Version 0.4.01

1.1

1.2

1.3

1.4

1.5

1.6

PIC 16F877 FLOWCHART

RESTART

4

CLR SECONDARY STATUS

SET PRIMARY STATUS
PSU oFrF EDFA sHUTDOWN RESET TYPE

v

CONFIGURE THE PORTS
& CONTROL REGISTERS
SET THE OUTPUTS

v

CLEAR ACTUAL AND FAULT
VALUES TO INVALID

v

LOAD PARAMETERS FROM
EPROM

GENERATE CRC OF CODE |

v

GET SERIAL NUMBER AND
SOFTWARE VERSION

ENABLE SPI SYSTEM |

ULL COMMAND
RECEIVED?

ENABLE INTERRUPTS

1 Initialisation
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Version 0.4.01 PIC 16F877 FLOWCHART 2 StartUp

SEND 3 FINE TUNE
2.1 VALUES TO RECEIVERS

MEASURE CONTROL

$1 VOLTAGE
ENABLE EDFA SAVE OPTICAL
$2 TURN LED OFF FAULT VALUES
CLR 1RY STATus BIT SET 2RY STATus BrT
$1 | MEASURE TEMPERATURE $1 | MEASURE TEMPERATURE

T\‘AJ/RAN]!;?;)OSM%N SAVE TEMPERATURE
3 FAULT VALUES
$ TURN LED oOFF s s 5
CLR 2RY STATUS BIT ET 2RY STATUs BIT
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3.1
Main PSUs

Temperature

{

PIC 16F877 FLOWCHART

2)
O

MEASURE
VNEG VPOs TEMP

N

3.2
Control %
Voltage

4

$1

TURN PSUs OFF
SAVE FAULT VALUES
TURN LED ON
SET 1RY STATUS BIT
SET 2RY STATUS BIT

3 MainLoop

$4

MEASURE
VcoN $1

TURN PSUs OFF
SAVE FAULT VALUES
TURN LED ON
SET 1RY STATUS BIT
SET 2RY STATUS BIT

$4

SEND EDFA OFF
SAVE FAULT VALUES
TURN LED ON
SET 1RY STATUS BIT
SET 2RY STATUS BIT

$5

Page A3



Version 0.4.01

P
3.3
Optical %
Levels
N
P
3.4
SPI
Timeout—<
(2.5Sec)
N
3.5
Command—
Handler L
3.7
Loop Delay —
(10mS) L

PIC 16F877 FLOWCHART

MEASURE
OPTICAL LEVELS 0,1,2

$6

4 MainLoop_

SEND EDFA OFF
SAVE FAULT VALUES
TURN LED ON
SET 1RY STATUS BIT
SET 2RY STATUS BIT

$5

| INCREMENT LOOP COUNT |

SEND EDFA OFF
SAVE FAULT VALUES
TURN LED ON
SET 1RY STATUS BIT
SET 2RY STATUS BIT

CLR TMR1 |
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4.3

PIC 16F877 FLOWCHART

INTERRUPT

A
SAVE CONTEXT
FLASH TOP LED

BYTE
RECEIVED?

YES

3Is BITS TO ICNT
Bms BITS TO MODE

YES

>
Al

| SPI SEND REG := IDn |

| GET NEXT ID BYTE |

LOOP 3

TIMES

RESET SPI SYSTEM

YES
DATA
OVERRUN?
NO

4

CLEAR TIMEOUTCLEAR
INTERRUPT FLAG
RESTORE CONTEXT

A
RETURN

5 Interrupt
41
BN
— 4.2
_/
TN
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PIC 16F877 FLOWCHART

(50

4
( SPI SEND REG:= ACK

a4 <

| IADDR := SPI RX REG

%

SPI SEND REG:= NULL

SAVE RECEIVED BYTE
AT TADDR

L

INCREMENT IADDR

LOOP ICNT

TIMES

5b)

SPI SEND REG:= ACK

| TADDR := SPI RX REG |

SPI SEND REG :=
BYTE AT IADDR

RANSFER
COMPLETE?

INCREMENT IADDR

}7

LOOP 8
TIMES

6 Interrupt_

45
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2007

2000

Revision: 0

3D32

0000 0004 0000
0001

00001
00002
00003
00004
00005
00006
00007
00008
00009
00010
00011

00012

00013
00014
00015
00016
00017
00018
00019
00020
00021
00022
00023
00024
00025
00026

00001 ;

00372
00027

00028

00029

00030

00031
00032
00001
00337
00033
00034
00035
00036
00037
00038
00039
00040
00041
00042
00043
00044

EMULATOR shoul d be defined when controlled by the | aptop
undefined running as a nmezzanine to the digital board ;
TEST shoul d be defined when using the test board for initial debugging
undefined when using the real board

#DEFI NE EMULATOR

#DEFI NE TEST

This is the program version nunber

#DEFI NE | _VN_M 0Xo4
#DEFI NE | _VN_L 0X01

Shoul d be the same as | DLOCS ;

LI ST P=16F877, N=0

TITLE " ALMA Optical Receiver microcontroller
| NCLUDE <D16F877. | NC>
P16F877.1 NC Standard Header File, Version 1.00 M crochi p Technol ogy Inc
LI ST

__IDLOCS  0X0401

| NCLUDE <DCBMACRO.

I NC&

__CONFIG _CP_OFF & DEBUG OFF & WRT_ENABLE OFF & _LVP_ON & _BODEN ON & PWRTE OFF & _WDT_ON & XT_OSC

DCBMACRO. | NC  Sinple macros. Version 1.10 dcb

LI ST

NOTE ON PAGES AND BANKS

Al'l code resides on page zero so paging is not an issue

Al'l used RAMis in bank zero so bank switching is only an issue for accessing
nmodul es and subroutines which access outside
bank zero nust return to bank zero on conpletion

Interrupt can occur when any bank is selected. However the context registers

Speci al Function Registers. Al

(WFSR & Status) are napped across al

which is al so mapped across al

banks

banks and are saved to RAM above $70

__CONFIG _CP_OFF & DEBUG OFF & WRT_ENABLE_OFF & LVP_OFF & _BODEN OFF & PWRTE ON & WDT_OFF & _HS OSC
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00045

00046
00047
00048
00049
00050
00051

00052
00053

00054
00055
00056
00057
00058
00059
00060
00061
00062
00063
00064
00065
00066
00067
00068
00069
00070
00071
00072
00073
00074
00075
00076
00077
00078
00079
00080
00081
00082
00083
00084
00085
00086
00087
00088
00089
00090
00091
00092
00093
00094
00095
00096
00097

This is the nunber

| FDEF EMULATOR

#DEFI NE BLOCKLEN

ELSE

#DEFI NE BLOCKLEN

ENDI F

of bytes in a block read.

32

8

It must be 8 in the fina

These are the nmenory | ocations which are read by the M&C bus
They are all in bank zero and are arranged in groups of eight

#DEFI NE MONI TOR_POI NTS_BASE 0X20
#DEFI NE _STATUS1
#DEFI NE _STATUS2

0X20
0X21

#DEFI NE EXTERNAL_VALUES_BASE

#DEFI NE _OPOVAL_M 0X22
#DEFI NE _OPOVAL_L 0X23
#DEFI NE _OP1VAL_M 0X24
#DEFI NE _OP1VAL_L 0X25
#DEFI NE _OP2VAL_M 0X26
#DEFI NE _OP2VAL_L 0X27

#DEFI NE | NTERNAL_VALUES_BASE

#DEFI NE _VNVAL_M 0X28
#DEFI NE _VNVAL_L 0X29
#DEFI NE _VPVAL_M 0X2A
#DEFI NE _VPVAL_L 0X2B
#DEFI NE _VCVAL_M 0X2C
#DEFI NE _VCVAL_L 0X2D
#DEFI NE _TMPVAL_M 0X2E
#DEFI NE _TMPVAL_L 0X2F

#DEFI NE EXTERNAL_FAULTS_BASE

#DEFI NE _OPOFLT_M 0X32
#DEFI NE _OPOFLT_L 0X33
#DEFI NE _OP1FLT_M 0X34
#DEFI NE _OP1FLT L 0X35
#DEFI NE _OP2FLT_M 0X36
#DEFI NE _OP2FLT_L 0X37

#DEFI NE | NTERNAL_FAULT_BASE

#DEFI NE _VNFLT_M 0X38
#DEFI NE _VNFLT_L 0X39
#DEFI NE _VPFLT_M 0X3A
#DEFI NE _VPFLT_L 0X3B
#DEFI NE _VCFLT_M 0X3C
#DEFI NE _VCFLT_L 0X3D
#DEFI NE _TMPFLT_M OX3E
#DEFI NE _TMPFLT_L OX3F
#DEFI NE _COMMAND  0X40

#DEFI NE EEPROM_START 0X42

0X

0X

Primary status

Secondary status

22
Current val ue

Current val ue

Current val ue

28

Current val ue

Current val ue

Current val ue

Current val ue

0X32

Fault val ue -

Fault val ue -

Fault val ue -

0X38

Fault val ue -

Faul t val ue -

Faul t val ue -

Faul t val ue -

- Optical Rx O
- Optical Rx 1

- Optical Rx 2

- Negative PSU

- Positive PSU

- Control PSU

- Tenperature

Optical Rx O
Optical Rx 1

Optical Rx 2

Negati ve PSU
Positive PSU
Control PSU

Tenperature

system
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#DEFI NE
#DEFI NE
#DEFI NE
#DEFI NE
#DEFI NE
#DEFI NE
#DEFI NE

#DEFI NE
#DEFI NE
#DEFI NE
#DEFI NE
#DEFI NE
#DEFI NE
#DEFI NE
#DEFI NE
#DEFI NE

#DEFI NE
#DEFI NE
#DEFI NE
#DEFI NE
#DEFI NE
#DEFI NE
#DEFI NE

#DEFI NE
#DEFI NE
#DEFI NE
#DEFI NE
#DEFI NE
#DEFI NE
#DEFI NE
#DEFI NE
#DEFI NE
#DEFI NE

#DEFI NE
#DEFI NE
#DEFI NE
#DEFI NE

#DEFI NE
#DEFI NE
#DEFI NE
#DEFI NE

#DEFI NE
#DEFI NE

EXTERNAL_LI M TS_BASE

_OP1ULI MM 0X42
—OPOLLI M 0X43
—OPOULI M_M 0Xx44
_OP1LLIM 0X45
—OP2ULI MM 0X46
—OP2LLIM 0X47
| NTERNAL_LI M TS_BASE
_VNULI M 0X48
“VNLLI'M 0X49
“VPULI M OX4A
“VPLLIM 0X4B
_VCULI M 0x4c
“VCLLI M 0X4D
—TMPULI M OX4E
_TMPLLI M OX4F
FI NE_TUNE_BASE
_OPOFT_M 0X50
_OPOFT_L 0X51
_OPIFT_M 0X52
_OPIFT_L 0X53
_OP2FT_M 0X54
_OP2FT_L 0X55
CALI BRATI ON_BASE
_OPOCAL1_M 0X56
_OPOCAL1_L 0X57
_OPOCALO 0X58
_OPICAL1_M 0X59
“OP1CALL_L 0X5A
_OP1CALO 0X5B
_OP2CAL1_M 0X5C
“OP2CALL_L 0X5D
_OP2CALO OX5E
_1Do 0X60
“Inl 0X61
12 0X62
_CHECKSUM 0X63
_SN_M 0X64
SN L 0X65
“VN_M 0X66
“WUNL 0X67
_CRC_M 0X68
“CRC L 0X69

0

0

0

0

X42

Upper limt
Lower Limt
Upper limt
Lower Limt
Upper limt

Lower Limt

X48
Upper limt
Lower limt
Upper limt
Lower limt
Upper limt
Lower limt
Upper limt
Lower limt
X50
Fi ne Tune
Fi ne Tune
Fi ne Tune
X56
0dB cal
Zero ca
0dB cal
Zero ca
0dB cal
Zero ca

Optica
Optica
Optica
Optica
Optica
Optica

FIIIPRR
NNR OO R

Negati ve PSU
Negati ve PSU
Positive PSU
Positive PSU
Control PSU
Control PSU
Tenperature
Tenperature

Optical Rx 0O
Optical Rx 1
Optical Rx 2
Optical Rx O
Optical Rx O
Optical Rx 1
Optical Rx 1
Optical Rx 2
Optical Rx 2

ldentity Bytes

Board Seria

Nunber

Program versi on nunber

CRC of program

Page A12



Revision: 0

00151
00152
00153
00154
00155
00156
00157
00158
00159
00160
00161
00162
00163
00164
00165
00166
00167
00168
00169
00170
00171
00172
00173
00174
00175
00176
00177
00178
00179
00180
00181
00182
00183
00184
00185
00186
00187
00188
00189
00190
00191
00192
00193
00194
00195
00196
00197
00198
00199
00200
00201
00202
00203

; These are registers and bits used by the program - mapped across al
#DEFI NE RESERVED 0X70 ; for 1CD

#DEFI NE SCNT 0X71 ; Usually a counter
#DEFI NE LCNT 0X72 ; Usually a counter in program
#DEFI NE SHFT_M 0X73
#DEFI NE SHFT_L 0X74
#DEFI NE TEMPO 0X75
#DEFI NE TEMP1 0X76
#DEFI NE CALO 0X77 ; Used in calibration routine
#DEFI NE CAL1 0X78
#DEFI NE CAL2 0X79
#DEFI NE CCNT OX7A
#DEFI NE TCNT 0X7B ; Time out counter
#DEFI NE | CNT 0X7C ; Counter in the interrupt routine
#DEFI NE WSAVE 0X7D ; Save Win interrupt
#DEFI NE SSAVE OX7E ; Save Status in interrupt
#DEFI NE FSAVE OX7F ; Save FSR in interrupt

; These are nanes for the bits in the ports
#DEFI NE ANALOGO PORTA, O ; Anal og inputs (rultiplexed) a
#DEFI NE ANALOGL PORTA, 1 ;| a
#DEFI NE ASELO PORTE, O ; Anal og nul ti pl exer selects o]
#DEFI NE ASEL1 PORTE, 1 ;| o]
#DEFI NE ZCSI N PORTB, 0 ; Copy of A5 for interrupt
#DEFI NE ZCSN PORTA, 5 ; Hardware SPI bus (to AMBSI) i
#DEFI NE ZCLK PORTC, 3 ;| o
#DEFI NE ZDI PORTC, 4 ;|
#DEFI NE ZDO PORTC, 5 ;| o
#DEFI NE DCLK PORTC, 0 ; Software SPI bus (ADC and DAC) o]
#DEFI NE DDI PORTC, 1 ;|
#DEFI NE DDO PORTC, 2 ;| o
#DEFI NE ACSN PORTC, 6 ; | o]
#DEFI NE DCSN PORTC, 7 ;| o]
#DEFI NE VPENN PORTB, 1 ; Positive PSU enabl e o]
#DEFI NE VNENN PORTB, 2 ; Negative PSU enabl e o
#DEFI NE EDFASD PORTB, 4 ; EDFA shut down |ine o]
#DEFI NE SNREQN PORTB, 5 ; Request serial nunber 0
#DEFI NE SNI N PORTE, 2 ; Read seri al nunber i
#DEFI NE LEDSN PORTD ; LEDs [¢
#DEFI NE EDFALEDN PORTD, 0

banks

in subroutines
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00204
00205
00206
00207
00208
00209
00210
00211
00212
00213
00214
00215
00216
00217
00218
00219
00220
00221
00222
00223
00224
00225
00226
00227
00228
00229
00230
00231
00232
00233
00234
00235
00236
00237
00238
00239
00240
00241
00242
00243
00244
00245
00246
00247
00248
00249
00250
00251
00252
00253
00254
00255
00256

#DEFI NE

PSULEDN

PORTD, 1

; These are constants for the standard PSU shutdown nodes. Values 0-3 are
; also the anal og nmultipl exer control codes

#DEFI NE
#DEFI NE
#DEFI NE
#DEFI NE
#DEFI NE

; These are
#DEFI NE
#DEFI NE

#DEFI NE
#DEFI NE
#DEFI NE
#DEFI NE

; These are

#DEFI NE
#DEFI NE

; These are

#DEFI NE
#DEFI NE
#DEFI NE
#DEFI NE

; These are
#DEFI NE
; These are

#DEFI NE
#DEFI NE
#DEFI NE
#DEFI NE

; These are

#DEFI NE
#DEFI NE
#DEFI NE
#DEFI NE

PSU_VN
PSU_VP
PSU_VC
PSU_TMP
PSU_MC

0 ; Vneg fault
1 ; Vpos fault
2 ; Vcon fault
3 ; Temp fault
4 ;. M&C command

constants for the EDFA shutdown nodes

EDF_RO
EDF_R1

EDF_R2
EDF_VC
EDF_NMC
EDF_TO

0 ; Receiver 0 fault
1 ; Receiver 1 fault

; Receiver 2 fault

; Control supply fault
; M&C command

; Time out

abrwN

constants for the secondary status codes for PSU no start

ST2P_VCX
ST2P_TMPX

i ndi vi dual

ST1_EDFA
ST1_PSU
ST1_NOSN
ST1_EECSF

0X42 ; Control voltage at startup
0X01 ; Tenperature at startup

bits in the primry status word

_STATUS1, 7 ; Optical shutdown commanded
_STATUSL, 6 ; The nmain PSUs are off
_STATUS1, 5 ; Set if serial number is invalid

_STATUS1,4 t when EEPROM reads bad checksum

constants for the M&C conmand codes.

CMD_START

0X00

constants for the M&C protocol control codes.

MC_| DR

0XBO
0XA8
0XA0
0X59

initialization values for configuration registers and ports

OXFF ; Port Ais all inputs

0X01 ; Port BO is int input

O0X1A ; PortC bits 1,3,4 are inputs
0X00 ; PortD all outputs
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00257
00258
00259
00260
00261
00262
00263
00264
00265
00266
00267
00268
00269
00270
00271
00272
00273
00274
00275
00276
00277

#DEFI NE

#DEFI NE
#DEFI NE
#DEFI NE
#DEFI NE

#DEFI NE
#DEFI NE

#DEFI NE

#DEFI NE

#DEFI NE

#DEFI NE

#DEFI NE

| _TRI SE

| _PORTB
| _PORTC
| _PORTD
| _PORTE

| _ADCONO
| _ADCONL

| _SSPSTAT

| _SSPCON

| _I NTCON
| _OPTI ON

| _T1CON

0Xo4

OXFF
0XCo
OXFC
OXFO

0X80
0X85 ;

0X00
0X04
0X10

OXOF

PortE bit 2 is input

PSUENnN,

EDFAnN,
CSn, DQUTs, CLKs of f

SNREQn of f

PSULEDn, EDFALEDn on. Others o

Anal og Ml ti pl exer

ADC - Fol 32;
ADC -

Fal ling edge cl ock

at zero

chan 0; all off
right justified; node 5

BF cl eared

Fault bits cleared. SPI disab
; Clock idle low. SP

Ext er na

node 4

interrupts enabl ed

Pul | ups enabl ed

enabl ed

Ext er na

RBO falling edge

; Post scale WDT by 128 (896-4224 nb)
0X31 ; Prescal er=8

I nternal clock

oscillator

ff

ed

of f
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0000
0000

0004

0004
0005
0006
0007
0008

0009
000A
000B
0oocC

Revision:

2900

00FD
OEO3
00FE
0804
O0OFF

1283
1303
3080
0688

00027
00028
00029

00030
00031
00032
00033
00034
00035
00036
00037
00038

00039
00040
00041
00042
00043
00044

GOTO START

ORG 0X004
I NCLUDE | NTS. I NC

PAGE
SUBTI TLE " Interrupt handler "

This section handles the interrupt which can only be caused
rising edge of the chip select line at the start of an SP

A A A A A A A A A A A A A

by the
transfer

TTRTRTRTRTRTRIRTRTRTRTRTRTRINTI

HHHHHRHA AR AR AR AR AR AR AR AR AR AR AR AR

This macro is to send and receive a byte on the SP
Wcontains the byte to send and is replaced by the received

HHHHHFRHAHHFHHFRHAH,
’
’

byt e

SPI T MACRO

LOCAL SPI TO

MOVWF SSPBUF
BANK1

SPI TO BTFSS  SSPSTAT, BF

GOTO SPI TO
BANKO
MOVFW  SSPBUF

ENDM

| HHBHHBHHBHHBHH BB H BB R R H B H R R R H B H B R R R RS

First section saves the W STATUS and FSR registers and clears the flag

and flashes the top LED

MOVWF WEAVE ; Save the context
SWAPF STATUS, W

MOVWF SSAVE

MOVF FSR, W

MOVWF FSAVE

BANKOO

BCF STATUS, RPO

BCF STATUS, RP1
MOVLW  0X80
XORWF PORTD, F

Wait for a byte to be received. Save the bottomthree bits

whi ch mi ght be
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000D
000E
000F

0010

0011
0012
0013

0014
0015

0016
0017
0018
0019

001A
001B
001cC
001D

001E
001F
0020
0021

0022

0023
0024

0025
0026

Revision: 0

1683
1C14
280E

1283

3007
0513
00FC

30F8
0593

30B0
0213
1903
2823

30A8
0213
1903
2832

30A0
0213
1903
284B

285F

3060
0084

3003
00FC

bits to the appropriate transfer

the count. Then branch on the top five
; type. If unrecognized then do nothing
BANK1

BSF STATUS, RPO
M/_LO BTFSS  SSPSTAT, BF ;
GOTO  M/_LO

BANKO
BCF STATUS, RPO
ANDLF 0X07, SSPBUF, W

MOVLW
ANDWF

0X07
SSPBUF, W

MOVWF I CNT
ANDLF  0XF8, SSPBUF, F

MOVLW
ANDWF

O0XF8
SSPBUF, F

SKPNEL SSPBUF, MC_I DR

MOVLW
SUBWF
SKPNZ

0XBO W iz Kk
SSPBUF, W ;o w = regl-k

GOTO  M/_ID

SKPNEL  SSPBUF, MC_CMD

MOVLW
SUBWF
SKPNZ

0XA8 pow =k
SSPBUF, W ;o w=regl-k

GOTO  M_CD

SKPNEL  SSPBUF, MC

MOVLW
SUBWF
SKPNZ

0XA0 ;owi=k
SSPBUF, W ;o w = regl-k

GOTO  M_WN

; An I D transfer.

three transfers. The received data can

Wait for byte to be received

Extract the bottomthree bit

and save in | CNT
and the top five bits

O command (wite to PIC)

O nonitor (read from PIC)

If none of these goto end

Return the three ID bytes in response to the next

be i gnored

M/_ID MWLF _IDO, FSR :

MOVLW
MOVWF

0X60
FSR

MOVLF 3, | CNT

MOVLW
MOVWF

3
0X7C

FSR points at first ID byte

Three I D bytes to send
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0027
0000
0028
0029
002A
002B
002C
002D

002E
002F
0030

0031

0032
0000
0033
0034
0035
0036

0037
0038

0039
003A

003B
0000
003C

Revision: 0

0800

0093
1683
1C14
282A
1283
0813

0A84
0BFC
2827

285F

3059

0093
1683
1C14
2835

1283
0813

0084
OAFC

3000

0093

00079
00080

<

ST

00081
00082
00083
00084
00085
00086
00087
00088
00089

00090
00091

00092
00093
00094
00095
00096

<=<Z

ST LL

00097
00098
00099
00100
00101
00102
00103
00104
00105
00106
M

M7_I D1  MOVFW | NDF ID byte to SSPBUF wait until gone
SPIT ; Not concerned with rx data
LOCAL SPI TO

MOVWF SSPBUF
BANK1

BSF STATUS, RPO

SPI TO BTFSS  SSPSTAT, BF

GOoro SPI TO
BANKO

BCF STATUS, RPO
MOVFW  SSPBUF

I NCF FSR
DECFSZ | CNT
GOTO  M7_ID1

; A conmand transfer. The count-1 has been stored in |ICNT and the start
address offset fromthe base is the next byte received. |CNT bytes of data
are then received and witten to incrementing addresses. |If the address is
not in the range 0x40-0x5F the write is inhibited

M7_CD MOVLW  MC_ACK Send an acknow edge and wait for
SPIT ; receipt of address in W
LOCAL SPI TO

MOVWF SSPBUF
BANK1

BSF STATUS, RPO

SPI TO BTFSS SSPSTAT, BF

GOoro SPI TO
BANKO

BCF STATUS, RPO
MOVFW  SSPBUF

; ANDLW  Ox7F ; only seven bit addresses
; ADDLF MONI TOR_PO NTS_BASE, FSR, F ; referring to base
; NOP
; NOP
MOVWF FSR ; FSR points at the address
I NCF I CNT, F
M7/_CD1 MOVLW 0 ; Null data to SSPBUF wait until gone
SPIT ; Wnow contains received byte
LOCAL SPI TO
MOVWF SSPBUF
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003D
003E
003F
0040
0041

0042
0043
0044
0045
0046
0047
0048
0049

004A

004B
0000
004C
004D
004E
004F
0050
0051
0052

0053
0054

0055

0000

Revision: 0

1683
1C14
283E
1283
0813

1F04
2847
1A84
2847
0080
0A84
0BFC
283B

285F

3059

0093
1683
1C14
284E
1283
0813
0084

3020
00FC

0800

I LL

00107
00108
00109
00110
00111
00112
00113
00114
00115
00116
00117
00118
00119
00120
00121
00122
00123
00124
00125
00126
00127
00128
00129
00130

I LL

00131
00132
00133

00134
00135
00136
M
M

BANK1
BSF STATUS, RPO

SPI TO BTFSS SSPSTAT, BF

GOoro SPI TO
BANKO

BCF STATUS, RPO
MOVFW  SSPBUF

BTFSS FSR, 6
GOoro M7_CD2
BTFSC FSR 5
GOoro M7_CD2

MOVWF | NDF
M7_CD2 | NCF FSR

DECFSZ | CNT
GOTO  M/_CD1L

; Only pernmitted to wite to address
; Ox4- and 0x5-. That is bit 6 set
; and bit 5 clear

; Save byte in addressed |ocation

; Transfer size was defined
; inlowthree bits of control byte

; A nmonitor transfer.

The count

is fixed at forty bytes and the start ;

; address offset fromthe base is the next byte received. 40 bytes of data ;
; are then received and witten to increnmenting addresses. ;

M_MN  MOVLW  MC_ACK
SPIT
LOCAL  SPITO

MOVWF SSPBUF
BANK1
BSF STATUS, RPO

SPI TO BTFSS  SSPSTAT, BF

GOTO SPI TO
BANKO

BCF STATUS, RPO
MOVFW  SSPBUF

MOVWF FSR

MOVLF BLOCKLEN, | CNT
MOVLW 32
MOVWF 0X7C

M/_MN1  MOVFW | NDF
SPI T
LOCAL SPI TO

; Send an acknowl edge and wait for
; receipt of address

; TESTMODE all nonitor transfers are 36 bytes

; Data byte to SSPBUF wait until gone
; Not concerned with rx data
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0056

0057
0058
0059

005A
005B

005C
005D
005E

005F
0060

0061
0062

0063
0064
0065
0066

0067
0068

0069
006A
006B
006C
006D
006E

006F

0100
0100

Revision: 0

0093

1683
1C14
2858

1283
0813

0A84
0BFC
2855

1C06
285F

1F14
2867

3004
0094
0813
1694

01FB
108B

087F
0084
OE7E
0083
OEFD
OE7D

0009

ST LL

00137
00138
00139
00140
00141
00142

00143

00144
00145
00146

00147

MOVWF SSPBUF
BANK1

BSF STATUS, RPO

SPI TO BTFSS  SSPSTAT, BF

GOoro SPI TO
BANKO

BCF STATUS, RPO
MOVFW  SSPBUF

| NCF FSR
DECFSZ | CNT
GOTO  M7_MNL

; Clear the timeout counter so program can neasure tinme between interrupts ;
; Wait until the transfer has ended as signaled by chip select going high ;
; Restore the saved val ues of W STATUS, FSR and return ;

00148

00149
00150
00151
00152
00153
00154
00155

00156
00157
00158
00159
00160
00161
00162
00163
00164
00165
00166
00167
00168
00169
00170
00171
00172
00284
00285
00286
00287

NV_NXT BTFSS ZCSI N ; Wait till end of transfer
GOoro M7 _NXT
BTFSS SSPCON, SSPOV ; Test for data overrun
GOTO M7_NOR ; no overrun
MOVLF | _SSPCON, SSPCON ; Reset the SP system
MOVLW  0X04
MOVWF SSPCON
MOVFW  SSPBUF ; Clear the overrun data
BSF SSPCON, SSPEN ; Reenabl e the SPI
M/_NOR CLRF TCNT ; Clear the timeout counter
BCF I NTCON, | NTF ; Clear the interrupt flag
MOVF FSAVE, W ; Restore context
MOVWF FSR

SWAPF SSAVE, W
MOVWF STATUS

SWAPF  WBAVE, F
SWAPF  WBAVE, W

RETFI E ; and return

ORG 0X100
START
I NCLUDE | NI TI AL. | NC
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0100
0101

0102
0103

0104
0105

0106
0107
0108
0109
010A
010B
010C
010D

010E
010F

0110
0111

0112
0113

0114
0115
0116
0117

Revision: 0

1283
1303

01C0
01A1

30F1
00A0

1683
1C8E
2912
1COE
2910
1E03
290E
2914

1283
0AAO

1283
0AAO0

1283
0AAO

1683
148E
140E
1603

00001
00002
00003

00004
00005

00006
00007

00008
00009
00010

00011
00012
M
M
00013
00014
00015
00016
00017
M
M
00018
00019
M
00020
00021
00022
00023
00024
00025
00026
00027
00028

M
00029
00030

M
00031
00032

M
00033
00034
00035

M
00036
00037
00038
00039
00040
00041
00042

00043
00044

PAGE
SUBTI TLE " Initial

code up to contact"

This MODULE contains the code that runs after
a NULL request fromthe SPI

a restart until

receiving

CH## SECTI ON 1- 1 H#HARBHRRRR R R R R R R R R R R R
) - HHHHHHHHHHHHH AR A AR AR AR AR AR AR AR

; Sets the Status words according to the reset node
BANKOO
BCF STATUS, RPO
BCF STATUS, RP1
CLRF _ COMVAND
CLRF _STATUS2 ; Clear the secondary status word
MOVLF OXF1, _STATUS1 ; Set reset status in primary word to 1
MOVLW  OXF1
MOVWF  0X20
; PSU and EDFA and NOSN to ones
BANK1
BSF STATUS, RPO
BTFSS PCON, PORN ; PCON is in bank 1, STATUS is nmapped
GOTO ML1_POR
BTFSS PCON, BORN
GOTO ML1_BOR
BTFSS  STATUS, TON
GOTO ML1_WDT
GOTO ML1_MCR
ML1_WDT BANKO
BCF STATUS, RPO
| NCF _STATUS1, F
ML1_BOR BANKO
BCF STATUS, RPO
I NCF _STATUSL, F
ML1_POR BANKO
BCF STATUS, RPO
| NCF _STATUS1, F
ML1_MCR BANK1 ; PCON is in bank 1, STATUS is mapped
BSF STATUS, RPO
BSF PCON, PORN
BSF PCON, BORN
BSF STATUS, TON
;=== SECTION 1-2 ============—=-=-=-—=-=-=-—-=--—-—-=--—-—-=---—-—--------=-----------=--==-====='
; Sets the configuration registers and sets all output pins to their
; inactive val ues
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0118
0119
011A

011B
011cC

011D
011E

011F
0120
0121
0122

0123
0124

0125
0126

0127
0128
0129
012A
012B

012C
012D

012E
012F
0130
0131

0132
0133

0134
0135

Revision: 0

1283

30FF

0086

30C0
0087

30FC
0088

30F0
0089
3010
008B

3080
009F

3004
0094

3031

0090

1683

300F

0081

3085
009F

3000
0094
30FF
0085

3001
0086

301A
0087

BANKO
BCF STATUS, RPO

MOVLF | _PORTB, PORTB
MOVLW  OXFF
MOVWF PORTB

MOVLF | _PORTC, PORTC
MOVLW  OXCO
MOWAE  PORTC

MOVLF | _PORTD, PORTD
MOVLW  OXFC
MOVAE  PORTD

MOVLF | _PORTE, PORTE
MOVLW  OXFO
MOVWAE  PORTE

MOVLF | _I NTCON, | NTCON
MOVLW  0X10
MOVAE | NTCON

MOVLF | _ADCONO, ADCONO
MOVLW  0X80
MOVWE  ADCOND

MOVLF | _SSPCON, SSPCON
MOVLW  0X04
MOWAE  SSPCON

MOVLF | _T1CON, TLCON
MOVLW  0X31
MOVWAE  T1CON

BANK1
BSF STATUS, RPO

MOVLF | _OPTI ON, OPTI ON_REG
MOVLW  OXOF
MOVWAE  OPTI ON_REG

MOVLF | _ADCONL, ADCONL
MOVLW  0X85
MOVWE  ADCONL

MOVLF | _SSPSTAT, SSPSTAT
MOVLW  0X00
MOVWAE  SSPSTAT

MOVLF | _TRI SA TRI SA
MOVLW  OXFF
MOWE TRl SA

MOVLF | _TRI SB, TRI SB
MOVLW  0X01
MOWE  TRI SB

MOVLF | _TRI SC, TRI SC
MOVLW  OXLA
MOWE  TRI SC

MOVLF | _TRI SD, TRI SD
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0136
0137

0138
0139

013A

013B
013C

013D
013E

013F
0140
0141
0142
0143

0144

0145
0146

0147
0148
0149

014A

Revision:

3000
0088

3004
0089

0000

301E
00F1

3022
0084

30FF
0080
0A84
0BF1
2940

14A8

26AB
0000

3008
25AE
0000

0000

MOVLW  0X00
MOV TRI SD
MOVLF | _TRI SE, TRI SE
MOVLW  0X04
MOV  TRI SE

NOP

Clears actual and fault value locations TO | NVALI D

=== SECTION 1-4 ==========—=—==—=-=-=-—-—-=-=-—-—-=--—-—-=--—-=---—-=---—=--—-—=-=---=---=---=—=-=-==—====!

MOVLF 30, SCNT
MOVLW 30
MOVWF 0X71
MOVLF EXTERNAL_VALUES_BASE, FSR
MOVLW  0X22
MOVWF FSR

MOVLW  OXFF

ML4_1 MOVWF | NDF

;=== SECTI ON 1-3 ===================================S======SSS======S============

| NCF FSR, F
DECFSZ  SCNT
GOTO M4 1

BSF _VNVAL_M 1

Copi es paraneters and limts fromthe EEPROMinto the M&C regi sters.

=== SECTION 1-4 ==========—===—=-=-=-—-—-=-=-—-—---—-—-=-—-—-=-=--—-=--=-—=---—=----=------=—=-=-==—=—===!

CALL EEPROM_READ
NOP

=== SECTI ON 1-4 ===========================================================]

Generates CRC of Code

MOVLW  PROGBLOCKS
CALL CRC
NOP

| oads the version number anTld gets the serial number fromthe SN pin.

Ti me out checks are made to ensure that a serial
do not check that activity is within spec

nunber

is being read but

NOP
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014B

014C
014D

014E
014F

0150
0151

0152
0153
0154
0155
0156
0157

0158
0159
015A
015B
015C
015D
015E
015F
0160

0161
0162

0163
0164
0165
0166
0167
0168
0169

016A
016B
016C
016D
016E
016F

Revision:

1283

3004
00E6

3001
00E7

01E4
01E5

3008
00F1
1286
0BF1
2955
1686

3004
00F2
01F1
1D09
2961
0BF1
295B
0BF2
295A

3010
00F2

3064
00F1
1D09
296A
0BF1
2965
297F

3032
00F1
0000
0000
0BF1
296C

00113
00114

M
00115

M

M
00116

M

M
00117
00118
00119
00120
00121
00122

M

M
00123
00124
00125
00126
00127
00128

M

M
00129
00130
00131
00132
00133
00134
00135
00136
00137

M

M
00138
00139

M

M
00140
00141
00142
00143
00144
00145
00146

M

M
00147
00148
00149
00150

BANKO

BCF STATUS, RPO

MOVLF
MOVLW  0X04
MOVWF  0X66

MOVLF
MOVLW  0X01
MOVW  0X67

CLRF
CLRF

MOVLF
MOVLW 8
MOVWF 0X71
BCF
ML3_RST DECFSZ
GOoro
BSF

MOVLF

MOVLW 4
MOWE  0X72

S13_FLO CLRF

S13_FL1 BTFSS

S13_FL2 MOVLF
MOVLW  0X10
MOVWF  0X72

S13_LOP MOVLF
MOVLW 100
MOWE  0X71

S13_L1 BTFSS

S13_B0 MOVLF
MOVLW 50
MOWE  0X71

S13_Bl NOP

NOP
DECFSZ
GOTO

| _VN.M_VN M

| _VN_L, VN L

_SN_M
SN L

8, SCNT

SNREQN
SCNT, F
ML3_RST
SNREQN

4, LCNT

SCNT
SNI N
S13_FL2
SCNT, F
S13_FL1
LCNT, F
S13_FLO

0X10, LCNT

100, SCNT

SNI N
S13_BO
SCNT, F
S13_L1
S13_NOS

50, SCNT

SCNT, F
S13_B1

Put version nunber

Request the serial
for 24 cycles (4.8u

Al l ow an extra 1nfS for

in M&C reg

nunber
S)

by resetting the SN-PIC

the SN-PIC to send the first

Wait for pin to go | ow on subsequent bits
Fail if not seen within 100 | oops

of 5 cycles ~ 100uS

Wait 50*5 cycles =

centre of bit cel

50uS to get to

| ow
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0170
0171
0172

0173
0174

0175
0176
0177
0178
0179
017A
017B

017C
017D

017E

017F

0180
0181

0182

0183

0184
0185

0186
0000

0187

0188

0189
018A

Revision: 0

1003
1909
1403

0DE5
ODE4

3032
00F1
1909
297C
0BF1
2977
297F

0BF2
2963

12A0

0000

1283
1694

3020

00F2

3002
07F2

3059

0093

1683
1C14
2989

00151
00152
00153
00154
00155
00156
00157
00158
00159
00160

00161
00162
00163
00164
00165
00166
00167
00168
00169
00170
00171
00172
00173
00174
00175
00176
00177
00178
00179
00180
00181
00182

00183
00184
00185

M
00186

00187
00188
00189

<<

=LKL

BCF STATUS, C ; Copy the bit value into carry
BTFSC SNI N
BSF STATUS, C
RLF _SN L, F ; Double length left shift
RLF _SNMF . picking up carry
MOVLF 50, SCNT
MOVLW 50
MOVWF 0X71
S13_HL BTFSC SNIN ; Wait for pin to go high
GOTO S13_NXT ; Fail if not seen within 100 | oops
DECFSZ SCNT, F ; of 5 cycles = ~ 100uS
GOTO S13_H1
GOTO S13_NOS
S13_NXT DECFSZ LCNT, F
GOTO S13_LOP
BCF ST1_NOSN
S13_NOS NOP
;=== SECTION 1-5 ==========-=o=o=-ooooooooooooooooooooooooooooSSooooSSSSSooSSDsDos
Initialise the SPI systemand wait for a NULL transfer to be sent.
BANKO
BCF STATUS, RPO
BSF SSPCON, SSPEN Enabl e SS
S15 1 MOVLF BLOCKLEN, LCNT Nul | transfer is 2 nore than
MOVLW 32
MOVWF  0X72
ADDLF 2, LCNT, F ; longest block (10 bytes in final)
MOVLW 2
ADDW  0X72, F
S15 3 MOVLW  MC_ACK Send anyt hi ng
SPIT Wait for received data
LOCAL SPI TO
MOVWF SSPBUF
BANK1
BSF STATUS, RPO
SPI TO BTFSS SSPSTAT, BF
GOTO SPI TO
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018B
018C

018D
018E
018F
0190
0191

0192
0193
0194
0195
0196
0197
0198
0199
019A

Revision: 0

1283
0813

3800
1D03
2982
0BF2
2986

01FB
1C06
2993
0000
0000
108B
0000
0000
178B

BCF

S15_2

BANKO

STATUS, RPO

MOVFW  SSPBUF
IORLW 0

SKPZ

GOoro S15_1
DECFSZ LCNT

GOoro S15_3

CLRF TCNT

BTFSS ZCSIN
GOoro S15_2

NOP

NOP

BCF I NTCON, | NTF
NOP

NOP

BSF I NTCON, d E

I NCLUDE STARTUP. | NC

PAGE

SUBTI TLE "

Then check the contro

This MODULE performs initia

; To test W

; I'f not zero then start again

; Clear the tinme out counter

; WAt until CS/ clears

; clear the external interrupt flag

; then enable interrupts

Startup PSUs and EDFA"

measurenments before running the main | oop
First set up the DAC converters in the Receiver control |oop
vol tage and tenperature and if
the powers supplies and enabl e the EDFA dos so

is safe to

L g g g g

B L e e e e L e e e e e e e e L e e e e e e e e e e e e e R e R TR S e s

; This macro sends the tweak values to the three externa

DAC channel s

TVEAK

MACRO
LOCAL

CLRF

MOVFW
CALL

I NCF
SKPGEL

TWKO
LCNT

LCNT
XDAC

LCNT, F
LCNT, 4
TWKO

W cont ai ns channel number

3 units plus initiate command
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0000
019B

019C
019D

019E

019F
01A0
01A1
01A2

01A3

01A4
01A5
01A6
01A7

01A8
01A9
01AA

01AB
01AC

01AD
01AE

01AF
01B0O

01B1
01B2

Revision:

01F2

0872
25D8

0AF2

3004
0272
1C03
299C

0000

3002
263D
1903
29AF

26E9

3003
263D
1903
29B9

26EF
29BF

082C
00BC

082D
00BD

00030

00031 ;

00032
00033

ST LELLL

00034
00035
00036
00037
00038
00039
00040
00041
00042
00043
00044
00045
00046
00047
00048
00049
00050
00051
00052
00053
00054
00055
00056
00057
00058
00059
00060
00061
00062
00063
M
M
00064
M
M

; Send the tweak values to the three external DAC channels

TVWEAK
LOCAL TWKO
CLRF LCNT ;

TVKO MOVFW  LCNT

CALL XDAC

I NCF LCNT, F ;
SKPGEL LCNT, 4

W cont ai ns channel number

3 units plus initiate command

MOVLW 4 ;owi=k

SUBWF 0X72, W ;W= regl-k

SKPC ; carry for +0 : regl >= k
Goro TWKO
NOP

;=== SECTI ON 2-2 ==========o=ooooooooooooooooooooooooSooooSSSSooSSSSSSoSSSsDDoo

; Measure the control voltage and the tenperature.
; If both are correct turn on the PSUs.
; It is safe to release the EDFA if only the control voltage is correct

MOVLW  PSU_VC :
CALL | ADC

SKPNZ

GOTO M2 VF ;

CALL EDFA_ON ;

MOVLW  PSU_TMP :
CALL | ADC

SKPNZ

GOTO M2 TF :

CALL PSU_ON ;
GOTO M22_NXT ;

;--- Control Voltage Fault --------mmmmm e

M22_VF MOFF _VCVAL_M _VCFLT_M

MOVF 0X2C, W
MOVWF  0X3C

MOVFF _VCVAL_L, VCFLT L

MOVF 0X2D, W
MOVWF 0X3D

Measure the control voltage

If out of limt goto volt fault

Rel ease the shutdown I|ine

Turn off the LED Clear the status bit
Measure the tenperature

If out of limt goto tenp fault

Turn the PSUs on delay 100nS
Turn off the LED ; Clear the status bits

; Save failing val ue
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01B3
01B4

01B5
01B6

01B7
01B8

01B9
01BA

01BB
01BC

01BD
01BE

01BF

01C0
oici

o1cz
01c2

01C3
01C4
01C5
01C6

Revision: 0

3042
04A1

3003
263D

1D03
29BF

082E
00BE

082F
00BF

3001
04A1

0000

0000
0000

0000

01F2

0872
263D
1D03

00065
M
M
00066
00067
00068
00069
00070
00071
00072
00073
00074
M
M
00075
M
M
00076
M
M
00077
00078
00079
00080
00081
00289
00290
00291
00292
00293
00294

00001
00002
00003
00004
00005
00006
00007
00008
00009
00010
00011
00012
00013
00014

00015

00016
00017
00018
00019
00020
00021

| ORLF ST2P_VCX, _STATUS2, F ; Update Secondary status
MOVLW  0X42
| ORWF 0X21, F

MOVLW  PSU_TMP ; Measure the tenperature

CALL | ADC

SKPZ ; If out of limt skip to tenp fault

GOTO M2 NXT

;--- Tenperature

M22_TF  NMOVFF

L LU R e R

TMPVAL_M _TMPFLT_M ; Save failing val ues

MOVF OX2E, W

MOWE  OX3E
MOVFF

TMPVAL_L, _TMPFLT_L ;

MOVF OX2F, W

MOVWF 0X3F

| ORLF ST2P_TMPX, _STATUS2, F ; Updat e Secondary status

MOVLW  0X01
IORW  0X21,

PATCH  NOP
NOP
; GOTO PATCH

F

I NCLUDE LOOP. I NC

PAGE
SUBTI TLE "Mai n Loop"
; This MODULE is the main loop. It nonitors the voltages, tenperature and

; optical |evels.

MAI N_LOOP
NOP

;=== SECTION 3-1

And handl es commands sent by the M&C bus

. Measures Vpos, Vneg and Tenp. |If one of themfails and the PSUs are on the ;

; PSU fault routi
; (due to a tragi

ne is called. The | oop count is sonme what contrived as ;
¢ hardware error) it must take values 0,1,3. This is done ;

; by doubling and adding 1 (fromcarry), finishing when the count is 7

M31_LO CLRF LCNT

MB1_ L1 MOVFW  LCNT ; Wnust contain channel number
CALL | ADC ; make measur enent
SKPZ
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o1cr 29CA 00022 GOoTo MB1_L2 ; if no fault goto next |oop

00023

01cs 0872 00024 MOVFW  LCNT ; Wnust contain channel nunber

01C9 2678 00025 CALL PFLT ; for call to shut down routine
00026

01CA 1403 00027 M31_L2 BSF STATUS, C ; 2*LCNT+1

01CB  0ODF2 00028 RLF LCNT

01CC 1D72 00029 BTFSS LCNT, 2

01CD 294 00030 GOTO MB1 L1
00031
00032 ;=== SECTI ON 3-2 e e e e e e
00033 ; Measures Vcon. |If it fails and the PSUs are on the PSU fault routine is ;
00034 ; call ed. If the EDFA is enabled the optical fault routine is called
00035 ;
00036

01CE 3002 00037 MOVLW  PSU_VC ; Wnust contain channel number

01CF 263D 00038 CALL | ADC ; make measur enent

01D0 1D03 00039 SKPZ

01D1 29D6 00040 [co)e] MB2_NXT ; I'f no fault skip to end of section
00041

01D2 3002 00042 MOVLW  PSU_VC ; Wnust contain channel number

01D3 2678 00043 CALL PFLT ; for call to PSU fault routine
00044

014 3003 00045 MOVLW  EDF_VC ; Wcontains special code

01D5 2692 00046 CALL EFLT ; for call to optical fault routine
00047

01D6 00048 M32_NXT

01D6 0000 00049 NOP
00050
00051 ;=== SECTI ON 3-3 S=========SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS===========
00052 ; Measures the three optical levels. |[If one of themfails and the EDFA is
00053 ; enabled the optical fault routine is called
00054 ;
00055

01D7 01F2 00056 CLRF LCNT
00057

01D8 0872 00058 M33_L1 MOVFW  LCNT ; Wnust contain channel number

01D9 25F7 00059 CALL XADC ; make measur enment

01DA  1D03 00060 SKPZ

01DB 29DE 00061 GOTO MB3_L2 ; If no fault go to next |oop
00062

01DC 0872 00063 MOVFW  LCNT ; Wnust contain channel number

01DD 2692 00064 CALL EFLT ; for all the shut down routine
00065

01DE  0OAF2 00066 M33_L2 | NCF LCNT
00067 SKPGEL LCNT, 3

01DF 3003 M MOVLW 3 pow =k

01EO 0272 M SUBWF 0X72, W ;o w=regl-k

01lE1 1C03 M SKPC ; carry for +0 : regl >= k

01E2 2908 00068 GOTO MB3_L1
00069
00070 ;=== SECTI ON 3-4 S=========SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS===========

00071 ; Check how many | oops have been executed since an SPlI interrupt reset TCNT
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01E3

01E4
01E5
01E6
01E7
01E8
01E9
01EA

0400

Revision: 0

2400

3019
020F
1C03
29E4
018E
018F
29C2

00072
00073

00074

00075
00076
00077
00078
00079
00080
00081
00082
00083
00084

00085

00086
00087
00088
00089
00090
00091

00092 ;

00093
00094

M

M

M
00095
00096
00097
00098
00099
00100
00295
00296
00297

00001
00002
00003
00004
00005
00006
00007
00008
00009
00010
00011
00012
00013

00014

00015
00016
00017

; I'f TCNT reaches 256 call for an EDFA shutdown. As the loop time is set to
; about 10nS this is a tineout of about 2.5 seconds ;

| FNDEF EMULATOR

I NCFSZ TCNT ; Increment | oop counter
GOTO MB4_NXT
MOVLW  EDF_TO ; SPI tinmeout
CALL EFLT ; shut down EDFA
MB4_NXT
ENDI F
; === SECTI O\l 3- 5 ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;

; Check whether a command has been received or is active and deal with it

CALL CVD
;=== SECTI ON 3-6 ===========-=-=-ooooooooooooooooooooSSooooSSSSooSSSSSSSSSSsDDoI
; Delay until ~10nS has el apsed. Wth maxi mum prescal e of eight the LS byte

; Timer 1 overflows in ~400uS so a count of 25 in the MS byte is right ;

MB6_1 SKPGEL TMRLH, 25

MOVLW 25 pow =k
SUBWF TVMR1H, W ;o w = regl-k
SKPC ; carry for +0 : regl >= k

GOTO  MB6_1
CLRF  TMRIL
CLRF  TMRLH
GOTO  MAI N_LOOP

ORG 0X400
I NCLUDE COMVANDS. | NC

PAGE
SUBTI TLE " Command Handl er Subroutine"

; Thi s SUBROUTI NE exam nes the conmand regi ster and branches to the appropriate
; command, if any. Note that conmands 2-7, the calibrate commands nodify
; themselves to 10-15 after the first pass

; The command register is cleared on successful conpletion of a comand or
; set to a nunber > $80 if it fails

A A A A A A A A A A A A A A A A A A A A A A A
B e e e e e e e L e e e L e e e e e e e e e e e e e e e e e e e TR S e s

; This macro clears the calibration variables CALO, 1,2 CCNT and sets the flag
; in  _CMID :

CALI NI T MACRO
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Revision: 0

Thi s rather

is set to zero to indicate a OnmW cal

conplex macro is used in the calibration | oop. The paraneter

or to 1 to indicate a 1nmW cal

It accumul ates the current value of an optical level into the three gl obal
regi sters CAL2, CAL1, CALO and increnents the calibration count CCNT.

Wen, af ter

If the MS part of the result

to zero

For the 1mW cal
=0. If a fail

$OF test
altered

it

256 | oops, CCNT returns to zero the calibration is conplete

the accunul ated value is divided by 256 (by discarding CALO and rounding).
is reasonable the new calibration is
witten to RES_L and RES_M (RES_Monly for the 1mW CAL) and _COWAND set

is set to $FE.

I'n neither

reasonabl e neans >0 and <=$0F. For the OmWcal it neans
occurs on the zero test _COMMAND is set to &F. On the

case is the existing calibration
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00044

00045 CALI BRATE MACRO VAL_M VAL_L,LIMT, RES_ M RES_L

00046 LOCAL CAL_O, CAL_1, CAL_A, CAL_X, CAL_Y

00047

00048 MOVFW  VAL_L ; Two + three byte addition
00049 ADDWF CALO, F ; results being accunulated in CALO, 1,2
00050 MOVFW  CAL1 ;

00051

00052 BTFSC  STATUS, C

00053 INCFSZ VAL_M

00054 ADDWF VAL_M W

00055 MOVWF CAL1

00056

00057 BTFSC  STATUS, C

00058 I NCF CAL2, F

00059

00060

00061 I NCFSZ CCNT ; accunul ate for 256 counts then
00062 RETURN ;. wind up

00063

00064 BTFSS CALO, 7 ; If top bit of CALO is set then round up
00065 GOTO CAL_A ;

00066 I NCF CAL1 ; by incrementing CAL1

00067 SKPNZ ; If that overflows to zero
00068 I NCF CAL2 ; then increnent CAL2

00069

00070 ; Now check reasonabl e

00071 CAL_LA MOVLW LIMT

00072 TSTW

00073 SKPZ ; Skip if zero cal

00074 GOTO CAL_1

00075

00076 CAL_O TSTF CAL2 ; Zero cal test

00077 SKPZ ;

00078 GOTO CAL_X ; Fail high if CAL2 is not zero
00079 MOVFF CAL1, RES L ; save one byte

00080 CLRF _ COMVAND ; set _COVMMAND to 0 and finish
00081 RETURN

00082

00083 CAL_1 TSTF CAL2 ; ImN cal test

00084 SKPNZ

00085 GOTO CAL_Y ; Fail lowif CAL2 is zero
00086

00087 SKPLEL CAL2, OX0E ; OKif CAL2 < 15

00088 GOTO CAL_X ; Fail high

00089

00090 MOVFF CAL2, RES_M ; otherw se save both bytes
00091 MOVFF CAL1, RES L

00092 CLRF _ COMVAND ; set _COWAND to O and finish
00093 RETURN

00094

00095 CAL_X  MOVLF  OXFE, _COVVAND set _COMVAND to 254 for too high
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0400
0401

0402
0403
0404

0405
0406
0407

0408
0409
040A

040B
040C
040D

040E
040F
0410

0411
0412
0413

0414
0415
0416

0417
0418
0419

041A
041B
041C

Revision:

1BCO
0008

0840
1903
0008

3EFF
1903
2CAA

3EFF
1903
2CrC

3EFF
1903
2CAF

3EFF
1903
2CE2

3EFF
1903
2D15

3EFF
1903
2D48

3EFF
1903
2D7B

3EFF
1903
2C54

00096
00097
00098
00099
00100
00101
00102
00103
00104
00105

00106 ;

00107
00108
00109
00110
00111
00112
00113
00114
00115
00116

00117
00118
00119

00120
00121
00122

00123
00124
00125

M
00126
00127
00128

M
00129
00130
00131

00132
00133
00134

00135
00136
00137

00138
00139
00140

CAL_Y

RETURN

MOVLF
RETURN

ENDM

OXFD, _COMVAND

and finish

set _COVMAND to 253 for too | ow

and finish

| HHBHHBHHBHHBHH BB H BB R R R H B R H B H R R R R RS,

; Examine the conmand word and branch accordingly.

; my apprehensi on about using conputed gotos

The cl unsy codi ng shows

CVD

ADDLW

ADDLW

ADDLW

ADDLW

ADDLW

ADDLW

ADDLW

ADDLW

BTFSC
RETURN

MOVF
SKPNZ
RETURN

DECW

SKPNZ
GOTO
DECW

SKPNZ
GOTO
DECW

SKPNZ
GOTO
DECW

SKPNZ
GOoro
DECW

SKPNZ
GOoro
DECW

SKPNZ
GOTO
DECW

SKPNZ
GOTO
DECW

SKPNZ
GOTO
DECW

OXFF

OXFF

OXFF

OXFF

OXFF

OXFF

OXFF

OXFF

_COMVAND, 7

_ COMVAND, W

CcMVD_1

CVD_2

CVD_3

CMD_4

CMD_5

CVD_6

CMD_7

C\VD_8

If _COVWWAND is negative a failed
command has not yet been acknow edged

Has a new conmand been received

No command

Re- t weak

Initiate calibrate

Initiate calibrate

Initiate calibrate

Initiate calibrate

Initiate calibrate

Initiate calibrate

Rel oad paraneters form

Rx0

Rx1

Rx2

Rx0

Rx1

Rx2

at zero

at zero

at zero

at 1nW

at 1nW

at 1n\d

EEPROM

i nput

i nput

i nput

i nput

i nput

i nput
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041D
041E
041F

0420
0421
0422

0423
0424
0425

0426
0427
0428

0429
042A
042B

042C
042D
042E

042F
0430
0431

0432
0433
0434

0435
0436
0437

0438
0439
043A

043B
043C
043D

043E
043F
0440

0441
0442
0443

0444

Revision:

3EFF
1903
2C5A

3EFF
1903
2C81

3EFF
1903
2CB4

3EFF
1903
2CE7

3EFF
1903
2D1A

3EFF
1903
2D4D

3EFF
1903
2D80

3EFF
1903
2C60

3EFF
1903
2C64

3EFF
1903
2C67

3EFF
1903
2C6B

3EFF
1903
2C6E

3EFF
1903
2C72

3EFF

00141
00142
00143

00144
00145
00146

00147
00148
00149

00150
00151
00152

00153
00154
00155

00156
00157
00158

00159
00160
00161

00162
00163
00164

00165
00166
00167

00168
00169
00170

00171
00172
00173

00174
00175
00176

00177
00178
00179

ADDLW  OXFF
SKPNZ
GOTO  CMVD.9
DECW

ADDLW  OXFF
SKPNZ
GOTO  CMD_10
DECW

ADDLW  OXFF
SKPNZ
GOTO  CMWD 11
DECW

ADDLW  OXFF
SKPNZ
GOTO  CMD_12
DECW

ADDLW  OXFF
SKPNZ
GOTO  CMVD_13
DECW

ADDLW  OXFF
SKPNZ
GOTO  CMVD_14
DECW

ADDLW  OXFF
SKPNZ
GOTO  CMD_15
DECW

ADDLW  OXFF
SKPNZ
GOTO  CMD_16
DECW

ADDLW  OXFF
SKPNZ
GOTO  CMD_17
DECW

ADDLW  OXFF
SKPNZ
GOTO  CMD_18
DECW

ADDLW  OXFF
SKPNZ
GOTO  CMD_19
DECW

ADDLW  OXFF
SKPNZ
GOTO  CMD_20
DECW

ADDLW  OXFF
SKPNZ
GOTO  CMWD 21
DECW

ADDLW  OXFF

Save

Cont i

Cont i

Cont i

Cont i

Cont i

Cont i

Turn

Turn

paraneters in

nue

nue

nue

nue

nue

nue

calibrate

calibrate

calibrate

calibrate

calibrate

calibrate

PSUs of f

PSUs on

EEPROM

Rx0

Rx1

Rx2

Rx0

Rx1

Rx2

Assert EDFA shut down

Deassert EDFA shut down

Bl ank the LEDS

Enabl e the LEDS

at

at

at

at

at

at

zero

zero

zero

1mw

1mw

1w

i nput

i nput

i nput

i nput

i nput

i nput
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0445
0446

0447
0448
0449

0000

044A

044B
044cC

044D

044E
044F
0450
0451

0452
0453

0454
0455
0456
0457
0458
0459

045A
045B
045C
045D
045E
045F

0460
0461
0462
0463

0464

Revision: 0

1903
2C76

30FF
00Co
0008

01F2

0872
2508

0AF2

3004
0272
1C03
2C4B

01C0
0008

3024
00F1
3042
26AB
01Co
0008

3024
00F1
3042
26C6
01C0
0008

3004
2678
01Co
0008

26EF

00180
00181
00182
00183

00184
00185
00186
00187
00188
00189
00190
00191

TSI LELL

00192
00193
00194
00195
M
M
00196
00197
00198
00199
00200
00201
M
M
00202
00203
00204
00205
00206
00207
00208
00209
00210
00211
00212

SKPNzZ
GOoro CMVD_22

MOVLF  OXFF, _COMVAND

MOVLW  OXFF
MOVWF  0X40
RETURN

; Sinple conmands

Cenerate CRC

11l egal conmand

CVD_1 TVEAK
LOCAL TWKO

CLRF LCNT

TWKO MOVFW  LCNT
CALL XDAC

I NCF LCNT, F
SKPGEL LCNT, 4

Ret weak

W cont ai ns channel nunber

3 units plus initiate conmand

MOVLW 4 ow =k
SUBWF 0X72, W ;o w = regl-k
SKPC ; carry for +0 : regl >= k
GOoTO TWKO
CLRF _ COMVAND
RETURN
CMVD_8 MOVLE 36, SCNT ; number of byte to read
MOVLW 36
MOVWF  OX71

MOVLW  EEPROM _START
CALL EEPROM_READ

CLRF _ COMVAND
RETURN
CMVD_9 MOVLF 36, SCNT
MOVLW 36
MOV 0X71

MOVLW  EEPROM_START
CALL EEPROM WRI TE

CLRF  _COVMAND
RETURN

CMD_16 MWLW PSU MC
CALL PFLT
CLRF  _COVMAND
RETURN

CMD_17 CALL PSU_ON

first address to indirect register

nunber of byte to read

first address to indirect register

Turn of f power supplies

Turn on power supplies
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0465
0466

0467
0468
0469
046A

046B
046C
046D

046E
046F
0470
0471

0472
0473
0474
0475

0476
0477
0478

0479
047A
0478B

047C
047D
047E
047F
0480

0000

0481
0482

Revision: 0

01Co
0008

3004
2692
01Co
0008

26E9
01Co
0008

30FF
2710
01Co
0008

3000
2710
01C0
0008

25AE
01C0
0008

30FF
00Co
0008

01FA
01F7
01F8
01F9
15C0

0823
07F7

00213
00214
00215
00216
00217
00218
00219
00220
00221
00222
00223
00224
00225
00226
00227
00228
00229
00230
00231
00232
00233
00234
00235
00236
00237
00238
00239
00240

00241
00242
00243
00244
00245
00246
00247
00248
00249
00250
00251

0025

TN

CLRF _ COMVAND
RETURN
CVD_18 MOVLW  EDF_MC ; EDFA shut down
CALL EFLT
CLRF _ COMVAND
RETURN
CMD_19 CALL EDFA_ON ;  EDFA start up
CLRF _ COMVAND
RETURN
CMVMD_20 MOVLW  OXFF ; LEDS all off
CALL LEDSI NH
CLRF _ COMVAND
RETURN
CMVMD_21 MOVLW  0X00 ; LEDS all on
CALL LEDSI NH
CLRF _ COMVAND
RETURN
CVD_ 22 CALL CRC ; Cenerate CRC
CLRF _ COMVAND
RETURN
MOVLF O0XFF, _COMVAND ; II'legal command
MOVLW  OXFF
MOVWF 0X40
RETURN
Calibration comands. On the first pass these nodify their command code
; so that initialization occurs only once. The return occurs within the
; macro CALI BRATE
CMD 2 CALINIT
CLRF CCNT
CLRF CALO
CLRF CAL1
CLRF CAL2
BSF _COWWAND, 3
CMD_10 CALI BRATE _OPOVAL_M _OPOVAL_L, 0, _OPOCALO, _OPOCALO
LOCAL CAL_0, CAL_1, CAL_A, CAL_X, CAL_Y
MOVFW  0X23 ; Two + three byte addition
ADDWF CALO, F ; results being accunul ated in CALO, 1,2
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0483

0484
0485
0486
0487

0488
0489

048A
048B

048C
048D
048E
048F
0490

0491

0492
0493
0494

0495
0496
0497

0498
0499
049A
049B

049C
049D
049E

049F
04A0
04A1
04A2

04A3
04A4
04A5
04A6
04A7

Revision: 0

0878

1803
OFA2
0722
00F8

1803
0AF9

OFFA
0008

1FF7
2C91
0AF8
1903
0AF9

3000

3800
1D03
2C9C

08F9
1D03
2CA9

0878
00D8
01Co
0008

08F9
1903
2CAC

0879
3C0E
1C03
2CA9

0879
00D8

0878
00D8
01Co

TIZIZIZIZTZIZIZIZIZTILZIZTIZELCSLEIZIZIZETZSZESLSZSZSIZIZSZESZSZESZSZSZSZSZSZESZSZESZSLESZSESESLSLELESLELESLELSLLELE R

+0

MOVFW  CAL1 ;
BTFSC  STATUS, C
I NCFSZ 0X22
ADDWF 0X22, W
MOVWF CAL1
BTFSC  STATUS, C
I NCF CAL2, F
I NCFSZ CCNT )
RETURN ;
BTFSS CALO, 7 ;
GOTO CAL_A ;
| NCF CAL1 ;
SKPNZ ;
| NCF CAL2 ;
CAL_A MOVLW O
TSTW
IORLW 0 )
SKPZ ;
Goro CAL_1
CAL_O TSTF CAL2 ;
SKPZ ;
Goro CAL_X ;
MOVFF CAL1, 0X58 ;
MOVF 0X78, W
MOVWF 0X58
CLRF _ COMVAND ;
RETURN
CAL_1 TSTF CAL2
SKPNZ
Goro CAL_Y ;
SKPLEL CAL2, OXOE ;
MOVF 0X79, W ;W =reg
SUBLW  OXOE ;o w = k-regl
SKPC ; carry for
GOTO CAL_X ;
MOVFF CAL2, 0X58 ;
MOVF 0X79, W
MOVWF 0X58
MOVFF CAL1, 0X58
MOVF 0X78, W
MOVWF 0X58
CLRF _ COMVAND ;

accunul ate for 256 counts then
wi nd up

If top bit of CALO is set then round up
by incrementing CAL1
If that overflows to zero

then increnent CAL2

Now check reasonabl e

Skip if zero cal

Zero cal test
Fail high if CAL2 is not zero
save one byte

set _COVWAND to 0 and finish

1mW cal test
Fail lowif CAL2 is zero

XK if CAL2 < 15
1

regl <= k.
Fai | high

ot herwi se save both bytes

set _COVMMAND to 0 and finish
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04A8

04A9
04AA
04AB

04AC
04AD
04AE

04AF
04B0
04B1
04B2
04B3

0000

04B4
04B5
04B6

04B7
04B8
04B9
04BA

04BB
04BC

04BD
04BE

04BF
04C0
04C1
04cC2
04C3

04c4
04C5

04C6
04cCr

Revision: 0

0008

30FE
00C0
0008

30FD
00Co
0008

01FA
01F7
01F8
01F9
15C0

0825
07F7
0878

1803
OFA4
0724
00F8

1803
0AF9
OFFA
0008
1FF7
0AF8
1903
0AF9
3000
3800

1D03
2CCF

I LKLKLERL

00253
00254

0025

TIZIZIZIZIZIZIZIZIZIZIZIZIZIZIZIZIZIZIZIZCIZIZIZIZIZIZIZIEIZTIOZIZLIZEIZEZELLL

RETURN
CAL_X MOVLF OXFE, _COMVAND
MOVLW  OXFE
MOVWF 0X40
RETURN
CAL_Y MOVLF OXFD, _COMVAND
MOVLW  OXFD
MOVWF 0X40
RETURN

CMVD_3 CALINIT

CLRF
CLRF
CLRF
CLRF
BSF

CCNT
CALO
CAL1
CAL2
COMIVAND, 3

CMD_11 CALI BRAT
LOCAL

MOVFW
ADDWF
MOVFW

BTFSC
I NCFSzZ
ADDWF
MOVWF

BTFSC
I NCF

I NCFSZ
RETURN

BTFSS
GOoro
I NCF
SKPNZ
I NCF

CAL_A  MOVLW
TSTW
[ORLW 0
SKPZ
GoTOo

set _COMVAND to 254 for too high

and finish

set _COVMAND to 253 for too | ow

and finish

E _OPIVAL_M _OP1VAL_L, 0, OP1CALO, OPL1CALO
CAL_0, CAL_1, CAL_A, CAL_X, CAL_Y

0X25
CALO, F
CAL1

STATUS, C
0X24
0X24, W
CAL1
STATUS, C
CAL2, F
CCNT

CALO, 7
CAL_A
CAL1

CAL2

CAL_1

Two + three byte addition
results being accunul ated in CALO, 1,2

accunul ate for 256 counts then
wi nd up

If top bit of CALO is set then round up
by increnenting CAL1
If that overflows to zero

then increment CAL2

Now check reasonabl e

Skip if zero ca
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04C8
04Co
04CA

04CB
04CC
04CD
04CE

04CF
04D0
04D1

04D2
04D3
04D4
04D5

04D6
04D7

04D8
04D9
04DA
04DB

04DC
04DD
04DE

04DF
04EO0
04E1

04E2
04E3
04E4
04E5
04E6

0000
04E7
04E8
04E9

Revision: 0

08F9
1D03
2CDC

0878
00DB
01C0
0008

08F9
1903
2CDF

0879
3C0E
1C03
2CDC

0879
00oDB

0878
00oDB
01Co
0008

30FE
00C0
0008

30FD
00C0
0008

01FA
01F7
01F8
01F9
15C0

0827
07F7
0878

STIZTIZTZIZIZCZIZIZIZELELELEILSZIZIZTZELCZCILEIZSZESLZSLESLELSLZELESLELESLELSLLELER

00256

o
o
N
[&)]
g

0025

TZIZIZIZT®PZIZIZIZILZLLER

9

TSTF CAL2

SKPZ

GOTO  CAL_X
MOVFF  CAL1, OX5B
MOVF  0X78, W

MOVWF 0X5B
CLRF _ COMVAND
RETURN
CAL_1 TSTF CAL2

SKPNZ
GOTO  CAL_Y

SKPLEL CAL2, OXOE

Zero cal test
Fail high if CAL2 is not zero
save one byte

set _COVMAND to 0 and finish

1mW cal test
Fail lowif CAL2 is zero

K if CAL2 < 15

MOVF 0X79, W ;W :i=regl

SUBLW  OXOE ;o w = k-regl

SKPC ; carry for +0 : regl <= k.
GOTO CAL_X ; Fail high

MOVFF CAL2, 0X5B
MOVF 0X79, W
MOVW  0X5B
MOVFF CAL1, 0X5B
MOVF 0X78, W
MOVW  0X5B
CLRF _ COMVAND
RETURN

CAL_X  MOVLF  OXFE, _COVVAND
MOVLW  OXFE
MOVWF  0X40
RETURN

CAL_Y MOVLF  OXFD, _COVVAND
MOVLW  OXFD

MOWAE  0X40
RETURN
CMD 4 CALINT
CLRF CCNT
CLRF CALO
CLRF CAL1
CLRF CAL2
BSF _ COMMAND, 3

CMD_12 CALI BRATE

ot herwi se save both bytes

set _COVMMAND to 0 and finish

set _COVWMAND to 254 for too high

and finish

set _COVMAND to 253 for too | ow

and finish

_OP2VAL_M _OP2VAL_L, 0, _OP2CALO, _OP2CALO

LOCAL  CAL_0, CAL_1, CAL_A, CAL_X, CAL_Y

MOVFW  0X27
ADDWF CALO, F
MOVFW  CAL1

Two + three byte addition

results being accunul ated in CALO, 1,2
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04EA
04EB
04EC
04ED

04EE
04EF

04F0
04F1

04F2
04F3
04F4
04F5
04F6

04F7

04F8
04F9
04FA

04FB
04FC
04FD

04FE
04FF
0500
0501

0502
0503
0504

0505
0506
0507
0508

0509
050A

050B
050C
050D
050E

Revision:

1803
OFA6
0726
00F8

1803
0AF9

OFFA
0008

1FF7
2CF7
0AF8
1903
0AF9

3000

3800
1D03
2D02

08F9
1D03
2DOF

0878
00DE
01C0
0008

08F9
1903
2D12

0879
3C0E
1C03
2DOF

0879
00DE

0878
00DE
01Co
0008

TSI ZSZESZSZESLSLESZSESLESLSLELESLELESLELSLLELE R

CAL_

+0 :

BTFSC  STATUS, C
I NCFSZ 0X26
ADDWF  0X26, W
MOVWF CAL1
BTFSC  STATUS, C
I NCF CAL2, F
I NCFSZ CCNT ;
RETURN ;
BTFSS  CALO, 7 ;
Goro CAL_A ;
I NCF CAL1 ;
SKPNZ ;
I NCF CAL2 ;
CAL_LA  MOVLW O
TSTW
IORLW 0 )
SKPZ ;
GOTO CAL_1
0 TSTF CAL2
SKPZ ;
GOTO CAL_X ;
MOVFF CAL1, OX5E ;
MOVF 0X78, W
MOVWF OX5E
CLRF _ COMVAND ;
RETURN
1 TSTF CAL2
SKPNZ
GOTO CAL_Y ;
SKPLEL CAL2, OX0E ;
MOVF 0X79, W ;W I=reg
SUBLW  OXOE ;o w = k-regl
SKPC ;o carry for
Goro CAL_X ;
MOVFF CAL2, OX5E ;
MOVF 0X79, W
MOVWF OX5E
MOVFF CAL1, OX5E
MOVF 0X78, W
MOWNF  OX5E
CLRF _ COMVAND ;
RETURN

accunul ate for 256 counts then
wi nd up

If top bit of CALO is set then round up
by increnenting CAL1
If that overflows to zero

then increnment CAL2

Now check reasonabl e

Skip if zero cal

Zero cal test

Fail high if CAL2 is not zero
save one byte

set _COVMAND to 0 and finish

1mW cal test
Fail lowif CAL2 is zero

K if CAL2 < 15
1

regl <= k.
Fai | high

ot herwi se save both bytes

set _COVMMAND to 0 and finish
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050F
0510
0511

0512
0513
0514

0515
0516
0517
0518
0519

0000

051A
051B
051C

051D
051E
051F
0520

0521
0522

0523
0524

0525
0526
0527
0528
0529

052A
052B
052C
052D

052E

Revision: 0

30FE
00C0
0008

30FD
00C0
0008

01FA
01F7
01F8
01F9
15C0

0823
07F7
0878

1803
OFA2
0722
00F8

1803
0AF9

OFFA
0008

1FF7
2D2A
0AF8
1903
0AF9

3001
3800
1D03
2D35

08F9

IR

00259

o
o
N
<]
Z o

0026

TSI ESLESLSLESLILIRZEELLELE R

CAL_X MOVLF OXFE, _COMMAND ; set _COWAND to 254 for too high
MOVLW  OXFE
MOVWF 0X40
RETURN ;and finish
CAL_Y MOVLF OXFD, _COMVAND ; set _COWAND to 253 for too | ow
MOVLW  OXFD
MOVWF 0X40
RETURN ; and finish
CMVMD_5 CALINIT
CLRF CCNT
CLRF CALO
CLRF CAL1
CLRF CAL2
BSF _ COMMAND, 3
CVMD_13 CALI BRATE _OPOVAL_M _OPOVAL_L, 1, _OPOCAL1_M _OPOCAL1_L
LOCAL CAL_O0, CAL_1, CAL_A, CAL_X, CAL_Y
MOVFW  0X23 ; Two + three byte addition
ADDWF CALO, F ; results being accunmulated in CALO, 1,2
MOVFW  CAL1 ;
BTFSC  STATUS, C
I NCFSZ 0X22
ADDWF 0X22, W
MOVWF CAL1
BTFSC  STATUS, C
I NCF CAL2, F
I NCFSZ CCNT ; accunul ate for 256 counts then
RETURN ;o wind up
BTFSS CALO, 7 ; If top bit of CALO is set then round up
[co)e] CAL_A ;
I NCF CAL1 ; by incrementing CAL1
SKPNZ ; If that overflows to zero
I NCF CAL2 ; then increnent CAL2
; Now check reasonabl e
CAL_A MOVLW 1
TSTW
IORLW 0 ;
SKPZ ; Skip if zero ca
GOTO CAL_1
CAL_O TSTF CAL2 ; Zero cal test
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052F
0530

0531
0532
0533
0534

0535
0536
0537

0538
0539
053A
053B

053C
053D

053E
053F
0540
0541

0542
0543
0544

0545
0546
0547

0548
0549
054A
054B
054C

0000

054D

054E
054F

Revision: 0

1D03
2D42

0878
00D7
01Co
0008

08F9
1903
2D45

0879
3C0E
1C03
2D42

0879
00D6

0878
00D7
01C0
0008

30FE
00Co
0008

30FD
00Co
0008

01FA
01F7
01F8
01F9
15C0

0825
07F7
0878

TIZIZIZIZIZILIZILZIZZTIZTILCSLCZEILIZIZETLZTLCLELCIZIZCILESZESLELLELSLELESLSLELRL

00262
00263

<

0026

TIZIZIZIZIRARZIZIZIZLLER

SKPZ ;
GOTO CAL_X ; Fail high if CAL2 is not zero
MOVFF CAL1, 0X57 ; save one bhyte
MOVF 0X78, W
MOV 0X57
CLRF _ COMVAND ; set _COWAND to O and finish
RETURN
CAL_1 TSTF CAL2 ; 1mWN cal test
SKPNZ
GOTO CAL_Y ; Fail lowif CAL2 is zero
SKPLEL CAL2, OX0E ; OKif CAL2 < 15
MOVF 0X79, W ;W= regl
SUBLW OXO0E ;o w = k-regl
SKPC ; carry for +0 : regl <= k.
GOTO CAL_X ; Fail high
MOVFF CAL2, 0X56 ; otherw se save both bytes
MOVF 0X79, W
MOVWF  0X56
MOVFF CAL1, 0X57
MOVF 0X78, W
MOVWF 0X57
CLRF _ COMVAND ; set _COVMMAND to 0 and finish
RETURN
CAL_X MOVLF OXFE, _COMVAND ; set _COMWAND to 254 for too high
MOVLW  OXFE
MOVWF 0X40
RETURN ; and finish
CAL_Y MOVLF  OXFD, _COMVAND ; set _COWAND to 253 for too |ow
MOVLW  OXFD
MOVWF 0X40
RETURN ; and finish
CMD 6 CALINIT
CLRF CCNT
CLRF CALO
CLRF CAL1
CLRF CAL2
BSF _COWWAND, 3
CMD_14 CALI BRATE _OP1VAL_M _OP1VAL_L, 1, OP1CAL1_M _OP1CAL1_L
LOCAL CAL_O, CAL_1, CAL_A, CAL_X, CAL_Y
MOVFW  0X25 ; Two + three byte addition
ADDWF CALO, F ; results being accunul ated in CALO, 1,2
MOVFW  CAL1



0550
0551
0552
0553

0554
0555

0556
0557

0558
0559
055A
055B
055C

055D

055E
055F
0560

0561
0562
0563

0564
0565
0566
0567

0568
0569
056A

056B
056C
056D
056E

056F
0570

0571
0572
0573
0574

Revision:

1803
OFA4
0724
00F8

1803
0AF9

OFFA
0008

1FF7
2D5D
0AF8
1903
0AF9

3001

3800
1D03
2D68

08F9
1D03
2D75

0878
00DA
01Co
0008

08F9
1903
2D78

0879
3C0E
1C03
2D75

0879
00D9

0878
00DA
01C0
0008

TIZIZIZIZTZIZIZIZIZTIZIZTIZELSZEILZIZIZETZSZELSLESZSZSIZSZESLSZSZSZSZSZSZSZSZSZESZESLESZSESESLSLELESLELESLELSLLELE R

BTFSC  STATUS, C

I NCFSZ 0X24
ADDWF  0X24, W
MOVWF CAL1

BTFSC  STATUS, C
I NCF CAL2, F

I NCFSZ CCNT
RETURN

BTFSS  CALO, 7
GOoro CAL_A

I NCF CAL1
SKPNZ
| NCF CAL2

CAL_A MOVLW 1

CAL_

TSTW

IORLW 0 :
SKPZ
GOTO  CAL_1

0 TSTF CAL2
SKPZ
GOTO  CAL_X
MOVFF  CALI, OX5A
MOVF  0X78, W

MOWE  OX5A
CLRF  _COWMAND
RETURN
1 TSTF CAL2

SKPNZ
GOTO  CAL_Y

SKPLEL CAL2, OXOE

accunul ate for 256 counts then
wi nd up

If top bit of CALO is set then round up
by incrementing CAL1
If that overflows to zero

then increnent CAL2

Now check reasonabl e

Skip if zero cal

Zero cal test

Fail high if CAL2 is not zero

save one byte

set _COVMMAND to 0 and finish

1mW cal test
Fail lowif CAL2 is zero

XK if CAL2 < 15

MOVF 0X79, W ;W= regl

SUBLW OXO0E ;o w = k-regl

SKPC ; carry for +0 : regl <= k.
GOTO CAL_X ; Fail high

MOVFF CAL2, 0X59
MOVF 0X79, W
MOV 0X59
MOVFF CAL1, OX5A
MOVF 0X78, W
MOVWF  OX5A
CLRF _ COMVAND
RETURN

ot herwi se save both bytes

set _COVWAND to 0 and finish
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0575
0576
0577

0578
0579
057A

057B
057C
057D
057E
057F

0000

0580
0581
0582

0583
0584
0585
0586

0587
0588

0589
058A

058B
058C
058D
058E
058F

0590
0591
0592
0593

0594
0595

Revision: 0

30FE
00Co
0008

30FD
00Co
0008

01FA
01F7
01F8
01F9
15C0

0827
07F7
0878

1803
OFA6
0726
00F8

1803
0AF9

OFFA
0008

1FF7
2D90
0AF8
1903
0AF9

3001
3800
1D03
2D9B

08F9
1D03

I

00265
00266

0026

TTIZIZIZIZTZILILZILZIZILZIZTIZLIZILEILZIZTIZSZSLSLSZSZSLZSESLSLSLESLEIZSIZESNZELELELELERLE

CAL_X

MOVLF OXFE, _COMVAND

set _COMVAND to 254 for too high

"MOVLW  OXFE
MOVWF 0X40
RETURN ; and finish
CAL_Y MOVLF 0XFD, _COMVAND ; set _COVMMAND to 253 for too | ow
MOVLW  OXFD
MOVWF 0X40
RETURN ; and finish
CMVD_7 CALINIT
CLRF CCNT
CLRF CALO
CLRF CAL1
CLRF CAL2
BSF _COMVAND, 3
CVMD_15 CALI BRATE _OP2VAL_M _OP2VAL_L, 1, OP2CAL1_M _OP2CAL1_L
LOCAL CAL_O, CAL_1, CAL_A, CAL_X, CAL_Y
MOVFW  0X27 ; Two + three byte addition
ADDWF CALO, F ; results being accunul ated in CALO, 1,2
MOVFW  CAL1 ;
BTFSC  STATUS, C
I NCFSZ 0X26
ADDW  0X26, W
MOVWF CAL1

BTFSC  STATUS, C
I NCF CAL2, F

I NCFSZ CCNT
RETURN

BTFSS CALO, 7
GOoro CAL_A

I NCF CAL1
SKPNZ
I NCF CAL2
CAL_ A MWLW 1
TSTW
IORLW 0 ;
SKPZ
GOTO  CAL_1
CAL_ O TSTF CAL2

SKPZ

accunul ate for 256 counts then
wi nd up

If top bit of CALO is set then round up
by incrementing CAL1
If that overflows to zero

then increnment CAL2

Now check reasonabl e

Skip if zero ca

Zero cal test
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0596

0597
0598
0599
059A

059B
059C
059D

059E
059F
05A0
05A1

05A2
05A3

05A4
05A5
05A6
05A7

05A8
05A9
05AA

05AB
05AC
05AD

Revision: 0

2DA8

0878
00DD
01C0
0008

08F9
1903
2DAB

0879
3C0E
1C03
2DA8

0879
oobDC

0878
00DD
01Co
0008

30FE
00C0
0008

30FD
00C0
0008

STIZTIZIZIZIZCZIZIZIZEZILILCILCILZIZIZTLZETLCLCLELSZCIZELZSLELSLELSLELESLELELRL

00268
00269
00270
00298

00001
00002
00003
00004
00005
00006
00007
00008
00009
00010
00011
00012

Goro CAL_X ; Fail high if CAL2 is not zero

MOVFF CAL1, 0X5D ; save one byte

MOVF 0X78, W

MOV 0X5D
CLRF _ COMVAND ; set _COVMMAND to 0 and finish
RETURN

CAL_1 TSTF CAL2 ;1MW cal test

SKPNZ
[co)e] CAL_Y ; Fail lowif CAL2 is zero
SKPLEL CAL2, OXOE ; OKif CAL2 < 15

MOVF 0X79, W ;W= regl

SUBLW  OXOE ;o w = k-regl

SKPC ; carry for +0 : regl <= k.
GOTO CAL_X ; Fail high
MOVFF CAL2, 0X5C ; otherwi se save both bytes

MOVF 0X79, W
MOV 0X5C

MOVFF CAL1, 0X5D
MOVF 0X78, W

MOVWF 0X5D
CLRF _ COMVAND ; set _COWAND to O and finish
RETURN
CAL_X MOVLF OXFE, _COMVAND ; set _COMVAND to 254 for too high
MOVLW  OXFE
MOVWF 0X40
RETURN ;and finish
CAL_Y MOVLF 0XFD, _COMVAND ; set _COVMMAND to 253 for too | ow
MOVLW  OXFD
MOVWF 0X40
RETURN ;and finish

I NCLUDE SUBS. | NC

PAGE
SUBTI TLE "Ot her Subroutines"

; Subroutine to calculate the CRC of PROGBLOCKS bl ocks

; Uses the polynom al x716 + x*12 + x*"5 + 1 with starting val ue OxFF

; Words are extended to 16 bits

;o On Exit SHFT_M undefi ned
; SHFT_L undefi ned
; SCNT zero

of code
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05AE
O05AF

05B0

05B1
05B2

05B3
05B4
05B5

05B6
05B7

05B8
05B9
05BA
05BB
05BC
05BD

05BE
05BF
05C0
05C1
05C2
05C3

05C4
05C5

05C6
05C7

05C8
05C9

05CA
05CB

05CC
05CD

Revision:

1283
1703

018F

3008
00F1

30FF
00F3
00F4

018D
01F2

1683
178C
140C
0000
0000
1283

3010
00FC
0csC
0C8E
0CF4
0CF3

1C03
2DCA

3010
06F3

3012
06F4

0BFC
2DCO

0A8D
0BF2

LCNT zero
I CNT zero
FSR undefi ned

CRC

CRC1

CRC2

CRC3

CRC4

#DEFI NE HASH M 0X10
#DEFI NE HASH L 0X12

BANKO2
BCF STATUS, RPO
BSF STATUS, RP1

CLRF EEADRH
MOVLF PROGBLOCKS, SCNT

MOVLW 8
MOWAF  0X71
MOVLW  OXFF

MOVWF SHFT_M
MOVWF SHFT_L

CLRF EEADR

CLRF LCNT

BSF STATUS, RPO

BSF EECON1, EEPGD

BSF EECON1, RD

NOP

NOP

BCF STATUS, RPO

MOVLF 16, | CNT
MOVLW 16
MOV 0X7C

RRF EEDATA

RRF EEDATH

RRF SHFT_L

RRF SHFT_M

BTFSS  STATUS, C

GOTO CRC4

XORLF HASH M SHFT_M F
MOVLW  0X10

XORW  0X73, F

XORLF HASH L, SHFT_L, F
MOVLW  0X12
XORW  0X74, F

DECFSZ | CNT
GOTO CRC3

I NCF EEADR
DECFSZ LCNT

Upper byte of address
Nunmber of bl ocks

initialize the accunul ator

Lower byte of address
Counts words in block

Bank 2->3

sel ect program menory
fire a read

Bank 3->2

bit counter

4 byte shift

of data into
into accunul at or

if a carry out
then hash the acc
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05CE

05CF
05D0

05D1
05D2

05D3
05D4

05D5
05D6

05D7

05D8
05D9
05DA
05DB

05DC
05DD

05DE
05DF

05EO0
05E1
05E2

05E3
O5E4
05E5

05E6
05E7
05E8

Revision: 0

2DB8

0A8F
0BF1

1283
1303

0873
00E8

0874
00E9

0008

3903
0084
1003
0D84

2716
00F3

3050
0784

0800
390F
04F3

0A84
0800
00F4

3010
00F1
1387

00056
00057
00058
00059
00060
00061
M
M
00062
M

M
00063

M

M
00064
00065
00066
00067
00068
00069

00070

00071

00072

00073

00074
00075
00076
00077
00078
00079
00080
00081
00082
00083
00084
00085
00086
00087
00088
00089
00090
00091
00092
00093
00094
00095
00096
00097
00098
M
M
00099
00100

Goro CRC2
I NCF EEADRH
DECFSZ SCNT
BANKOO
BCF STATUS, RPO
BCF STATUS, RP1
MOVFF SHFT_M _CRC_M
MOVF 0X73, W
MOV 0X68
MOVFF  SHFT_L, _CRC L
MOVF 0X74, W
MOV 0X69
RETURN
Subroutine to send 12 bit fine tune data to the external DAC
; On Entry Wcontains the DAC nunber (0-2 or 3 for the initiate conmand)
On Exit SHFT_M undefi ned
; SHFT_L undefi ned
; SCNT zero
; FSR undef i ned
XDAC ANDLW  0X03
MOVWF FSR Move Wto FSR and multiply by two
BCF STATUS, C so that it is the offset from base
RLF FSR, F
CALL XDLUT converts DAC nunber to control code in W
MOVWF SHFT_M and save
MOVLW  FI NE_TUNE_BASE Add of fset to base
ADDWF FSR, F to get address of MS Byte
MOVF I NDF, W get M5 byte to W
ANDLW  OXOF mask off permitted four bits
| ORWF SHFT_M F add the control code
I NCF FSR, F get the LS BYTE
MOVF | NDF, W
MOVWF SHFT_L
MOVLF 16, SCNT Loop counter
MOVLW 16
MOWF  0X71
BCF DCSN enabl e chip sel ect
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05E9
O05EA

O05EB
05EC
05ED
O5EE

O5EF
05F0
05F1
05F2

05F3
05F4
05F5

05F6

05F7
05F8

05F9
05FA
O5FB

05FC
05FD

O5FE
O5FF

0600
0601
0602
0603
0604

Revision: 0

ODF4
ODF3

1803
1507
1C03
1107

0000
1407
0000
1007

0BF1
2DE9
1787

0008

3903
00F5

0084
1003
0D84

2720
00F3

3022
0784

3008
00F1
1307
ODF3

1803

00101
00102
00103
00104
00105
00106
00107
00108
00109
00110
00111
00112
00113
00114
00115
00116
00117
00118
00119
00120
00121
00122
00123
00124
00125
00126
00127
00128
00129
00130
00131
00132
00133
00134
00135
00136
00137
00138
00139
00140
00141
00142
00143
00144
00145
00146

M

M
00147
00148
00149
00150
00151

XDAC 1 RLF SHFT_L, F ; Get top bit into carry
RLF SHFT_M F
BTFSC  STATUS, C ; and copy to output pin
BSF DDO
BTFSS  STATUS, C
BCF DDO
NOP ; Pul se the clock 400nS
BSF DCLK
NOP
BCF DCLK
DECFSZ SCNT, F ; Next Bit
GOTO XDAC_1
BSF DCSN ; Disable chip select
RETURN ; and finish
; Subroutine to get twelve bit optical |level data fromthe external ADC
; and check it against the limts.
; On entry Wcontains the ADC nunber (0-2)
; On exit SHFT_M undef i ned
; SHFT_L undefi ned
; SCNT zero
; FSR undef i ned
; STATUS,Z is clear if value was in limts, set otherw se
XADC ANDLW  0X03
MOVWF TEMPO ; Save Wfor limt check
MOVWF FSR ; Move Wto FSR and nmultiply by two
BCF STATUS, C ; so that it is the offset from base
RLF FSR, F ;
CALL XALUT ; Converts ADC nunber to command code in
MOVWF SHFT_M ; and nove to register for sending
MOVLW  EXTERNAL_VALUES_BASE ; Add offset to base
ADDWF FSR, F ; to get address of MS Byte
MOVLF 8, SCNT ; Set up loop to send command byte
MOVLW 8
MOVWF 0X71
BCF ACSN ; Assert chip select
XADC 1 RLF SHFT_M F ; CGet top bit into carry
BTFSC  STATUS, C ; and copy to output pin
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0605
0606
0607

0608
0609
060A
060B

060C
060D

060E
060F
0610
0611
0612

0613
0614

0615
0616
0617
0618

0619
061A
061B
061C

061D
061E
061F

0620
0621

0622
0623
0624

0625
0626

Revision: 0

1507
1C03
1107

0000
1407
0000
1007

0BF1
2E03

300D
00F1
01F3
01F4
1003

ODF4
O0DF3

1407
0000
1007
0000

1887
1403
1C87
1003

0BF1
2E13
1707

1780
0A84

0874
0080
0384

0873
0080

00152
00153
00154
00155
00156
00157
00158
00159
00160
00161
00162
00163
00164

00165
00166
00167
00168
00169
00170
00171
00172
00173
00174
00175
00176
00177
00178
00179
00180
00181
00182
00183
00184
00185
00186
00187
00188
00189

00190
00191

00192
00193
00194
00195
00196
00197
00198

BSF DDO
BTFSS  STATUS, C
BCF DDO
NOP
BSF DCLK
NOP
BCF DCLK
DECFSZ SCNT, F
GOTO  XADC_1
MOVLF 13, SCNT
MOVLW 13
MOWE  0X71
CLRF  SHFT_M
CLRF  SHFT_L
BCF STATUS, C
XADC_ 2 RLF SHFT L, F
RLF SHFT_M F
BSF DCLK
NOP
BCF DCLK
NOP
BTFSC  DDI
BSF STATUS, C
BTFSS DD
BCF STATUS, C
DECFSZ SCNT, F
GOTO  XADC_2
BSF ACSN
BSF | NDF, 7
| NCF FSR, F
MOVFF  SHFT_L, | NDF
MOVF  0X74, W
MOVWE | NDF
DECF FSR, F
MOVFE  SHFT_M | NDF

MOVF 0X73, W
MOVWF | NDF

At this point the result

The upper linmt test
The lower limt test

Pul se the cl ock

Next Bit

prepare to acquire 12 bits in 13 clocks

first clock will acquire zero
frompre cleared carry

shift up, picking up new bit fromcarry
first time round will be zero

Pul se the clock to get next bit

get the bit fromthe input pin
into carry.
last time round no data acquired

Next Bit

Di sabl e chip sel ect

FSR still points to MsS byte
Set changing flag in MS byte

Move to LS byte
and store the val ue

Back to MS byte
and store the value (which clears the flag)

is in SHFT_M (ns 4 bits) and SHFT_L (lower 8 bits)
is made only on the nms 4 bits
is made on the Is 8 bits if the ms 4 bits are zero
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0627
0628
0629
062A

062B
062C

062D
062E
062F
0630
0631
0632
0633

0634
0635

0636
0637
0638

0639
063A

063B
063C

063D

Revision: 0

0875
0084
1003
0D84

3042
0784

0800

0273
1803
2E3B

08F3
1D03
2E39

0A84
0800

0274
1C03
2E3B

1103
0008

1503
0008

1283

00199

00200
00201
00202
00203
00204
00205
00206
00207

00208
00209
00210
00211
00212
00213
00214
00215
00216

00217
00218
00219
00220
00221
00222
00223
00224
00225
00226
00227
00228
00229
00230
00231
00232
00233
00234
00235
00236
00237
00238
00239
00240
00241
00242
00243
M
00244

MOVFF TEMPO, FSR

MOVF 0X75, W

MOVWF FSR
BCF STAT
RLF FSR

uUs, C
E

MOVLW  EXTERNAL_LI M TS_BASE

ADDWF FSR

MOVFW | NDF

F

SKPLTW SHFT_M

SUBW  0X73, W
SKPNC

GOTO  XADC 4

TSTF SHFT_M

SKPZ

GOTO  XADC_3

I NCF FSR
MOVFW | NDF

SKPGEW SHFT_L

SUBW  0X74, W
SKPC

;W= regl-w
;o carryl for - : regl
F ;
;W= regl-w

GOTO  XADC 4

XADC_3 BCF STAT

RETURN

XADC 4 BSF STAT

RETURN

us, z

us, Z

; carry for +0 : regl

Recover the channel nunber

to FSR and nultiply by two
so that it is the offset from base

Add offset to base of linmts
to get address of upper limt

Get the upper limt to W
If value < upper limt OK

< w
If value >= upper limt goto fault

If ms value> 0 OK-above lower limt
nms value is zero - nore tests needed
> zero so finish K

FSR points to lower limt
get lower limt to W
If value >= lower linmt OK

>= W
If value < lower linit then fault

No fault
Return with Z clear

Faul t
Return with Z set

; Subroutine to get ten bit voltage or tenperature data fromthe Internal ADC ;
; and check agai nst

;o On

;o On

entry Wcontains the channe

exit SCNT z

FSR undefi ned
STATUS, Z is cl ear

limts

ero

sel ect code(0-3) ;

if value was in limts, set otherw se ;

* Kk
* Kk k
* Kk

* Kk k

I ADC

The initial code has a wetched patch to swap bits 0 and 1 of Wto

conmpensate for

a wiring error

on the inputs to the anal og nux

whi ch shoul d be corrected on the next build of the board
When patch is renoved enber to retain MOVAF TEMPO

BANKO
BCF STATUS, RPO
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063E

063F
0640
0641
0642
0643
0644

0645
0646
0647

0648
0649

064A

064B
064C
064D
064E

064F
0650
0651
0652
0653
0654
0655
0656

0657
0658

0659

065A

065B
065C

Revision:

00F5

1009
1875
1409
1089
18F5
1489

0084
1003
0D84

3028
0784

141F

3022
00F1
0BF1
2E4D

151F
191F
2E50
101F
1780
1683
0A84
081E

0080
00F4

1283

0384

081E
0080

00245
00246
00247
00248
00249
00250
00251
00252
00253
00254
00255
00256
00257
00258
00259
00260
00261
00262
00263
00264
00265
00266
00267
00268
00269
00270
M
M
00271
00272
00273
00274
00275
00276
00277
00278
00279
00280
00281
00282
M
00283
00284
M
M
00285
00286
00287
M
00288
00289
M
M

MOVWF TEMPO
Vx BCF PORTE, 0
Cx BCF PORTE, 1
Jx BTFSC  TEMPO, 0
Vx BSF PORTE, 1
Cx BTFSC  TEMPO, 1
Vx BSF PORTE, 0
BCF PORTE, 0
BTFSC  TEMPO, 0
BSF PORTE, 0
BCF PORTE, 1
BTFSC  TEMPO, 1
BSF PORTE, 1
MOVWF FSR
BCF STATUS, C
RLF FSR, F
MOVLW | NTERNAL_VALUES_BASE
ADDW  FSR F
BSF ADCONO, ADON
MOVLF  0X22, SCNT
MOVLW ~ 0X22
MOVWF 0X71
IADC_1 DECFSZ SCNT, F
GOTO I ADC 1
BSF ADCONO, GO
IADC 2 BTFSC  ADCONO, GO
GOTO | ADC 2
BCF ADCONO, ADON
BSF | NDF, 7
BANK1
BSF STATUS, RPO
INCF FSR F
MOVFF  ADRESL, | NDF
MOVF ADRESL, W
MOWF | NDF
MOVWF SHFT_L
BANKO
BCF STATUS, RPO
DECF FSR, F
MOVFF  ADRESH, | NDF

MOVF ADRESH, W
MOVWF | NDF

Save Wfor limt check

Pat ch renopved

Move Wto FSR and multiply by two
so that it is the offset from base

Add of fset to base of read val ues

to get address of MS Byte
turn on ADC

wait Tacq = 20uS

Start conversion
wait till finished

Turn off again
FSR is pointing to MS byte

Set flag bit

Advance FSR to LS byte
and store the val ue

Back to the MsS byte

store the value (which clears flag)
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065D

065E
065F
0660

0661
0662
0663
0664

0665
0666
0667
0668

0669
066A

066B
066C
066D
066E

066F
0670

0671
0672
0673

0674
0675

0676
0677

Revision: 0

00F3

08F5
1903
0000

0CF3
0CF4
0CF3
0CF4

0875
0084
1003
0D84

3048
0784

0800

0274
1803
2E76

0A84
0800

0274
1C03
2E76

1103
0008

1503
0008

00290
00291
00292
00293
00294
00295
00296
00297

00298

00299
00300
00301
00302
00303
00304
00305

00306
00307
00308
00309
00310
00311
00312
00313

00314
00315
00316
00317
00318

00319
00320
00321
00322
00323
00324
00325
00326
00327
00328
00329
00330
00331
00332
00333
00334
00335

00336 ;

MOVWF SHFT_M

TEMPO

BTFSC  STATUS, Z

NOP ; PATCH TO FI ND W£0
At this point the result is in SHFT_M (ms 2 bits) and SHFT_L (ls 8 bits)
The test is only nade on the ns 8 bits

RRF SHFT_M F ; Shift right two places
RRF SHFT_L, F ; SO ms 8 bits are in SHFT_L
RRF SHFT_M F
RRF SHFT_L, F
MOVFF TEMPO, FSR ; Recover the channel nunber

MOVF 0X75, W

MOVWF FSR
BCF STATUS, C ; to FSR and nultiply by two
RLF FSR, F ; so that it is the offset from base
MOVLW | NTERNAL_LI M TS_BASE ; Add offset to base of linits
ADDWF FSR, F ; to get address of upper limt
MOVFW | NDF ; CGet the upper limt to W
SKPLTW SHFT_L ; If value < upper linit then no fault

SUBWF 0X74, W ;W= regl-w

SKPNC ; carry/ for - @ regl < w
GOTO | ADC 4 ; If value >= upper limt goto fault
I NCF FSR, F ; FSR points to lower |im't
MOVFW | NDF ; get lower limt to W
SKPGEW SHFT_L ;o If value >= lower limt OK

SUBWF 0X74, W ;W= regl-w

SKPC ; carry for +0 @ regl >= w
GOTO | ADC 4 ; If value < lower limt then fault
BCF STATUS, Z ; No fault
RETURN ; Return with Z clear

ADC_4 BSF STATUS, Z ; Fault

RETURN ; Return with Z set

Subroutine called on a voltage or tenperature fault after start up or for

an M&C commanded PSU shut down.

saves the
An al terna
On entry

0 -
1 -

val ues, shut down the PSUs and fl ag
te entry point
W contains the reason for the cal

Vneg fault
Vpos fault

I F the PSUs are not already shut down

the status word

| FLT_X ski ps the PSU on check

translates to status code $04
transl ates to status code $05

Page A52



0678
0679

067A

067B
067C

067D
067E

067F
0680

0681
0682

0683
0684

0685
0686

0687
0688

0689
068A

068B
068C

068D
068E
068F
0690

0691

Revision: 0

1B20
34FF

3E04

390F
04A1

0828

00B8

0829
00B9

082A
00BA

082B
00BB

082E
00BE

082F
00BF

082C
00BC

082D
00BD

1486
1506
1088
1720

0008

; 2 - Vcon fault transl ates to status code $06
; 3 - Tenp fault translates to status code $07
; 4 - M&C command transl ates to status code $08
; On exit Wcontains 0X00 if the routine was executed
; or OxFF if an inmediate exit was taken
PFLT BTFSC  ST1_PSU ; I'f PSU al ready shut down
RETLW  OXFF ; return at once
PFLT_X ADDLW 4 ; Convert channel nunber to fault code in W

ANDLW  OXOF

I ORWF

MOVFF

MOVF
MOVWF

MOVFF

MOVF
MOVWF

MOVFF

MOVF
MOVWF

MOVFF

MOVF
MOVWF

MOVFF

MOVF
MOVWF

MOVFF

MOVF
MOVWF

MOVFF

MOVF
MOVWF

MOVFF

MOVF
MOVWF

BSF
BSF
BCF

BSF

0X28, W
0X38

0X29, W
0X39

0X2A, W
0X3A

0X2B, W
0X3B

OX2E, W
0X3E

0X2F, W
OX3F

0X2C, W
0X3C

0X2D, W
0X3D

VPENN
VNENN
PSULEDN

ST1_PSU

RETURN

_STATUS2, F

_TMPVAL_M

_TMPVAL_L,

_VNVAL_M _VNFLT_M

_VNVAL_L, VNFLT L

_VPVAL_M _VPFLT_M

_VPVAL_L, VPFLT L

_VCVAL_M _VCFLT_M

_VCVAL_L, VCFLT L

Update the secondary status word

_TMPFLT_M

_TMPFLT_L

to the fault

Copy the current

Turn of the two PSUs

Turn on the fault LED

r eadi ngs

| ocati ons

Update the primary status word
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0692
0693

0694
0695
0696
0697
0698
0699

069A
069B
069C

069D
069E

069F
06A0

06A1
06A2

06A3
06A4

06A5
06A6

Revision: 0

1BAO
34FF

3E01
00F5
0DF5
ODF5
0DF5
0D75

04A1

0822

00B2

0823
00B3

0824
00B4

0825
00B5

0826
00B6

0827
00B7

; Subroutine called on an optical fault or for an M&C commanded EDFA shut down;
i ssue an EDFA shut down

; |I'f EDFA not already shut down - save th
; command and flag the status word.

e val ues

; An alternate entry point XFLT_X skips the EDFA check

; On entry
; 0

O wWN R

W contains the reason for the cal

Rx0 fault
Rx1 fault
Rx2 fault
Vcon Faul t
M&C comand
SPI ti meout

transl ates
transl at es
transl ates
transl ates
transl ates
transl ates

to status
to status
to status
to status
to status
to status

code $10
code $20
code $30
code $40
code $50
code $60

; On exit Wcontains 0x00 if the routine was executed
or OXFF if an imediate return was taken

EFLT

BTFSC
RETLW

XFLT_X ADDLW

MOVWF
RLF
RLF
RLF
RLF

I ORWF

MOVFF

ST1_EDFA
OXFF

1

TEMPO
TEMPO
TEMPO
TEMPO
TEMPO, W

_STATUS2, F

; |'f EDFA al ready shut down
; return at once

. Convert

channel nunber

; Update the secondary status word

_OPOVAL_M _OPOFLT_M :

MOVF
MOVWF

MOVFF

MOVF
MOVWF

MOVFF

MOVF
MOVWF

MOVFF

MOVF
MOVWF

MOVFF

MOVF
MOVWF

MOVFF

MOVF
MOVWF

0X22, W
0X32

0X23, W
0X33

0X24, W
0X34

0X25, W
0X35

0X26, W
0X36

0X27, W
0X37

_OPOVAL_L, OPOFLT_L :

_OPLVAL_M _OPIFLT M

_OPLVAL_L, OPIFLT L

_OP2VAL_M _OP2FLT_M

_OP2VAL_L, OP2FLT L

Copy the current readings

to the fau

to fault code in W

It locations
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06A7
06A8

06A9

06AA

06AB

06AB
06AC

06AD
06AE

06AF
06B0O
06B1
06B2

06B3
06B4
06B5
06B6

06B7
06B8
06B9
06BA

06BB
06BC
06BD
06BE

06BF

Revision:

1606
1008

17A0

0008

3022
00F1

3042
0084

1283
1703
018D
01F5

1683
1703
138C
140C

1283
080C
0080
06F5

0A8D
0A84
0BF1
2EB3

0875

00409
00410
00411
00412
00413
00414
00415
00416
00417
00418

00419

00420
00421

00422

00423
00424
00425
00426
00427

M

M
00428

M

M
00429

M

M
00430
00431
00432
00433

M

M
00434
00435
00436
00437
00438
00439
00440
00441
00442
00443
00444
00445
00446
00447
00448
00449
00450
00451
00452
00453

BSF EDFASD ; Turn on the EDFA shut down I|ine
BCF EDFALEDN ; Turn on the fault LED

BSF ST1_EDFA ; Update the primary status word
RETURN

; This subroutine copies 33 paraneters from EEPROM to RAM fol |l owed by the ;
; checksum :

; On exit SCNT zero ;
; FSR undefi ned ;

#DEFI NE HASH 0X1D
EEPROM_READ

MOVLF 34, SCNT
MOVLW 34
MOVWF 0X71
MOVLF EEPROM START, FSR; Start address to FSR
MOVLW  0X42
MOVWF FSR
BANKO2
BCF STATUS, RPO
BSF STATUS, RP1
CLRF EEADR
CLRF TEMPO ; accunul ator for checksum

EER L1 BANKO3 ; Bank 3
BSF STATUS, RPO
BSF STATUS, RP1

BCF EECON1, EEPGD ; point to EEPROM not PROG nmem
BSF EECON1, RD ; fire a read
BCF STATUS, RPO ; Bank 3->2
MOVFW  EEDATA
MOVWF | NDF ; Data to RAM at indirect pointer
XORWF TEMPO ; accunul ate checksum

; MOVLW  HASH

; RLF EEDATA

; RLF TEMPO

; BTFSC  STATUS, C
; XORWF TEMPO

I NCF EEADR
I NCF FSR, F ; increment address
DECFSZ SCNT, F
GOTO EER L1

MOVFW  TEMPO ; Also sets or clears Z |

Page A55



06CO 1303 00454 BCF STATUS, RP1 ; Bank 2->0

|
06C1 00E3 00455 MOWNF  _ CHECKSUM ; |
00456 ; |
06C2 1220 00457 BCF ST1_EECSF ; |
06C3 1D03 00458 SKPZ ; for use here <--
06C4 1620 00459 BSF ST1_EECSF
00460
06C5 0008 00461 RETURN
00462
00463 ;::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;

00464 ; This subroutine copies 33 paraneters from RAM to EEPROM accunul ating a ;
00465 ; checksumin _CHECKSUM and witing this to the 34th |ine of EEPROM ;

00466 ; ;
00467 ; On exit SCNT zero ;
00468 ; FSR undef i ned ;
00469 ; _CHECKSUM zero
00470 ; ;
00471
06C6 00472 EEPROM WRI TE
00473
00474 MOVLF 34, SCNT
06C6 3022 M MOVLW 34
06C7 00F1 M MOVWF 0X71
06C8 01E3 00475 CLRF _ CHECKSUM
00476 MOVLF EEPROM_START, FSR ; Start address to FSR
06C9 3042 M MOVLW  0X42
06CA 0084 M MOVWF FSR
00477 BANKO02
06CB 1283 M BCF STATUS, RPO
06CC 1703 M BSF STATUS, RP1
06CD 018D 00478 CLRF EEADR
00479
06CE 1703 00480 EEW L1 BSF STATUS, RP1 . Bank 0->2
00481 MOVFF | NDF, EEDATA ; Data from RAM at indirect pointer
06CF 0800 M MOVF | NDF, W
06D0 008C M MOVWF EEDATA
00482
06D1 1683 00483 BSF STATUS, RPO ; Bank 2->3
06D2 138C 00484 BCF EECON1, EEPGD ; point to EEPROM not PROG nmem
06D3 150C 00485 BSF EECON1, VREN ; enable wites
00486
064 138B 00487 BCF I NTCON, G E ; disable interrupts for safety
00488 MOVLF  0X55, EECON2 ; wite $55
06D5 3055 M MOVLW  0X55
06D6 008D M MOVWF EECON2
00489 MOVLEF  OXAA, EECON2 ; then $AA to prine wite
06D7 30AA M MOVLW  OXAA
06D38 008D M MOVWF EECON2
06D9 148C 00490 BSF EECON1, VR ; fire the wite
06DA 178B 00491 BSF I NTCON, G E ; reenable interrupts
00492
06DB  188C 00493 EEWWI BTFSC  EECON1, VR ;o wait till wite conplete
06DC  2EDB 00494 GOTO EEW WI'
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06DD

06DE
06DF
06EO0

06E1
06E2

06E3

06E4
06E5

06E6
06E7
06E8

06E9

06EA
06EB

06EC
06ED

06EE

Revision:

110C

1283
0A8D
080C

1303
06E3

0A84

0BF1
2ECE

1283
1303
0008

1206

1408
13A0

300F
05A1

0008

00495
00496
00497
00498
00499
00500
00501
00502
00503
00504
00505
00506
00507
00508

00509
00510
00511
00512
00513
00514
00515
00516
00517
00518
00519
00520
00521
00522
00523
00524
00525
00526
00527
00528
00529
00530
00531
00532
00533
00534
00535
00536
00537

00538
00539
00540
00541
00542
00543

BCF

BCF
I NCF
MOVFW

BCF
XORWF

I NCF
DECFSZ
GOTO

BANKOO

EECON1, VREN ;
STATUS, RPO ;
EEADR, F
EEDATA

STATUS, RP1 ;

_ CHECKSUM F

FSR F ;
SCNT, F
EEW L1

BCF STATUS, RPO
BCF STATUS, RP1

RETURN
; BCF
; | NCF
; MOVLW
; RLF

; BCF
; RLF

STATUS, RPO ;

EEADR, F
HASH ;
EEDATA ;

STATUS, RP1 ;
CHECKSUM F ;

; BTFSC
; XORWF

; I NCF
; DECFSZ
; GOTO

; BANKOO
; RETURN

STATUS, C ;

_ CHECKSUM F :

FSR F ;
SCNT, F
EEW L1

then disable wites

Bank 3->2

Bank 2->0

i ncrenent address

Bank 3->2;

Prepare for a possible hash
Shift the data into carry

Bank 2->0

Shift data on into acc
if bit drops out

then hash

i ncrenment address

; This subroutine rel eases the EDFA ;

EDFA_ON BCF

BSF

BCF

ANDLF
MOVLW  OXOF
ANDWF  0X21

RETURN

EDFASD ;
EDFALEDN ;
ST1_EDFA :
OXOF, _STATUS2, F

, F

Rel ease the shutdown I|ine

Turn off the LED
Clear the status bit

; This turns the PSUs on and waits ~100nS for themto stabilize ;
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06EF
06F0

06F1
06F2
06F3
06F4
06F5
06F6
06F7
06F8
06F9
06FA
06FB
06FC
06FD
06FE
06FF
0700
0701
0702
0703
0704
0705
0706
0707
0708
0709
070A

070B
070C

070D
070E

070F

Revision:

1106
1086

01F2
01F1
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0BF1
2EF3
0BF2
2EF2

1488
1320

30F0
05A1

0008

00544
00545
00546
00547
00548
00549
00550
00551
00552
00553
00554
00555
00556
00557
00558
00559
00560
00561
00562
00563
00564
00565
00566
00567
00568
00569
00570
00571
00572
00573
00574
00575
00576
00577
00578
00579
00580
00581
00582
00583
00584
00585

00586
00587
00588

PSU_ON BCF
BCF

; CLRF
; MOVLF

: PSU_ONL
: SKPZ
: GOTO

CLRF
PSU_ONL CLRF
PSU_ON2 NOP

BSF

BCF

ANDLF
MOVLW  OXFO
ANDWF  0X21

RETURN

VNENN
VPENN

TMRLL;
0x01, TMRLH
TSTF  TMRIH
PSU_ONL

LCNT
SCNT

SCNT
PSU_ON2
LCNT

PSU_ONL

PSULEDN
ST1_PSU

OXFO, _STATUS2, F

, F

Turn the PSUs on

Set TIMERL to 0x0100 (prescaler is 8)

o Wit

until it overflows to zero

This takes 255*256*8 cl ocks

At 5MHz t hat

is ~104nt

Turn off the LED
Clear the status bits
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0710
0711
0712

0713
0714
0715

0716
0717
0718

0719
071A
071B

071C
071D
071E
071F

0720
0721
0722

0723
0724
0725

0726
0727
0728
0729

Revision: 0

1683
1303
0088

1283
1303
0008

3800
1903
3410

3EFF
1903
3450

3EFF
1903
3490
3440

3800
1903
3497

3EFF
1903
34D7

3EFF
1903
34A7
34E7

00590
00591

00592

00593
00594
M
M
00595
00596
M
M
00597
00598

00599

00600
00601

00602
00603

00604
00605
00606

M
00607
00608
00609

M
00610
00611
00612

M
00613
00614
00615
00616
00617
00618
00619

M
00620
00621
00622

M
00623
00624
00625

M
00626
00627
00628
00629
00630

; This subroutine inhibits select LEDS
; The Wregister contains a mask. A one inhibits the LED at that position

LEDSI NH
BSF
BCF

BANKO1
STATUS, RPO
STATUS, RP1

MOVWF

TRI SD

BANKOO
BCF STATUS, RPO
BCF STATUS, RP1
RETURN

L g g g
, HHHHHAHAHHFR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR H AR

; LOOK UP TABLES. These do not use conputed GOTGCs because of the
; difficulties with relocation and with interrupts

;== Look up table for control codes for external DAC =======================

XDLUT TSTW

IORLW 0 )
SKPNZ
RETLW  0X10 ; WEO control code to load input reg O
DECW

ADDLW  OXFF
SKPNZ
RETLW  0X50 ; WELl control code to load input reg 1
DECW

ADDLW  OXFF
SKPNZ
RETLW  0X90 ; WE2 control code to load input reg 2
RETLW  0X40 ; W2 control code to transfer input reg

;== Look up table for control codes for external ADC ========================

XALUT TSTW

IORLW 0 ;
SKPNZ
RETLW  0X97 ; WEO control code to read ADC 0
DECW

ADDLW  OXFF
SKPNZ
RETLW  0XD7 ; WELl control code to read ADC 1
DECW

ADDLW  OXFF
SKPNZ
RETLW  0XA7 ; WE2 control code to read ADC 2
RETLW  OXE7 ; WE3 control code to read ADC 3
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2100

2100
2102
2104

2106
2108
210A
210C

210E
2110
2112

2114
2117
211A
211D
211E

2121

Revision: 0

0008
0008
0008

0028
00B4
00E1
0082

0002
0002
0002

0008
0008
0008
0000

0056

009A

0008
0008
0008

0012
0096
00AF
0000

0000
0000
0000

0000 0000
0000 0000
0000 0000

0066 0074

00631
00299
00300
00301
00302
00303
00304
00305
00306
00307
00308
00309
00310
00311
00312
00313
00314
00315
00316
00317
00318
00319
00320
00321
00322
00323
00324
00325
00326

00327

00328
00329
00330
00331
00332
00333
00334
00335
00336
00337
00338
00339
00340
00341

; EEPROM

ORG

0X2100

; Target 0x42

DE
DE
DE

; Tar get

0X08, 0X08
0X08, 0X08
0X08, 0X08

' 0x48

| FDEF TEST

0X99, 0X66
0X99, 0X66
0X99, 0X66
0XDO, 0X00

0X28, 0X12
0XB4, 0X96
OXE1, OXAF
0X82, 0X00

; Target 0x50

DE
DE
DE

DE
DE
DE
DE

0X02, 0X00
0X02, 0X00
0X02, 0X00

Tar get 0x56
0X08, 0X00, 0X00
0X08, 0X00, 0X00
0X08, 0X00, 0X00

0X00

; Target 0x60

DE 0X56, 0X66, 0X74

DE

0X9A

uplimt/256 , lowlimt for RxO
uplimt/256 , lowlimt for Rxl
uplimt/256 , lowlimt for Rx2

Uplimt,lominmt
Uplimt,loMminmnt
Uplimt,lominmt
Uplinit,lominmnt

Uplimt,lowimt
Uplimt,lomint
Uplimt,lowimt
Uplinit,lomimt

Fi ne tune RxO
Fi ne tune Rx1
Fi ne tune Rx2

<L
oo

; 1mw, zero cal

1mw, zero cal

; 1mw, zero cal
spare

I D bytes for

negative supply (2-3V)
positive supply (2-3V)
control supply (2-3V)
tenperature (-60/70C)

negative supply (+_10%
positive supply (+-10%
control supply (7-9V)
tenperature (-60/70C)

range)
range)
range)

s Rx0
s Rx1
s Rx2

| D=666, fixed 8 byte length

address space 256 node 1

checksum
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MEMORY USAGE MAP (' X = Used, '-' = Unused)

0000 : X-- - XXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
0040 :  XXXXXXXXXXXXXXXXK XXXXXXXXIXXXXXXK XXXXXIXIXXIXXXXXXKK = = = == mmmm e e e -
[ONNOIONNEND9.9.9:9.0.0.9.9.0.9.0.0.0 0. 0.@0.0.9.$,.0.9.0.0.9.0.0.0.0.0.0. 0@ $.0.9.0.0.9.0.0.0.0.0.0.0.0.0. @9 $.0.9.0.0.0.0.0.9.0.0.¢.6.04
0140 :  XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
[ONRSTONEEED9.9.9:9.0.0.9.0.0.9.0.0.0 0. 0.@0.0.9.$,.0.9.0.0.9.0.0.0.0.0.0 0@ $.0.9.0.0.9.0.0.0.0.0.0.0.0.0. @9 $.0.0.0.0.0.0.0.9.0.0.¢,6.04
01C0 :  XXXXXXXKXKXIIHEXX XXX KKKK KIXKKXKHXHXKKK- = = = = mmmmmmmm e
[SZ10[O NEEED9.9.9:9.0.0.9.0.0.9.0.0.0 0. 0.GD.0.9.$,.0.9.0.0.9.0.0.0.0.0.0 0@ $.0.9.0.0.9.0.0.0.0.0.0.0.0.0. @9 0.0.0.0.0.0.0.0.9.0.0.¢,6.04
0440 :  XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX. XXXXXXXXXXXXXXXX
(IR T0 NI 9.9.9:9.0.0.9.0.0.9.0.0.0. 0.0.@0.0.9.$,.0.9.0.0.9.0.0.0.0.0.0 0@ $.0.9.0.0.9.0.0.0.0.0.0.0.0.0. @9 $.0.0.0.0.0.0.0.9.0.0.¢,6.04
04C0 :  XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXK XXXXXXXXXXXXXXXX
0500 1 XXXXXIKXIKXIKKIK HKXXKIKXKIKKIKKIKKX XIKXIKKIKKIKKIKK XXIKXKIKKXIKKXIKXXK
[SLSY: X0 NI 9.9.9:9.0.0.9.9.0.9.0.0.0 0. 0.@0.0.9.$,.0.9.0.0.9.0.0.0 0,00 0@ $.0.9.0.0.9.0.0.0.0.0.0.0.0.0. @9 $.0.9.0.0.0.0,.0.9.0.0.¢.6.04
0580 @ XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
[SIS1GOREEED9.9.9:9.0.0.9.9.0.9.0.0.0. 0.0.@0.0.9.$,.0.9.0.0.9.0.0.0.0.0.0 0@ $.0.9.0.0.9.0.0.0.0.0.0.0.0.0. @9 0.0.0.0.0.0.0,.0.9.0.0.¢.6.04
0600 :  XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
(17210 NI 9.9.9:9.0.0.9.0.0.9.0.0.0 0. 0.@0.0.9.$,.0.9.0.0.9.0.0.0.0.0.0 0@ $.0.9.0.0.9.0.0.0.0.0.0.0.0.0. @9 $.0.0.0.0.0.0.0.9.0.0.¢.6.04
0680 :  XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
([ GONNEED'9.9.9:9.0.0.9.9.0.9.0.0.0 0. 0.@0.0.9.$,.0.9.0.0.9.0.0.0.0.0.0. 0@ $.0.9.0.0.9.0.0.0.0.0.0.0.0.0. @9 $.0.0.0.0.0.0,.0.9.0.0.¢.6.04
0700 :  XXXXXXXKKIIXXK XXKHKHKKXIKIXHKHKHXKKXK XKIXKKXKXHXKK= = = = = = mmmmmmme e e
2000 © XXXK- == Xemmmmmm e e e e e e et e e e e e e e e e meeee oo
2100 :  XXXXXXXXIIIHIIIKK XXXXKKIKIKIIKKKK XK= = = = mmmmmmmmm mmmmmmeee e o

Al'l other nenmory bl ocks unused

Program Menory Words Used: 1154
Program Menory Words Free: 7038

Errors : 0
War ni ngs : 0 reported, 0 suppressed
Messages : 0 reported, 95 suppressed
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