1, SUTO=1.1 17.6~30% 17.6 |[17.6+30%| ms
*Twdt2 | Watchdog timer period Ta=25°C 4.5+30% 45 | 45+30% | ms
SUT1, SUT0=1,0 ) ) )
N . . Ta =25°C 200, 0
Twdt3 | Watchdog timer period SUTL, SUT0=0,1 288~30% 288 |288+30% | ms
*Twdt4 | Watchdog timer period Ta=25°C 72~30% 72 | 72+#30% | ms
SUT1, SUT0=0,0
Tset | Input pin setup time - - 0 - ns
Thold | Input pin hold time - - 20 - ns
Tdelay [ Output pin delay time Cload=20pF - 50 - ns

Note: These parameters are theoretical values and have not been tested.

The Watchdog Timer duration is determined by Option Code (Bit 6, Bit 5)

*N = selected prescaler ratio

*Twdtl: The Option word (SUT1, SUTO) is used to define the oscillator set-up time. In Crystal mode the WDT
time-out length is the same as set-up time (18 ms).
*Twdt2: The Option word (SUT1, SUTO) is used to define the oscillator set-up time. In Crystal mode the WDT
time-out length is the same as set-up time (4.5 ms).
*Twdt3: The Option word (SUT1, SUTO) is used to define the oscillator set-up time. In Crystal mode the WDT

time-out length is the same as set-up time (288 ms).
*Twdt4: The Option word (SUT1, SUTO) is used to define the oscillator set-up time. In Crystal mode the WDT

time-out length is the same as set-up time (72 ms).
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8 Timing Diagrams

AC Test Input/Output Waveform

24

20 2.0
% TEST POINTS %
0.8 0.8

0.4

AC Testing : Input is driven at 2.4V for logic "1",and 0.4V for logic "0".Timing measurements are
made at 2.0V for logic "1",and 0.8V for logic "0".

RESET Timing (CLK="0")

Instruction 1

NOP Executed
oSt I
//
/RESET -
¢ Tdrh >

TCC Input Timing (CLKS="0")

4— Tins —p

TCC J—\— —\—

4——————— Ttcc———p

Figure 8-1 EM78P152/3S Timing Diagrams
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APPENDIX
A Package Type
OTP MCU | Package Type | Pin Count | Package Size
EM78P153SP/S/J DIP 14 300 mil
EM78P153SN/S/J SOP 14 150 mil
EM78P152SN/S/J SSOP 10 150 mil

These are Green products which do not contain hazardous substances and comply
with the third edition of Sony SS-00259 standard.

Pb content is less than 100ppm and complies with Sony specifications.

Part No. | EM78P152/3SS/J ‘
Electroplate type Pure Tin
Ingredient (%) Sn: 100%
Melting point (°C) 232°C
Electrical resistivity (uQ-cm) 114
Hardness (hv) 8~10
Elongation (%) >50%
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B Package Information

m  14-Lead Plastic Dual in line (PDIP) — 300 mil

Symbal | Min | Normal | Max
b . A 4318
Al {),381
1 ¥ y LY EEATEI B T
— i e B i e T ¢ 0203 [ 0.254 [0.3%
D 18796 | 19050 §19.304
E [} a E | el f,408
L ch __I El 7366 4005
b b R RS RA RT o L B 8400 | 9017 o625
! 7 s B 0356 | 0457 J0.539
Bl 143 ) 1.524 J1.778
L SAdE | 3302 3536
5 2540(TYP)
t 0 1 o1 B
Az Al
A
L
o b
Bl
TE:
FDI-L S0MIL FACKAGE OUTLINE
DIMENSION
File; Edtion:
e o A
Unit : mm
Sgale: Free
Maerizl:
Sheet:1of 1

Figure B-la EM78P153S 14-Lead PDIP Package Type
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m 14-Lead Plastic Dual in line (SOP) — 150 mil

H H H H H H H Symbal Min Normal Max
A 350 1.750
Al {1,101} {).250)
i 0.510
B C (1.250)
. // E 4000
H 6.200)
O D 8.750
L 1.270
¢ L27(TYP)

sl Y R i T O

| N

I
-
L D
I 7 &
at .
TITLE:
SOP- 14111 ML} PACKAGE OUTLINE
DIMENSION
Fle: NS4 Edtion: A
Unit : mm
Seale: Fros
Materizl:
Sheerlof ©
Figure B-1b EM78P153S 14-Lead SOP Package Type
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m 10-Lead Plastic Shrink Small Outline (SSOP) — 150 mil

AR |
A
il
el e
-—D—-
= k)
E =
=
1]
b1
i‘,_hflhﬁzu
s

Symbal Min Normal Nax

A 1.35 1.55 1.75
A1l 0.075 0.175
A2 L18 1.38
D 9 5
E 5.8 6.0 6.2
E1l 3.7 39 4.1
b 0.406 0.496
b1 0.406 0.456
C 0.178 0.278
cl 0.178 0.228
L 0.55 0.65 0.75
e LOOTYP
8 o [ -

ELAN MICROBLECTRONICE - CORPORATION ESU;_“E] 0L (L30MTPACKAGE QUTLINE

TIMENSICN
DWGRO: - pop.og3 asopo1 Edtion: &
Date

Draw: )

Check: 20001278

Approved
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C Device Characteristics

The graphs provided in the following pages were derived based on a limited number of
samples and are shown here for reference only. The device characteristics illustrated
herein are not guaranteed for its accuracy. In some graphs, the data maybe out of the
specified warranted operating range.

Vih/Vil (Input pins with Schmitt Inverter)

Vih max (-40°C to 85°C)

Vih typ 25°C

15 ° °
Vih min (-40°C to 85 C)

Vih Vil (Volt)

\

Vil max (-40°C to 85°C)

05 .
Vil typ 25°C

Vil min (-40°C to 85°C)

2.5 3 3.5 4 4.5 5 5.5
vdd (Volt)
Figure C-1 Vih, Vil of P60~P63, P66, P67 vs. VDD

Vth (Input Thershold Voltage) of 1/0 pins

2.2

18

Max (-40°C to 85°C)

19 /
—_ M(-‘looc to 850C)
1 /

06

Vth (Volt)

0.8

0.4
2.5 3 3.5 4 4.5 5 5.5
VDD (Volt)

Figure C-2 Vth (Threshold voltage) of P50~P53, P64~P65 vs. VDD
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Voh/loh (VDD=5V)

Min 70°C

loh (mA)

-15

-20

0 | 2 3 4 5
Voh (Volt)

Figure C-3 Port 5 and Port 6 Voh vs. loh, VDD=5V
Figure C-4 Port 5 and Port 6 Voh vs. loh, VDD=3V

Vol/lol (VDD=5V)
100 |
Max 0°C
01 Typ 25°C
Min 70°C
~ 60 - L - - et
<
E
o
20 |
0|
0
o 1 2 3 4 5
Vol (Volt)

Figure C-5 Port 5, Port 6.0~Port 6.3 and Port 6.6~Port 6.7 Vol vs. lol, VDD=5V
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Figure C-6 Port 5, Port 6.0~Port 6.3 and Port 6.6~Port 6.7 Vol vs. lol, VDD=3V
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Figure C-7 Port 6.4 and Port6.5 Vol vs. lol, VDD=5V
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Figure C-8 Port 6.4 and Port 6.5 Vol vs. lol, VDD=3V
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Figure C-9 WDT time-out period vs. VDD, Prescaler setto 1:1
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Cext=100pF, Typical RC OSC Frequency
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Figure C-10 Typical RC OSC Frequency vs. VDD (Cext=100pF, Temperature at 25 C)
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Figure C-11 Typical RC OSC Frequency vs. Temperature (R and C are ideal components)
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Figure C-12 Internal RC OSC Frequency vs. Temperature, VDD=5V
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Figure C-13 Internal RC OSC Frequency vs. Temperature, VDD=3V

Four conditions exist with the Operating Current ICC1 tolCC4. These conditions are as follows:
ICC1: VDD=3V, Fosc=32kHz, 2 clocks, WDT disabled

ICC2: VDD=3V, Fosc=32kHz, 2 clocks, WDT enabled

ICC3: VDD=5V, Fosc=4 MHz, 2 clocks, WDT enabled

ICC4: VDD=5V, Fosc=10 MHz, 2 clocks, WDT enabled
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Typical ICC1 and ICC2 vs. Temperature
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Figure C-15 Maximum Operating Current (ICC1 and ICC2) vs. Temperature

46 o

Product Specification (V1.8) 09.08.2009
(This specification is subject to change without further notice)





EM78P152/3S
8-Bit Microcontroller with OTP ROM

Typical ICC3 and ICC4 vs. Temperature
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Figure C-16 Typical operating current (ICC3 and ICC4) vs. Temperature
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Figure C-17 Maximum Operating Current (ICC3 and ICC4) vs. Temperature

The following two conditions exist with the Standby Current ISB1 and ISB2:

ISB1: VDD=5V, WDT disable

ISB2: VDD=5V, WDT enable
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Typical ISB1 and ISB2 vs. Temperature
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Figure C-18 Typical Standby Current (ISB1 and ISB2) vs. Temperature
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SAFETY INSTRUCTIONS

Please read through the safety rules in this Operation Manual before operating
this product and keep this manual for your future reference. The basic safety
rules shall be strictly observed to prevent any occurrence of fire, electric shock
and personal injury. The safety rules are described below.

Safety Rules
1.Please read through this Operation Manual before operation.
2.1t is prohibited to operate outdoors.
3.Keep the cleaner away from water, and never use it in wet room, such as bath
and laundry room, as it could damage the unit.
4.Before operation, remove clothes, paper, cable, extension cable scattered on
the floor, roll up the curtains and drapes if any to avert the possible accident.
In case the cable is entangled into this cleaner, the cable will move around as
the cleaner is working and could tip over your table, chairs, even the cabinet
and the cupboard.
5.Never stand or sit on the cleaner. Do not operate the cleaner in the presence
of children or pets. The unit is not a toy. Do not allow children to operate
the cleaner.
6.Never use the cleaner to clean lit cigarettes, cigarette butts, cigarette ash or
matches.
7.Never use the cleaner to clean combustible or high volatile liquid such as gasoline.
8.1f the room links to the balcony, please close the balcony door to prevent the
cleaner from running into the balcony. If the room links to a stairway or steps,
use household items to block the opening to the stairway or steps. Otherwise
the cleaner will fall down the stairway or steps causing damage.
9.In operation, care shall be taken to avert the heat vent from being clogged
which would lead to damage to the cleaner.
10.If the cleaner is out of work or damaged, never use it regardless whatever
the trouble may be.
11.If not use for a long time, be sure to turn off the power, and take out the battery.

Battery and Recharging Notes

1.The battery is rechargeable. Please use the voltage and current specified on
the packing. If you are not sure of what the voltage and current of your house,
please contact your distributor or the local power company.

2.Use the indoor charger only.

3.Use the authorized charger to recharge the battery.

4.Never use the battery again if the cable or plug of the battery is damaged.

5.Never touch the charger, plug and cable with wet hands.

6.1f the cleaner itself requires cleaning, stop recharging and take out the battery.
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WELCOME

Congratulations onyour selection of the P4900 Robotic Vacuum. This
unit will provide years of service if cared for properly. You have brought
the future of cleaning into your home with the automated Robotic Vacuum.
Using its smart programming to move about onits own, it getsin and out
of the tightest placesto cleanyour floors.

Use iton carpet (low-pile) or attach the included electrostatic paper to the
bottom and sweep all your tile and wood floors clean.

MAJOR COMPONENTS AND ATTACHMENTS

1.P4900 Cleaner x1

2.Battery Chamber for 12 rechargeable " AA" batteries x1
3.Dust bin filter x1

4.0peration Manual x1

5.Dust Mopping paper holder

6.Electrostatic dust mopping paper

7.Rechargeable "AA" battery x12

8.AC Power transformer x1






NOMENCLATURE

Battery Cover Upper Cover

Dust bin inside
Socket for charger

Power indication lamps
Power switch

Front small wheel

Intake

Wheel

Heat Vent

Back small wheel






MOUNTING AND DISMOUNTING BATTERY

1.Make sure the smart cleaner is off.

2.Press and push the battery cover (please note the direction).

3.Mount 12 rechargeable "AA" batteries into the battery chamber one by one in
compliance with the directions of the positive and negative poles as shown in
the legends inside the battery chamber.

4.Place the battery chamber in the battery reservoir and close the battery cover.

5.The dismounting procedures are the reversed actions; however make sure the
battery cover fits in the lock slot.






RECHARGING BATTERY

1.When you first recharge the batteries, it takes 12 hours to fully recharge them.

2.1f the power indication lamp stays red, it indicates that the battery needs
recharging immediately.

3.Make sure the cleaner is off and the batteries are properly mounted.

4.Plug one end of the AC power transformer into the AC power outlet, and
another end into the socket for charger.

5.The power indication lamp stays green when the battery is fully recharged.

Transformer plug
(DC17V 200mA)

Socket for charger Power indication lamps

OPERATION METHOD

To insure the bestresults when using the P4900 Robotic Vacuum, first
remove clothes, paper, cable, extension cables and other potential
obstacles fromthe floor. Rollup curtains and drapes, if necessary, to
avert possible damage. Incase acable isentangled inthe cleaner, the
cable willmove around as the cleaner isworking and could tip over your
table, chairs, cabinets orcupboard. Neveruse the unit directly on a
person or petinorder to clean hair. Onlyuse the unit onflooring.

If theroom links to a stairway or steps, use household itemsto blockthe
opening tothe stairway or steps. Otherwise the cleaner will fall downthe
stairway or steps causing damage.

Starting Operation

1.Clean the dust bin.

2.Place the P4900 Robotic Vacuum in a location in the room with the most free
space.

3.Turn the power switch to the ON position then the two power indication lamps
will flash alternately.

4.When the battery runs out of power, the red power indication lamp will light on,
and the cleaner will automatically stop.

5.When you do not use the cleaner or before recharging, please make sure
The P4900 is off.
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OPERATION METHOD

Using Electrostatic Dust Mopping Paper For non-carpet surfaces
1.Insert the border of electrostatic dust mopping paper into the grip slot
of the dust mopping paper holder.
2.Aim the 2 holes of the dust mopping paper holder at the 2 bolts
(inside the 2 big wheels) and click the holder on the bottom of the cleaner.

q Grip slot

electrostatic dust mopping paper
specially for P4900 Automatic
Vacuum Cleaner

Mopping paper holder

Dust mopping paper holder click on






CLEANING AND MAINTENANCE

Maintenance Method
The operation and maintenance of the P4900 is very simple. After every

use, clean any dirt left on the dust bin and filter. It is not necessary to clean the
intake after every use.

Cleaning Dust Bin

1.Press and push the battery cover (please note the direction) to open the
battery cover.

2.Release the dust bin from the grip slot and take out the dust bin.






CLEANING AND MAINTENANCE

1.0pen the upper cover of the dust bin.
2.Lift up and take out the filter.
3.Dump the contents of the dust bin into the trash bin.






CLEANING AND MAINTENANCE

1.Rinse the dust bin with tap water. It is not necessary to wash every time.

2.Periodically clean the filter with used toothbrush .

3.0nce dry, reinstall the filter and the dust bin lid.

4.Never reinstall the filter wet. If you do, damage may occur. Allow the
filter to dry overnight.

Cleaning Intake

After repeated use, dust can accumulate around the intake of the P4900

and the working efficiency is therefore diminished. To ensure the best efficiency

and constant air flow, the intake should be cleaned periodically.

1.Turn off the power and place bottom of the smart cleaner upward on a flat
surface such as the floor or a table.

2.Wipe and remove any hair or other matter away from the intake.

Intake






P3 INTERNATIONAL CORPORATION LIMITED WARRANTY

P3 INTERNATIONAL CORPORATION ("P3") warrants to the original retail
purchaser only, that its product is free from defects in material or
workmanship under the condition of normal use and service for a period of
six (6) months from the date of purchase. In the event that a defect,
malfunction or failure occurs or is discovered during the warranty period, P3
will repair or replace at its option the product or component part(s) which
shall appear in the reasonable judgment of P3 to be defective or not to
factory specifications. A product requiring service is to be returned to P3
along with the sales receipt or other proof of purchase acceptable to P3 and
a statement describing the defect or malfunction. All transportation costs
shall be borne by the owner and the risk of loss shall be upon the party
initiating the transportation. All itemsrepaired orreplaced thereunder shall
be subjected to the same limited warranty for a period of six (6) months from
the day P3 ships the repaired or replaced product. The warranty does not
apply toany product that has been subjectto misuse, tampering, neglect, or
accident or as aresult of unauthorized alterations or repairs to the product.
This warranty is void if the serial number (if any) has beenremoved, altered,
or defaced. This warranty is in lieu of all warranties expressed or implied,
including the implied warranties of merchantability and fitness for a
particular purpose which are expressly excluded or disclaimed. P3 shall not
be responsible for consequential, incidental or other damages, and P3
expressly excludes and disclaims liability for any damages resulting from
the use, operation, improper application, malfunction or defeat of any P3
product covered by this limited warranty. P3's obligation is strictly and
exclusively limited to the replacement or repair of any defective product or
component part(s). Some states do not allow the exclusion or limitation of
incidental or consequential damages, so the above limitation or exclusion
may not apply to you. P3 does not assume or authorize anyone to assume
for it any other obligation whatsoever. Some states do not allow limitation
on how long an implied warranty lasts, so the above limitations may not
apply toyou. Itis the owner/user's responsibility to comply with local, state,
or federal regulations, if any, that may pertain to P3 products or their use.
This warranty gives you specific legal rights, and you may also have other
rights which vary from state to state.

If you experience difficulty in the operation of your unit, or if your unit
requires repair please contact:

P3 INTERNATIONAL CORPORATION
TECHNICAL SUPPORT
Tel:212-741-7289

Fax: 212-741-2288

Email: techsupport@p3international.com





Copyright 2005 P3 International Corporation - Rev 08/05
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