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Designer Reference Manual — DRM011

Section 1. Direct Current Ignition

1.1  Introduction

This manual describes a reference design of a Digital Direct Current 
Ignition for Motorbike by using the MC68HC908JK3.

For the full MC68HC908JK3 specification, please refer to the data sheet, 
Motorola order number: MC68HC908JK3/D.

1.2  Overview

The Motorola MC68HC908JK3 is a member of the HC08 Family of 
microcontrollers (MCUs). It is a 8-bit low cost general purpose MCU with 
16-bit free run timer. The features of the MC68HC908JK3 include input 
capture and output compare functions for real time control. The 
MC68HC908JK3 is available in several packages to fit into various 
applications. The main features of MC68HC908JK3 in this application 
include:

• Low cost design

• Precise HT coil charging / discharing time controlled by Output 
Compare function

• Automatic switch to and from analogue to digital ignition timing 
control

• Able to expand for Multi-ignition curves against analogue throttle 
(ADC)
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1.3  Hardware Descriptions

Figure 1-1. Block Diagram

Figure 1-2. Module Connections

Figure 1-1 shows the block diagram of the digital DCI. The solution 
includes the pulser input from magneto, HT primary coil connection and 

DCI Controller
(MC68HC908JK3)

speed

Ignition
advance
angle

Pulser

Exciter

DC Regulator

+5V

IGBT

HT
Coil

Magneto
2-stroke Engine

Digital DCI Module

Advantage of Digital DCI :-

Programmable Ignition Angle vs Speed

5-15Vac

Battery

+ -

DCI Controller
(MC68HC908JK3)

speed

Ignition
advance
angle

Pulser

Exciter

DC Regulator

+5V

IGBT

HT
Coil

Magneto
2-stroke Engine

Digital DCI Module

Advantage of Digital DCI :-

Programmable Ignition Angle vs Speed

5-15Vac

Battery

+ -

6 1

5 2

4 3

J6 Pin Signal Name Type Voltage

1 PULSER_P input -15V to 15V

2 IGNITION output 0 to 400V

3

4 +SUPPLY Supply +12V

5 GND

6 PULSER_N input -15V to 15V

(Note:- PULSER_P & PULSER_N are isolated signals from GND.)6 1

5 2

4 3

6 1

5 2

4 3

J6 Pin Signal Name Type Voltage

1 PULSER_P input -15V to 15V

2 IGNITION output 0 to 400V

3

4 +SUPPLY Supply +12V

5 GND

6 PULSER_N input -15V to 15V

(Note:- PULSER_P & PULSER_N are isolated signals from GND.)
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voltage supply regulator. The connections of the corresponding signal 
pins for DCI module are shown in Figure 1-2. The battery supply 12V, 
ground, pulsers and HT coil connection pins respectively.

Figure 1-3 shows the DCI printed circuit board.

Figure 1-3. DCI PCB

• J1 can be used for Throttle input

• J2 and J4 are to control bypassing the L1 coil

• J3 controls the Tacho on/off output

• J5 connects solenoid valve (B/S) to control the air intake to 
cylinder

• J6 is the socket of the DCI module, shown on Figure 1-2

• D2 (LED) is the indicator for analogue ignition on/off

• Q1 works as the buffer to drive Tachometer

• Q2 is working for digital throttle input

• Q3 is high side driver for ignition

• Q4 is the low side driver to control analogue ignition on/off

• Q5 is the high current low side driver to control solenoid on/off

• Q6 is the high power (high voltage high current, IGBT) for 
charging/discharging the HT coil for ignition
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1.4  Firmware Description

The firmware is divided into 2 portions, which are foreground and 
background jobs.

• Foreground job is to serve the system initialization, such as, RAM 
initialization, pointer setup, I/O PORT setup and some calculations 
(not time critical).

• Background job is to serve time critical sub-routines, such as, pick 
up coil input signal processing, output compare to ignition 
precisely, timer overflow, etc. They are high priority jobs. All of 
them are time critical tasks.
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.

Figure 1-4. Foreground

1.4.1  CHECK_MASK_INT

This subroutine is to check whether the engine is running on idle. The 
MASK_FLAG is set when the engine is idle, otherwise, the MASK_FLAG 
is clear.

The SPEED_FLAG is set inside the IRQ_INT interrupt subroutine if the 
engine speed can be recognized by the MCU, otherwise, it goes back to 
the CHECK_MASK_INT subroutine.

PORT & RAM INITIALIZATION

START

CHECK_MASK_INT

MASK_FLAG=0 ?

SPEED_FLAG=1 ?

YES

YES

NO

NO

 

  

GET_MTR_SPEED

ANA_DIG_CTRL

UPD_IGN

OC_DUTY_CYCLE
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1.4.2  GET_MTR_SPEED

This subroutine is to calculate the engine speed, which is the result of 
the subtraction of INT_PRE_CNT from INT_CUR_CNT. 

1.4.3  ANA_DIG_CTRL

This subroutine is to select the ignition type (digital or analogue) 
depending on the engine speed. The D2 (LED) is an ignition type 
indication. It turns on the D2 (LED) if the engine speed is running less 
than 960rpm to indicate the ignition timing is being controlled by the 
analogue circuit. It turns off the D2 (LED) if the engine speed is running 
greater than 960rpm to indicate the ignition timing, which follows the 
curve defined by engine manufacturer, is being controlled by the MCU.

1.4.4  OC_DUTY_CYCLE

This subroutine is to calculate the charging time and discharging time for 
the HT coil and setup the necessary variables for the output compare 
function.

1.4.5  UPD_IGN

This subroutine is to calculate the ignition timing and setup the 
necessary variables in the output compare function for digital ignition.
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Figure 1-5. Background (IRQ_INT)

1.4.6  IRQ_INT Routine

Figure 1-5 shows the IRQ service subroutine flowchart. The subroutine 
updates the internal variables and sets up the output compare (O/C) 
registers where necessary for ignition timing interrupts.

INT_CUR_CNT=T1CNT

IRQ_INT

TIMER OVERFLOW

IMMEDIATE FIRE?

YES

YES

NO

NO

 

  

IMMEDIATE IGNITION

SETUP NEXT CHARGING TIME

SETUP O/C REGISTER

SPEED_FLAG=1

INTERRUPT SERVED ?
INT_CUR_CNTH1+1

  

INT_CUR_CNTH1=TIMER_OF_CNT1
  

FOR HT COIL

RTI
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Figure 1-6. Background (OC_INT0)

Figure 1-6 shows the output compare interrupt service subroutine. It 
automatically responds to the output compare register (T1CNTH/L) in 
order to control the HT coil charging/discharging time.

Figure 1-7. Background (TIM_OF_INT)

INT_CUR_CNT=T1CNT

OC_INT0

TOGGLE_FLAG = 0 ?

YES

NO

 

  

SETUP O/C REGISTER

SPEED_FLAG=1

TOGGLE_FLAG = 1
  

RTI
 

SET PORTD BIT 6

TOGGLE_FLAG = 0
  CLEAR PORTD BIT 6

TIMER_OF_CNT1+1

TIM_OF_INT
 

  

RTI
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Figure 1-7 shows 16-bit timer overflow interrupt service routine. It 
handles the conversion from 16-bit to 24-bit counter.

1.4.7  Software Testing

The following equipment or equivalent is required for the software 
validation.

Use an HP 33120A Signal Generator to generate a 5V single pulse with 
frequency range from 10Hz (600 rpm) to 150Hz(9000 rpm) to simulate 
the real engine speed for software test. It directly connects to the JK3 
IRQ pin to simulate the engine speed detection.

• Use a Tektronix TDS 540 digital scope to capture the signal input 
from the JK3 IRQ pin and the signal output from the JK3 port D bit 
6 pin.

• The relationship between the input IRQ (RPM) and the output port 
D bit 6 (HT coil charging and discharging time for ignition) is shown 
on the next page.
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1.4.8  .Detail Waveform Description 

1.4.9  Test waveform Description 

Below waveforms description for the testing reference
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Below waveforms description for the testing reference
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1.4.10  Example

Example: 2400rpm 

T1 = 60/2400*Crystal/4 = 0.025*2000000 = 50000 cnt

T2 = [next cha_count + (next cha_spd - ARPM_Convert) * 
Cha_Factor/256]

next cha_count = 7.5ms/(1/2M)  = 15000 

next cha_spd(3000rpm) = 3000*10 = 30000 

ARPM_Convert = (Crystal/4)*60*10 / T1 = 2M*600/50000 = 24000

Cha_factor =256*(10ms-7.5 ms)/(1/2M)/(3000rpm-2000rpm)*10 =128

T2 = 15000 + ((30000 - 24000) * 128)/256  = 18000 (9ms) 

T3  = T1 - T2 = 50000-18000 = 32000 (16ms) 

T4 = Step +Linear (2400rpm)

Step = DLY_STEP3 * speed = [(25-17)*(65536/360)*60/2400*(2M)]/65536 
= 1110 cnt

Linear = (Speed – 2500rpm)*(2M)*(60/1500)*(17-3)*(65536/360)/       
[(2M)*60*(1/1500-1/2500)*65536]

= 2M*[(60/2400-60/2500)]*(80000)*14*182/(32000)*65536
= 194 cnt

T4 = 1110+194 = 1304 cnt
~= 650us

Ignition angle = (T4 / T1) *360 degree
= (1304/50000)*360 = 9.38 degree
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1.4.11  Test Table

Figure 1-8. Test Table

Figure 1-8 shows the testing result.

1.5  Extra Features

1.5.1  Hardware

Multi-ignition curves against analogue throttle input

• Remove the Q2 transistor to use the internal ADC channel 7 for 
the throttle analogue input potentiometer, in which the ADC (8bit) 
can recognize different voltage levels as an indication of the 
different throttle positions.

1.5.2  Firmware

• Adding the ADC conversion routine (see 1.5.3 ADC reference 
code) to convert the throttle input analogue signal to digital data.

** Digital ignition is off and turns on analogue ignition, T2,T3 and T4 will depend 
on the actual mechanical angle of magneto. 
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** Digital ignition is off and turns on analogue ignition, T2,T3 and T4 will depend 
on the actual mechanical angle of magneto. 
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3000 2050 7.5 12.5 0.44
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1.5.3  ADC reference code

AD SC R EQ U $003C ;AN ALO G  TO  D IG ITAL STATU S AND  C O NTRO L R EG ISTER
AD R EQ U $003D ;AN ALO G  TO  D IG ITAL D A TA R EGISTER
AD C LK EQ U $003E ;AN ALO G  TO  D IG ITAL INP UT CLOC K REG ISTER
TEM P0 EQ U     $90
TEM P1 EQ U     $91
TH OTTLE_PO S EQ U    $AA
SU M _ADC 0      EQU      $B0
SU M _ADC 1      EQU      $B1
CUR _AD C        EQ U     $B2
AV R_ADC         EQ U     $B3              ;AVER AG E ADC

;**********************************************************************
;* ADC in it ialisation
;*
;* Date :  5/10 /2000
;**********************************************************************
IN IT_AD C:

LD A     #% 00100111         ;INIT PO RTB 7 AS AD C INPU T
ST A     AD SC R              ;STAR T AD C C ON VERSIO N W H ILE BIT  5  SET
LD A     #% 00100000
ST A     AD CLK

IN IT_AD C_EXIT:
RTS

;******************************************************************************
; M oving average
;
; Input         AD R
; M odify        TEM P0,1 SU M _ADC 0,1 AVR_AD C
; O utput         AVR_ADC = (SU M _AD C - SU M _ADC /4  + C UR _AD C)/4
;               THO TTLE= AVR _AD C
;
; D ate : 5/11/2000
;
;******************************************************************************
READ _AD C:

LD A     ADR
ST A     CU R_ADC                 ;U PD CU R_ADC

LD A     SU M _AD C1              ;LOW  BYTE
ST A     TEM P1
LD A     SU M _AD C0              ;HI BYTE
ST A     TEM P0

LSR      TEM P0                   ;/2
RO R     TEM P1

LSR      TEM P0                   ;/2
RO R     TEM P1

LD A     SU M _AD C1                ;TEM P0,1 = SUM _ADC /4
SU B     TEM P1
ST A     SUM _ADC 1
LD A     SU M _AD C0
SB C     TEM P0
ST A     SUM _ADC 0                ;LESS SUM _ADC /4

LD A     SU M _AD C1
ADD      CU R_ADC
ST A     SUM _ADC 1
LD A     SU M _AD C0
ADC      #0
ST A     SUM _ADC 0

LD A     SU M _AD C1
ST A     TEM P1
LD A     SU M _AD C0
ST A     TEM P0

LSR A                                    ;/2
RO R     TEM P1
LSR A                                    ;/2
RO R     TEM P1

LD A     TEM P1
ST A     AVR_AD C
ST A     TH OTTLE_PO S

RTS
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1.6  Further Information

1.6.1  Related Documents

MC68HC908JL3 Technical Data

AN2159/D Digital Direct Current Ignition System using HC08 
Microcontrollers
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Designer Reference Manual  — DRM011

Section 2. Glossary

A — See “accumulator (A).”

accumulator (A) — An 8-bit general-purpose register in the CPU08.   The CPU08 uses the accumulator 
to hold operands and results of arithmetic and logic operations.

acquisition mode — A mode of PLL operation during startup before the PLL locks on a frequency. Also 
see “tracking mode.”

address bus — The set of wires that the CPU or DMA uses to read and write memory locations.

addressing mode — The way that the CPU determines the operand address for an instruction. The 
M68HC08 CPU has 16 addressing modes.

ALU — See “arithmetic logic unit (ALU).”

arithmetic logic unit (ALU) — The portion of the CPU that contains the logic circuitry to perform 
arithmetic, logic, and manipulation operations on operands.

asynchronous — Refers to logic circuits and operations that are not synchronized by a common 
reference signal.

baud rate — The total number of bits transmitted per unit of time.

BCD — See “binary-coded decimal (BCD).”

binary — Relating to the base 2 number system.

binary number system — The base 2 number system, having two digits, 0 and 1. Binary arithmetic is 
convenient in digital circuit design because digital circuits have two permissible voltage levels, low 
and high. The binary digits 0 and 1 can be interpreted to correspond to the two digital voltage 
levels.

binary-coded decimal (BCD) — A notation that uses 4-bit binary numbers to represent the 10 decimal 
digits and that retains the same positional structure of a decimal number. For example, 
234 (decimal) = 0010 0011 0100 (BCD)

bit — A binary digit. A bit has a value of either logic 0 or logic 1.

branch instruction — An instruction that causes the CPU to continue processing at a memory location 
other than the next sequential address.

break module — A module in the M68HC08 Family. The break module allows software to halt program 
execution at a programmable point in order to enter a background routine.

breakpoint — A number written into the break address registers of the break module. When a number 
appears on the internal address bus that is the same as the number in the break address registers, 
the CPU executes the software interrupt instruction (SWI).

    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

For More Information On This Product,
  Go to: www.freescale.com

n
c

..
.



 

Glossary

Designer Reference Manual DRM011 — Rev 0.0

24 Glossary MOTOROLA

break interrupt — A software interrupt caused by the appearance on the internal address bus of the 
same value that is written in the break address registers.

bus — A set of wires that transfers logic signals. 

bus clock — The bus clock is derived from the CGMOUT output from the CGM. The bus clock frequency, 
fop, is equal to the frequency of the oscillator output, CGMXCLK, divided by four.

byte — A set of eight bits.

C — The carry/borrow bit in the condition code register. The CPU08 sets the carry/borrow bit when an 
addition operation produces a carry out of bit 7 of the accumulator or when a subtraction operation 
requires a borrow. Some logical operations and data manipulation instructions also clear or set 
the carry/borrow bit (as in bit test and branch instructions and shifts and rotates).

CCR — See “condition code register.”

central processor unit (CPU) — The primary functioning unit of any computer system. The CPU controls 
the execution of instructions.

CGM — See “clock generator module (CGM).”

clear — To change a bit from logic 1 to logic 0; the opposite of set.

clock — A square wave signal used to synchronize events in a computer.

clock generator module (CGM) — A module in the M68HC08 Family. The CGM generates a base clock 
signal from which the system clocks are derived. The CGM may include a crystal oscillator circuit 
and or phase-locked loop (PLL) circuit.

comparator — A device that compares the magnitude of two inputs. A digital comparator defines the 
equality or relative differences between two binary numbers.

computer operating properly module (COP) — A counter module in the M68HC08 Family that resets 
the MCU if allowed to overflow.

condition code register (CCR) — An 8-bit register in the CPU08 that contains the interrupt mask bit and 
five bits that indicate the results of the instruction just executed.

control bit — One bit of a register manipulated by software to control the operation of the module.

control unit — One of two major units of the CPU. The control unit contains logic functions that 
synchronize the machine and direct various operations. The control unit decodes instructions and 
generates the internal control signals that perform the requested operations. The outputs of the 
control unit drive the execution unit, which contains the arithmetic logic unit (ALU), CPU registers, 
and bus interface.

COP — See “computer operating properly module (COP).”

counter clock — The input clock to the TIM counter. This clock is the output of the TIM prescaler.

CPU — See “central processor unit (CPU).”

CPU08 — The central processor unit of the M68HC08 Family.

CPU clock — The CPU clock is derived from the CGMOUT output from the CGM. The CPU clock 
frequency is equal to the frequency of the oscillator output, CGMXCLK, divided by four.
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CPU cycles — A CPU cycle is one period of the internal bus clock, normally derived by dividing a crystal 
oscillator source by two or more so the high and low times will be equal. The length of time 
required to execute an instruction is measured in CPU clock cycles.

CPU registers — Memory locations that are wired directly into the CPU logic instead of being part of the 
addressable memory map. The CPU always has direct access to the information in these 
registers. The CPU registers in an M68HC08 are:

• A (8-bit accumulator)

• H:X (16-bit index register)

• SP (16-bit stack pointer)

• PC (16-bit program counter)

• CCR (condition code register containing the V, H, I, N, Z, and C bits)
CSIC — customer-specified integrated circuit

cycle time — The period of the operating frequency: tCYC = 1/fOP.

decimal number system — Base 10 numbering system that uses the digits zero through nine.

direct memory access module (DMA) — A M68HC08 Family module that can perform data transfers 
between any two CPU-addressable locations without CPU intervention. For transmitting or 
receiving blocks of data to or from peripherals, DMA transfers are faster and more code-efficient 
than CPU interrupts.

DMA — See “direct memory access module (DMA).”

DMA service request — A signal from a peripheral to the DMA module that enables the DMA module to 
transfer data.

duty cycle — A ratio of the amount of time the signal is on versus the time it is off. Duty cycle is usually 
represented by a percentage.

EEPROM — Electrically erasable, programmable, read-only memory. A nonvolatile type of memory that 
can be electrically reprogrammed.

EPROM — Erasable, programmable, read-only memory. A nonvolatile type of memory that can be erased 
by exposure to an ultraviolet light source and then reprogrammed.

exception — An event such as an interrupt or a reset that stops the sequential execution of the 
instructions in the main program.

external interrupt module (IRQ) — A module in the M68HC08 Family with both dedicated external 
interrupt pins and port pins that can be enabled as interrupt pins.

fetch — To copy data from a memory location into the accumulator.

firmware — Instructions and data programmed into nonvolatile memory.

free-running counter — A device that counts from zero to a predetermined number, then rolls over to 
zero and begins counting again.

full-duplex transmission — Communication on a channel in which data can be sent and received 
simultaneously.
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H — The upper byte of the 16-bit index register (H:X) in the CPU08.

H — The half-carry bit in the condition code register of the CPU08. This bit indicates a carry from the 
low-order four bits of the accumulator value to the high-order four bits. The half-carry bit is required 
for binary-coded decimal arithmetic operations. The decimal adjust accumulator (DAA) instruction 
uses the state of the H and C bits to determine the appropriate correction factor.

hexadecimal — Base 16 numbering system that uses the digits 0 through 9 and the letters A through F.

high byte — The most significant eight bits of a word.

illegal address — An address not within the memory map

illegal opcode — A nonexistent opcode.

I — The interrupt mask bit in the condition code register of the CPU08. When I is set, all interrupts are 
disabled.

index register (H:X) — A 16-bit register in the CPU08.   The upper byte of H:X is called H. The lower 
byte is called X. In the indexed addressing modes, the CPU uses the contents of H:X to determine 
the effective address of the operand. H:X can also serve as a temporary data storage location.

input/output (I/O) — Input/output interfaces between a computer system and the external world. A CPU 
reads an input to sense the level of an external signal and writes to an output to change the level 
on an external signal.

instructions — Operations that a CPU can perform. Instructions are expressed by programmers as 
assembly language mnemonics. A CPU interprets an opcode and its associated operand(s) and 
instruction.

interrupt — A temporary break in the sequential execution of a program to respond to signals from 
peripheral devices by executing a subroutine.

interrupt request — A signal from a peripheral to the CPU intended to cause the CPU to execute a 
subroutine.

I/O — See “input/output (I/0).”

IRQ — See “external interrupt module (IRQ).”

jitter — Short-term signal instability.

latch — A circuit that retains the voltage level (logic 1 or logic 0) written to it for as long as power is applied 
to the circuit.

latency — The time lag between instruction completion and data movement.

least significant bit (LSB) — The rightmost digit of a binary number.

logic 1 — A voltage level approximately equal to the input power voltage (VDD).

logic 0 — A voltage level approximately equal to the ground voltage (VSS).

low byte — The least significant eight bits of a word.

low voltage inhibit module (LVI) — A module that monitors power supply voltage.

LVI — See “low voltage inhibit module (LVI).”

    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

For More Information On This Product,
  Go to: www.freescale.com

n
c

..
.











    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

For More Information On This Product,
  Go to: www.freescale.com

n
c

..
.




	Table of Contents
	Section 1. Direct Current Ignition
	1.1 Introduction
	1.2 Overview
	1.3 Hardware Descriptions
	1.4 Firmware Description
	1.5 Extra Features
	1.6 Further Information

	Section 2. Glossary

