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0401 ANI3/AMP1-/P23, ANI5/AMP1+/P25,ANI6/AMP2-/P26, ANIS/AMP2+/P1500 0 0000 O

ADPC PM2, PM15 OAENn | ADSOOODO ANI3/AMP1-/P23, ANI5/AMP1+/P25,
oooao oooao ooo ANI6/AMP2-/P26, ANI8/AMP2+/P150
ooooooo
oboooo|ooooog 0 O oooooo
oooo 1 O oooo
goood 0 O goooog
1 O gooao
oboooboo|jooooo 0 ANIO O gooooooAaDpOOOOO
oono ANIO OO oooooooADOOOOOO
1 ANIO O oooo
ANIO OO oooocooo
goood g g oooo

oo1. n=1,2
2. 00O0OD0OOQOOQOO0OQ0O0OO0O0OO0O0OOO0UOO0OOOOOOoOoodg

go 0000000000 OAMPN+, AMPn-, AMPROO OO0 OO0OOOOOODOOCOOODOOOODODODOO
gboboooooo

0402 ANI4/AMP10/P24, ANI7/AMP20/P270 000000

ADPC PM2, PM15 | OAENn | ADSO O OO | ANI4/AMP10/P24, ANI7Z/AMP20/P27
0ooo 0ooo 0oo 0oooooo
ooooo0|ooooo [0 O oooooo
0ooo 1 0 oooo

ooooo [0 0 oooooo
1 0 0ooo
ooooo|ooooo  [o ANID O 0000000ADOODDO
ooo ANIO OO 0000000ADOOODOO
1 ANIO O 0ooo
ANID OO 0000000
ooooo  |o 0 oooo

0od1. n=1,2
2. 00D0OO00DOOO0O0OODOOO0ODOOOO0ODOOOOODOOOOD

go 00000000 OOOAMPN+, AMPn-, AMPNOO OO0 O0O0OO0OOOOCODOOOODOOOODOODOO
gboboboooboooooboobooboboboobooooooobobobobobboobooooo
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4.5 DAUOOOOOOO

D/ACOCOO0OOOO0OOO3000oooooooooog

OOOoOOoOoOoOoOoooooooPEROO
OD/ADODOCO0ODOCOOOODDOOODAMO
OD/AO0DOODOODOODOOWoDO DACSWoO

0000000DoOo0oboooOob/ADDDOO0DOOO0OOOD

O0000000CO0O0OOOPERODDOOUTUOIGBODACENDODODOOMOO4. 1000
DADDOOOOOODOOOO0ODOOODAMODDOOD/ADCOOODOOOODOOODODOOODOOODOOO
OO000OC0OO0OoOoOoOo1120000b/AD0DDOO0ODO0ODOO0O0ODOD0O0OO Veerout OO

O DADDOOCOOOUOO00O0OOODOOODAMOOOOO40DACEODOOCOOOMOOODACDOCOOOOO
goooob/AdOOOOOOO

O DADDOODOOOOOWOODACSWOOOD/ADODOOOOOOOOO800HOP-P 2.0v01/200000
gooooonoO

28 00oooooooooono U20028JJ1VOAN



040 0OOOOOOOO

O10D/AD 0000000000000 CDAMO
D/ACOCOO0OCOOCOOUOOOoOoOoOooooooo
DAMOOM1O0O0DOOOOOOOO0ODOOOs800O0DOOO0O0oOoOOoooooooDn

04012 D/ACOODOOOOODOOOOOCODAMOOODOOOO

0 DAREF DACE1 DACEO | DARESH1 | DARESO | DAMDA DAMDO

]

DAMDO |D/ADC0COOO0OOOOOOOOOOO

0 ooooo

1 gobobooobooboooo

DARESO |D/ADDOOOoOOOUOOOO

0 s0oQ

1 12000

DACEO |D/ADOOOO0OoOOOOOOOO

0 DADDDOOOO

1 D/AODDODODODODO

DAREF |D/ADDOOCOOCOOOOOOOOOO"

0 AVpp1

1 VREFOUTJZU AVrgerp

O1. D/ADDOCO0O0ODOCO0DOCO20000000000000DODOO0OOODOO0ODOOOOO

2. O0000D0ODOO0OO00DODOO00O0CODAODODODODOO0ODDOOODODODARerP OODOOODOOOO
O0O0DbAD00000000O0000000O0O0O0O0O0O0O0O0O0O0O0O0O0ODO0O00O0T78KOR/LX3 O
ooooooOooOoOoOO0OO0O0O0O0DADDOOOOOOOO0OO0O00OODOCODOODODOODODOOO

ooooooboo

001, OO00OOOOO0ODOOOO0ODOOOObOOOOODOOOO0ODboOO

2. DAREFOVRSELOVRONO OOOOOODAODOOOOOOOOO0OO0OO0O0O0O0OOOOOOOO

0403 DAREFOVRSELOVRONO OO

DAREF VRSEL VRON |DADO0OOO0O0OCOOOOOOODARgpU
0 X X AVpp1
1 0 0 AVRerp
1 1 1 VRerout

x : don’t care
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020 D/A00000OOOOWO0ODACSWOO

D/ACOCO0OCOCOOCOOOOCOANOUOOODOUOODOODOUOUOODODUOOUDOUDOUOOLDOLOOO
DACSWOO DACSW1O 01600000000 OOoOoOoUoOobooo

04013 D/AODOOOOO0O0O0O0OWOODACSWOOOOOOOOO

0 [ DACS | DACS | DACS | DACS | DACS | DACS | DACS | DACS | DACS | DACS | DACS | DACS
Wo011 | W010 | W09 W08 Wo7 W06 W05 W04 W03 W02 Wo1 W00

30

oo

oon.

—
FFF59H FFF58H

ADOODOOCODOOOOOOOCOOADrerrDOD/ADOODOOOCOOOCOUOODDARerPDOOODODO
O000000O0O0O0O0O0O0ODOOVeeFouTlUOOODOOOVRSEL = 100DAREF =10 000A/DODO
OOoDADDODDODODODODOOWNRODACSWnOOODOOOOOOOOOOODACSWnDOOOODOOO
O00OO0O0OOADOOOODOOADCS=00000000000

O00O0ODADDODDODODODODODODODOODOOOVae D OOOOOOOOO0Ooooooo
osooOO0O0OO0OO0OO0ODARESn=000

Vo, =D/A0000000000x 0 DACSWNn7-DACSWNOL /256
0120000 000DARESn =100

Vo, =D/A0D 000000000 ODACSWN11-DACSWNOL /4096
n=0,1
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4.6 JO0OOOoOoOoOO

goooooooooooooOooooooOoOoOoOooooOooobooooooobooboooooobbOOoboOoOoo
0oooooooooooob/ADODOOOOOOODOOODODODODOO

Oo10o0oooooo
gooooOobooooooooCOoO

SINITTAUO:

MOV TPSOL, #00000010B_; Timer Clock Select Register 0
CKOOD fouxl2 D>
0 O 000 CKO1O fekd O O
; CHO:for timing \
MOVW AX, #0000000000000000B ; Timer Mada Register 00
MOVW TMRO0, AX }%DDODDDDDDD
gckoomooooooo

DDDDDDDDDDDD
oooo goododo
o O 0000 - - >GD 0

; CKOO = fCLK/273 = 5MHz -> 10ms 000000000000 )
OO010msO OO
MOVW TDROO, # (50000 - 1) a set - I S

i
SET1 TMMKOO DDDDODDDDDD t
gooooooo

; CH4:for play back sampling timing
MOVW AX, #1000000000000000B

MOVW TMR0O4, AX 0oobD40000000

gckoioooooooo

\DDDDDDDDDDDD —
oooog gooo4
[0 O 0000 o B ooo
; CKOl = fCLK/2 = 20MHz -> 8kH ‘00004000000 250( [count ]
o 0 125us0 8kHzO O O III
MOVW TDRO4, # (2500 - 1) iosetma. _ _—out 125uf (= 8kHz)
SET1 TMMKO4 € —— oooo4000000 upt
0o0o0o0ooo J
T R
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gboobobobooooooog

SINITVR:

MOV

T O 00O0

SET1

ADVRC, #00001000B«1\\f>égajlu*)‘*"*f ~ —=l-xegister
< D/ADODODODODODODODODODOOVrerour \>
— DI:IDI:IDDDDDDDDDDDDDDD////

J—
/DDDDDDDDDDDDD

Dmmmmzovmmm/

ADVRC.0 ¢« 7 mnowros operation

SET1

; wait for settling time to 20ms

Lot 1'\/DDDDDDDDDDD\

gooo

—_ S

(over 17msec)

MOV B, #2 \ ; set counter
SET1 TSOL.O ; start TAUO CHO
JINIVR100:
CLR1 TMIFO00 ; clear interrupt request flag
JINIVR200:
NOP >' —
BF TMIF00, $JINIVR200 ;> tobooooooon DD\
gooboooogo )
LEE B \\ 020ms0 000 /
BNZ $JINIVR100 ;i No —T——
CLR1 TMIFO00 ; clear interrupt request flag
SET1 TTOL.O j ; stop TAUO CHO
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O

gbobooboob

T O 00O0

SINITPORT:

T O 00O0

T O oooa

MOV PM2, #11111111B 8 Set P20 -P27 to lnput port
'> P23-P270 0 0 0 P1500] \
oobooboooooo
e

DDDDDDDD _—

\ -

MOV PM15, #11111111B A/Set P150-P152,P157 to input port

—

DDDDDDDDDDDDDDD
O O 0O AMP1-OAMP1+0AMP10LC

AMP2-0 AMP2+0 AMP200 0 OO
SINITAMP: /\ goooooon /

///
MOV ADPC, #00000000B ; A/D Port Conflguratlon Reglster
[TT0 O 0004 _—
/ -
oooooo
[I 00001020
CLR1 OAC.1 \ ooooo /{al amplifier (AMP1l) disable
CLR1 OAC.2 ——  _oerational amplifier (AMP2) disable
[T O 0

/DDDDDDDDDDDD\
SET1 OAC.1 (AMP1) enable

ooooo1020
SET1 OAC.2 uoood /L/er (AMP2) enable

— -
— P

; Use software to wait until the operaEIEHé‘.LﬁnToI’Ifiér stabilizes (20us (max.))

MOV B, #80
JPDAC150: 000000000000
e S D00020ps0000 7
BNZ S$JPDAC150 ; 20us elapsed ? , No
Oob/ACOOO0OO0OO0
SINITDAC: T
— T~
goboooboooooooooood
\ 0000120000 |
[0 O 0000 \\ DADDODOODO0ODO00OO0 /
VreroutD O O )

MOVW DACSWO, #0800H i /Sej:,,é_n_-l_ﬁi;d,,dalaﬁ\
T

*y// ANOOO OO OOO
(_ ooooooooooooo )
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o20co0
ooboooooooooooooOoO

static wvoid fn InitTaul (void)

{

- —

< CK00DO fCLK/22
[0 O oo CKO1OfekO O O

/* CHO:for timing */ T
goododoodoOooOooo
TMROO = 0b0000000000000000 ;¢ * T gckooOoOooooog
ogooooooboooa

- \ oooo

[0 O 000 Oooooooooooo -
<\ OOd10msO 00

—

TPSOL = 0b00000010; /* Tlmer Clock Select Register 0 */

TDROO = (50000 - 1); /* set interval time to 10 ms */

DoooodooOon

TMMKOO = 1;47% dlﬁ D\DDDDDDDD /

/* CH4:for play back sampling ti%aum 4000 I]GD oo
TMR04 = 0b1000000000000000; ¢+ T OCKOMOOOOOOOO

000000000000
\\\\ oooo

[0 0 00 R i
~ 000040000000

0125usd8kHzO O OO
/* CK01l = fCLK/2 = Zurm_

~0oop400000
¢T,/$%‘DDDDDDDDD
TMMKO04 = 1; * disabxze. o

_ ——eoms) = 0.05[us/clk] * 25(%Ec

\

o >— oooQ
/* CKOO = fCLK/2A3¢—/5M—> 10ms = 2[us/clk] * 50000 [count *>\\\

_/
\

TDR04 = (2500 - 1); /* set 1nterval time to about 125us (= 8kHE) */

_/

ooooo

oooo4
god
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gboobobobooooooog

static wvoid fn InitVr (void) - —
- — D/ADODODOODODODODODOOO Vrerout \‘>

{ /g\ DDDDDDDDDDDDDDDDDDD -

ADVRC = 0b000010004//* Analoq reference voltage control reglster =

/ﬁDDDDDDDDDDDD\\

/* wait for settling time to 20ms
TSOL.0 = 1; /* start TAUO CHO */7\

for (work = 2; work > 0; work--) {

[T 0 010 ooooozovooo
ADVRC.0 = 1; ~Ooooooooooooo
ADVRC.1 = 1; 477—/*””;\\\\ uooo ,,,/

(over l7msec) */

/* wait 1Omsec*2 */

TMIF00 = O; /* clear interrupt request flag */

while (! TMIFO0O) {

NOP () ; * 1
OP () /* wait Omsecw\ﬁDDDDDDDDDDDD\
1 goooooooo
} \\ O020msO0 00 /
TMIFO00 = 0; /* clear interrupt request flag */ S

TTOL.0 = 1; /* stop TAUO CHO */ _/

00oooooooooono U20028JJ1VOAN
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gbooooooon

static void fn InitPort (void)

{

T O 0000

PM2 = 0b11111111; /* Set P20-P27 to input port */

~ p23-P270000PI500
T O oo 00000000000

__ Dooooooo

PM15 = 0b11111111;A/*/Set P150-P152,P157 to input port */

1 O oooa

static void fn InitAmp (void) /D pooooooooodood
- / 0 0 00 AMP1-0AMP1+0AMP10OC ‘

{ AMP2-00 AMP2+0 AMP200 0 [0 [J //

ADPC = 0b00000000/4/* A/D Port-_ 0o0oooooo

110 O mod ——

/ 000000 \
[ ooooo1o2o )

OAC.1 = 0; /* /C/)B@ ooooo P1l) disable */
OAC.2 = 0; /* operatice. _.er (AMP2) disable */
}
110 O 0Oa

onc.1 = 1, s Ope/DDDDDDDDDDDD \ble Wy

oooogd1o20
OAC.2 = 1; /* ope>\ oooon //able */

-
— _—

/* Use software towait until theoperatronal amplifier stabilizes (20us (max.))*/

for (loop = 40; loop > 0; loop--){

000000000000
NOP () ; N oood2ps0O0O0

~—
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Ob/A0DDCO0DDOO

static wvoid fn InitDac (void) S -
{ - D/ADDODOOOOO00D o
DAM = 0b01000101: $— 000000000000000000
N 0000120000

—_ D/ADDODO
[ O 0000 el

uoboboooob0OVeerourtd o~

ANOODODOODO
DACSWO = 0x0800; 4 /% _ oooooooooooono )
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4.7 0JO0O0O0OOoOO

gboboooooobogooo
gbobooooboobobobobobooooobog

0 OO0O0OOOopoOoOoAbDPCMOOOOODOOOODOOOODDOOODOOOODOOOODOOODOOD
ODadROMOOOOOUOOOOADPCMOODUOUOUOUOUOUOOOTPLAYDATAU OO ODOOODOOOOOOOO
ADPCMOOOOOCOOCOOCODOOO
ObOADPCMOOOODOOOODOODOOOOOOOOOOOOOO
OcODOOO0OO010200000
O0doOD/AD0ODOOO0ODOCOOOO
DelO0000O00ODOODODOOOOODO400000
Of0ADPCMOCOCOOCOOCODOCOODOODOOOO
O ADPCMOUOOO0O0O0O0O0O0OO0O040C0000C0COCOODADOOOOOOOOOOO
ODaJADPCMOOOOOOOOOOO40000ADPCMOOOOOOOOOOOOO600OO0OO
OpOOoOooOte0D0O0O0OOoDOoOoooosoooHUODODDODODOOD6O0ODOOOODOOO
OcOOD00OO0160D 00000000 DOOD20000000000D1200000000O00OO
OdOO0O00D012000000000000D/ADODODOOO0ODOOWOODACSWOODODOO
OeDD/ADDOOOOOOOWOODACSWOOODOODODOODOOOD/ADODODOODODODOOODODOODOOOO
O ADPCMOUOOO0O0OOOOOODO400000000000DAODODOOO0OO0O0000O00O00O00O0O0O0
UbabOd0O0Oed0O0O0OOODOODO
ADPCMOOOOOOOOOOOOOOADPCMOODOOOOOOODOODOODODOO
ROMOOOOOOODOOADPCMOOODOOODOOOOODOOOODOOODOOODOODOOOO
gbobooooooboobobobobooooooooo
alOOO0OOO0OO0OO0OO0ODOODOOoODOODbDO400000
ObOD/ADOOOOOOOOO
OcODOOOO10200000

O

O0OOOADPCMOOOODO32kbps0 00O O0OOOOO:BkHzZOODODODOODO:4000000000000O00O
OOADPCMO O 0OODOODOOOTPLAYDATAOO O OO OODADPCMODODODODODOOODODODODODO
Odata_playromasmO0 0000000000000 ODOOOOOOOO

ADPCMOODO00ODDOO0ODODOOOOOODADCOODDOOODDOOOODOOOODoOOO0OOODDOD4D0O0
goooooOooogd

ADPCMOOOOOODOOOOOOODOOADPCMOOOOODODOODOOOODOOOOOODDOOOOOODO
goob_bOoboboobooboooooboobo

EXTRN _adpcm_init
EXTRN _adpcm_132 dec

ADPCMOOO0O0O0OO0ODOOCOOOOOCOOOOOOO0O0O0ODODOOOOOOOOOoOoooOooOOoobocCcOoOon
O000000O0O00DOD0O000OO00OCC78KOR COOOOO OO0 ODODOOOOODODOOODOOOOO
gooo
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ADPCMOOODOOOOOOOOODOOODOOOOODOOOODOOOODOOODOOODOOOODOOODO
go0oOoOCOOoOoOOOOOOOOOOOO0OCOOUUOOOOOOOOOOADPCMO OO OOO78KOR/KX30O OO

gboboooooobooboobobobobooobooobooboooboo
ADPCMOOOOOOOOOOOOADPCM-SP 0000000000 O0OOOOOOOO 78kKoROOOOOO
oboob0 OoooobOobobOoboboboboooobogoo

SPLAYDAC:
S prepare for playing g
Ogayi[ MOVW HL, #LOWW TPLAYDATA ; set start playing addr (low 16bit)
MOV ES, #HIGHW TPLAYDATA; set start playing addr (high 4bit)
JPDAC100:
(b) MOVW AX, #LOWW RADPCMWORK
CALL !'! adpcm init ; ADPCM process Initialization
; operational amplifier setting
©)il SET1 OAC.1 ; operational amplifier (AMP1l) enable
SET1 OAC.2 ; operational amplifier (AMP2) enable
; Usesoftwaretowaituntil theoperational amplifierstabilizes (20us (max.))
MOV B, #80
JPDAC150:
DEC B
777777777777777777777 BNZ SJPDAC150 ; 20us elapsed ? , No
; D/A converter setting
(d) SET1 DACEQ ; D/A converter CHO enable
; TAUO CH4 setting for output timing
(eﬁ' """"""""""" CLR1 TMIFO04 ; clear interrupt request flag
| SET1 TSOL. 4 ; start TAUO CH4
;*********************************,-
,* _______________________________ *,
;* decode and play PCM data *;
,* _______________________________ *,
;*********************************,-
MOVW RPLAYCOUNT, #0 ; clear output data counter
,,,,,,,,,,, JPDAC200:
o MOVW AX, RPLAYCOUNT ; get number of output times
CMPW AX, 'TPLAYSIZE ; finished all data output ?
BNC $SJPDAC300 g Yes
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;**********************;

;* play low 4bit *

;**********************;

; decompression of ADPCM data (low 4bit -> 16bit)

MOVW AX, #LOWW RADPCMWORK ; set work area for _adpcm 132 dec
PUSH AX ; push argument

MOV A, ES: [HL] ; get compressed data

AND A, #00FH ; clear high 4bit

MOV X, A

CLRB A

CLR1 DIVMODE ; set multiplication mode (for adpcm 132 dec)
CALL !'! adpcm 132 dec ; decompression of PCM data

POP AX ; Pop argument

MOVW AX, BC ; get decompression data

; adjust play data

(b) [ ADDW AX, #8000H 7 adjust sign

(C) [ SHRW AX, (16-12) ; right-align data
JPDAC220:

(d) e MOVW DACSWO, AX ; set play data

; waiting for the output to be completed

(e)i[ gppac230:
NOP
BF TMIF04, S$SJPDAC230 ; the output to be completed ? , No
CLR1 TMIFO04 ; clear interrupt request flag

;**********************;
;* play high 4bit 2y
;**********************;

; decompression of ADPCM data (high 4bit -> 1lo6bit)

D(af MOVW AX, #LOWW RADPCMWORK ; set work area for adpcm 132 dec
PUSH AX ; push argument
MOV A, ES: [HL] ; get compressed data
SHR A, 4
MOV X, A
CLRB A
CLR1 DIVMODE ; set multiplication mode (for adpcm 132 dec)
CALL !'! adpcm 132 dec ; decompression of PCM data
POP AX ; pPop argument
MOVW AX, BC ; get decompression data

; adjust play data

() ADDW AX, #8000H ; adjust sign

(c) SHRW AX, (16-12) ; right-align data
JPDAC270:

(d) g MOVW DACSW0, AX ; set play data

; waiting for the output to be completed
(e)i| JPDAC280:

NOP
BF TMIF04, S$SJPDAC280 ; the output to be completed ? , No
CLR1 TMIFO04 ; clear interrupt request flag
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o INCW RPLAYCOUNT ; update play counter
| INCW HL ; next play data
,,,,,,,,,,,,,,,,,,,,,, BR JPDAC200
JPDAC300:
5 finish playing 5
TTOL.4 ; stop TAUO CH4
DACEO ; D/A converter CHO disable
OAC.1 ; operational amplifier (AMP1l) disable
OAC.2 ; operational amplifier (AMP2) disable
JPDAC900:
RET
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coopoopoOopoooOoOoOoOoOoOoOoOoOoOoOODOOOOOOoODO

COODOACPCMOOOUODOUOUOOOOaPlaybatal DD OO O OADPCMOODOOODOOODOOODOO
Odata_playrom.c0 0000000000000 O0ODOO0OOOOO

ADPCMODOOOCOOCOOCOOOOCOOO#IncludeD OO0 OadpemsphD 000 O0O0O0O0O0O0O0O

static void fn PlayDac (void)

{
unsigned char * pucPlayData; /* start playing addr */
unsigned short ushPlayCount; /* output data counter */
unsigned short ushData; /* decompression data */
unsigned short loop; /* waiting counter */
J* * /
7= prepare for playing 2y
J* * /
/* set play data addr and size */
pucPlayData = aPlayData; /* set start playing address */
adpcm_init (ushAdpcmiWork) ; /* ADPCM process Initialization */

/* operational amplifier setting */
OAC.1 = 1; /* operational amplifier (AMP1l) enable */
OAC.2 = 1; /* operational amplifier (AMP2) enable */
/*Use software towait until the operational amplifier stabilizes (20us (max.))*/
for (loop = 40; loop > 0; loop--){
NOP () ;

/* D/A converter setting */
DACEO = 1; /* D/A converter CHO enable */

/* TAUO CH4 setting for output timing */
TMIF04 = 0; /* clear interrupt request flag */
TSO0L.4 = 1; /* start TAUO CH4 */
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/***********************************/

2 * )
/* decode and play PCM data */
2 * )

/***********************************/

for (ushPlayCount = 0; ushPlayCount < ushDataSize; ushPlayCount++) {

/**********************/

/* play low 4bit */

/**********************/

/* decompression of ADPCM data (low 4bit -> 16bit)*/

DIVMODE = 0; /* set multiplication mode (for _adpcm 132 dec) */

ushData = (unsigned short)adpcm 132 dec(pucPlayData[ushPlayCount] & 0x0f,
ushAdpcmWork) ;

/* adjust sign & right-align data */
ushData = (unsigned short) ((ushData + 0x8000) >> (16-12));

/* set play data */
DACSWO = ushbData;

/* waiting for the output to be completed */
while (! TMIF04) {
NOP () ;

}
TMIF04 = O; /* clear interrupt request flag */

/**********************/

/* play high 4bit  */

/**********************/

/* decompression of ADPCM data (high 4bit -> 1lebit) */

DIVMODE = O0; /* set multiplication mode (for _adpcm 132 dec) */

ushData = (unsigned short)adpcm 132 dec((pucPlayData[ushPlayCount] >> 4)
& 0x0f, ushAdpcmWork) ;

/* adjust sign & right-align data */
ushData = (unsigned short) ((ushData + 0x8000) >> (16-12));

/* set play data */
DACSWO = ushbData;

/* waiting for the output to be completed */
while (! TMIF04) {

NOP () ;
}
TMIF04 = O; /* clear interrupt request flag */
}
2 * )
/* finish playing =/
2 * )

TTOL.4 = 1; /* stop TAUO CH4 */

DACEO = 0; /* D/A converter CHO disable */

OAC.1 = 0; /* operational amplifier (AMP1l) disable */
OAC.2 = 0; /* operational amplifier (AMP2) disable */
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INTTMO4

ANOO

DACSWO0

ooooood
od

go
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gboobooboooooooobooboobooo

125u s 125y s 1254 s M 1254 s 1254 s N
AnH
Hi-z AODOO A1L A1H A2L) An-1H AnL Hi-Z
pooo D1L D1H D2L )Dn-1H DnL DnH
/le:I gooo|loo|oooo|oo|oboboo|oo ) oo|joooo|oo|joooo ~
L300 5 3005 30U 5 3005 L 30u 5
; 0o =; oo =; oo R ; oo =; oo
< P1000O0O N P20000 < PhOO0OO

DADDDOOOODOOO0
TAUOOCH4O OO OO

DADDOOOOOOO
TAUOOCH4O OO OO

ADPCMOOCOUOCOCOCOCOCOOCOOCOOCOODADODODOOOOOOOOOOOOOOoODOOOOOn

g4000pooboOoooDOO

n=ADPCMOOOO0ODOOOOOOO

Pm OADPCMO O OOOOOOOMO0OOOADPCMODODO

DO 0 O O 800H

DmL OPmOOO4000000000000C

DmH OPmOOO40000000000D00C
ADOOODACSWoOO O OOObOoOoOoOosooHO OO OOOOooooong
Amk ODACSWoOOOOOODmkDOOOOOOOOOO
m=10ADPCMOOOCOO0OOOCO0ODOO

k=LOH
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goCoOoCoO00000o0oOoOooooOo00ooOoooooooooooooADPCMODODOOOOOOOOOGOO
0 0 O data_playrom.asmO O O data_playrom.cO 0 0000000000000 O0OODODOO0ODOOOO

e mainasm 0000000000

; Copyright (C) NEC Electronics Corporation 2006

; NEC ELECTRONICS CONFIDENTIAL AND PROPRIETARY

; Al rights reserved by NEC Electronics Corporation.

; This program must be used solely for the purpose for which

; 1t was furnished by NEC Electronics Corporation. No part of this
; program may be reproduced or disclosed to others, in any

; form, without the prior written permission of NEC Electronics

; Corporation. Use of copyright notice dose not evidence

; publication of the program.

EXTRN _adpem_init ; ADPCM process initialize
EXTRN _adpem_132_dec ; ADPCM data decode

EXTRN TPLAYDATA ; sound data

EXTRN TPLAYSIZE ; size of sound data
; Vector table initialize ;
TVCT1 CSEG AT 000000H

Dw IRESET ; (00H) RESET,POC,LVI,WDT,TRAP
TVCT2 CSEG AT 000004H

Dw IRESET ; (04H) INTWDTI

Dw IRESET ;(06H) INTLVI

DW IRESET ;(08H) INTPO

Dw IRESET ; (0OAH) INTP1
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DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
TVCT3  CSEG

IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
IRESET
AT

00007EH

;(OCH) INTP2
;(OEH) INTP3E
;(10H) INTP4
:(12H) INTP5
;(14H) INTST3
;(16H) INTSR3
;(18H) INTSRE3
;(LAH) INTDMAO
;(1CH) INTDMAL
;(1EH) INTSTO, INTCSI00
:(20H) INTSRO, INTCS101
:(22H) INTSREO
;(24H) INTSTL, INTCS110, INTIIC10
;(26H) INTSR1
;(28H) INTSRE1
:(2AH) INTIICA
;(2CH) INTTMOO
;(2EH) INTTMO1
;(30H) INTTMO2
;(32H) INTTMO3
;(34H) INTAD
1(36H) INTRTC
:(38H) INTRTCI
:(3AH) INTKR
;(3CH) INTST2, INTCS120, INTI1C20
;(3EH) INSR2
;(40H) INTSRE2
1 (42H) INTTMO4
:(44H) INTTMOS
;(46H) INTTMOG
;(48H) INTTMO7
;(4AH) INTPG
;(4CH) INTP7
:(4EH) INTP8
:(50H) INTP9
:(52H) INTP10
;(54H) INTP11
;(56H) INTTM10
;(58H) INTTM11
;(5AH) INTTM12
;(5CH) INTTM13
;(5EH) INTMD
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48

DW IRESET

DSTK  DSEG THRAM
STACKEND:

DS 60H
STACKTOP:

; Local constants

; Local variables
DPMAIN DSEG SADDRP
RADPCMWORK : DS 32
RPLAYCOUNT: DS 2

XMAIN  CSEG UNIT

PUBLIC IRESET

IRESET:
; Disable all interrupts
DI
; Set register bank
SEL RBO

; (7EH) BRK

;Stack Area address

; Work area for ADPCM process

; Play data counter

; use register bank 0
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Set stack pointer :

Low-voltage detection ;

M, #010000118 ; Clock Operation Mode Control Register
;1T +--- = Control of high-speed system clock oscillation frequency
ST 2 0 2 2 MHz <= X <= 10 MHz
ST = 102 20 MHz < fMX <= 20 MHz
SN
;1111 1++---- : XT1 oscillator oscillation mode selection
1111l - 00 : Low-consumption oscillation
;111 - 01 : Normal oscillation
;111 2 1 x - Super-low-consumption oscillation
;1111 x = don"t care

sHH+-—---- : Be sure to set 0

sH+--—--- : [1] Subsystem clock pin operation mode
s [2] XT1/P123 pin and XT2/P124 pin

;11 0 = [1]Input port mode

SHI [2]Input port

;111 = 1 @ [1]1XT1 oscillation mode

S [2]Crystal resonator connection

- : Be sure to set 0

B b > [1]EXCLK OSCSEL High-speed system clock pin operation mode
; [2]1X1/P121 pin
; [31X2/EXCLK/P122 pin
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; 200 : [1]Input port mode
; [2]1[3]Input port

; - 01 : [1]X1 oscillation mode

; [2]1[3]Crystal/ceramic resonator connection

; 210 : [1]Input port mode
; [2]1[3]Input port

; - 11 : [1]External clock input mode
; [2] Input port
; [3]External clock input

CLR1 MSTOP ; X1 oscillator operating
MoV 0sMC, #00000001B ; Operation Speed Mode Control Register
M ++--- @ fCLK frequency selection

;I 2 0 0 - Operates at a frequency of 10 MHz or less.
;I 2 01 - Operates at a frequency higher than 10 MHz.
;I 2 10 - Operates at a frequency of 1 MHz.

U

|- : Be sure to set 00000

e T : Setting in subsystem clock HALT mode

; - 0 : Enables subsystem clock supply to peripheral functions.

; (See Table 21-1 Operating Statuses in HALT Mode (2/3)

; for the peripheral functions whose operations are enabled.)
; - 1 - Stops subsystem clock supply to peripheral functions

; except real-time counter, clock output/buzzer output,

; and LCD controller/driver.

BF 0STC.0, $$ ; X1 oscillation stabilization finished ? , No

;*-- Caution ———————mm o *;

;* To increase fCLK to 10 MHz or higher, set FSEL to "1", *;

;* then change fCLK after two or more clocks have elapsed. *;

R e e e e e e e e *
NOP
NOP
MoV CKC, #00010000B ; System Clock Control Register
;|| +++++-—- = Selection of CPU/peripheral hardware clock (fCLK)

;] ] :00x000 : fIH
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: Other than above : Setting prohibited

X = don"t care

e : Status of Main system clock (fMAIN)
: 0 : Internal high-speed oscillation clock (fIH)
: 1 : High-speed system clock (fMX)

;) :00x001 : fIH/2 (default)
;)1 :00x010 - FfIH/272
;)1 :00x011: FfIH/273
;11 :00x100 : flH/2M4
;11 :00x101: fIH/275
;11 :201x000 : fux
;)1 :01x001 - fMx/2
;)1 01x010 @ fMx/272
;)1 01x011 @ fMX/273
;11 :01x100 : fux/2n4
Pl 01 x101: fMx/275
;11 01 x0xxx : fSUB
;11 21 x1xxx : fSUB/2
(N

(N

1

|

|

I

I

T - Status of CPU/peripheral hardware clock (fCLK)
; - 0 : Main system clock (fMAIN)
; - 1 : Subsystem clock (fSUB)

HRST100:; CPU is operating on a High-speed system clock ?

BT CLS, $HRST100 ; No
BF MCS, $HRST100 ; No
SET1 HIOSTOP ; internal high-speed oscillation stopped
MOV OSTS, #00000111B ; Oscillation Stabilization Time Select Register
;111 ]++++--- : Oscillation stabilization time selection
;U1 2000 : 278/fX
;1 - 001 - 279/7FX
;1] 010 : 27M0/FX
U] 011 0 2M1/6X
;U 2 100 @ 273/
;U 2101z 275/
U 2110 0 277/
U 2111 - 27M8/FX
U
B : Be sure to set 0000
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MOV PERO, #01100001B ; Peripheral Enable Register 0
;L 1+--- - Control of timer array unit O input clock
;I = 0 - Stops input clock supply.
U * SFR used by timer array unit 0 cannot be written.
U * Timer array unit O is in the reset status.
I = 1 Supplies input clock.
S * SFR used by timer array unit 0 can be read and written.
SN
;1L 1+---- - Control of timer array unit 1 input clock
;] 0 @ Stops input clock supply.
ST * SFR used by timer array unit 1 cannot be written.
U * Timer array unit 1 is in the reset status.
;I 2 1 - Supplies input clock.
ST * SFR used by timer array unit 1 can be read and written.
U
sHHH+----- : Control of serial array unit O input clock
;1111 : 0 : Stops input clock supply.
L * SFR used by the serial array unit 0 cannot be written.
M * The serial array unit 0 is in the reset status.
1] 2 1 2 Supplies input clock.
SHIH * SFR used by the serial array unit 0 can be read and written.
1
- : Control of serial array unit 1 input clock
;1111 : 0 : Stops input clock supply.
M * SFR used by the serial array unit 1 cannot be written.
M * The serial array unit 1 is in the reset status.
;1111 - 1 - Supplies input clock.
SHI * SFR used by the serial array unit 1 can be read and written.
L
o ] R : Control of serial interface 11CA input clock
;1] : 0 : Stops input clock supply.
S * SFR used by the serial interface I11CA cannot be written.
s * The serial interface IICA is in the reset status.
;111 = 1 : Supplies input clock.

S * SFR used by the serial interface 11CA can be read and written.

+-------- : Control of A/D converter, operational amplifier, and voltage
reference input clock

;11 - 0 : Stops input clock supply.

1 * SFR used by the A/D converter, operational amplifier, and voltage
reference cannot be written.

]| * The A/D converter, operational amplifier, and voltage reference

is in the reset status.
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;11 : 1 : Supplies input clock.
] * SFR used by the A/D converter, operational amplifier, and voltage
reference can be read and written.
31!
J|r--——- : Control of D/A converter input clock
;] - 0 - Stops input clock supply.
| * SFR used by D/A converter cannot be written.
| * The D/A converter is in the reset status.
;] - 1 : Supplies input clock.
| * SFR used by the D/A converter can be read and written.
|
e T : Control of real-time counter (RTC) input clock
; - 0 - Stops input clock supply.
; * SFR used by the real-time counter (RTC) cannot be written.
; * The real-time counter (RTC) is in the reset status.
; - 1 - Supplies input clock.

; * SFR used by the real-time counter (RTC) can be read and written.

; Initialize of Key Interrupt Function ;

CALL TISINITKR
; Initialization of timer ;
CALL TISINITTAUO

; Initialization of voltage reference ;

CALL FTISINITVR

; Initialization of Operational amplifier ;

CALL TISINITAMP
; Initialization of D/A Converter ;
CALL TISINITDAC
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MMAIN:
e
e *;
0* play melody when the key is input *;
7* *;
e *
i wait key input *:
,* ________________________ *,
CLR1 KRMK ; clear key interrupt
CLR1 KRIF ; clear key interrupt request flag
HALT ; sets the HALT mode
SET1 KRMK ; set key interrupt
CLR1 KRIF ; clear key interrupt request flag
,* ________________________ *,
;* remove key input noise *;
e *
BT P7.0, $LMAIN200 ; key input ? , No
SET1 TSOL.O ; start TAUO CHO
CLR1 TMIFOO ; clear interrupt request flag
LMAIN100:
NOP
BF TMIFOO,$LMAINIOO0  ; wait 10msec
CLR1 TMIFOO ; clear interrupt request flag
SET1 TTOL.O ; Stop TAUO CHO
BT P7.0, $LMAIN200 ; key input ? , No
S *
3 * play melody *;
,* ________________________ *,
CALL TISPLAYDAC
LMAIN200:
ox -
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o The main processing writes here *

;¥ if there is something *

* *

BR MMAIN ; continue main process
; Module: SINITPORT ;

; Description:  Setting of 1/0 ports
; parameter: --

S return D=

SINITPORT:

; Setting of Port 0
MoV PO, #00000000B ; Set P00-P02 Output latch to Low
MoV PMO, #111110008 ; Set PO0-P02 to output port
; P0O0-P02:Unused
; Setting of Port 1
MOV P1, #00000000B ; Set P10-P17 Output latch to Low
MoV PM1, #00000000B ; Set P10-P17 to output port
; P10-P15:Unused
; Setting of Port 2
MoV P2, #00000000B ; Set P20-P27 Output latch to Low
MOV PM2, #11111111B ; Set P20-P27 to input port
; PM23:filter circuit(AWP1-)
; PM24:Filter circuit(AMP10)
; PM25:Filter circuit(AMP1+)
; PM26:filter circuit(AMP2-)
; PM27:filter circuit(AMP20)
; P20-P22:Unused
; Setting of Port 3
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MOV P3, #000010008B ; Set P30-P32,P34 OQutput latch to Low
; Set P33 Output latch High
MoV PM3, #11100000B ; Set P30-P34 to output port

; P30-P34:Unused

MOV P4, #00000000B ; Set P40-P41 Output latch to Low
MoV PM4, #111111008 ; Set P40-P41 to output port
; P40-P41:Unused

MoV P5, #00000000B ; Set P50-P57 Output latch to Low
MoV PM5, #111100008 ; Set P50-P57 to output port
; P50-P57:Unused

MoV P6, #00000000B ; Set P60-P61 Output latch to Low
MoV PM6, #111111008 ; Set P60-P61 to output port
; P60-P61:Unused

MoV P7, #00000000B ; Set P70-P77 Output latch to Low
Mov PM7, #00000001B ; et P70 to input port, P71-P77 to output port
MoV PU7, #00000001B ; P70 on-chip pull-up resistor connected

; P70:key input port
; P71-P77:Unused

MOV P8, #00000000B ; Set P80-P88 Output latch to Low
MoV PM8, #00000000B ; Set P80-P88 to output port
; P80-P88:Unused
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Setting of Port 9

MOV P9, #00000000B ; Set P90-P97 Output latch to Low
MoV PM9, #00000000B ; Set P90-P97 to output port
; P90-P97:Unused

MOV P10, #00000000B ; Set P100-P102 Output latch to Low
MoV PM10, #111110008 ; Set P100-P102 to output port
; P100-P102:Unused

MoV P11, #00000000B ; Set P110-P111 Output latch to Low

Mov PM11, #11111101B ; Set P110 to input port, P111 to output port
; P110:play back output(ANOO)
; P111:Unused

MOV P12, #00000000B ; Set P120 Output latch to Low
MoV PM12, #111111108B ; Set P120 to output port

; P120-P124:Unused

; *P121-P124:Input port

MOV P13, #00000000B ; Set P130 Output latch to Low
; P130:Unused

MOV P14, #00000000B ; Set P140-P147 Output latch to Low
MoV PM14, #00000000B ; Set P140-P147 to output port
; P140-P147:Unused
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; Setting of Port 15
MoV P15, #00000000B ; Set P150-P152,P157 Output latch to Low
MoV PM15, #11111111B ; Set P150-P152,P157 to input port
; PM150:Filter circuit(AMP2+)
; P151-P152,P157:Unused
RET
; Module: SINITLVI ;

; Description: Ensures 2.7V to the power supply voltage ;

; parameter: -- :
; return : -- ;
SINITLVI:

; setting of Low-Voltage Detector
SET1 LVIMK ; disable LVI interrupt
CLR1 LVISEL ; detects level of VDD
MOV LVIS, #00001001B ; Low-Voltage Detection Level Select Register

;111 1+#+++--- : Detection level

Iz 0 T VLVIO (4.22V)

M : : VLVI1 (4.07V)

M - : VLVI2 (3.92V)

M : VLVI3 (3.76V)

M - : VLVI4 (3.61V)

M : VLVI5 (3.45V)

1 : : VLVI6 (3.30V)

S : : VLVI7 (3.15V)

S : : VLVI8 (2.99V)

M - : VLVI9 (2.84V)

M : VLVI10 (2.68V)

M - : VLVI11 (2.53V)

1 : : VLVI12 (2.38V)

M - : VLVI13 (2.22V)

M - : VLVI14 (2.07V)

M : VLVI15 (1.91v)

U

B : Be sure to set 0000

 + = + + + +r B O O O O o o o

P B » O O O © P B P B O O o o
r 0 O © +» » O © P B O O +r +» o o
- o - O b O r O B O +r O kL, o +—» o

CLR1 LVIMD ; generates an internal interrupt signal when detect the
low-voltage

SET1 LVION ; enables low-voltage detection operation
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; software to wait for the operation stabilization time (over 10us)

MOV
HRES100:
NOP
DEC
BNZ

; wait for VDD to become VLVI or more

HRES300:
NOP
BT
CLR1

RET

; Module:

; Description:

B,

B
$HRES100

LVIF,
LVION

SINITKR

#10

; Finished waiting ? , No

$HRES300

; set counter

; VDD < VLVI? , Yes

2clk/4clk)

(clk)
clk)

; disables low-voltage detection operation

Setting of Key Interrupt Function

5 parameter: --

; return

SINITKR:
SET1
MOV

NOP
NOP
NOP
NOP
NOP
CLR1

RET

KRMK
KRM,

; 250ns interval from set KRM to clear KRIF

KRIF

#00000001B
SUEEETIT+==- = KRO
SHEEETT+===- 2 KR1
I~ - KR2

b e : KR7

;o1 :

; disable key interrupt

; Key Return Mode Register

interrupt mode
interrupt mode
interrupt mode
interrupt mode
interrupt mode
interrupt mode
interrupt mode

interrupt mode

; clear key interrupt request flag

control
control
control
control
control
control
control

control

: Does not detect key interrupt signal

Detects key interrupt signal
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; Module: SINITTAUO

; Description:  Setting of Timer array unit 0

; parameter: -- ;
; return : -- ;
SINITTAUO:
MoV TPSOL, #00000010B ; Timer Clock Select Register 0
;111 |+t++-—- : Selection of operation clock (CK0OO)
B : Selection of operation clock (CKO1)
;20000 : CKOm = fCLK
;20001 : CKOm = fCLK/2
;20010 : CKOm = fCLK/272
;20011 : CKOm = fCLK/273
;20100 : CKOm = fCLK/2™4
;20101 : CKOm = fCLK/2"5
;20110 : CKOm = fCLK/2"6
;20111 : CKOm = fCLK/277
;21000 : CKOm = fCLK/2"8
;21001 : CKOm = fCLK/279
;21010 : CKOm = fCLK/2710
;21011 : CKOm = fCLK/2~11
;21100 : CKOm = fCLK/2712
;21101 : CKOm = fCLK/2713
;21110 : CKOm = fCLK/2714
;21111 : CKOm = fCLK/2715
; m=0,1
; CHO:for timing
MOVW AX, #0000000000000000B ; Timer Mode Register 00

60

MOVW TMROO, AX; [ LTI [++++---
S
S
S

. [1]O0peration mode of channel 0
[2]Count operation of TCR
[3]Independent operation
[4]Setting of starting counting and interrupt

SPLLLLEEELLE] 0 0 0 O - [1]Interval timer mode

[2]Counting down

[3]Possible

[4]Timer interrupt is not generated
when counting is started

(timer output does not change, either).

SPLLLLLEELNE] 00 0 1 - [1]Interval timer mode

[2]Counting down
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0100 :

0101 :

0110 :

1000 :

1001 :

1100 :

[3]Possible
[4]Timer interrupt is generated
when counting is started

(timer output also changes).

[1]Capture mode

[2]Counting up

[3]Possible

[4]Timer interrupt is not generated

when counting is started

(timer output does not change, either).

[1]Capture mode

[2]Counting up

[3]Possible

[4]Timer interrupt is generated when
counting is started

(timer output also changes).

[1]Event counter mode

[2]Counting down

[3]Possible

[4]Timer interrupt is not generated

when counting is started

(timer output does not change, either).

[1]0ne-count mode

[2]Counting down

[3]Impossible

[4]Start trigger is invalid
during counting operation.
At that time, interrupt

is not generated, either.

[1]0One-count mode

[2]Counting down

[3]Impossible

[4]Start trigger is valid
during counting operation.
At that time, interrupt

is also generated.

[1]Capture & one-count mode
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INTRTC1

62

S
SN
S
s
ST
ST
S
S
SN
s
ST
ST
SHLLLLEELT++
SN

SH T ++----

ST
sSHT
sSHT
SH = 0
SHLLHH = 0
SHTHH = 1
ST
SHTH = 1
sSHT
SHT

S #+mmaes

;I =000

;1] 2001 : Valid edge of TI00 pin input signal, fSUB/2, fSUB/4, or INTRTC1

;I =010

;I =100 :

[2]Counting up
[3]Possible
[4]Timer interrupt is not generated
when counting is started
(timer output does not change, either).
Start trigger is invalid
during counting operation.
At that time interrupt

is not generated, either.

: Other than above : Setting prohibited

----- : Be sure to set 00

————— - Selection of TIOO pin input signal,

fSUB/2, fSUB/4, or INTRTC1 valid edge

(the timer input used with channel 0

is selected by using TISO register).
: Falling edge
: Rising edge

: Both edges (when low-level width is measured)

Start trigger: Falling edge, Capture trigger: Rising edge

: Both edges (when high-level width is measured)

Start trigger: Rising edge, Capture trigger: Falling edge

: Only software trigger start is valid

(other trigger sources are unselected).

is used as both the start trigger and capture trigger.

: Both the edges of TI00 pin input signal, fSUB/2, fSUB/4, or

are used as a start trigger and a capture trigger.
Interrupt signal of the master channel is used
(when the channel is used as a slave channel

with the combination operation function).

;11111 - Other than above : Setting prohibited

;1] - O : Operates as slave channel with combination operation function.

;1] : 1 : Operates as master channel with combination operation function.

————— : Selection of slave/master of channel 0
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INTRTC1

register).

MOVW

SET1

; CH4:for play back sampling timing

MOVW
MOVW

- Selection of count clock (TCLK) of channel 0

11l : 0 : Operation clock MCK specified by CKS00 bit
;111 = 1 : valid edge of input signal input from TI00 pin, fSUB/2, fSUB/4, or

1 (the timer input used with channel 0 is selected by using TISO

: Be sure to set 00

: Selection of operation clock (MCK) of channel 0

; - 0 : Operation clock CKOO set by TPSO register

; - 1 - Operation clock CKO1l set by TPSO register
; CKOO = fCLK/2"3 = 5MHz -> 10ms = 0.2[us/clk] * 50000[count]

TDROO,  #(50000 - 1)

TMMKOO

; set interval time to 10 ms

; disable interrupt

AX, #1000000000000000B ; Timer Mode Register 04
TMROA,AX; LETNELETNEE T 1 #+++--- = [1]Operation mode of channel 4

[2]Count operation of TCR

[3]1ndependent operation

[4]Setting of starting counting and interrupt
0000 :

0001 :

0100 :

[1]Interval timer mode

[2]Counting down

[3]Possible

[4]Timer interrupt is not generated

when counting is started

(timer output does not change, either).

[1]Interval timer mode

[2]Counting down

[3]Possible

[4]Timer interrupt is generated
when counting is started

(timer output also changes).

[1]Capture mode

[2]Counting up

[3]Possible

[4]Timer interrupt is not generated

when counting is started

(timer output does not change, either).
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0101 :

0110 :

1000 :

1001 :

1100 :

[1]Capture mode

[2]Counting up

[3]Possible

[4]Timer interrupt is generated
when counting is started

(timer output also changes).

[1]Event counter mode

[2]Counting down

[3]Possible

[4]Timer interrupt is not generated
when counting is started

(timer output does not change, either).

[1]0ne-count mode

[2]Counting down

[3]Impossible

[4]Start trigger is invalid
during counting operation.
At that time, interrupt

is not generated, either.

[1]0ne-count mode

[2]Counting down

[3]1Impossible

[4]Start trigger is valid
during counting operation.
At that time, interrupt

is also generated.

[1]Capture & one-count mode
[2]Counting up
[3]Possible
[4]Timer interrupt is not generated
when counting is started
(timer output does not change, either).
Start trigger is invalid
during counting operation.
At that time interrupt

is not generated, either.

I - Other than above : Setting prohibited
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S
U ++------- : Be sure to set 00

S

S - : Selection of T104 pin input signal,

UL fSUB/2, fSUB/4, or INTRTC1 valid edge

ST (the timer input used with channel 4

S is selected by using TISO register).

sUHLEENND - 0 0 - Falling edge

I 2 0 1 - Rising edge

;UL = 10 = Both edges (when low-level width is measured)

STHELETTT Start trigger: Falling edge, Capture trigger: Rising edge
SHENHENNT = 11 2 Both edges (when high-level width is measured)

SHLEELLT Start trigger: Rising edge, Capture trigger: Falling edge

L] ] Ry : Setting of start trigger or capture trigger of channel
4

;I - 000 - Only software trigger start is valid

SHIH (other trigger sources are unselected).

;11111 001 : Vvalid edge of T104 pin input signal, fSUB/2, fSUB/4, or INTRTC1

s is used as both the start trigger and capture trigger.

;11111 - 010 : Both the edges of T104 pin input signal, fSUB/2, fSUB/4, or
INTRTC1

ST are used as a start trigger and a capture trigger.

;I - 100 - Interrupt signal of the master channel is used

sHIH (when the channel is used as a slave channel

sHIH with the combination operation function).

;1111 = Other than above : Setting prohibited

S

B R : Selection of slave/master of channel 4

;111] - O : Operates as slave channel with combination operation function.

;1111 = 1 : Operates as master channel with combination operation function.

I

M : Selection of count clock (TCLK) of channel 0

;111 = 0 : Operation clock MCK specified by CKS04 bit

;111 = 1 : Valid edge of input signal input from T104 pin, fSUB/2, fSUB/4, or
INTRTC1

S (the timer input used with channel 4 is selected by using TISO
register).

R : Be sure to set 00

st : Selection of operation clock (MCK) of channel 4

; - 0 - Operation clock CKOO set by TPSO register
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; CKO1
MOVW

SET1

RET

; Module:

; Description:

TDRO4,

TMMKO4

SINITVR

; - 1 - Operation clock CKO1l set by TPSO register
= fCLK/2 = 20MHz -> 8kHz(0.125ms) = 0.05[us/clk] * 2500[count]
#(2500 - 1) ; set interval time to about 125us (= 8kHz)

; disable interrupt

Setting of Voltage reference ;

parameter: --

return

SINITVR:

MOV

converters

A/D converter

66

ADVRC,

#00001000B ; Analog reference voltage control register

1 +H1++--- : [1]Positive reference voltage supplies selection of A/D and D/A

[2]0perationcontrol of voltage reference
[3]0utput voltage selection of voltage reference

[4]10peration control of input gate voltage boost circuit for

[5]Relationship with the conversion mode used

: 000 : [1]JAVREFP (external voltage reference input)
[2]Stops operation (Hi-Z)
[3]2.5 V
[4]Stops operation

[5]Can be set in conversion mode 1

010 : [1]JAVREFP (external voltage reference input)
[2]Stops operation (Hi-Z)
[3]2.0 V
[4]Enables operation

[5]Can be set in conversion mode 2 or 3

100 : [1]VREFOUT (voltage reference output)
[2]Stops operation (pull-down output)
[3]2.5 V
[4]Stops operation
51 -

101 : [1]VREFOUT (voltage reference output)
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I
S
S
S
U
U
I
S
S
S [5] -
|
|
|
|
|
|
|
|
|

[2]Enables operation
[3]2.5 V
[4]Enables operation

[5]Can be set in conversion mode 2 or 3

110 : [1]VREFOUT (voltage reference output)
[2]Stops operation (pull-down output)
[3]2.0 V

[4]Enables operation

|-t : Be sure to set 0000

111 : [1JVREFOUT (voltage reference output)
[2]Enables operation
[3]2.0 V
[4]Enables operation

[5]Can be set in conversion mode 2 or 3

: Other than the above : Setting prohibited

e E e : Reference voltage supply (negative side) of A/D converter
selection

; - 0 1 AVSS

; - 1 : AVREFM (external voltage reference input)

SET1 ADVRC.0 ; Enables operation
SET1 ADVRC.1 ; Output 2.0 V

; wait for settling time to 20ms (over 1l7msec)

MoV B, #2 ; set counter

SET1 TSOL.O ; start TAUO CHO
JINIVR100:

CLR1 TMIFOO ; clear interrupt request flag
JINIVR200:

NOP

BF TMIF00,$JINIVR200 ; wait 10msec

DEC B ; 20msec elapsed ?

BNZ $JINIVR100 ; No

CLR1 TMIFOO ; clear interrupt request flag

SET1 TTOL.O ; stop TAUO CHO
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RET

; Module: SINITAMP ;

; Description:  Setting of Operational amplifier ;

; parameter: -- ;
; return : -- ;
SINITAMP:
MoV ADPC, #00000000B ; A/D Port Configuration Register
;11 1+++++--- - Analog input (A)/digital 1/0 (D) switching
11 - - AN115/AVREFM/P157
11 - | Hmbmtm o ANI10/P152 - ANI8/AMP2+/P150

JIE | || | #-+-+=+—+—4—+—+--= ANIT/AMP20/P27 - AN10/AMPO-/P20

Il 00000 :AAAAAAAAAAAA
Il 00001 :AAAAAAAAAAAD
111 :00010:AAAAAAAAAADD
111 00011 :AAAAAAAAADDD
Il t00100:AAAAAAAADDDD
Il 00101 :AAAAAAADDDDD
Il c00110:AAAAAADDDDDD
Il 00111 :AAAAADDDDDDD
111 :01000:AAAADDDDDDDD
111 01001 :AAADDDDDDDDD
/Il t01010:AADDDDDDDDDD
Il 01111:ADDDDDDDDDDD
Il 0120000:DDDDDDDDDDDD
311
sHH——— : Be sure to set 000
CLR1 0AC.1 ; operational amplifier (AMP1) disable
CLR1 0AC.2 ; operational amplifier (AMP2) disable
RET
; Module: SINITDAC ;
; Description:  Setting of D/A Converter ;
; parameter: -- ;
; return : -- ;
SINITDAC:
MOV DAM, #01000101B ; D/A Converter Mode Register
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;IHTTTT1+--- - DAMDO D/A converter operation mode selection
;11TT11+---- : DAMD1 D/A converter operation mode selection
;I 2 0z Normal mode

;I @ 1 : Real-time output mode

U

U +----- : DARESO D/A converter resolution selection
sHH+--—--- : DARES1 D/A converter resolution selection
I 2 0 - 8-bit

I = 1 12-bit

SHHH

s+ : D/A conversion operation Control (channel 0)
o R : D/A conversion operation Control (channel 1)
;11 - 0 - Stops conversion operation

;11 : 1 : Enables conversion operation

o R : Positive reference voltage supply selection of D/A converter

;] - 0 - AVDD1 (power supply for D/A converter analog circuit)

;] - 1 : VREFOUT (voltage reference output) / AVREFP (external voltage reference
input)

o | (Reference voltage supply negative side is AVSS, positive side is
AVREFP -> AVREFP)

| (Reference voltage supply negative side is AVREFM, positive side is

VREFOUT -> VREFOUT)

i : Be sure to set 0

MOVW DACSWO,  #0800H ; set initial data

RET
; Module: SPLAYDAC ;
; Description: Play PCM data by D/A ;
; parameter: -- ;
; return : -- ;
SPLAYDAC:

; prepare for playing ;

MOVW HL, #LOWW TPLAYDATA ; set start playing addr (low 16bit)

MoV ES, #HIGHW TPLAYDATA; set start playing addr (high 4bit)
JPDAC100:
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MOVW
CALL

AX, #LOWW RADPCMWORK

11 _adpem_init ; ADPCM process Initialization

; operational amplifier setting

SET1
SET1

0AC.1 ; operational amplifier (AMP1) enable
0AC.2 ; operational amplifier (AMP2) enable

; Use software to wait until the operational amplifier stabilizes(20us(max.))

MOV

JPDAC150:

DEC
BNZ

B, #80

B
$JPDAC150 ; 20us elapsed ? , No

; D/A converter setting

SET1

DACEO ; D/A converter CHO enable

; TAUO CH4 setting for output timing

CLR1
SET1

TMIFO4 ; clear interrupt request flag
TSOL.4 ; start TAUO CH4

JPDAC200:

70

MOVW
CMPW
BNC

RPLAYCOUNT,#0 ; clear output data counter
AX, RPLAYCOUNT ; get number of output times
AX, ITPLAYSIZE ; finished all data output ?
$JPDAC300 ;. Yes

play low 4bit *;

; decompression of ADPCM data (low 4bit -> 16bit)

MOVW
PUSH
MOV
AND
MOV
CLRB
CLR1
CALL

AX, #LOWW RADPCMWORK  ; set work area for _adpcm_132_dec

AX

A, ES:[HL] ; get compressed data

A, #00FH ; clear high 4bit

X, A

A

DIVMODE ; set multiplication mode (for _adpcm_132_dec)

11 _adpcm_132_dec ; decompression of PCM data
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pPoP AX
MOVW AX, BC ; get decompression data

; adjust play data

ADDW AX, #8000H ; adjust sign

SHRW AX, (16-12) ; right-align data
JPDAC220:

MOVW DACSWO, AX ; set play data

; waiting for the output to be completed

JPDAC230:
NOP
BF TMIFO4, $JPDAC230 ; the output to be completed ? , No
CLR1 TMIFO4 ; clear interrupt request flag

;*  play high 4bit  *;

=kkhkkkkhhkhkkhkhkhkkhhkhkhhkhkkhhkkikhkk-
’ ’

; decompression of ADPCM data (high 4bit -> 16bit)

MOVW AX, #LOWW RADPCMWORK  ; set work area for _adpcm_132_dec

PUSH AX

MoV A, ES:[HL] ; get compressed data

SHR A, 4

Mov X, A

CLRB A

CLR1 DIVMODE ; set multiplication mode (for _adpcm_132_dec)
CALL 11 _adpcm_132_dec  ; decompression of PCM data

POP AX ; pop argument

MOVW AX, BC ; get decompression data

; adjust play data

ADDW AX, #8000H ; adjust sign

SHRW AX, (16-12) ; right-align data
JPDAC270:

MOVW DACSWO, AX ; set play data

; waiting for the output to be completed

JPDAC280:
NOP
BF TMIFO4, $JPDAC280 ; the output to be completed ? , No
CLR1 TMIFO4 ; clear interrupt request flag
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INCW RPLAYCOUNT

INCW HL
BR JPDAC200
JPDAC300:

CLR1 DACEO

CLR1 0AC.1

CLR1 0AC.2
JPDAC900:

RET

end

72

; update play counter

; next play data

; stop TAUO CH4

; D/A converter CHO disable

; operational amplifier (AMP1) disable
; operational amplifier (AMP2) disable
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e mainc OCOOOO
/*
* Copyright (C) NEC Electronics Corporation 2006
* NEC ELECTRONICS CONFIDENTIAL AND PROPRIETARY
* All rights reserved by NEC Electronics Corporation.
* This program must be used solely for the purpose for which
* it was furnished by NEC Electronics Corporation. No part of this
* program may be reproduced or disclosed to others, in any
* form, without the prior written permission of NEC Electronics
* Corporation. Use of copyright notice dose not evidence

* publication of the program.

*/
/* */
/* #pragma directive for CC78K0
*/
r* */
#pragma SFR
#pragma DI
#pragma El
#pragma HALT
#pragma NOP
r* */
/* Include files
*/
/* */
#include"adpcmsp.h"
r* */
/* Function prototyps
*/
/* */
static void fn_InitPort(void); /* Setting of I/O ports */
static  void fn_InitLvi(void); /* Low-voltage detection */
static  void fn_InitKr(void); /* Setting of Key Interrupt Function */
static  void fn_InitTauO(void);  /* Setting of Timer array unit 0 */
static  void fn_InitVr(void); /* Setting of Voltage reference */
static  void fn_InitAmp(void); /* Setting of Operational amplifier */
static  void fn_InitDac(void); /* Setting of D/A Converter */
r* */

/* Extern variables/constants
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*/

* */
extern const unsigned char aPlayData[]; /* sound data */
extern unsigned short ushDataSize; /* size ofsound data */
r* */
/* Local constants

*/
* */
r* */
/* Global variables

*/
/* */
* */
/* Local variables

*/
/* */

/* for play */
unsigned short ushAdpcmWork[16]; /* Work area for ADPCM process */

/* */
/* Code
*/
/* */
/* */

/* Hardware initialization

*/

r* */
void hdwinit(void)
{

DI(); /* disable all interrupts */

I* */

/ Initialization of port */

r* */

fn_InitPort();

/* */

I Low-voltage detection */

r* */

fn_InitLvi();  /* ensures 2.7V to VDD */

r* */
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/* Initialization of clock */
/* i
CMC = 0b01000011; /* Clock Operation Mode Control Register */

*|IIlll+--- : Control of high-speed system clock oscillation frequency */
Iz 0 : 2 MHz <= fMX <= 10 MHz */

ZI: 1 = 10 MHz < fMX <= 20 MHz */

T 1111110

I|||||++---- : XT1 oscillator oscillation mode selection */

]l : 0 0 : Low-consumption oscillation */

||l : 0 1 : Normal oscillation */

|| = 1 x : Super-low-consumption oscillation */

] x=don'tcare */

111

F|[|+----- :Be sure toset0*/

|

|| +------- : [1] Subsystem clock pin operation mode */
Al [2] XT1/P128 pin and XT2/P124 pin */
/I] = 0 : [1]Input port mode */

Al [2]Input port */

|

/|| 1 : [11XT1 oscillation mode */

Al [2]Crystal resonator connection */

||t

[¥|[4-=--==-- : Be sure to set 0 */

|/

[ mmmnmnas : [1]JEXCLK OSCSEL High-speed system clock pin operation mode */
r* [2]X1/P121 pin */

r* [B8]X2/EXCLK/P122 pin */

/*:00 : [1]Input port mode */

I [2][3]Input port */

r**

/*: 01 :[1]X1 oscillation mode */

/* [2][3]Crystal/ceramic resonator connection */
i

/*:10: [1]Input port mode */

/* [2][3]Input port */

r**

/*: 11 :[1]External clock input mode */
/* [2]Input port */
/* [3]External clock input */

MSTOP = 0; /* X1 oscillator operating */
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OSMC = 0b00000001; /* Operation Speed Mode Control Register */
I[|[]|++--- : fCLK frequency selection */
|l - © O : Operates at a frequency of 10 MHz or less. */
[l : 0 1 : Operates at a frequency higher than 10 MHz. */
]I} : 1 0 : Operates at a frequency of 1 MHz. */

11111

[+ 4+ : Be sure to set 00000 */

1

[*mmmmmnnnen : Setting in subsystem clock HALT mode */

/*: 0 : Enables subsystem clock supply to peripheral functions. */
I (See Table 21-1 Operating Statuses in HALT Mode (2/3) */
I for the peripheral functions whose operations are enabled.) */

/*: 1 : Stops subsystem clock supply to peripheral functions */

/* except real-time counter, clock output/buzzer output, */
A and LCD controller/driver. */
while(OSTC.0 != 1){ /* wait X1 oscillation stabilization */
NOP();
}
/*-- Caution */

/* To increase fCLK to 10 MHz or higher, set FSEL to '1', */

/* then change fCLK after two or more clocks have elapsed. */

/* */

NOP();

NOP();

CKC = 0b00010000; /* System Clock Control Register */

[*|+|+++++--- : Selection of CPU/peripheral hardware clock (fCLK) */
/1:00x000:fIH*
/*|]:00x001:flH/2 (default) */
/1:00x010:fIH2/2 %
/]1:00x011:fIH2r3 %
/1:00x100:fIH2/
F1:00x101:fIH2A5 */
/1:01x000:fMX*/
F1:01x001:fMX/2 %/
F1]:01x010:fMX/2/2 %/
F1]:01x011:fMX/2/3 */
F1]:01x100:fMX/274 */
F1:01x101: fMX/275 */

1 1:1x0xxx:fSUB*/

1 x1xxx:fSUB/2*/
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/*| | : Other than above : Setting prohibited */

/*|| x=don't care */

|

[ +=mmmmme- : Status of Main system clock (fMAIN) */

/*] - 0 : Internal high-speed oscillation clock (flH) */

/*] : 1 : High-speed system clock (fMX) */

1

[* 4= : Status of CPU/peripheral hardware clock (fCLK) */
/*: 0 : Main system clock (fMAIN) */

/*: 1 : Subsystem clock (fSUB) */

/* Confirming the CPU clock status */
while((CLS != 0)||(MCS != 1)){
NOP();
}
/* CPU is operating on a High-speed system clock */

HIOSTOP = 1; /* internal high-speed oscillation stopped */

OSTS = 0b00000111; /* Oscillation Stabilization Time Select Register */

/*||||[++++--- : Oscillation stabilization time selection */

/||| : 000 : 278/fX */

|| : 00 1:279/fX */

] :010:2M0/4X */

P01 1 2M1/4X %/

Ml :100:2M3/X ¥/

P 101 :2M5/4X

N1 10:2M7/4X

P11 2M8/4X

N
[ - : Be sure to set 000000 */
PERO = 0b01100001; /* Peripheral Enable Register 0 */

II[I||+--- : Control of timer array unit O input clock */

Il : 0 : Stops input clock supply. */

NI * SFR used by timer array unit 0 cannot be written. */
NI * Timer array unit O is in the reset status. */

I = 1 = Supplies input clock. */

I * SFR used by timer array unit 0 can be read and written. */
7

I|[I[]]+---- : Control of timer array unit 1 input clock */

[l : O : Stops input clock supply. */

NN * SFR used by timer array unit 1 cannot be written. */

I * Timer array unit 1 is in the reset status. */
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| = 1 : Supplies input clock. */

il * SFR used by timer array unit 1 can be read and written. */
11111t
[]+----- : Control of serial array unit 0 input clock */

/||I]] : O : Stops input clock supply. */
i * SFR used by the serial array unit 0 cannot be written. */
N * The serial array unit 0 is in the reset status. */

|l = 1 : Supplies input clock. */

N * SFR used by the serial array unit 0 can be read and written. */
111
([ +------ : Control of serial array unit 1 input clock */

/|Il] : 0 : Stops input clock supply. */
Al * SFR used by the serial array unit 1 cannot be written. */
Al * The serial array unit 1 is in the reset status. */

|| : 1 : Supplies input clock. */

Al * SFR used by the serial array unit 1 can be read and written. */
||
|| 4------- : Control of serial interface IICA input clock */

/||| : O : Stops input clock supply. */
Al * SFR used by the serial interface IICA cannot be written. */
Al * The serial interface IICA is in the reset status. */

/||| - 1 : Supplies input clock. */

Al * SFR used by the serial interface [ICA can be read and written. */
P
[¥||4-====-=- : Control of A/D converter, operational amplifier, and voltage reference input clock */

/*|| : 0 : Stops input clock supply. */

Al * SFR used by the A/D converter, operational amplifier, and voltage reference cannot be
written. */

Al * The A/D converter, operational amplifier, and voltage reference is in the reset status. */

/|| : 1 : Supplies input clock. */

Al * SFR used by the A/D converter, operational amplifier, and voltage reference can be
read and written. */

|/

[¥|4=mmmmeee : Control of D/A converter input clock */

/*] : 0 : Stops input clock supply. */

| * SFR used by D/A converter cannot be written. */

| * The D/A converter is in the reset status. */

/*] - 1 : Supplies input clock. */

7 * SFR used by the D/A converter can be read and written. */
1
[Fmmmmeneaes : Control of real-time counter (RTC) input clock */

/*: 0 : Stops input clock supply. */

/[ * SFR used by the real-time counter (RTC) cannot be written. */
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/[ * The real-time counter (RTC) is in the reset status. */

/*: 1 : Supplies input clock. */

/* * SFR used by the real-time counter (RTC) can be read and written. */
r* */
/* Initialize of Key Interrupt Function */
/* */
fn_InitKr();
* */
/ Initialization of timer */
r* */
fn_InitTau0();
/* */
/* Initialization of voltage reference  */
r* */
fn_InitVr();
/* */
/* Initialization of Operational amplifier */
r* */
fn_InitAmp();
/* */
A Initialization of D/A Converter */
I* */
fn_InitDac();
}
/* */
/* Module: fn_InitPort
*/
/* Description: Setting of 1/0O ports
A parameter: --
*/
I return = :--
*/
/* */
static void fn_InitPort(void)
{
r* */
I Setting of Port 0
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/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

80

*/
*/

PO =
PMO =

0b00000000; /* Set P0O0-P02 Output latch to Low */
0b11111000; /* Set PO0-P0O2 to output port */
/* P0O0-P02:Unused */

*/

Setting of Port 1

*/
*/

P1=
PM1 =

0b00000000; /* Set P10-P17 Output latch to Low */
0b00000000; /* Set P10-P17 to output port */
/* P10-P15:Unused */

*/

Setting of Port 2

*/

P2 =
PM2 =

*/
0b00000000; /* Set P20-P27 Output latch to Low */
Ob11111111; /* Set P20-P27 to input port */

/* PM23filter circuit(AMP1-) */

/* PM24filter circuit(AMP10) */

/* PM25filter circuit(AMP1+) */

/* PM26:filter circuit(AMP2-) */

/* PM27filter circuit(AMP20) */

/* P20-P22:Unused */

*/

Setting of Port 3

*/

P3 =

PM3 =

*/

0b00001000; /* Set P30-P32,P34 Output latch to Low */
/* Set P33 Output latch High */
0b11100000; /* Set P30-P34 to output port */

/* P30-P34:Unused */

*/

Setting of Port 4

*/
*/

P4 =
PM4 =

0b00000000; /* Set P40-P41 Output latch to Low */
0b11111100; /* Set P40-P41 to output port */
/* P40-P41:Unused */
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/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

*/

Setting of Port 5

*/
*/

P5 =
PM5 =

0b00000000; /* Set P50-P57 Output latch to Low */
0b11110000; /* Set P50-P57 to output port */
/* P50-P57:Unused */

*/

Setting of Port 6

*/
*/

P6 =
PM6 =

0b00000000; /* Set P60-P61 Output latch to Low */
0b11111100; /* Set P60-P61 to output port */
/* P60-P61:Unused */

*/

Setting of Port 7

*/

P7 =
PM7 =
PU7 =

*/

0b00000000; /* Set P70-P77 Output latch to Low */
0b00000001; /* Set P70 to input port, P71-P77 to output port */
0b00000001; /* P70 on-chip pull-up resistor connected */

/* P70:key input port */
/* P71-P77:Unused */

*/

Setting of Port 8

*/

P8 =
PM8 =

*/
0b00000000; /* Set P80-P88 Output latch to Low */
0b00000000; /* Set P80-P88 to output port */

/* P80-P88:Unused */

*/

Setting of Port 9

*/
*/

P9 =
PM9 =

0b00000000; /* Set P90-P97 Output latch to Low */
0b00000000; /* Set P90-P97 to output port */
/* P90-P97:Unused */
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/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

82

*/

Setting of Port 10

*/

*/
P10 = 0b00000000; /* Set P100-P102 Output latch to Low */
PM10 = 0b11111000; /* Set P100-P102 to output port */

/* P100-P102:Unused */

*/

Setting of Port 11

*/
*/
P11 = 0b00000000; /* Set P110-P111 Output latch to Low */
PM11 = Ob11111101; /* Set P110 to input port, P111 to output port */

/* P110:play back output(ANOQ) */
/* P111:Unused */

*/
Setting of Port 12
*/
*/
P12 = 0b00000000; /* Set P120 Output latch to Low */
PM12 = Ob11111110; /* Set P120 to output port */

/* P120-P124:Unused */
/* *P121-P124:Input port */

*/

Setting of Port 13

*/

P13 =

*/
0b00000000; /* Set P130 Output latch to Low */
/* P130:Unused */

*/
Setting of Port 14
*/
*/
P14 = 0b00000000; /* Set P140-P147 Output latch to Low */
PM14 = 0b00000000; /* Set P140-P147 to output port */

/* P140-P147:Unused */

*/

Setting of Port 15
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*/

/* */

P15 = 0b00000000; /* Set P150-P152,P157 Output latch to Low */

PM15 = Ob11111111; /* Set P150-P152,P157 to input port */

/* PM150-filter circuit(AMP2+) */
/* P151-P152,P157:Unused */
}
I* */
/* Module: fn_InitLvi
*/
/* Description: Ensures 2.7V to the power supply voltage */
/[ parameter: --
*/
I return -
*/

r* */
static  void fn_InitLvi(void)
{

unsigned char ucCounter; /* counter */

/* setting of Low-Voltage Detector */

LVIMK =1; /* disable LVI interrupt */

LVISEL =0; /* detects level of VDD */

LVIS = 0b00001001; /* Low-Voltage Detection Level Select Register */

/*||||[++++--- : Detection level */
] : 0000 : VLVIO (4.22V) */
/l:0001:VLVIT (4.07V) ¥/
l]:0010:VLVI2 (3.92V) */
F]:0011:VLVI3 (3.76V) */

ZIl:0101:VLVI5 (3.45V) ¥/
ZIl:0110:VLVI6 (3.30V) ¥/
A0 11 1: VLVIZ (3.15V) ¥/
Il :1000: VLVI8 (2.99V) ¥/
ZIl:1001:VLVIO (2.84V) ¥/
ZIl:1010:VLVIH0 (2.68V) */
FIl:1011: VLVIHT (2.53V) */
A= 1100: VLVI12 (2.38V) */
Al 1101: VLVIA3 (2.22V) */
A1 110: VLVI4 (2.07V) */
A1 111 VLVIA5 (1.91V) */

[t

)
)
)
)
7ll:0100:VLVI4 (3.61V) ¥/
)
)
)
)
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[*pmmmnman : Be sure to set 0000 */
LVIMD =0; /* generates an internal interrupt signal when detect the low-voltage */
LVION =1; /* enables low-voltage detection operation */

/* software to wait for the operation stabilization time (over 10us) */
for(ucCounter = 0; ucCounter < 4; ucCounter++){

NOP();

/* wait for VDD to become VLVI or more */

while(LVIF){
NOP();
}
LVION =0; /* disables low-voltage detection operation */
}
r* */
/* Module: fn_InitKr
*/
/* Description: Setting of Key Interrupt Function */
I/ parameter: --
*/
A return -
*/
/* */
static  void fn_InitKr(void)
{
KRMK =1; /* disable key interrupt */
KRM = 0b00000001; /* Key Return Mode Register */
|II1||+--- : KRO interrupt mode control */
I|]]]+---- : KR1 interrupt mode control */
[|+-=--- : KR2 interrupt mode control */
T[]+ : KR3 interrupt mode control */
||| +-=----- : KR4 interrupt mode control */
/|4 : KR5 interrupt mode control */
[¥|=mmmmmem : KR6 interrupt mode control */
[*4mmmmmemee- : KR7 interrupt mode control */
/*: 0 : Does not detect key interrupt signal */
/*: 1 : Detects key interrupt signal */
NOP(); /* 250ns interval from set KRM to clear KRIF */
NOP();
NOP();
NOP();
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NOP();

KRIF = 0;

/*

/* clear key interrupt request flag */

*/

/* Module:

/* Description

fn_InitTau0
*/

Setting of Timer array unit O */

A parameter: --

/* return

/*

*/
*/
*/

static  void

{
TPSOL =

fn_InitTauO(void)

0b00000010; /* Timer Clock Select Register 0 */

/*|[|[++++--- : Selection of operation clock (CK00) */

/*

[
[
/*
r:
r*:

/*

/*:
/*:
/*
r:
/*:

-
N
N
N
N

+44m--m-- : Selection of operation clock (CK01) */

:0000: CKOm = fCLK */
000 1:CKOm =fCLK/2 */
001 0:CKOm = fCLK/2/2 */
0011 :CKOm = fCLK/2A3 */
0100 :CKOm = fCLK/24 */
0101 :CKOm = fCLK/2/5 */
:0110:CKOm = fCLK/2"6 */
011 1:CKOm =fCLK/2A7 */
1000 : CKOm = fCLK/2/8 */
100 1:CKOm = fCLK/2/9 */
101 0:CKOm = fCLK/2M0 */
101 1:CKOm = fCLK/2M 1 ¥/
:1100: CKOm = fCLK/2M2 ¥/
:1101:CKOm = fCLK/2AM3 */
:1110:CKOm =fCLK/2M4 */
:1111:CKOm = fCLK/2AM5 */
m=0,1%

/* CHO:for timing */
TMROO =

0b0000000000000000; /* Timer Mode Register 00 */
ZNINII++++--- : [1]Operation mode of channel 0 */
NN [2]Count operation of TCR */
ZUNIHINI [3]Independent operation */
NN [4]Setting of starting counting and interrupt */
NN = 0000 : [1]interval timer mode */
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ZINIT [2]Counting down */

ZIIT [3]Possible */

T [4]Timer interrupt is not generated */
ZANIT when counting is started */
ZUNIININ (timer output does not change, either). */
ZANIE=

NN = 000 1 : [1]interval timer mode */

PN [2]Counting down */

ZINIT [3]Possible */

NN [4]Timer interrupt is generated */
NN when counting is started */
PN (timer output also changes). */
PN/

NN =01 00 : [1]Capture mode */

ZINIT [2]Counting up */

ZINNIT [3]Possible */

T [4]Timer interrupt is not generated */
NN when counting is started */
NN (timer output does not change, either). */
ZINIT >/

NN =01 01 :[1]Capture mode */

ZIINIT [2]Counting up */

ZANIT [3]Possible */

NN [4]Timer interrupt is generated */
T when counting is started */
ZNIIT (timer output also changes). */
ZINI >/

NN =0 110 : [1]Event counter mode */

ZANIT [2]Counting down */

ZANI [3]Possible */

(TR [4]Timer interrupt is not generated */
T when counting is started */
I (timer output does not change, either). */
ZINIIT =/

NN = 100 0 : [1]0One-count mode */

ZANIT [2]Counting down */

ZINIT [3]impossible */

NN [4]Start trigger is invalid */

ZANIT during counting operation. */
NI At that time, interrupt */

NN is not generated, either. */
ZANIE=

NN =100 1 : [1]0One-count mode */
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T [2]Counting down */

T [3]impossible */

NN [4]Start trigger is valid */

ZANIT during counting operation. */
NN At that time, interrupt */

FNINTN is also generated. */

111111111110

NN =1 100 : [1]Capture & one-count mode */
I [2]Counting up */

T [3]Possible */

T [4]Timer interrupt is not generated */
NN when counting is started */
NN (timer output does not change, either). */
ZANI Start trigger is invalid */

ZINIIT during counting operation. */
NN At that time interrupt */

NN is not generated, either. */
7

NI = Other than above : Setting prohibited */
111111111110

PN +-====- : Be sure to set 00 */

111111111k

A —— : Selection of TI00 pin input signal, */

AT fSUB/2, {SUB/4, or INTRTCH1 valid edge */
NI (the timer input used with channel 0 */
N is selected by using TISO register). */

Il = 0 0 : Falling edge */
NI = 01 : Rising edge */

Il = 1 0 : Both edges (when low-level width is measured) */

NN Start trigger: Falling edge, Capture trigger: Rising edge */
NI = 1 1 : Both edges (when high-level width is measured) */

NN Start trigger: Rising edge, Capture trigger: Falling edge */
11111110t

(|| +++----=---- : Setting of start trigger or capture trigger of channel 0 */

/Il : 0 0 0 : Only software trigger start is valid */

N (other trigger sources are unselected). */

|l : 00 1 : Valid edge of TIOO0 pin input signal, fSUB/2, fSUB/4, or INTRTC1 */
N is used as both the start trigger and capture trigger. */

/Il : 0 1 0 : Both the edges of TIOO pin input signal, fSUB/2, f{SUB/4, or INTRTC1 */

N are used as a start trigger and a capture trigger. */
|l - 1 0 0 : Interrupt signal of the master channel is used */

I (when the channel is used as a slave channel */
N with the combination operation function). */
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/|I||| - Other than above : Setting prohibited */

7

L[] #===mmmmmmmmme : Selection of slave/master of channel 0 */

/*|||] : 0 : Operates as slave channel with combination operation function. */

/|l : 1 : Operates as master channel with combination operation function. */

|1

[H|||#=mmmmmmmmmmeee : Selection of count clock (TCLK) of channel 0 */

/||| : 0 : Operation clock MCK specified by CKS00 bit */

/||| - 1 : Valid edge of input signal input from TIOO0 pin, fSUB/2, fSUB/4, or INTRTC1 */

Al (the timer input used with channel 0 is selected by using TISO register). */
||t

[¥|Hmmmmmm e : Be sure to set 00 */

1

A : Selection of operation clock (MCK) of channel 0 */

/*: 0 : Operation clock CKOO set by TPSO register */

/*: 1 : Operation clock CKO1 set by TPSO register */
/* CKOO = fCLK/2A3 = 5MHz -> 10ms = 0.2[us/clk] * 50000[count] */
TDRO0O = (50000 - 1);  /* set interval time to 10 ms */

TMMKOO = 1; /* disable interrupt */

/* CH4:for play back sampling timing */
TMRO04 = 0b1000000000000000; /* Timer Mode Register 04 */

NN ++++--- : [1]Operation mode of channel 4 */

NN [2]Count operation of TCR */

ZNIHNI [3]Independent operation */

PN [4]Setting of starting counting and interrupt */
NN = 000 0 : [1]interval timer mode */

I [2]Counting down */

T [3]Possible */

(TR [4]Timer interrupt is not generated */
T when counting is started */

I (timer output does not change, either). */
11111111111l

NN = 000 1 : [1]interval timer mode */

Ly [2]Counting down */

T [3]Possible */

T [4]Timer interrupt is generated */
T when counting is started */

ZNIITT (timer output also changes). */
=7

PN = 01 00 : [1]Capture mode */

T [2]Counting up */
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~N
i
i
i
i
a1
N
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i
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N
~Ni
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N
i
i
i
i
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a1
N
i
i
Al
~Ni
~
i
I
a1
i
NI
a1
i
~I
i
a1
a1
i
i
i
i
i
a1

[3]Possible */
[4]Timer interrupt is not generated */
when counting is started */
(timer output does not change, either). */
*/
:0101:[1]Capture mode */
[2]Counting up */
[3]Possible */
[4]Timer interrupt is generated */
when counting is started */
(timer output also changes). */
*/
: 011 0:[1]Event counter mode */
[2]Counting down */
[3]Possible */
[4]Timer interrupt is not generated */
when counting is started */
(timer output does not change, either). */
*/
:1000:[1]One-count mode */
[2]Counting down */
[3]Impossible */
[4]Start trigger is invalid */
during counting operation. */
At that time, interrupt */
is not generated, either. */
*/
2100 1:[1]One-count mode */
[2]Counting down */
[3]Impossible */
[4]Start trigger is valid */
during counting operation. */
At that time, interrupt */
is also generated. */
*/
:1100:[1]Capture & one-count mode */
[2]Counting up */
[3]Possible */
[4]Timer interrupt is not generated */
when counting is started */
(timer output does not change, either). */
Start trigger is invalid */

during counting operation. */
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T At that time interrupt */

ZNNIIN is not generated, either. */

11111111111

NN = Other than above : Setting prohibited */

=7

AT : Be sure to set 00 */

111111111

T ——— : Selection of TI04 pin input signal, */

NN fSUB/2, fSUB/4, or INTRTC1 valid edge */

AN (the timer input used with channel 4 */

ZNINI is selected by using TISO register). */

Il - 0 0 : Falling edge */

Il = 0 1 : Rising edge */

I = 1 0 : Both edges (when low-level width is measured) */

ZINI Start trigger: Falling edge, Capture trigger: Rising edge */
NI = 1 1 : Both edges (when high-level width is measured) */

ZANI Start trigger: Rising edge, Capture trigger: Falling edge */
111111

P I+=memmemees  Setting of start trigger or capture trigger of channel 4 */

/II]| : 0 0 0 : Only software trigger start is valid */

N (other trigger sources are unselected). */

]l : 00 1 : Valid edge of TI04 pin input signal, fSUB/2, fSUB/4, or INTRTC1 */
N is used as both the start trigger and capture trigger. */

/||l - 0 1 0 : Both the edges of TI04 pin input signal, fSUB/2, fSUB/4, or INTRTC1 */
N are used as a start trigger and a capture trigger. */

|l : 1 0 0 : Interrupt signal of the master channel is used */

N (when the channel is used as a slave channel */

N with the combination operation function). */

/*|lI]] - Other than above : Setting prohibited */

1111

T[] |[4=-=mmmmmm - : Selection of slave/master of channel 4 */

/||| : 0 : Operates as slave channel with combination operation function. */

/||| : 1 : Operates as master channel with combination operation function. */

|

L[| 4=-mmmmmmm - : Selection of count clock (TCLK) of channel 0 */

/||| : O : Operation clock MCK specified by CKS04 bit */

/||| : 1 : Valid edge of input signal input from TI04 pin, fSUB/2, fSUB/4, or INTRTC1 */

Al (the timer input used with channel 4 is selected by using TISO register). */
|

[¥|4mmmmmmmm e : Be sure to set 00 */

¥

[Fpmmmmmmnmem e : Selection of operation clock (MCK) of channel 4 */

/*: 0 : Operation clock CKOO set by TPSO register */
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/*: 1 : Operation clock CKO1 set by TPSO register */

/* CKO1 = fCLK/2 = 20MHz -> 8kHz(0.125ms) = 0.05[us/clk] * 2500[count] */

TDRO4 = (2500 - 1);

/* set interval time to about 125us(= 8kHz) */

TMMKO04 = 1; /* disable interrupt */

}
/* */
/* Module: fn_InitVr
*/

/* Description: Setting of Voltage reference
I parameter: --

*/
I return -

*/
r* */
static  void fn_InitVr(void)
{

unsigned char work;

ADVRC = 0b00001000; /* Analog reference voltage control register */

*/

I*|[||+]++--- : [1]Positive reference voltage supplies selection of A/D and D/A converters */

T

I

Iy

iy
FET7
Mll1:000:
T

I

Iy

iy
FET7
:010:
T

I

Iy

iy
FET7
Ml]1:100:
T

I

Iy

[2]Operationcontrol of voltage reference */

[3]Output voltage selection of voltage reference */

[4]Operation control of input gate voltage boost circuit for A/D converter */

[5]Relationship with the conversion mode used */

[1JAVREFP (external voltage reference input) */
[2]Stops operation (Hi-Z) */
[B]12.5V */
[4]Stops operation */

[5]Can be set in conversion mode 1 */

[1JAVREFP (external voltage reference input) */
[2]Stops operation (Hi-Z) */
[B]12.0V */
[4]Enables operation */

[5]Can be set in conversion mode 2 or 3 */

[1]VREFOUT (voltage reference output) */
[2]Stops operation (pull-down output) */
[B]12.5V */

[4]Stops operation */
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Iy (51 -*/
FET7
] ]:101:[1]VREFOUT (voltage reference output) */

N [2]Enables operation */

M [B125V ¥/

N [4]Enables operation */

AN [5]Can be set in conversion mode 2 or 3 */
FET7

M| ]:110:[1]VREFOUT (voltage reference output) */

N [2]Stops operation (pull-down output) */
iy [Bl2.0V ™/

N [4]Enables operation */

Iy (51 -*/

FET7

) ]:111:[1]VREFOUT (voltage reference output) */

N [2]Enables operation */

iy [Bl2.0V ™/

N [4]Enables operation */

AN [5]Can be set in conversion mode 2 or 3 */
FET7

/|l|| | : Other than the above : Setting prohibited */

FET7

[*|+++-4----- : Be sure to set 0000 */

¥

[*mmmmmmee- : Reference voltage supply (negative side) of A/D converter selection */
/*:0:AVSS*/

/*:1: AVREFM (external voltage reference input) */

ADVRC.0 = 1;/* Enables operation */
ADVRC.1 =1;/* Output 2.0 V */

/* wait for settling time to 20ms (over 17msec) */
TSOL.0=1; /*start TAUO CHO */

for(work = 2; work > 0; work--){ /* wait 10msec*2 */

TMIF0O0 = 0; /* clear interrupt request flag */
while(ITMIFOO0){

NOP(); /* wait 10msec */
}

1
TMIF00 = 0; /* clear interrupt request flag */

TTOL.O=1; /*stop TAUO CHO */
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/* */
/* Module: fn_InitAmp
*/
/* Description: Setting of Operational amplifier */
I parameter: --
*/
I return = :--
*/
I* */
static  void fn_InitAmp(void)
{
ADPC = 0b00000000; /* A/D Port Configuration Register */

/*|||+++++--- : Analog input (A)/digital /O (D) switching */

M - ANI15/AVREFM/P157 */
M - | +-+-+ ANI10/P152 - ANI8/AMP2+/P150 */
M - [ |]]+-+-+-+-+-+-+-+--- ANI7/AMP20/P27 - ANIO/AMPO-/P20 */
/*|l:00000:AAAAAAAAAAAAY
/*lIl:00001:AAAAAAAAAAADY
/*|ll:00010:AAAAAAAAAADDY
l|]:00011:AAAAAAAAADDDY
ll]:00100: AAAAAAAADDDDY
|]:00101:AAAAAAADDDDDY
l:00110: AAAAAADDDDDD?¥
|:00111:AAAAADDDDDDD®¥
/*|ll:01000: AAAADDDDDDDD?¥
|]:01001:AAADDDDDDDDD?
l:01010: AADDDDDDDDDD ¥
l|:01111:ADDDDDDDDDDD*¥
/ll:10000:DDDDDDDDDDDD ¥
||t
[ pmmmmmnee : Be sure to set 000 */
OAC.1=0; /* operational amplifier (AMP1) disable */
OAC.2=0; /* operational amplifier (AMP2) disable */

}

/* */

/* Module: fn_InitDac

*/
/* Description: Setting of D/A Converter
I parameter: --
*/
I return = :--
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*/
/* */
static  void fn_InitDac(void)
{
DAM = 0b01000101; /* D/A Converter Mode Register */

|II[1]|+--- : DAMDO D/A converter operation mode selection */

|l|[]]+---- : DAMD1 D/A converter operation mode selection */

|l : 0 : Normal mode */

| = 1 : Real-time output mode */

11111t

[+ : DARESO D/A converter resolution selection */
T[] +------ : DARES1 D/A converter resolution selection */
/|| : 0 : 8-bit*/

P21 s 12-bit */

|

||| +------- : D/A conversion operation Control (channel 0) */
/|| 4= : D/A conversion operation Control (channel 1) */

/*|| : 0 : Stops conversion operation */

/*|| : 1 : Enables conversion operation */

|/

[¥|4mmmmmmen : Positive reference voltage supply selection of D/A converter */

/*] : 0 : AVDD1 (power supply for D/A converter analog circuit) */

/*] : 1 : VREFOUT (voltage reference output) / AVREFP (external voltage reference input) */

A (Reference voltage supply negative side is AVSS, positive side is AVREFP -> AVREFP) */

| (Reference voltage supply negative side is AVREFM, positive side is VREFOUT ->
VREFOUT) */

1

[Fmmmmmm - : Be sure to set 0 */

DACSWO = 0x0800; /* set initial data */

}
/* */
/* Module: fn_PlayDac
*/
/* Description: Play PCM data by D/A
*/
/[ parameter: --
*/
I return -
*/
r* */
static  void fn_PlayDac(void)
{
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unsigned char * pucPlayData; /* start playing addr */
unsigned short ushPlayCount; /* output data counter */
unsigned short ushData; /* decompression data */

unsigned short loop; /* waiting counter */

r* */

/[ prepare for playing */

/* */

/* set play data addr and size */

pucPlayData = aPlayData; /* set start playing address */
adpcm_init(ushAdpcmWork); /* ADPCM process Initialization */

/* operational amplifier setting */
OAC.1=1; /* operational amplifier (AMP1) enable */
OAC.2=1; /* operational amplifier (AMP2) enable */
/* Use software to wait until the operational amplifier stabilizes(20us(max.)) */
for(loop = 40; loop > 0O; loop--){
NOP();

/* D/A converter setting */
DACEO =1; /* D/A converter CHO enable */

/* TAUO CH4 setting for output timing */
TMIF04 = 0; /* clear interrupt request flag */
TSOL.4 =1; /*start TAUO CH4 */

/ /

I* */

I decode and play PCM data */
* */
ool

for(ushPlayCount = 0; ushPlayCount < ushDataSize; ushPlayCount++){
/ /

/*  play low 4bit */

/ /

/* decompression of ADPCM data (low 4bit -> 16bit)*/

DIVMODE = 0; /* set multiplication mode (for _adpcm_I32_dec) */

ushData = (unsigned short)adpcm_I32_dec(pucPlayData[ushPlayCount] & 0x0f, ushAdpcmWork);

/* adjust sign & right-align data */
ushData = (unsigned short)((ushData + 0x8000) >> (16-12));
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/*

/* set play data */
DACSWO = ushData;

/* waiting for the output to be completed */

while(ITMIFO4){

NOP();
}
TMIF04 = 0; /* clear interrupt request flag */
/ /
/*  play high 4bit  */
/ /

/* decompression of ADPCM data (high 4bit -> 16bit) */
DIVMODE = 0; /* set multiplication mode (for _adpcm_I32_dec) */
ushData = (unsigned short)adpcm_I32_dec((pucPlayData[ushPlayCount] >> 4) & 0x0f, ushAdpcmWork);

/* adjust sign & right-align data */
ushData = (unsigned short)((ushData + 0x8000) >> (16-12));

/* set play data */
DACSWO = ushData;

/* waiting for the output to be completed */

while(ITMIFO4){

NOP();
}
TMIF04 = 0; /* clear interrupt request flag */
}
/* */
I finish playing */
I* */

TTOL.4=1; /*stop TAUO CH4 */

DACEO =0; /* D/A converter CHO disable */
OAC.1=0; /* operational amplifier (AMP1) disable */
OAC.2=0; /* operational amplifier (AMP2) disable */

*/

/* Module: main

96
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/* Description: Main process

/*

/*

/*

*/

parameter: --

*/

return .-

*/
*/

void main(void)

{

N
N
R
N
N

*/

*/

Main Loop */
*/

*/

while(1){

/ /

r* */
I play melody when the key is input */

r* */

/ wait key input */

KRMK = 0; /* clear key interrupt */
KRIF = 0; /* clear key interrupt request flag */
HALT(); /* sets the HALT mode */

KRMK = 1; /* set key interrupt */
KRIF = 0; /* clear key interrupt request flag */

P %
/* remove key input noise */
R %
if(P7.0 == 0){ /* key input ? */
TSOL.O=1;  /*start TAUO CHO */
TMIF00 = 0;

while('TMIF00){
NOP();  /* wait 10msec */

1
TMIF00 = 0;
TTOL.0 = 1; /* stop TAUO CHO */

if(P7.0 == 0){ /* key input ? */
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/* play melody */

fn_PlayDac();

}

/ /

r* */
A The main processing writes here */
I if there is something */

r* */
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