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Code Entry Points

Reset and Interrupt vectors are located at the top of memory:

FFD8 
START

//Main code starts at START
FFDA
ISR6
FFDB
START
FFDD
START
FFDF
START 

FFE2
START
FFE4
ISR3

// TIMER OUTPUT COMPARE 3 (TOC3)??

FFE6
START
FFE8
START
FFEA
START 

FFEC
ISR5

//TIMER CAPTURE 2 (TIC2)??

FFEE
ISR4

//TIMER CAPTURE 1 (TIC1)???

FFF0
START
FFF2
START
FFF4
ISR2

//XIRQ (PSEUDO NON-MASKABLE INTERRUPT) (XIRQ)??

FFF6
ISR1

//SOFTWARE INTERRUPT (SWI)??

FFF8
START
FFFA
START
FFFC
ISR7

//COP CLOCK MONITOR FAIL??

FFFE
START 
//Reset Vector

I2C

Software I2C Read @C2DD??

Software I2C Write @C396

Location 16 is a PORT?  


Bit 7 = SCK


Bit 6 = SDA

SCK High for 17uS

SCK Low for 12,25uS

1 clock cycle is 1/4MHz = 250nS

17uS = 68 cycles

12.25uS = 49 cycles

I2C Write

L00E6 is EEPROM control register??


Bit 0 = 1, 
X=16F, D=0404


Bit 1 = 1,
X=173, A=8


Bit 2 = 1,
X=177, A=C


Bit 3 = 1?
X=183, D=0202
--I2C test


Bit6
=1
EEPROM write



=0
EEPROM read

X = base address data is stored at??

A = SEEPROM address

B = no of bytes to get.

SEEPROM

Addresses 00 and 01 are 00, 00. 02 is first valid address of SEEPROM. 02 and 03 are always 5AA5. This is a test of the I2C link. The SEEPROM contains a further 12 bytes, apparently in 3 blocks of 4.

SEEPROM contents are:

0
00 00 


- not used

2
5A A5  


- I2C link test

4
89 D2 00 41

8
09 D8 40 10

C
04 0A 56 05

Serial Link

SCI Control = L0011

RX = L0012

TX = L0013
Serial link code is at LF3B9
Messages

//$10, 13, 14, 15, 18, 19, 1E call LF4ED


F4ED sets bit6 L00D2, increments L00D3 and enables RX
//others call F4AE


F4AE clears bit6 L00D2, clears L00D3 and L00D4 and enables RX
Send:

10, 03, ED

request ID

Receive:

10, 05, DD, DD, CS
16 bit ID

Send

13, LL, DD, DD, CS 
requests data from ECU

Returns:


13, LL, DD, DD, CS
returns data

Send:

14, 03, 83

clear stored codes
Returns:

14 04 01 81

job done

LL = message length

DD = data

CS = checksum (all bytes sum to $00)

$18 and $19 are immobiliser/ECU data transfers
Diagnostics

The diagnostics redirection table is at 9719. This table gives access to the following parameters :

From 9719 (offset = 2 bytes)

0 
00
$0044


-- fault codes
1
01
$0046


-- fault codes 

2
02
$0045


-- stored fault codes
3
03
$0047


-- stored fault codes
4
04
$0187


-- unknown ??
5
05
$004D


=  RPM High Byte.

6
06
$004E


=  RPM Low Byte (RPM/4)
7
07
$00D5


-- log at DB10 – log against WTS

8
08
$0093


-- log at ECAC


9
09
$00DF


=  WTS (not raw)
10
0A
$00E0


=  ATS (not raw)
11
0B
$9803


=  ECU Variant?
12
0C
$0070


=  TPS_Raw – TPS_Base?? = angle
13
0D
$005B


-- TPS_Raw
14
0E
$005A


=  O2 Sensor (*2?)


15
0F
$00AF


-- ISC Duty Cycle (128 = 50%)
16
10
$00FE


-- Injector Pulse Width High
17
11
$00FF


-- Injector Pulse Width Low (uSecs)
18
12
$0066


-- Manifold Pressure (MAP_Raw).

19
13
$0040


-- Cylinder filling?(MAP/RPM?)
20
14
$00BA


-- Ignition Timing (degs)
21
15
$00D8


-- log at DEE1

22
16
$00F3


-- Short Term Fuel trim?
23
17
$00EB


-- Long Term Fuel trim?
24
18
$00E1


-- log at DE62


25
19
$00D9


-- log at C48A

26
1A
$0058


-- Battery Voltage * 0.07324
27
1B
$0188


-- log at E09B

28
1C
$0186


-- log at E0C0 – Flags? Bit2 = FP?

29
1D
$0095


-- log at D13D

30
1E
$0079


-- log at C5D3–Flags? Bit 7=idle? Not SW?

31
1F
$0002


-- this is a PORT?

A/D Converter
A/D conversion routine is at E5FF:

E5FF
97 38      LE5FF:
staA
L0038


//38 = control reg

E601
97 3D           
staA
L003D


//2 cycle delay??

E603
8F 38 40 FC

braclr L0038, bit5, E603
//poll busy flag


E607
96 38        
ldaA
L0038



//2 cycle delay??

E609
DC 3D           
ldD
L003D



//get result

E60B
39              
ret


Routine is called with channel number in A, result returned in D (maybe >8bits?)


Channels are:



0
WTS



L0054



1
ATS



L0055



2
Not used?


L0056



3
Not used?


L0057



4
Battery Volts


L0058



5
Manifold Pressure

L0059



6
? reads 05 engine off

L005A



7
Throttle Position Sensor

L005B

L0038 is control reg?

bit5 = go/done flag

L003D, E = A/D result (only upper 8 bits used)

Table rows/columns???

The table look up routine is at LE4A3

Moved into Y before table lookup call

L1000

= 16 x n table

16 x 16 ??

L1040

= 16 x n table

16 x 64 ??

Two 16 x 16 tables at:


9020h -11FFh


9C00h – 1CFFh

Two more at:


9120

- no table here!!!!


9D00

A routine at LC549 selects one of the two maps based on the positions of the configuration resistors. This could be modified to switch between maps???? Note that the config resistors set a lot of other parameters!!!

One 13x16 table at 9390

Tables

9002 or 900A (bit selected)

9020 – 16x16 – RPM vs MAP

The ECU configuration settings force either this map or the one at 9C00 to be called. Values from 101h to 230h
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9C00 – RPM vs MAP (alternative to 9020)
Values from 101 to 227
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91D4 8x10 – Acc Enrichment?
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9390 13 x 16 – 8 bits (looks like timing map?)
Values from 24 to 141
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9600 – 13 x 8 ??
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Memory Addresses

L0002 

maybe a PORT (A)




Bit 7 = ???

Bit 5 = ????

Bit 3 = ????

L0006 

maybe a PORT (B)




Bit5 = ????

L0007 

is a PORT (C) – on port expander



bit7 = R328
ECU Config resistor |
 R328, 329, 330





Bit6 = R329
ECU Config resistor |
 set L00D7  (via LUT)




Bit5 = R330
ECU Config resistor |




Bit4 = R331
Config resistor 

sets L00D2 bit 7




Bit3

Bit2

Bit1

Bit0
0 = ignition On, 1 = ignition off

L009A/B
input capture for CAS???
L009C/D
copy of input capture for CAS??

L0011

is Serial Communications Interface (SCI) control register

L0012

is SCI RX Register

L0013

is SCI TX register

L0015

DDR for L0016??

L0016 

is a PORT (C)




Bit 7 = SCK




Bit 6 = SDA




Bit 1 = ?




Bit 0 = ?

L0018

L002F 

is a PORT (D)




Bit 5 = unknown






Bit 3 = unknown




Bit 2 = Fuel Pump

L0030

is DDR for L0031?




All outputs?

L0031

 is a PORT (E)

Bit 7 = Check Engine Light

Bit 6 = unknown

Bit 5 = unknown

Bit 0 = unknown

L0040

(RAW_MAP * 1024) + something

L0041

TPS_Base? Possibly lowest acceptable TPS value

L0043

is I2C Control Register




TX or RX in progress??

L0044

Diagnostic Fault codes
L0045

Diagnostic fault codes
Bit7



Bit6
EGR?



Bit5



Bit4



Bit3



Bit2



Bit1



Bit0
L0046

Stored fault codes (copied from L0044)
L0047

Stored fault codes (copied from L0045)



Bit7



Bit6
EGR?



Bit5



Bit4



Bit3



Bit2



Bit1



Bit0

L0048 

is SEEPROM status




Bit 3 = I2C fail




Bit 1 = codes not matched?




Bit 0 = unknown set if fault start of SUBR5, cleared in SUBR6




0x00 = no fault

L004B

Comms control register



Bit7 = SDL Message in progress?

Bit6 = SEEPROM data at L016F, A=4?
Bit5 = SEEPROM data at L0173, A=8?
Bit4 = 

Bit3

Bit2

Bit1

Bit0

L004D,4E 
RPM/4

L004F

RPM/8
L0050

RPM/32
-- this is used for almost all compares!

L0052

Previous RPM/8?????

Registers 54-5B are where the A/D results are transferred

L0054

A/D ch0
WTS



(WTS_Raw)

L0055

A/D ch1
ATS 



(ATS_Raw)




L0056

A/D ch2
Unused

L0057

A/D ch3
Unused


L0058

A/D ch4
Battery Volts 
(Batt_Raw) 
V = Batt_Raw * 0.0737288

L0059

A/D ch5
Manifold Absolute Pressure 
(MAP_Raw)

L005A

A/D ch6
? reads 05 engine off – tested on power up if >7Fh set to FF
L005B

A/D ch7
Throttle Position Sensor 
(TPS_Raw)



L005C,5D
MAP_Raw * 256

(working register? 5C = MAP_Raw?)

L005E,5F
(MAP_Raw*4)+L00C8
init at 180*MAP_Raw?
L0060,61
init at 180*MAP_Raw

L0062,63
init at 180*MAP_Raw

L0064,65
inits as manifold pressure * 4

L0066

inits as manifold pressure (diagnostic location)

L0067

inits as manifold pressure

L0068

inits as manifold pressure

L0069

inits as manifold pressure

L006A

inits as manifold pressure

L006B 

is from table at L91D4 – maybe acc enrichment?
L006C

L006D 

is WTS modified

L006E 

is a copy of ATS_Raw

L006F

TPS_Raw – TPS_Base??

L0070

TPS_Raw – TPS_Base??

L0071

TPS_Raw – TPS_Base??

L0072

TPS_Raw – TPS_Base??

L0073

TPS_Raw – TPS_Base??

L0074

previous  O2 sensor reading?
L0078 

Fault flags?

L0081

Fault flags?


Bit7
= O2 sensor??


Bit6



Bit5



Bit4



Bit3



Bit2



Bit1



Bit0

set to 1 after immobiliser routine
L0082

Sensor Status?


Bit 7 = ATS fault?

Bit 6 = WTS fault?

Bit 5 = TPS?

Bit 4 = TPS?



Bit 3 = TPS fault

Bit2 = MAP?
Bit1 = MAP Sensor fault (High?)?
Bit 0 = MAP Sensor fault?
L0083


Bit7 = TPS > 68%

L0084

Comms related?

L0092

$8D or?
L0093

Diagnostics location $C4, $25, $FF

L0094
L0095

O2 sensor status


Bit7 = 



Bit6 =



Bit5 =



Bit4 = 



Bit3 = 



Bit2 = 



Bit1 = previous O2 reading, 1=  <0.95V, 0= >0.95V



Bit0 = current O2 reading, 1=  <0.95V, 0= >0.95V

L0096

L00B7

bit0 set to 1 after immobiliser called

L00BF

Fault flags?

L00C1
- multi use working register


MAP*4


O2 Sensor



Bit0 = O2 Sensor < 0.45V

L00C3
 
??? BIT copied to L0044
L00C4

??? BIT copied to L0046

L00D2 

Serial Link Handler status




Bit 7 = ?




Bit 6 = 1 = incoming message (valid header received)




Bit 3 = ?

L00D3

Serial Link Handler – maybe byte counter

L00D4

Serial Link Handler - maybe checksum

L00D5

Modified WTS??

L00D7 

is ECU Configuration Register

L0007 is read and the upper 3 bits shifted to the lower 3 bits

This is used as offset value to get D7 value from table at L9811

Config. settings from table at L9811:

	
	7
	6
	5
	4
	3
	2
	1
	0

	0
	20
	0
	0
	1
	0
	0
	0
	0
	0

	1
	22
	0
	0
	1
	0
	0
	0
	1
	0

	2
	0A
	0
	0
	0
	0
	1
	0
	1
	0

	3
	12
	0
	0
	0
	1
	0
	0
	1
	0

	4
	21
	0
	0
	1
	0
	0
	0
	0
	1

	5
	23
	0
	0
	1
	0
	0
	0
	1
	1

	6
	0B
	0
	0
	0
	0
	1
	0
	1
	1

	7
	13
	0
	0
	0
	1
	0
	0
	1
	1


So in the EE88 EPROM only bits 5 and 1 are set. All others are clear.


bit7

bit6

bit5 = 1 use 9C00 and 9120, else use 9020 and 9D00

bit4

bit3

bit2 = unused?

bit1 = 1 do Subr5 (eeprom) and subr6 else skip them

bit0

tested many times, see notebook

loaded at LC565


//bits2-0 = config resistors????

jiggled at LECE4 on

L00DF is a copy of WTS modified (L00DF = diagnostics only)

L00E6 is SEEPROM control register


Bit7 =  Battery Voltage, 1=low


Bit6 = 1
EEPROM write


        = 0
EEPROM read


Bit3 = 1?
I2C test



Bit 2 = 1,
X=177, A=C

Bit 1 = 1,
X=173, A=8

Bit 0 = 1, 
X=16F, D=0404 – immobiliser codes??

L00E0

is ATS (not Raw)

L00E9,10
Current fuel mixture

L00EB

Short Term Fuel trim?

L00F3

Long Term Fuel trim?

L00F4

related to O2 Sensor

L00F6

L00FC,FD
init as (MAP_Raw *256)/26.375, related to Fuel Trim/AFR
L013A

related to SEEPROM Comms

L013B

related to SEEPROM Comms
L0103

L0104

= ign or fuel (from table L9390 or ?) 8-bits
L0111

= ? copied to L00BA for diagnostics

L011A

= ISC something???
L011B

= ign or fuel (from table L9C00 or ?) 8-bits

L0153

previous rpm/32???

L0165

related to MAP (previous value?)

L0166

related to MAP (previous value?)
L0168

copy of TPS_Raw. Used to calculate delta TPS.
Working values (true or default)??

L0171



L0172

L0173

L0174

L0175

L0224/5

input capture for CAS (T)

L0226/7

input capture for CAS (T-1)

L0228/9

input capture for CAS (T-2)

L022A/B

input capture for CAS (T-3)
L022C-? 
SCI buffer
4 byte Msg

8 byte Msg



L022C

Header


Header



L022D

Msg Length

Msg Length



L022E

Data


Encryption Key - Read/Write?



L022F

Checksum

Data



L0230




Data



L0231




Data

??


L0232




Data



L0234




Checksum


L0235



L0236




Comms timer register High?



L0237




Comms timer register Low?
 STACK

Top of stack is at L043F , bottom of stack is L043F - ?

ISRs

E644
ISR1
EB6F
ISR2
EBBC
ISR3

F326
ISR4

F360
ISR5

F3B6
ISR6

F742
ISR7
ISR1

Very long routine – probably main code triggered on CAS interrupt

ISR2

Never called ??

ISR7 
is power saving mode. Shuts down processor and waits for interrupt. Comes here after power up to wait for start/CAS??

Table Look up and Interpolation

Table look up is at LE4CE, this is common code.

Table address and data can be examined at E4D9 and E4DF

Timing

Checking ISRs to find a timing ‘tick’

Logic Analyser captures 2062 samples at 0.25uS so sample duration = 515.5uS

ISR1
E644h – called at sample 18, rti at 1243     LONG !!!!

ISR2 
is not called

ISR3
EBBCh  - 2117 samples no recall

ISR4
F326
- 2047 samples no recall

ISR5
F360 
– 2062 samples no recall

ISR6
F3B6
- 2137 samples no recall

ISR7
F742 – need to relog triggered half way through!
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