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1 General Description 

1.1 Comparison between EM78P154N, EM78P159N, and 
EM78P157N

AN-001               EM78P154N/159N introduction and comparison with EM78P157N

2 Features 
:

:
:

:
:

:
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:

:

:
:
:
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3 Pin Assignments and Descriptions 

P56/OSCIP54/TCC

/RESET

Vss

P60/INT
P61 P66

P52 P51

P55/OSCO

VDD

P67

1

2

3

4

5

6

13

12

11

10

9
87

14

P53 P50EM
78P154N

P
EM

78P154N
M

Figure3-1a  EM78P154NP/M Pin Assignments 

3.1 EM78P154NP and EM78P154NM Pin Description 
Symbol Pin No. Type Function 
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4 Function Description 

Interrupt
Controller

ROM

Instruction
Register

Instruction
Decoder

R2

ALU

Stack

ACC

R3
R4

Oscillator/Timing
Control

WDT timer

Prescaler

R1(TCC)

RAM

DATA & CONTROL BUS

OSCI
OSCO

/RESET
TCC /INT

I/O
PORT 6

IOC6

R6

P60//INT
P61

P62
P63
P64
P65

P66
P67

I/O
PORT 5

IOC5

R5

P52
P53
P54
P55

IOCA

P50
P51

P56

Figure 4-1  Function Block Diagram 

4.1 Operational Registers 

4.1.1 R0 (Indirect Addressing Register) 

4.1.2 R1 (Time Clock /Counter) 
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4.1.3 R2 (Program Counter) & Stack  

On-chip Program
Memory

Figure 4-2  Program Counter Organization 
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Address R PAGE Registers IOC PAGE Registers 

4.1.4 R3 (Status Register) 

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

Bit 0 (C):

Bit 1 (DC):

Bit 2 (Z):

Bit 3 (P):

Bit 4 (T):

Bit 5 ~7 (GP0 ~ 2):
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4.1.5 R4 (RAM Select Register) 
Bits 0 ~ 5: :

Bits 6 ~ 7:

4.1.6 R5 ~ R6 (Port 5 ~ Port 6) 

R5 R6

Port 5
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

Bit 7: 

Port 6 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

Bits 2 ~ 5:

4.1.7 RD (Manual Calibration Register) 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

 EM78P154N

 ICE159N Simulator, C3 ~ C0
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Bit 3 ~ Bit 0 (C3 ~ C0): 

C3 C2 C1 C0 Cycle Time (ns) Frequency (MHz) 

NOTES:
1. Frequency values shown are theoretical and taken from an instance of a high 

frequency mode.  Hence they are shown for reference only.  Definite values will 
depend on the actual process. 

2. Similar way of calculation is also applicable to Low Frequency mode. 

Bits 4 ~ 7: 

4.1.8 RE (Wake Up Control Register) 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

Bits 0:

Bit 1 (ICWE): 
0
1

Bits 2 ~ 7:
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4.1.9 RF (Interrupt Status Register) 

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

Bit 0 (TCIF):

Bit 1 (ICIF):  

Bit 2 (EXIF):  

Bits 3 ~ 7:

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

4.1.10 R10 ~ R3F 

4.2 Special Purpose Registers 

4.2.1 A (Accumulator) 

4.2.2 CONT (Control Register) 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

Bit 0 (PSR0) ~ Bit 2 (PSR2):

PSR2 PSR1 PSR0 TCC Rate 
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Bit 3 (PSRE): 
0
1

Bit 4 (TE):
0
1

Bit 5 (TS):
0
1

Bit 6 (/INT):
0
1

Bit 7:

4.2.3 IOC5 ~ IOC6 (I/O Port Control Register) 

Port 5
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

Bit 7

Port 6 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

Bits 2 ~ 5

4.2.4 IOCA (Prescaler Counter Register) 
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4.2.5 IOCB (Pull-Down Control Register) 

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

Bit 0 (/PD0):
0
1

Bit 1 (/PD1):

Bit 2 (/PD2):

Bit 3 (/PD3):

Bit 4 (/PD4):

Bit 5 (/PD5):

Bits 6 ~ 7:

4.2.6 IOCC (Open-Drain Control Register) 

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

Bit 0 (OD0):
0
1

Bit 1 (OD1):

Bit 6 (OD6): 

Bit 7 (OD7):

Bits 2~5:     

4.2.7 IOCD (Pull-High Control Register) 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

Bit 0 (/PH0):
0
1

Bit 1 (/PH1):

Bit 6 (/PH6): 
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Bit 7 (/PH7):

Bits 2~5:

4.2.8 IOCE (WDT Control Register) 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

Bit 7 (WDTE):
0
1

Bit 6 (EIS):
0
1

Bit 5: 

Bit 4 (ROC):  

Bit 3 (PSWE): 
0 :
1

Bit 2 (PSW2) ~ Bit 0 (PSW0):

PSW2 PSW1 PSW0 WDT Rate 
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4.2.9 IOCF (Interrupt Mask Register) 

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

Bit 0 (TCIE):
0
1

Bit 1 (ICIE):
0
1

Bit 2 (EXIE):
0
1

Bits 3~7:

4.3 TCC/WDT & Prescaler 

1

1
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4.4 I/O Ports 

PCWR

PCRD

PDWR

PDRD

IOD

0

1

M
U
X

PORT Q

Q
_

D

DQ

Q
_

CLK

P
R

C
L

CLK

P
R

C
L

Figure 4-3  I/O Port and I/O Control Register for Port 5 Circuit 

NOTE
Pull-down is not shown in the figure. 
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Figure 4-4a  I/O Port and I/O Control Register for P60 (/INT) Circuit 

NOTE
Pull-high (down) and Open-drain are not shown in the figure. 
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TIN
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P61~P67
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1
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_

_

Figure 4-4b  I/O Port and I/O Control Register for P61~P67 Circuit  

NOTE
Pull-high (down) and Open-drain are not shown in the figure. 
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/SLEP

T17

T10
T11

IOCE.1

Interrupt

ENI Instruction

DISI Instruction

Interrupt
(Wake-up from SLEEP)

Next Instruction
(Wake-up from SLEEP)

CLK

CLK

CLK

Q

Q

Q

Q

Q

Q
_

_

_

D

D

DP

P

P

L

L

L

R

R

R

C

C

C

RE.1

Figure 4-4c  I/O Port 6 with Input Change Interrupt/Wake-up Block Diagram 

4.4.1 Usage of Port 6 Input Change Wake-up/Interrupt Function 
Usage of Port 6 Input Status Changed Wake-up/Interrupt 

4. Enable wake-up bit (Set RE ICWE =1) 4. Enable wake-up bit (Set RE ICWE =1) 
5. Enable interrupt (Set IOCF ICIE =1) 

Enable interrupt (Set IOCF0 ICIE =1)
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VCC
ROC

PCRD 

PCWR

IOD

PDWR

PDRD 

Weakly 
Pull-up 

PORT 

Q

Q

P
R

C
L

D

CLK

Q

Q

DP
R

C
L

M
U
XRex* 1

0

*The Rex is 430K ohm external resistor

Figure 4-5  I/O Port with R-option (P50,P51) Circuit 

4.5 RESET and Wake-up 

4.5.1 RESET 

2

:

2
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[a]

[b]

Interrupt
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MOV A, @xx000110b ; Select internal TCC clock

CONTW

CLR R1 ; Clear TCC and prescaler

MOV A, @xxxx1110b ; Select WDT prescaler

CONTW

WDTC ; Clear WDT and prescaler

MOV A, @0xxxxxxxb ;Disable WDT

IOW RE 

MOV R6, R6 ; Read Port 6

BS RE,1 ; Enable wake up control bit

MOV A, @00000x1xb ; Enable Port 6 input change interrupt

IOW RF 

ENI (or DISI) ; Enable (or disable) global interrupt

SLEP ;Sleep

NOP
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4.5.2 The Summary of the Initialized Values for Registers

Address Name Reset Type Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

* * * * * * * *

** **
** **
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Address Name Reset Type Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

  * ump to address 0x08, or execute the instruction next to the “SLEP” instruction.  
** Refer to tables provided under next section (Section 4.5.3). 

Legend: 
X: U: P:
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4.5.3 The Status of RST, T, and P of STATUS Register 

The Values of RST, T, and P after RESET 

Reset Type T P

* *

*

* P: Previous status before reset 

The Status of T and P Being Affected by Events 

Event T P

*

* P: Previous status before reset 

Voltage
Detector

Power-on
Reset

WDTE

Setup Time

VDD

D Q
CLK

CLR

CLK

RESETWDT TimeoutWDT

/RESET

Oscillator

Figure 4-6  Controller Reset Block Diagram 
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4.6 Interrupt 
:

IN T

E N I /D IS I

IO D

R F W R

IO C F R D

IO C F W R

IR Q n

IR Q mR F R D

IO C F

/R E S E T

/IR Q n

V C C

R F

C L K

C L K

Q

Q

DP
R

L
C_

P
R

L
C

Q

Q
_

D

Figure 4-7  Interrupt Input Circuit 
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4.7 Oscillator

4.7.1 Oscillator Modes 

Oscillator Modes Defined by OSC 

Mode OSC2 OSC1 OSC0

(default)

NOTE
The transient point of system frequency between HXT and LXY is around 400 KHz. 

Summary of Maximum Operating Speeds 

Conditions VDD Max Freq. (MHz) 
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4.7.2 Crystal Oscillator/Ceramic Resonators (XTAL)  

Figure 4-8a  External Clock Input Circuit 

Figure 4-8b  Crystal/Resonator Circuit 

Capacitor Selection Guide for Crystal Oscillator or Ceramic Resonator  

Oscillator Type Frequency Mode Frequency C1(pF) C2(pF) 
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NOTE
The values of capacitors C1 & C2 are for reference only. 

4.7.3 External RC Oscillator Mode 

Vcc

Rext

Cext

Figure 4-9  External RC Oscillator Mode Circuit 
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RC Oscillator Frequencies 

Cext Rext Average Fosc  
5V, 25 C

Average Fosc 
3V, 25 C

NOTE
1. Measured on DIP packages. 

2. The values are for design reference only. 

3. The frequency drift is about 30%

4.7.4 Internal RC Oscillator Mode 

Internal RC Drift Rate (Ta=25 , VDD=3.9V 5%, VSS=0V)  

Drift Rate 
Internal

RC Frequency Temperature  
(-40  ~ +85 )

Voltage  
(2.3V ~ 5.5V) Process Total 
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 Calibration Selection for Internal RC Mode 

C3 C2 C1 C0 Cycle Time (ns) Frequency (MHz) 

4.8 CODE Option Register 

Code Option Register and Customer ID Register Arrangement Distribution: 

Word 0 Word 1 Word 2 

4.8.1 Code Option Register (Word 0) 
WORD 0 

Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Bit 0 ~ Bit 2 (PR0 ~ PR2): 
:

PR2 PR1 PR0 Protect 
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Bit 3 (HLP):  
0
1

Bit 4 ~ Bit 6 (OSC0 ~ OSC2):

Mode OSC2 OSC1 OSC0

(default)

NOTE
The transient point of system frequency between HXT and LXY is around 400 KHz. 

Bit 7 (ENWDTB): 
0
1

Bit 8 (CLKS0):  
Word 0 CLK0

(default)

Instruction Set

Bit 9 ~ Bit 12: 

4.8.2 Customer ID Register (Word 1) 
WORD 0 

Bit12 Bit11 Bit10 Bit9 Bit8 Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

Bit 0 ~ Bit 1 ( RCM0 ~ RCM1):

RCM 1 RCM 0 Frequency (MHz)

Bit 2 ~ Bit 5:
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Bit 6 (CYES):
0
1

Bit 7 ~ Bit 10:

Bits 11 (RCOUT): 
0
1

Bit 12:

4.8.3 Customer ID Register (Word 2) 

WORD 0 
Bit12 Bit11 Bit10 Bit9 Bit8 Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

Bit 0 ~ Bit 12:

4.9 Power-On Considerations 

4.10  External Power-On Reset Circuit 

/
D

R

Rin
C

Figure 4-10  External Power-Up Reset Circuit 
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4.11  Residue-Voltage Protection 

Figure 4-11a  Residue Voltage Protection Circuit (1) 

EM78P154N

RESET

Vdd

Q1

Vdd 

40K R2

R1

Figure 4-11b  Residue Voltage Protection Circuit (2) 
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4.12  Instruction Set 

:

A

B

:

:
R

b

K
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Instruction Binary Hex Mnemonic Operation Status Affected 
0  0000  0000  0000 

0  0000  0000  0001 

0  0000  0000  0010 

0  0000  0000  0011 

0  0000  0000  0100 

0  0000  0000  rrrr Note1

0  0000  0001  0000 

0  0000  0001  0001 

0  0000  0001  0010 

0  0000  0001  0011 

0  0000  0001  0100 

0  0000  0001  rrrr Note1

0  0000  01rr   rrrr 

0  0000  1000  0000 

0  0000  11rr   rrrr 

0  0001  00rr   rrrr 

0  0001  01rr   rrrr 

0  0001  10rr   rrrr 

0  0001  11rr   rrrr 

0  0010  00rr   rrrr 

0  0010  01rr   rrrr 

0  0010  10rr   rrrr 

0  0010  11rr   rrrr 

0  0011  00rr   rrrr 

0  0011  01rr   rrrr 

0  0011  10rr   rrrr 

0  0011  11rr   rrrr 

0  0100  00rr   rrrr 

0  0100  01rr   rrrr 

0  0100  10rr   rrrr 

0  0100  11rr   rrrr 

0  0101  00rr   rrrr 

0  0101  01rr   rrrr 

0  0101  10rr   rrrr 

0  0101  11rr   rrrr 

0  0110  00rr   rrrr 

0  0110  01rr   rrrr 
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Instruction Binary Hex Mnemonic Operation Status Affected 

0  0110  10rr   rrrr 

0  0110  11rr   rrrr 

0  0111  00rr   rrrr 

0  0111  01rr   rrrr 

0  0111  10rr   rrrr 

0  0111  11rr   rrrr 

0  100b  bbrr   rrrr Note2

0  101b  bbrr   rrrr Note3

0  110b  bbrr   rrrr 

0  111b  bbrr   rrrr 

1  00kk  kkkk  kkkk 

1  01kk  kkkk  kkkk 

1  1000  kkkk  kkkk 

1  1001  kkkk  kkkk 

1  1010  kkkk  kkkk 

1  1011  kkkk  kkkk 

1  1100  kkkk  kkkk 

1  1101  kkkk  kkkk 

1  1110  0000  0001 

1  1111  kkkk  kkkk 

Note 1:
Note 2:
Note 3: 
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4.13  Timing Diagrams 

RESET Timing (CLK="0")

CLK

/RESET

NOP Instruction 1
Executed

Tdrh

TCC Input Timing (CLKS="0")

CLK

TCC

Ttcc

Tins

AC Testing : Input is driven at VDD-0.5V for logic "1",and GND+0.5V for logic "0".Timing
measurements are made at 0.75VDD for logic "1",and 0.25VDD for logic "0".

AC Test Input/Output Waveform

VDD-0.5V

GND+0.5V

0.75VDD

0.25VDD
TEST POINTS

0.75VDD

0.25VDD

Figure 4-12  EM78P154N Timing Diagrams 
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5 Absolute Maximum Ratings 
EM78P154N 

Items Rating 

6 Electrical Characteristics 

6.1 DC Electrical Characteristic 
(Ta=25 C, VDD=5V 5%, VSS=0V) 

Symbol Parameter Condition Min Typ Max Unit
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Symbol Parameter Condition Min Typ Max Unit

6.2 AC Electrical Characteristic 
(Ta=25 C, VDD=5V 5%, VSS=0V) 

Symbol Parameter Conditions Min Typ Max Unit

*

*
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APPENDIX

A Package Types 

OTP MCU Package Type Pin Count Package Size 

B Package Information 

Figure B-1a  EM78P154N 14-Lead PDIP Package Type 
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Figure B-1b  EM78P154N 14-Lead SOP Package Type  
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C Quality Assurance and Reliability 

C.1 Reliability Test 
Test Category Test Conditions Remarks 

:

:

:

:
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C.2 Power-On Reset and Vdd Voltage Drop/Rise Timing Test 

Symbol Parameter Condition Min. Typ. Max. Unit

*
**

 * Tvd is the period of Vdd voltage lower than POR voltage. 

** Tvr is the period of Vdd voltage higher than 5.5V. 

Figure C-1  EM78P154N Power-On Reset and Vdd Voltage Drop/Rise Timing Test Timing Diagram 

C.3 Address Trap Detect 

et
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